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Limitations Statement  
This report has been exclusively drafted for the DEPARTMENT OF CONSERVATION & 
LAND MANAGEMENT .  No express or implied warranties are made by Ecosystem Solutions 
Pty Ltd regarding the findi ngs and data contained in this report. No new research or field 
studies were conducted. All of the information details included in this report are based upon 
the research provided and obtained at the time Ecosystem Solutions Pty Ltd conducted its 
analysis.  
 
In undertaking this work the authors have made every effort to ensure the accuracy of the 
information used.  Any conclusions drawn or recommendations made in the report are done in 
good faith and the consultants take no responsibility for how this infor mation and the report 
are used subsequently by others.    
 
Please note that the contents in this report may not be directly applicable towards another 
organisationôs needs or any other specific land area requiring management strategies.  
Ecosystem Solutions Pty Ltd accepts no liability whatsoever for a third partyôs use of, or 
reliance upon, this specific report. 

 

 

 

 

Disclaimer  
 
The views and opinions expressed in this publication are those of the authors and do not 
necessarily reflect those of the Australian Government or the Minister for the Environment,  or 
the Administrative Authority for Ramsar in Australia.  While reasonable efforts have been 
made to ensure the contents of this publication are factually correct, the Commonwealth does 
not accept responsibility for the accuracy or completeness of the contents, and shall not be 
liable for any loss or damage that may be occasioned directly or indirectly through the use of, 
or reliance on, the contents of this publication.  
 
Guidance on the development of Ecological Character Descriptions, including Limits of 
Acceptable change, are areas of active policy development. Accordingly there may be 
differences in the type of information contained in this Ecological Character Description, to 
those of other Ramsar wetlands.  
 
This information does not create a policy position to be applied in statutory decision making. 
Further it does not provide assessment of any particular action within the meaning of the 
Environment Protection and Biodiversity Conservation Act 1999, nor replace the role of the 
Minister or his delegate in making an informed decision on any action.  This report is not a 
substitute for professional advice rather it is intended to inform professional opinion by 
providing the authors' assessment of available evidence on change in ecological character. 
This information is provided without prejudice to any final decision by the Administrative 
Authority for Ramsar in Australia on change in ecological character in accordance with the 
requirements of Article 3.2 of the Ramsar Convention. Users should obtain any appropriate 
professional advice relevant to their particular circumstances. 
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1) Introduction 

a) Ramsar Convention 

In 1971, at a meeting in the town of Ramsar in Iran, the Convention on Wetlands was 
signed. The broad aims of the convention are to halt and, where possible, reverse the 
worldwide loss of wetlands and to conserve those that remain through wise use 
(defined by the convention as "...sustainable utilisation for the benefit of humankind 
in a way compatible with the maintenance of natural properties of the ecosystemò 
Ramsar COP 3, 1987) and management. The Convention is commonly known as the 
Ramsar Convention.  

The Ramsar Convention Bureau, based in Switzerland, administers and supports the 
implementation of the Convention. The Contracting Parties meet every three years in 
order to review implementation of the Convent ion and to agree upon new policies and 
initiatives. The Parties present a report of their activities over the previous three years 
that may include the records of additional sites that have been listed as Wetlands of 
International Importance.  

Under the Ramsar Convention, Contracting Parties are expected to designate sites for 
the List of Wetlands of International Importance. These sites are nominated ñon 
account of their international significance in terms of ecology, botany, zoology, 
limnology or hydrologyò (Article 2.2) AND contracting parties are to ñformulate and 
implement their planning so as to promote the conservation of the wetlands included 
in the Listò (Article 3.1) (Ramsar Convention Bureau, 2000) 

b) Australian Policy 

Australia is a Contracting Party to the Convention and has presently designated 64 
Ramsar sites (Australian Government, 2004). Australia addresses its Ramsar site 
obligations, primarily, though the Commonwealth Environmental Protection and 
Biodiversity Conservation Act, 1999 (EPBC Act) (Australian Government, 1999), and 
the Environmental Protection and Biodiversity Conservation Regulations, 2000 
(Australian Government, 2000). The EPBC Act establishes a framework for managing 
Ramsar wetlands, which is in accordance with the Ramsar Convention, through the 
Australian Ramsar Management Principles (which are set out in the EPBC 
Regulations). They cover matters relevant to the preparation of management plans, 
environmental assessment of actions that may affect the site, and the community 
consultation process. The EPBC Act identifies Ramsar sites as ñmatters of national 
environmental significanceò and provides for the assessment of proposed actions that 
are likely to have a significant impact on the ecological character of Ramsar sites. 
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c) Ecological Character  

Ramsar Convention signatories are expected to have mechanisms in place to help 
them detect threats that are likely to, or have altered the óecological characterô of their 
sites. The Ramsar Convention defines óecological characterô and its associated terms 
as follows: 

Ecological character  is the sum of the biological, physical and chemical 
components of the wetland ecosystem, and their interactions, which maintain 
the wetland and its products, functions and attributes.  

Products  generated by wetlands include: wildlife resources; fisheries; forest 
resources; forage resources; agricultural resources; and water supply. These 
products are generated by the interactions between the biological, chemical 
and physical components of a wetland. 

Functions  are activities or actions that occur naturally in wetlands as a 
product of the interactions between the ecosystem structure and processes. 
Functions include flood water control; nutrient, sediment and containment 
retention; food web support; shoreline stabil isation and erosion controls; storm 
protection; and stabilisation of local climatic conditions, particularly rainfall and 
temperature. 

Attributes  of a wetland include biological diversity and unique cultural and 
heritage features. These attributes may lead to certain uses of the derivation of 
particular products, but they may also have intrinsic, unquantifiable 
importance. 

Change in ecological character  is the impairment or imbalance in any 
biological, physical or chemical component of the wetland ecosystem, or in 
their interactions, which maintain the wetland and its products, functions and 
attributes.  

A description of óecological characterô should be prepared as part of the 
management plan for the Ramsar site. The description of óecological characterô 
forms the basis for the design of a monitoring programme that should be included 
in the management plan. Documenting the óecological characterô of a Ramsar listed 
wetland is therefore a fundamental tool for its management.  

A description of óecological characterô is required as the baseline for assessing any 
adverse óchange in the ecological characterô of Ramsar sites. It forms the reference 
for three main activities:  

1. the assessment of the likely impact on óecological characterô of proposed 
actions, as required under the EPBC Act; 

2. the design of a monitoring programme to detect ecological change; and  
3. the regular evaluation of the results of the monitoring programme as the 
basis for reporting to the Ramsar Convention and for review of the siteôs 
management plan. 
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A Ramsar Information Sheet (RIS) must be prepared for each Ramsar site at the time 
of listing and that a description of the óecological characterô of the site should be 
provided as part of the RIS. The Ramsar Convention Bureau (2000) has indicated that 
the current RIS does not provide a sufficiently detailed and rigorous description of 
óecological characterô to provide a useful baseline reference.  Presently, there is no 
Ramsar recommended method for describing óecological characterô.  

2) Approach 

The Ramsar Convention refers to óchanges in ecological characterô, which are defined 
as an ñimpairment or imbalance in any biological, physical or chemical component of 
the wetland ecosystem, or in their interactions, which maintain the wetland and its 
products, functions and attributesò. Contracting parties are expected to manage their 
Ramsar sites so as to maintain the ecological character of each site and, in doing so, 
retain those essential ecological and hydrological functions that ultimately provide the 
wetlandôs products, functions and attributes.  

To describe the ecological character of a wetland it is important to document the 
natural ranges of variation of the internal components that will be monitored. This will 
enable managers to determine whether changes to the ecological character are 
outside those identified natural variations. Such a change may signal that uses of the 
site, or externally derived impacts on the site, are unsustainable and may lead to the 
degradation of natural processes and thus the ultimate  breakdown of the ecological, 
biological and hydrological functioning of the wetland (Ramsar Convention Bureau, 
2000). 

Phillips et al, ( in preparation) use the term ñlimits of acceptable changeò to indicate 
the variation that is considered acceptable in a particular measure or feature of the 
ecological character of a wetland (e.g. population changes, water quality etc.), that is 
the natural variation of that feature or measure. Should values for that specific feature 
or measure vary outside those óacceptable changesô then this would trigger careful 
examination to determine the cause, and to respond to variation though monitoring 
and adaptive management.  

In order to set these limits of acceptable change, there needs to be an understanding 
of the existing system attributes, which often requires long term data sets that 
accurately reflect the natural variability of the system.  
Where such data do not exist, expert opinion can be used as an interim measure (in 
combination with sound monitoring and adaptive manag ement techniques) until 
sound data becomes available (Phillips et al., in preparation). 

Toolibin Lake has been extensively monitored since the late 1970s and there are 
significant amounts of data on specific elements of the wetland. It should be noted, 
however, that given the varying scopes, methodologies and outcomes from the 
various monitoring programmes and changes in management regimes and techniques 
at Toolibin, expert opinion is required to refine and clarify the limits of acceptable 
change for Toolibin Lake.  

Toolibin Lake is designated as a Natural Diversity Recovery Catchment under the 
Western Australian Salinity Strategy (State Salinity Council, 2000). This provides for a 
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coordinated programme of actions to ensure the long term maintenance and reco very 
of Toolibinôs natural assets, where they are threatened by salinity and hydrological 
change. As part of this process a recovery plan is prepared for a period of 10 years. 
The plan for Toolibin Lake outlines a number of criteria against which success of 
recovery will be evaluated. Within this report these success criteria have been used as 
a basis from which the limits of variation of the system are determined. While some 
criteria are quantitative, a number of them are defined in qualitative terms. With in this 
report quantitative range of variation limits are suggested for those criteria to make 
them more specific and measurable. While these recommendations have been 
determined from the available literature, it is important to note that they should be 
seen as preliminary until more quantitative data are available and evaluated.  

Ecosystems are complex and dynamic, and changes in composition and structure can 
be expected over time. This can include both gradual change, as succession proceeds, 
and more rapid change, as a result of disturbance, episodic events, or changed 
management. (Wallington et al, 2005). Ecosystems are open, heterogeneous systems 
that are not only internally variable across space and time, but also interact with other 
ecosystems at the landscape level. The structure, composition and dynamics of an 
ecosystem in any particular place are thus contingent on its spatial context (in terms 
of its position in relation to other systems, the extent to which surrounding systems 
interact, and the deg ree of human modification of the landscape) (Wallington et al, 
2005). 
  
Given the variability of ecosystems, there is a need to describe the ecological 
character of a system at a specific point in time. Ideally, this would be conducted at 
the initial time of listing a specific site. Toolibin Lake was listed as a Wetland of 
International Importance under the Ramsar Convention on the 7 th June, 1990. The 
RIS does not have sufficient data to enable an ecological character description to be 
determined. There have been significant changes to the wetland since its listing, from 
both a physio/chemical and a biological perspective. This report describes the 
ecological character of Toolibin Lake as at 2005, however where there are major 
changes in the data from the li sting date, these are highlighted.  
 
The approach taken with the categorisation of the ecological character of Toolibin 
Lake broadly follows the approach taken by Phillips et al (in preparation) in defining 
the ecological character of Lake MacLeod.   
 
Given the complexity of the ecosystem, the ambiguity with the limits of natural 
variability and, at a minimum, the critical thresholds for a number of the 
biological/ecological elements and/or processes, ecological character management 
benchmarks have not been determined. 
 
For this report, the approach follows five steps:  
 

Step 1: provide an overview of the site; its location, climate, hydrology, special 
biological, ecological and other values. The Ramsar Information Sheet provides 
much of the information for t his step. 
 
Step 2: Document the significant biological assets of the site. This includes itsô 
plant and animal species, unique ecological communities and other values that 
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provide the biological justification for Ramsar listing. These are linked to the 
specific Ramsar criteria for the listing of the site. This component of the ecological 
character description focuses on the structural and compositional aspects of the 
site in response to the spatial context of the ecosystem.  
 
Step 3: Using the data described in step 2, identify the underlying system drivers 
that initiate and maintain the ecological and hydrological features and processes 
that define the wetland type and in turn support the significant species and 
ecological communities and their habitats. The processes, both hydrological and 
ecological, are then linked back to the significant biological assets, associated 
habitats and wetland types that justify the Lakeôs international significance. 
 
Step 4: Describe the ecosystem services provided by the wetland.  
 
Step 5: Summarise the gaps in knowledge, where further research and/or analysis 
would assist in gaining a better understanding of the ecological character of the 
Toolibin Lake site. 
 

3) Description of ecological character 

a) Overview of Toolibin Lake (Step 1) 

Toolibin Lake is situated in the Shire of Wickepin, approximately 200 kilometres (km) 
south east of Perth in the State of Western Australia. It is 40 km east of the town of 
Narrogin (population ca. 4,700 in 2003) and covers an area of 493 h ectares (ha) 
(Figure 1). It is situated within the Avon Wheat bioregion described by the Interim 
Biogeographic Regionalisation for Australia (IBRA) (Cummings & Hardy, 2000).  
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Figure 1: Toolibin Lake in relation to major towns (the arrow highlights the wetland) 

Toolibin Lake has a catchment of approximately 483 square km and occurs in a low 
rainfall zone. The median and mean annual rainfall at Wickepin (17 kms northwest of 
the site) is 401mm and 415mm respectively, mostly falling in May -August. The annual 
evaporation rate is 1900 mm (George, 1998). During dry years or a series of them the 
lake may not fill, but during wet years the lake may be inundated continuously for 
several years. 

Toolibin Lake is a fresh-brackish Playa after the geomorphological classification system 
of Semeniuk and Semeniuk (1995), however it would have been called a sumpland 
prior to this. The wetland is perched above the water table and fills from surface run -
off. The groundwater is near the surface but is lowered by  groundwater pumping.  It 
is intermittently inundated and generally fills in years when above average rainfall is 
received. It may receive no inflow for several years and it has not filled since 1996 (as 
at October, 2005), a period of very low rainfall. Th e maximum depth of water in the 
lake, when full, is about 2 metres, after which the lake overflows into other wetlands, 
downstream. Figure 2 shows a map of Toolibin Lake and its surrounds. 
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Figure 2: Toolibin Lake.  

Toolibin Lake it is situated at the head of the Northern Arthur River drainage system 
of the Upper Blackwood River catchment. It is the only natural wetland in the 
bioregion that has not become saline due to a rising saline groundwater table. Many 
of the downstream wetla nds contained similar vegetation and supported similar broad 
ecological communities to those now largely restricted to Toolibin Lake. The latter is 
the only major wetland in the chain that has not become saline. The lakeôs resilience 
is likely to be a consequence of local sub-surface geological features that have 
compartmentalised groundwater under the lake.  

Toolibin Lake is the last, large, Casuarina obesa dominated wetland, with mostly living 
trees, in the inland agricultural area of South -Western Australia. Wetlands of this type 
were formerly widespread, however most have become severely degraded by 
secondary salinisation. Toolibin Lake is listed as a threatened ecological community 
under the Commonwealth Environmental Protections and Biodiversity Conservation 
Act, 1999.  The listing is recorded as ñPerched wetlands of the Wheatbelt region with 
extensive stands of living sheoak and paperbark across the lake floor ï Toolibin Lakeò 
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and its current status is ñEndangeredò. In a Western Australian context it is included 
in the List of Threatened Ecological Communities (TEC) on the Department of 
Conservation and Land Managementôs TEC Database endorsed by the Minister for the 
Environment (http://www.naturebase.net/plants_animals/watscu/tec.html ) and 
classified as ñCritically Endangeredò. 
 
Toolibin Lake provides an important habitat for native fauna, particularly waterbirds. It 
is a vital breeding area for a wide range of waterbirds and supports more breeding 
species than any other wetland in SW Western Australia (Jaensch, et al, 1988).  There 
have been more than 60 waterbird surveys between 1965 and 1996. A total of 50 
waterbird species was recorded, 25 of which were observed breeding (Froend, et al, 
1997). Recent records would suggest the number of breeding species has 
substantially reduced (S. Halse, pers. com). Given the lack of inflow since 1996, it is 
difficult to suggest what t he current numbers would be.  

 

The dominant land use in the Toolibin catchment is dry -land agriculture to produce 
wool and cereal grain. By 1972, 91% of the total area of the catchment was cleared. 
Reserves managed for conservation purposes occupy only 3% of the catchment.  

Toolibin Lake was originally a perched freshwater wetland with the water table 15 m 
below the bed of the lake (Bowman, et al, 1992). The salinity of the water in the lake 
has increased over the past three decades (Bowman, Bishaw, Gorham et al, 1992). 
These effects have resulted from the clearing of the catchment, in two associated 
ways. First, there has been more runoff from the catchment and the water table has 
risen, bringing salt previously stored in the soil with it. Thus, seasonal runo ff from the 
catchment carried saline water into the lake. Secondly, rising regional groundwater 
levels have caused the saline groundwater under Toolibin Lake to rise virtually to the 
floor of the lake.  

Originally most of the lake was covered in thickets or  woodlands of water-tolerant tree 
species, although there is a large, naturally open area on the eastern side. The higher 
ground around the lake supports open eucalypt woodland, sheoak, banksia and 
heathlands. Pronounced undulations or ógilgai moundsô occupy the lakeôs floor and 
with many of the older tree species growing on these mounds (Ogden & Froend, 
1998). 
 
Toolibin Lake is one of a chain of wetlands occupying a palaeodrainage valley that 
forms part of the Northern Arthur River System. The Lake is situ ated in the Yilgarn 
Craton, in alluvial and lacustrine valley-fill deposits, surrounded by broadly undulating 
sandplain. The fluvial plain at Toolibin Lake is about three kilometres wide and is 
bounded to the east by aeolian dune deposits and to the west b y weathered 
basement overlain by thin colluvium. Toolibin Lake is located at the boundary between 
these two systems, with its eastern flanks overlying lacustrine sediments, and to the 
west, alluvial sequences. There is a palaeochannel system 300m wide and 40m deep 
beneath the lake, extending approximately five kilometres in a north -westerly 
direction (Dogramaci et al, 2002). The catchmentôs hydrology is affected by several 
large dolerite dykes which may be responsible, in part, for reducing the effects of 
secondary salinisation on the Lake (Smith & Wallace, 1998). 
 

http://www.naturebase.net/plants_animals/watscu/tec.html
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The launch of the State Salinity Action Plan (SAP) in November 1996 provided 
significant funds for a range of recovery catchments including Recovery Catchments 
for Natural Diversity.  Toolibin Lake is one of six such recovery catchments. The 
objective of the Natural Diversity Recovery Program as stated in the Salinity Action 
Plan is: 
 

The government will develop and implement a coordinated Wetlands and 
Natural Diversity Recovery Programme targeting at least six key catchments 
over the next ten years to ensure that critical and regionally significant areas, 
particularly wetlands are protected in perpetuity  (Government of Western 
Australia, 1996). 

The natural diversity recovery catchment programme gained continuing support 
through the revised State Salinity Strategy (Salinity Council, 2000). 

b) Significant Biological Assets (Step 2) 

Under the Ramsar Convention, Toolibin Lake is classified as an inland wetland type of 
Xf, which is described as ñFreshwater, tree-dominated wetlands; includes freshwater 
swamp forests, seasonally flooded forests, wooded swamps on inorganic soilsò under 
the Classification System for Wetland Type outlined by the Convention. The RIS for 
Toolibin Lake accounts for the changed character of the wetland system following the 
impacts of secondary salinisation with the following statement:  

Due to secondary salinisation, which began several decades ago, the water 
is no longer fresh. The wetland type that would more accurately reflect the 
present water salinity is R ï Seasonal/intermittent saline/brackish/alkaline 
lakes and flats, but this does not reflect the wooded character of the 
wetland which is the dominant feature of the site.  
 

The RIS for Toolibin Lake (Appendix A) indicates that the site meets four of the eight 
criteria that are used to determine a lakeôs suitability as a Wetland of International 
Importance. These are: 
 

Criterion 1. It contains a representative, rare or unique example of a natural or 
near-natural wetland type found within the app ropriate biogeographic 
region. 

Criterion 2. It supports vulnerable, endangered or critically endangered species or 
threatened ecological communities 

Criterion 3. It supports populations of a plant and/or animal species important for 
maintaining the biological diversity of a particu lar biogeographic 
region. 

Criterion 4. It supports plant and/or animal species at critical stages in their life 
cycles, or provides refuge during adverse conditions. 

 

 

Table 1, summarises the justification for each of the Ramsar criteria and lists the 
significant biological assets. 

 

 

 

 
 



Ecological Character Description of Toolibin Lake Ramsar Wetland                                                                   Page 13 of 48. 

 

Table 1: Significant Biological Assets of Toolibin Lake  

Ramsar 
Criteria 

Justification for Toolibin Lake Significant Biological 
Assets 

1,3 Toolibin Lake is the last, large Casuarina obesa ï 
dominated wetland, with mostly living trees, in  the 

inland agricultural area of south Western Australia. 

Whereas wetlands of this type were formally 
widespread, the woodland in most of these wetlands 

has been degraded or lost due to secondary 
salinisation associated with agricultural development 

of catchments 

 

A representative and 
bioregionally significant 

wetland ecosystem as it: 

 
1. supports more 

waterbird species than 
any other wetland in 

the inland south-west. 

 
2. is the last, large 

Casuarina obesa ï 
dominated wetland, 

with mostly living trees, 
in the inland 

agricultural area of 

south Western Australia 
 

 
3. supports a State and 

Nationally listed 

óThreatened Ecological 
Communityô and 

supports extensive 
stands of Melaleuca 
strobophylla, which has 
restricted geographic 

range 

 
 

 

2, 3 The ecological community of the site (ñPerched 

wetlands of the Wheatbelt region with extensive 
stands of living sheoak and paperbark across the lake 

floor ï Toolibin Lakeò) is included in the national list 

of threatened ecological communities. 
 

 3 As the last substantial remnant of a formerly common 

wetland type, Toolibin Lake is vital to maintaining the 
genetic and ecological diversity of the inland 

agricultural area of South- Western Australia. 
 

2, 3, 4 When full or near-full, Toolibin Lake supports more 

breeding waterbird species than most, if not all, other 
inland wetlands in south-western Australia. These 

include the Freckled Duck, Stictonetta naevosa, which 
has a very small breeding population in south 

Western Australia. The lake also supports small 

breeding colonies of cormorants, egrets, night herons 
and spoonbills. 

 

Source: Ramsar Information Sheet, 2003. 
 

Although it is not highlighted in the description above, the wetland supports a suite of 
primary producers (e.g. algae & phytoplankton) and aquatic invertebrates. These  
operate as drivers in the system and are also significant biological assets. Without 
their presence and maintenance it is highly unlikely that the other biota (particularly 
waterbirds) would be able to persist, especially at the diversity and abundance th ey 
have in the past.  
 
 
Toolibin Lake is a representative and bioregionally significant wetland ecosystem due 
to four primary significant biological assets:  

1. Waterbirds 
2. Native vegetation 
3. Threatened ecological community. 
4. Primary producers. 

 

i) Waterbirds 

 
Toolibin Lake supports 25 species of breeding waterbird, the greatest number for any 
wetland in south-western Australia. Altogether 50 species of waterbirds have been 
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recorded, which is the highest species richness among inland wetlands in the south 
west. In pa rticular, Toolibin Lake is important as a breeding area for Freckled Ducks 
Stictonetta naevosa, and for large wading birds ï Pacific Herons Ardea pacifica, White-
faced Herons A. novaehollandiae, Great Egrets Egretta alba, Rufous Night Herons 
Nycticorax caledonicus and Yellow-billed Spoonbills Platalea flavipes. In addition, 
Toolibin Lake is an important breeding area in south-western Australian for Great 
Cormorants Phalacrocorax carbo, Little Black Cormorants P. sulcirostris, Little Pied 
Cormorant P. melanoleucos and Blue-billed Ducks Oxyura australis. The highest 
number of waterbirds counted at the lake is 1858 in December 1996 (the previous 
record was 1646 in January 1982). The most abundant species is Grey Teal Anas 
gracilis with numbers up to 1160 being recorded (RIS). 

ii) Native vegetation 

 
Toolibin Lake is the last, large, Casuarina obesa ï dominated wetland, with mostly 
living trees, in the inland agricultural area of southwest Australia. Wetlands of this 
type would formally have been widespread, the woodl and in most of the other 
wetlands are degraded or lost due to secondary salinisation associated with the 
agricultural development of catchments. With the loss of Eucalyptus trees, due to 
increasing salinity and waterlogging, only two tree species remain on the lake bed; C. 
obesa and Melaleuca strobophylla (Froend et al. 1996). These species occur in 
woodlands across the lake bed, often occurring on the raised gilgai mounds. The 
understorey consists of halophytic species with some annual weeds occurring towards 
the perimeter of the lake bed. The upland vegetation is highly modified on the 
western and southern sides due to the construction of a major drain and revegetation 
of cleared areas with native species. The eastern and northern sides are dominated by 
woodlands of Eucalyptus loxophleba-Acacia acuminata (Franke et al. 2001) and also 
include Allocasuarina huegeliana and Banksia prionotes, with some heathland. 
 
The fringing woodland around the waterbody consists of Allocasuarina huegeliana, M. 
uncinata, E. rudis, and Acacia acuminata. E. loxophleba forms an open woodland on 
higher ground (Mattiske 1978, 1982, Froend 1983, 1996, Franke et al 2001). Some 
species are no longer present on the lake floor and a current vegetation map is 
required. A vegetation map was prepared in 1978 (Mattiske, 1978) and although some 
of the descriptions are obsolete, it provides a useful baseline from which to gain an 
understanding of the vegetation matrix (Figure 3).  
 
In the early 1970ôs, stressed and dead trees were reported in parts of Toolibin Lake 
when surface salt crusting first became evident (Froend, et al. 1987).  Following these 
observations, vegetation studies were initiated in 1977 with the aim of establishing 
base-line data for the long term monitoring of the structure  and health of the 
vegetation (Mattiske, 1978).  A total of 26 families and 97 species have been recorded 
on the vegetation monitoring plots on Toolibin Lake and itsô surrounding reserves 
(Mattiske, 1993). Even though the vegetation condition has declined (Froend et al. 
1997; Ecoscape Australia, 2004), the lake still contains extensive areas of dense 
vegetation. When the lake is flooded, the healthy thickets and woodlands provide 
nesting sites for many waterbirds, protection for young birds from predators a nd 
roosting sites and foraging areas for some species with specific habitat requirements. 
(Halse, 1987). The presence and maintenance of the native vegetation of the lake is 
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paramount for maintaining the abundance and diversity of waterbirds that use the 
lake.  
 

 

 
 
Legend 

1. Woodland Melaleuca sp ï C. obesa (dense 

understorey). 

2. Woodland Melaleuca sp ï C. obesa (varying 

understorey). 

3. Woodland Melaleuca sp ï C. obesa (unhealthy 

sick trees ï evidence of salt on soil surface). 

4. Open woodland of Melaleuca sp ï C. obesa 

(Chorizandra enodis ground cover). 

5. Open woodland of E. rudis ranging to herbland 

of Wilsonia rotundifolia 

 

6. Open woodland of Melaleuca sp ï C. obesa (salt 

crusting, samphires , dead tree stratum) 

7. Open woodland of E. rudis ï Melaleuca sp. 

ranging to fringing woodland of E. loxophleba. 

8. Woodland of E. loxophleba. 

9. Open woodland of E. loxophleba. 

10. Low open forest of C. huegeliana ï Banksia spp. 

11. Heath. 

12. Halophytic Complex 
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Figure 3: 1978 Vegetation Map of Toolibin Lake and its Surrounds (Source: Mattiske, 1978) 

 

iii) Threatened Ecological Community 

 
Toolibin Lake is also listed as a Threatened Ecological Community (TEC) under the 
Commonwealthôs Environmental Protections and Biodiversity Conservation Act 1999. 
Its current threatened status is ñEndangeredò and the listing is recorded as ñPerched 
wetlands of the Wheatbelt region with extensive stands of living sheoak and 
paperbark across the lake floor ï Toolibin Lakeò. 
 
The community fits criteria 2 (a), (d) and (e) of Section 6 of the EPBC Act for the 
following reasons (Endangered Species Scientific Subcommittee, 2000): 

1. The community has been reduced in area and number of occurrences by 
at least 90%;  

2. Toolibin Lake is the only remaining large occurrence of the once 
widespread community, and is threatened by salinisation and 
waterlogging, due to clearing of the catchment, with the final salinisation 
inevitable if the water table is raised though the lake floor. Without 
ongoing recovery actions, this would be likely to occur in the near 
future; and  

3. The community is subject to other threats including weed invasion and 
grazing by native herbivores. 

iv) Primary producers and aquatic invertebrates 

Aquatic invertebrates provide a major food source for a large number of resident and 
occasional waterbirds. A total of 52 invertebrate species have been recorded in 
Toolibin Lake (Halse, et al, 2000). Insects comprised the largest proportion of the 
invertebrate fauna (65% of species, of which beetles comprised 28% and chironomids 
19%), with crustaceans accounting for another 28% (of which  43% were ostracods), 
annelids 5%, and molluscs 2%. Rotifers were also present. While the species list at 
Toolibin is larger that at ma ny south-western wetlands, Toolibin has only intermediate 
value for invertebrate conservation. The most species-rich wetlands in the Wheatbelt 
region yield about 100 species and 30% of wetlands sampled in a Wheatbelt-wide 
survey in the late 1990s had more species than recorded at Toolibin Lake.  
 
There is little information on the types, distribution and abundance of autotro phs and 
other primary producers, although algae are readily observed in small ponds on the 
lakeôs surface after rainfall. This is a knowledge gap and should be a focus of future 
investigation.  
 
Section Five provides further information on the significant biological assets, their key 
elements and the ecological and hydrological processes that sustain them.  

c) Ecosystem Drivers and Features (Step 3) 

 
Biological and ecological components exist because there are processes that enable 
them to exist. These processes develop and maintain the physical and chemical 
parameters that in turn allow the biota to survive. In an ecosystem management 
approach, it is important to identify the underlying system drivers that initiate and 
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maintain the ecological and hydrological processes that support the significant species 
and ecological communities, rather than just focus on the species or communities and 
their interactions.  
 
There are a number of fundamental drivers that determine the hydrological and/or 
ecological processes and functions for any particular wetland site (Phillips et al, in 
preparation-see Figure 4). These drivers and the resulting processes can differ from 
site to site as each wetland differs in components, processes and functions and the 
landscape within which, individual wetlands sit differs in structure, function and 
history (both natural fluctuations and human -induced impacts) (Hobbs, 2001). 
However, these universal drivers provide a common base-line from which it is possible 
to examine, describe and compare ecological character of wetland system (Phillips et 
al. in preparation).  

 

 
 
 
 
Climate and geomorphology are the fundamental drivers of hydrology and water cycle 
that combine with landform and human management to shape the key features of the 
wetland system.  
 

i) Geomorphology 

 
Toolibin Lake lies at the head of a chain of lakes forming the headwaters of the Arthur 
River. Toolibin Lake occupies broad valley flats that represent the ancient drainage 
system containing water borne deposits of sands and clays (George & Dogramaci, 
2000). The area is underlain by granitic bedrock and minor dolerite dykes of the 
Archaean Yilgarn Block and insitu weathering of the granite has developed a 
fragmented saprolite cover of varying thicknesses above this (Northcote, 1967 cited in 
Casson, 1988). Dolerite dykes outcrop often along the catchment divides which 
indicates they may play a major control on relief and the extant drainage pattern. The 

Climate 

Hydrology 

Patterns of plants 
and animals 

Physico-chemical 
environment 

Geomorphology 

Figure 4: Universal drivers of wetland ecological character (Phillips et al. in preparation - 
adapt ed from Mitsch and Gooselink, 2000). The inner box represents the wetland 
ecosystem  
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upland plateaus of Toolibinôs catchment consist of sand plain soils and gravely ridges. 
The intermediate areas of the topography are loamy duplex soils over a truncated 
laterite profile. These sit above broad valleys with some clay pan development. 
Lowest in the catchment are the calcareous and siliceous loamy soils of minimal 
development (Casson, 1988). 
 
The fluvial plain of Toolibin Lake is about three kilometres wide and bounded on the 
east by aeolian dune deposits, which overlie fluviatile sediments and in situ weathered 
granite (Dogramaci, 2000). The western part of the plain merges with weathered 
basement and is overlain by thin colluvium. Toolibin Lake is located at the boundary 
of these systems, with its eastern flanks overlying lacustrine sediments, and to the 
west, alluvial sequences. There is a paleochannel system 30 metres wide and 40 
metres deep in the middle of the eastern sequence (beneath the lake), extending 
approximately five kilometres in a north westerly direction (De Silva, 1999 cited in 
Dogramaci et al, 2003). The well-vegetated dunes along the eastern edge of the lake 
lie over lacustrine sediments and have a greater infiltration rate due to their sandy 
soils. 
 
The elevation of the Toolibin catchment ranged from about 360 metres Australian 
Height Datum (ADH) at the north -eastern boundary of the catchment to 298 metres 
AHD at Toolibin Lake. The eastern part of the catchment has gently undulating flats 
that are characteristic of the ancient landscape of the Blackwood River Basin 
(Bettenay & Mulchay, 1972). The western part is more undulating and ch aracterised 
by a relatively well-defined drainage system that is similar to the rejuvenated 
landscape of the Blackwood River Basin (Bettenay & Mulchay, 1972). 
 
Based on the gradient, the catchment can be divided into two areas; the first area 
with gradient  more than 1% occurs at the catchment rim and comprises about 65% of 
the catchment. The second area with a gradient of less than 1% (valley flats) occurs 
along the main drainage area and comprises about 35% of the catchment 
(Dogramaci, et al. 2003). These topographic characteristics combined with the micro-
elevation within the valley flats may have an important control on the local (hill slope 
scale) and intermediate (catchment and inter -catchment scaled) groundwater systems 
(Dogramaci, et al. 2003). 
 
Toolibin Lake is underlain by an unconsolidated layer with a high clay content less 
than 3 metres thick, which overlays indurated lake sediments or weathered granite, 
with the depth to fresh granite bedrock ranging from 27 to 46 metres (Kevi, 1980).  
The clay layer appears to limit the spread of salinisation on the lake floor (Furness, 
1978), and it was thought that the layer allowed the throughflow of highly saline 
groundwater to pass beneath Toolibin Lake and discharge into Lake Taarblin (Martin, 
1986).  
 
The groundwater flow system is thought to be controlled by the filling and drying 
sequences of the lake (Martin 1986). After the lake has been dry for some time, 
discharge of groundwater from the watertable (by capillary rise and evaporations) 
results in upward flow in the upper half of the saturated zone (Stokes & Sheridan, 
1985; Martin, 1986). As groundwater levels in Toolibin decline, due to 
evapotranspiration, salt accumulated in the saturated zone is deposited onto the 
surface by capillary rise. The lake and groundwater interaction is complex; with 
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recharge occurring when the lake fills and discharge occurring when it is dry (Froend 
& Storey, 1996). 

The lake floor is characterised by the presence of gilgai mounds. These are a series of 
subtle undulations, up to 1.5 metres above the surrounding lake bed, formed by the 
shrinking and swelling of clay horizons, with alternate wetting and drying cycles. This 
forces óblocksò of subsoil material gradually upwards to from mounds (Department of 
Primary Industries, 2005). These mounds provide an increased distance between the 
soil surface and the saline groundwater, reducing capillary rise and resultant 
salinisation of surface soil. The microrelief provided by the Gilgai mounds also 
provides favourable conditions for seedling regeneration in years when the lake floods 
as they reduce waterlogging (Bowman, et al, 1992). 
 

ii) Climate 

 
Toolibin Lake is a perched wetland relying on surface runoff for filling and as a result 
its ecology is largely driven by climate (Mitsch, 1996). The wetland occurs in a low 
rainfall zone, with the average annual rainfall over its catchment (which is 
approximately 483km2 in area) ranging from 370mm at the lake, to approximately 
420mm along the western boundary (Bowman, et al, 1992).  The average at the lake 
is based on records dating back only to the 1970s, whereas other sites have longer 
periods of recording (P. Lacey, pers com). 

Toolibin Lake is ephemeral, only filling in years of above average rainfall. It has been 
estimated that 6mm of runoff f rom the catchment is required to fill Toolibin Lake to 
the point of overflow, which represents a runoff of 1.5% of average rainfall (Stokes 
and Sheridan, 1985). When full, the lake is about 3 km 2 in area and 2 m deep. The 
lake is relatively flat with sever al shallow (<1m) depressions or lagoons and gilgai 
mounds in the centre of the lake. The mounds control circulations at low water levels. 
Surface water inflow to the lake is from the catchment of the Northern Arthur River 
(435 km2) to the north and from th e smaller catchment (41km2) for the North West 
Creek in the north west corner of the lake. A diversion channel was constructed along 
the western boundary of Toolibin Lake in 1994/95 and later a separator to  direct 
saline flows away from Toolibin Lake and back into the river channel further 
downstream (Froend & Storey 1996).1 Lake outflow, as surface water loss, occurs via 
an overflow channel to the south of the lake and drains via a series of smaller lakes to 
Lake Taarblin. It is assumed that both groundwat er inflow and outflow may occur to 
and from the lake. Toolibin Lake also has a drainage pipe which allows some of the 
saline water at the end of the season to be drained from the lake floor (P. Lacey, 
pers. com).  Streamflow for the North Arthur River occu rs for relatively short periods, 
with little sustained baseflows. Runoff is generally of short duration, associated with 
the more intense rainfalls (Stokes & Sheridan, 1985). 
 

Annual rainfall at Wickepin (17 kms to the North West of the lake) during the pa st 40 
years has been gradually decreasing over 4-5 year cycles (Froend & Storey, 1996), a 
trend that appears likely to continue (IOCI, 2005). This is likely to have significant 

                                                 
1.  The 5.5 km channel takes water from the Northern Art hur River, upstream of Toolibin, and diverts it around the lake (also 

intercepting the NW Creek flows), to rejoin the rivers downstream of the outflow from Walbyring Lake, therefore protecting bo th 
Toolibin and Walybring lakes from saline surface flows.  
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consequences for the future ecological and hydrological characteristics of Toolibin 
Lake.  

Temperature and evaporation also contribute to driving the system, especially in the 
modified environment of the Toolibin catchment, as there is a sound relationship 
between the salinity levels of the lake and evaporation. The average annual 
evaporation level of the Toolibin catchment is 1900mm (George, 1998).  Light and 
temperature also play an important part in setting the conditions for algae and 
phytoplankton development (or re -invasion) and maintenance. 

 

iii) Primary Production 

Along with the ph ysical drivers of climate and geomorphology, ecological drivers need 
to be considered. The primary trophic levels of the system are fundamental drivers of 
the ecological character of Toolibin Lake. The type and abundance of waterbirds and 
key vegetation species and associations are shaped and maintained by ecological and 
hydrological processes that are initiated by the key drivers of rainfall (Climate) and soil 
type and location (Geomorphology). Energy and material flows that occur as part of 
the primarily production system also need to be included as drivers. Consequently, 
sunlight provided the energy for phytoplankton/periphyton which have a major 
influence on the presence of aquatic invertebrates and macrophytes which, inturn, 
provide energy and material flow to higher trophic levels and provide carbon and 
organic nutrients back into the system.  

A conceptual model (Fig. 5) has been developed after Phillips et al (in preparation) to 
outline the underlying system drivers, the ecological and hydrological process they 
initiate and the special flora, fauna and ecological communities they, in turn, maintain.  
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Figure 5: Simplified conceptual model of Toolibin Lake.  
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4) Significant biological assets and their related ecological-
hydrological processes 

 
 
Section 3.b outlined the significant biological assets (SBAs) of the Toolibin Lake site. 
The following tables provide further details on the SBA and more specific details on 
the ecological and hydrological processes that sustain them. As the Ramsar definition 
of ecological character refers to the physical, chemical and biological elements of a 
wetland, details on the processes are split into these categories. The relevant 
ecological and/or hydrological process from Table 2, are stated after each element.  
 

a) Significant Biological Asset 1: Waterbirds 

 

Significant biological asset 1: Waterbirds  

 
Description:  
More species were recorded breeding in Toolibin Lake than in any other of the 251 
wetlands examined by Birds Australia (formerly the Royal Australian Ornithologists 
Union) (Jaensch et al. 1988). More than 60 surveys of its waterbirds were conducted 
between 1965-1996, and a total of 50 waterbird species were recorded. 25 of these 
were observed breeding (Froend & Storey, 1996; Froend et al, 1997; Halse et al. 
2000). In particular, Toolibin Lake is important as a breeding area for Freckled Ducks 
Stictonetta naevosa and for large wading birds such as herons, egrets and spoonbills. 
Table 2, below, outlines the species occurrence, status, and numbers for the species 
recorded at Toolibin in the Birds Australia surveys. 
Trend:  
A general trend of increasing salinity and decreasing number of species of waterbirds 
utilising Toolibin Lake, with reductions in numbers of certain species since pre-1980 is 
reported (Froend & Storey 1996). The quality of breeding data prevents conclusive 
support for the suggested reduction in breeding activity  
 

 
Recovery Plan Success Criterion  
The Toolibin Lake Recovery Plan ((Bowman, Bishaw, Gorham et al, 1992) outlines 
biological criteria on which to base a measure of success of their intended recovery 
actions. One such criterion refers to waterbirds:  

RP 4.  The numbers and species of waterbird visitation (41 species) and breeding success 
(24 species) that currently occurs is maintained or improved. 

 
Evaluation of Criteria  
The recovery plan was reviewed in 2004 (Wyland & Lacey, 2004). The extended dry 
period, with only a partial filling in 1994 and 1996 of the lake makes the assessment 
of waterbird numbers and species difficult  to evaluate. There is a strong relationship 
between waterbird usage and lake filling, consequently it is difficult to determine the 
numbers and species of visiting birds until a flooding event occurs again. Given an 
anticipated reduction in species due to the changing landscape, it is suggested that 
this criterion be reviewed to as part of the new recovery planning process.  
Range of variability  
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The numbers and species of waterbirds using a wetland fluctuate seasonally and 
annually according to wetland conditions (Halse et al, 2000). Monitoring of waterbird 
usage needs to be undertaken using a standardised survey method that associates 
information on water levels, salinity and vegetation condition (Froend & Storey, 1996). 
The recovery plan criterion is quantitative and can be measured against a known 
parameter (visitation numbers and breeding number), however , this would only be 
valid for years when water is present. It can be assumed that there would be no 
waterbird breeding activity at Toolibin Lake when wa ter is absent, the range for 
breeding numbers would therefore vary between 0 and 25 (the highest number 
observed ï Froend & Storey, 1996). To determine the range of variability, detailed 
analysis of breeding lists of past surveys needs be conducted and criteria set for 
numbers that should be recorded in any one year. This could be expressed as the 
expected average over a period of years (S. Halse pers. com). 
 
A 1996 survey in December 1996 found 20 species of waterbirds and concluded that 
this figure reflected the high waterbird conservation value of Toolibin Lake (Halse, et 
al, 2000). Note that water was present in the wetland in 1996.  The average richness 
in September/October in the early 1980s was just under 20 species. Therefore, if the 
average number of birds recorded in spring surveys over a period of years remains at 
this level, it could be said that the waterbird conservation value has remained stable 
(assuming no gross change in species composition) (S. Halse pers. com). 
 
Interim limits of acceptabl e change  
Breeding numbers ï (only when water present) ï 18-25. 
Visitation numbers ï (only when water present) 20. Note that this needs to be 
considered in association with water depth and quality and seasonality.  
 
NOTE: There should be consideration to monitor the waterbird numbers and breeding 
activity of Lake Walbyring as well as Toolibin. Although it is not part of the Ramsar 
site, the monitoring of waterbirds in the lake may provide useful data on waterbird 
activity in the surrounding landscape, for th ose years when Toolibin is dry. 
  

i) Key ecological and hydrological processes for sustaining waterbirds at 
Toolibin Lake 

 
Biological : (Biota Maintenance; Energy/Nutrient Dynamics)  

¶ Diversity of habitats ï extensive dense thickets of vegetation  
¶ Adequacy of breeding sites ï nesting guilds 
¶ Presence of food sources ï feeding guilds 

Chemical (Surface Hydrology; Hydrogeology)  

¶ Water quality -  salinity  
¶ Water quality ï nutrients 

Physical (Surface Hydrology; Biota Maintenance)  
¶ Hydro-period ï occasional drying facilitates the persistence of vegetation and 
probably increases the wetlandôs productivity. 

¶ Proximity of adjacent freshwater/brackish lakes ï esp Lake Walbyring  
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Element  Description  

Biological:  

Diversity of 
Habitats  

The diversity and quality of habitat s for waterbirds affects the number of 

waterbirds and breeding activities (Goodsell, et al, 1978; Casson, 1988; 
Halse, 1987). Live vegetation in the lake is required for suitable nesting 

sites. Extensive dense thickets of Casuarina obesa and Melaleuca spp 

through much of the inundated area provide important shelter for breeding, 
roosting sites, protection from predators and habitat for aquatic 

invertebrates and other food sources. The health and vigour of the lakeôs 
vegetation is required for the maintenanc e of waterbirds, as is the 

maintenance of the suitable water quality (for instance, fresh to brackish 
salinity) in the lake.  

 

Adequacy of 
breeding sites  

Four nesting guilds exist, based on the usual location of their nests (Table 3 
after Halse 1987). Nine species nest in trees over water, several using only 

live trees (see vegetation section below).  Two species build nests of sticks 

under the cover of trees. Two species nest in dense rushed or grass. Four 
species nest in tree hollows, often some distance from water and five 

species build open nest that are either floating or made of sticks built up 
from the bottom of the lake. Live vegetation in the lake is of paramount 

importance in providing suitable nesting sites for most of the species 

breeding there. 
 

Presence of food 
sources  

Eight feeding guilds have been identified (Table 4 after Halse, 1987).  
Almost 50 percent of the species and over 90% of the individuals are 

óswimmingô birds that obtain food principally by dabbling or diving. The 

dabbling species generally have a mixed diet of plants and animals, 
although Black swans are almost completely vegetarian and Pink-eared 

Ducks and Australasian Shovelers feed mostly on invertebrates (Frith 1977; 
Briggs et al 1985). In shallow water, dabbling birds feed by submerging 

their bill, or head and neck, or by upending. In deeper water, they feed only 

on the surface, either by filtering or by pecking at floating plant material 
and animals (Frith 1977). 

 
The diving species probably prefer water at least 1 m deep, although little 

information is available on this aspect of their biology. The data from 
Toolibin show that water depth has little effect on numbers of diving birds 

when the lake contains 1 m or more water, but that numbers decline 

rapidly, and most species are absent, when it contains less. 
Waterbirds feed throughout the lake and around its margin, eating 

principally invertebrates, small vertebrates (fish and frogs), algae, aquatic 
macrophytes, and vegetation on the mudflats surrounding the lake. 

Individual species eat a comparatively narrow range of food items (Halse, 

1987). The maintenance of phytoplankton/periphyton, aquatic 
macroinvertebrates and macrophytes are important elements that en sure 

waterbird abundance and breeding are sustained, hence their identification 
as significant biological assets (see below). 

 

Chemical:  

Water quality -  
salinity  

For the first week or so after hatching, young birds must have freshwater to 
drink. This is because their salt glands are not developed and the birds will 

be unable to regulate salt intake (Halse, 1987). Toolibin lake is the only 
natural wetland of its size in the Avon -Wheatbelt bioregion that has not 

become saline due to rising saline groundwater tables. Consequently it is an 
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important habitat for waterbird bre eding within the Wheatbelt region 
(Ramsar Information Sheet, 2003).  

 
A thin (~3m) clay layer acts as a barrier, possibly preventing the deep, 

highly saline groundwater from leaking into the lake (Furness, 1978). Minor 

discharge does occur (primarily by capillary rise and evaporation) (Martin, 
1986). Water salinity within the lake is caused by the input of salt from the 

salinised agricultural catchment (Stokes & Sheridan, 1985; Dogramaci et al, 
2003). Watertable rise within the lake is, at least, as importa nt as the influx 

of saline surface water in degrading the lake environment (Martin, 1990). 

With the establishment of the diversion channel and separator, saline 
surface flows are diverted away from Toolibin Lake.  The current level is set 

at 1000mg/L after  which a value judgement is made depending on water 
quality, time of the year and the quality of the water upstream (P. Lacey, 

pers. comm.). As such, only ófreshô water is allowed to flow into the lake 
(Bowra & Wallace, 1996). 

 

Groundwater salinities within the catchment are high, reaching values of 
60,000 mg/L TDS at the bores in Toolibin Lake (Martin, 1986). After 

clearing of the catchment, elevation of watertables and prolonged dry 
periods, the discharge of saline groundwater to the lake when the lake is  

dry, has become more frequent (Froend & Storey, 1996). A dewatering 

programme to lower groundwater levels under the lake was suggested as 
early as 1987 (NARWRC, 1987). After a number of investigations (Martin, 

1986, 1990; GHD, 1992; George & Bennett, 1995), a groundwater pumping 
programme began operation in March 1997, with the insta llation of 6 pumps 

on the western side of the lake, in addition to two existing trial pumps 
(Smith & Wallace, 1998). Another was commissioned in 2000 and since 

then one of the original pumps has been decommissioned (Wyland & Lacey, 

2004).  
 

The pump field produces an average of 230 kilolitres (KL) of groundwater 
per day, which is disposed of in Taarblin Lake. Three additional pumps that 

were commissioned in July 2001 are situated in the proximity of the 

paleochannel on the eastern side of the lake. This raised the total 
groundwater production from the lake to approximately 700 KL per day 

(Wyland & Lacey, 2004). Low rainfall in recent years has made the 
evaluation of pumping more complex. However, engineering reports 

indicate that the pumping is reducing the groundwater levels, particularly in 

the western area. The eastern area drawdown is observed, but at a much 
slower rate (Dogramaci et al, 2003). Both the diversion and pumping a re 

major management interventions designed to sustain the salinity of the 
water within the lake to less than 1000 mg/L TDS when it is full (Bowman 

Bishaw Gorham et al, 1994). There is concern, however, that due to the 
lack of above average rainfall for many years, that the lakes surface salinity 

is high, as it has not been flushed since the last overflow event (1992). 

Ideally a filling event is needed to carry this salt down the system.  
 

Water quality ï 
nutrients  

Most nutrients (N & P) will enter the lake in particulate form, associated 

with suspended sediment, however as the gradient and rainfall in the upper 
catchment of Toolibin Lake are relatively low, the potential for erosion and 

flushing of nutrients into the wetland is low (Froend & Storey, 1996). T he 
Toolibin Lake recovery plan has a success criterion aiming to ensure that 

the total phosphorus levels not to exceed 100mg/L (Physical Criterion 5 ï 
Bowman Bishaw Gorham et al, 1994). (Note that this figure is probably 

incorrect and should be in µg/L tha tn mg/L) Monitoring between 1991 and 

1996 showed that all water samples recorded less than 0.3 mg/L (µg/L??). 
This level need to be reassessed as the default trigger valued for stressors 

causing algal problems in slightly disturbed ecosystems in freshwater lakes 
and reservoirs is 10 µg/L (ANZECC/ARMCANZ, 2000) 
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However, algal blooms and bird deaths due to botulism have been observed 
suggesting elevated nutrient conditions in the water column possibly as a 

result of reduced P sorption capacity (P saturation of surface soil) and re-
release into the water column. One botulism outbreak at Toolibin Lake, in 

March 1993, caused the death of 450 birds. Extensive crusting of algae has 

also smothered Casuarina obesa seedlings between 1986 and 1992, 
contributing to the death of these seedlings (Wyland & Lacey, 2004). 

Physical:  

Flooding/drying 
regime  
Hydroperiod  

Since 1978, there has been little substantial flow to Toolibin Lake. In only 
five of the past twenty seven years (1981, 1983, 1990 and 1992, 1996) has 

the lake received substantial inflow and only three (1983, 1990 and 1992) 

of which resulted in outflow events (Froend & Storey, 1996; Wyland & 
Lacey, 2004) 

 
For the period 1978 to 1996, the lake bed dried out nine times, or 

approximately once in every two years.  Since implementation of the 
Recovery Plan began in 1992 the lake bed dried out in 1994, 1995, 1997 

and 1998, or four out of seven years (Wyland & Lacey, 2004). Significant 

changes in the composition of numbers or species of waterbirds have not 
been reported (Halse, 2000). 

 

Proximity of 
adjacent fresh 
water bodies  

A field visit to the site (October 13, 2005) revealed very little water within 
Toolibin Lake, apart from some rain ponding in small areas within the lake 

floor (See Figure 6).  Lake Walbyring had substantial water level and a 
significant number of waterbirds were observed. A fresh/brackish water 

body present while Toolibin was effectively dry highlights the importance of 

adjacent fresh water areas. These areas can provide refuge for waterbirds 
and could maintain migratory routes for some. In addition they could 

provide refuge populations for recolonisation of algae, plankton and 
macroinvertebrates etc., once inundation of Toolibin has occurred (refer to 

Benier, 2005). Other freshwater sources, including farm dams, are also 
considered useful (Froend & Storey, 1996). Consequently management 

actions need to include Toolibin Lake and its surrounding environs to 

maintain the high conservation status of the lake.  
 

 
Table 2: Waterbirds recorded at Toolibin Lake in surveys between 1981 ï 1985. 
Species No of 

years 
recorded 

No of years 
breeding 

Period of 
occurrence 

Period of 
breeding 

Status Maximum 
number 
recorded 

Great Crested Grebe Podiceps cristatus 4 1 All year Nov resident 6 

Hoary-headed Grebe Poliocephalus 
poliocephalus 

4 2 All year Nov-Dec resident 135 

Australian Grebe Tachybaptus novaehollandiae 4 1 All year Oct resident 31 

Australian Pelican Pelecanus conspicillatus 1 - ?  vagrant 1 

Great Cormorant Phalacrocorax carbo 4 3 All year May Aug resident 27 

Pied Cormorant Phalacrocorax varius 2 - Winter/ 
spring 

 occasional 3 

Little Black Cormorant Phalacrocorax 
sulcirostris 

4 2 All year Oct ïJan resident 50 

Little Pied Cormorant Phalacrocorax 
melanoleucos 

4 4 All year Aug-Mar resident 100 

Pacific Heron Ardea pacific 4 2 All year Oct-Nov resident 15 

White-faced Heron Ardea novaehollandiae 4 4 All year Sept-Mar resident 111 

Great Egret Egretta alba 4 2 All year Nov-Feb resident 35 

Rufous Night Heron Nycticorax caledonicus 4 3 All year Oct-Mar resident 31 
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Sacred Ibis Threskiornis aethiopica 3 - All year  occasional 16 

Straw-necked Ibis Theskiornis spinicollis 2 - Spring/ 
summer 

 occasional 15 

Yellow-billed Spoonbill Platalea flavipes 4 4 All year Sept-Apr resident 20 

Black Swan Cygnus atratus 4 3 All year May-Jan resident 70 

Freckled Duck Stictonetta naevosa 4 3 All year Oct-Nov resident 600 

Australian Shelduck Tadorna tadornoides 4 4 All year May-Dec resident 200 

Pacific Black Duck Anas superciliosa 4 2 All year May-Dec resident 100 

Grey Teal Anas gibberifrons 4 3 All year Anytime resident 1100 

Chestnut Teal Anas castanea 1 - ?  vagrant 1 

Australian Shoveler Anas rhyncorhynchus  4 1 All year Dec resident 50 

Pink-eared Duck Malacorhynchus 
membranaceus 

4 4 All year Anytime resident 150 

Hardhead Aythya australis 4 - All year  resident 275 

Maned Duck Chenonetta jubata 4 1 All year Dec resident 91 

Blue-billed Duck Oxyura australis 4 2 All year Mar-July resident 15 

Musk Duck Biziura lobata 4 3 All year Apr-Dec resident 10 

Marsh Harrier Circus aeruginosus 3 - All year  resident 2 

Black-tailed Native-hen Gallinula ventralis 1 - ?  vagrant 1 

Purple Swamphen Porphyrio porphyrio 1 - ?  vagrant 1 

Eurasian Coot Fulica atra 4 4 All year Sept-Jan resident 370 

Red-kneed Dotterel Erythrogonys cinctus 1 - ?  vagrant 1 

Oriental Plover Charadrius veredus 1 - Summer  vagrant 1 

Red-capped Plover Charandrius ruficapillus 1 - Summer  vagrant 19 

Black-fronted Plover Charandrius melanops 2 - ?  vagrant 3 

Black-winged Stilt Himantopus himantopus 1 - ?  vagrant 41 

Banded Stilt Cladorhynchus leucocephalus 1 - ?  vagrant 3 

Greenshank Tringa nebularia 1 - Summer  vagrant 1 

Sharp-tailed Sandpiper Calidris acuminata 1 - Summer  vagrant 2 

Silver Gull Larus navaehollandiae 1 - ?  vagrant 1 

Whiskered Tern Chlidonias hybrida 1 - ?  vagrant 1 

 

TABLE 3: Nesting Guilds of Waterbirds at Toolibin Lake (data from Readersô Digest 1976; 
Seventy & Whittell 1976; Frith 1977; NPIAW 1985; RP Jaensch pers  omm.. (from RAOU) 

cited in Halse, 1987)  

Guild  Species  

Floating or anchored nest of rushes, aquatic 

macrophytes or sticks on water 

Great Crested Grebe, Hoary-headed Grebe, 

Australasian Grebe, Black Swan, Eurasian Coot. 

Nest of sticks in, or under cover of, tree over 
water. 

Great Cormorant, Little Black Cormorant, Little 
Pied Cormorant, Pacific Heron, White-faced Heron, 

Great Egret, Rufous Night Heron, Yellow-billed 

Spoonbill, Freckled Duck, Blue-billed Duck, Musk 
Duck. 

Nest in tree hollow Australian Shelduck, Grey Teal, Pink-eared Duck, 
Maned Duck. 

Nest on ground in grass or rushes Pacific Black Duck, Australasian Shoveler. 
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Table 4: Feeding Guilds of Waterbirds at Toolibin Lake (data from Readers Digest 1976; 

Severnty & Whittell 1976, NPIAW, 1985; cited in Halse, 1987) 
Guild  Species  

Dabblers ï mixed diet Black Swan, Freckled Duck, Australian Shelduck, 

Pacific Black Duck, Grey Teal, Chestnut Teal, 

Australasian Shoveler, Pink-eared Duck, Hardhead 

Divers ï animals Great Crested Grebe, Hoary-headed Grebe, 

Australasian Grebe, Australian Pelican
2
, Great 

Cormorant, Pied Cormorant, Little Black 
Cormorant, Little Pied Cormorant. 

Divers ï vegetation Blue-billed Duck3, Musk Duck3, Eurasian Coot. 

Large waders ï animals Pacific Heron, White-faced Heron, Great Egret, 

Rufous Night Heron, Yellow-Billed Spoonbill. 

Small waders ï invertebrates Red-kneed Dotterel, Oriental Plover, Red-capped 
Plover, Black-fronted Plover, Black-winged Stilt, 

Banded Stilt, Greenshank, Shark-tailed Sandpiper. 

Shore feeders ï animals Sacred Ibis, Straw-necked Ibis, Silver Gull. 

Shore feeders ï vegetation Maned Duck, Black-tailed Native Hen, Purple 
Swamphen 

Aerial feeders ï animals Marsh Harrier, Whiskered Tern. 

 

 

 

                                                 
2
 Does not dive for food but shares many habitats with other birds in this guild. 

3 
Diet contains significant proportion of animals. 



Ecological Character Description of Toolibin Lake Ramsar Wetland                                                                   Page 29 of 48. 

 

Figure 6: Water ponding on the lake floor. 

 

 

 

 

b) Significant Biological Asset 2: Native Vegetation 

 

Description:  
Toolibin Lake typifies the natural status of all of the lakes of the system and was 
dominated by dense woodland and thickets of Casuarina obesa (sheoak), Melaleuca 
spp. and Eucalyptus spp., interspersed with small areas of open water. Since formal 
monitoring began in 1977, a total of 31 F amilies, 81 general and 126 species have 
been recorded for the lake and the surrounding reserves (Froend & Storey, 1996). 
Appendix 1 outlines the vegetation associations of the Lake and a species list of plants 
found at the lake and associated reserves (after Mattiske, 1993). The characteristic 
feature of the floristics in most of the plant communities is the dominance of a few 
species in each area. 
 
Trend:  
Vegetation studies were initiated in 1977 with the aim to establish base line data for 
the long term monitoring and the structure and health of the vegetation (refer to 
comments below for definitions of how ñhealthò is defined and measured). Preliminary 
assessment indicated that stressed, unhealthy and dead trees were clearly associated 
with saline soils, particularly on the western bank of the lake (Mattiske, 1978).  The 
general decline in the health of the vegetation of the lake has led to the loss of the 
Eucalypt overstorey (E. rudis is no longer found alive on the lake bed), leaving a 
stressed C. obesa and M. strobophylla population (Franke et al, 2001).  There is a 
general declining trend in the vigour of the major wetland tree species at Toolibin 
Lake (Ogden & Froend, 2002). It is likely that below average rainfall during the period 
1998 to 2002 has exacerbated this decline. 
 
Some positives signs are evident, with the C. obesa population showing an increase in 
vigour and recruitment in some areas of the lake (Ogden & Froend, 2002). These 
areas of recovery appear to be associated with the major recovery works (i.e. near 
the groundwater pumps).  
 

Recovery Plan Success Criterion  
Two of the Recovery criteria are related to vegetation:  

1. No further deterioration is observed in the health of the vegetation of the 
lake or the reserves. 

2.  Successful tree and shrub regeneration in the lake and reserves is 
established in all vegetation associations. 
 

Evaluation of Criteria  
In a general sense these criteria cover the broad objectives of recovery, however , the 
terms ñhealthò and ñsuccessfulò are not explicitly defined within the plan. In the initial 
vegetation surveys 22 vegetation plots were established and all trees within the plots 
were sampled by height, diameter at breast height and condition (using a subjective 
measure of H-Healthy, Sl-Slightly Stressed, S-Stressed or Sick, VS-Very Stressed, RD-
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Recently Dead and D-Dead) and where present, data on understorey species were 
collected, including recruitment. The number of quadrats has increased to 42 and is 
monitored every two years (P. Lacey, CALM. Pers.com).  
 
In the late 1990ôs, a wetland vegetation monitoring programme was established under 
the WA Salinity Action Plan. Four transects were established in Toolibin Lake. The 
methodology used was designed to address change in wetland vegetation floristics, 
physiognomy, individual plant vigour and population vigour and dynamics in response 
to long-term changes in hydrology and salinity (Ogden & Froend, 1998). This process 
still used a subjective scale for tree vigour, based on a scale of 1-5 based on 
estimations of proport ions of live canopy foliage and epicormic growth. By comparing 
data over the years of survey, trends of vegetation ñhealthò are determined. Both 
these methodologies can be replicated.  
 
While individual plots or transects can be compared, it is unclear how changes within 
them, at their discrete spatial scale, can be combined into an individual assessment of 
the complete wetland system. Time series analysis of vegetation composition would 
highlight important trends and the use of techniques such as arithmeti c averaging and 
ordination could highlight changes in the plot and transect data.  
 
With the current data and analysis, there is general decline in the ñhealthò of the 
major wetland tree species at Toolibin Lake (Ogden & Froend 2002). This is 
particularly the case with M. strobophylla, whose population has declined continuously 
since 1977. Of the original 111 live trees assessed in 1977, only 29 remained in 
2002and only 18 survived in 2004. Of these 18, only two were assessed as ñhealthyò 
(Ecoscape, 2005).  
 
Range of variability  
There are significant levels of natural variability of vegetation within the Toolibin Lake 
area making the determination of baselines or levels/limits of acceptable change 
particularly difficult. The dynamics of the wetland and its su rrounding landscape have 
been altered significantly with rising groundwater, increasing salinisation and 
significant management interventions. The changing climate and in particular rainfall 
events makes predictions difficult. While the range of variabilit y may not be 
determined, it is important to establish threshold limits or parameters that, once 
reached, will trigger specific conservation actions to maintain the vegetation values. 
Given the lack of analysis, prescribing those threshold limits, within th is report, was 
not considered. There are, however, substantial data available for analysis from which 
thresholds or limits could be extrapolated. The following suggested factors would 
provide useful initial indicators of vegetation condition until more rig orous parameters 
are determined. These include: 
 

¶  Extent, density and foliage cover of M. strobophylla ï the maintenance of the mixed 
C. obesa / M. strobophylla woodland is a high priority because of its uniqueness 
(hence TEC status- refer 4 c), below). If  the current trend of mortality of M. 
strobophylla continues, the community will gradually change to degraded C. obesa 
woodland. 

¶  The extent and spread of samphire communities ï these are indicators of higher soil 
salinities, a growing spread of this community type suggests a worsening of the 
situation. 
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ñSuccessfulò recruitment also needs to be defined for those species on the lake bed. 
This should include recruitment that occurs naturally and that assisted by 
management actions. ñSuccessfulò recruitment could also be quantified as occurring in 
two phases a) survival beyond 5 years since establishment, and b) recruits reaching 
reproductive maturity (Froend & Storey, 1996).  
 
The vegetation monitoring report for 2004 (Ecoscape, 2005) has used the data since 
1977 to establish and graph species trends for ñhealthò, abundance and distribution. 
Detailed analysis of this, waterlevel and salinity data could be used to determine 
suitable ranges of the natural variability of the native vegetation of the Toolibin Lake 
system. However there is a lack of understanding of the interaction between 
vegetation and groundwater and further research into this is required.  

 
 

i) Key ecological and hydrological processes for sustaining native 
vegetation at Toolibin Lake 

 
Biological: (Biota Maintenance; Species Interactions)  

¶ Recruitment 
o Flowering 
o Pollinators 
o Seed set  

¶ Predation/Herbivory 

Chemical (Surface Hydrology; Hydrogeology)   

¶ Fresh/brackish water 
¶ Soil salinity 

Physical (Surface Hydrology; Hydrogeology)  
¶ Flooding regime/hydro-period 
¶ Gilgai mounds 

 
 

Element  Description  

Biological:  

Recruitment  Recruitment of Casuarina obesa seedlings on the floor of Toolibin Lake is 
dependent on specific conditions being met (Froend & Storey, 1996). Key 

parameters considered to influence the potential for seedling recruitment 

and successful seedling establishment are summarised in Table 5 (from 
Mattiske and Froend 1993). The frequency of successful recruitment may 

also change with alteration of the set of conditions required for seedling 
establishment. The diversion of high salt flows, the groundwater pumping 

and the level of salts on the lake floor from the lack of flushing are likely to 

alter the frequency of recruitment opportunities.  
 

There is substantial recruitment and seedling establishment of C. obesa at 
Toolibin Lake around Pump 9 on the western section of the lake bed. Seed 

germination and seedling establishment is continuing at this site (Ogden & 

Froend 2002). Groundwater pumping at this site commenced (as a trial) in 
1989 and the site has comparatively low soil salinities. Successful 

recruitment and seedling establishment around pump 9 is an encouraging 
sign for the longer term persistence of the C. obesa population as the 



Ecological Character Description of Toolibin Lake Ramsar Wetland                                                                   Page 32 of 48. 

 

groundwater pumps take effect (Ogden & Froend 2002).   
 

There is also substantial recruitment and seedling establishment of 
Melaleuca strobophylla in the north east corner of Toolibin Lake and 

elsewhere on the lake floor. The recovery of many mature trees of c. obesa 

around Pump 9 is encouraging, although the continued decline in many 
other areas is an area of concern. 

 

Herbivory   A potential cause of seedling death is grazing by rabbits and kangaroos 
(Mattiske 1993). Grazing has stunted seedling growth, reducing their vigour 

and survival ability. Three fences have been constructed around areas of C. 
obesa recruitment on the floor of Toolibin Lake. These fences have been 

designed to provide temporary protection (1 -5 years) from grazing. Four 

additional fences have been erected to protect planted seedlings. 
Recruitment and growth of seedlings around Pump 9 (P9) has continued 

without fencing. The density of seedlings around P9 appears to offer some 
protection from grazing.  

 

Monitoring the kangaroo population within the Nature Reserve is an 
ongoing project. In previous years, s ome neighbouring landholders have 

applied for damage licences to reduce crop damage from Kangaroo grazing. 

Rabbit control is an annual activity. The Reserve is baited with one shot 
1080 oats between the months of February and April.  

 

Chemical:  

Fresh/bra ckish 
water  

Since 1978, there has been little substantial flow to Toolibin Lake. In only 
five of the past twenty seven years (1981, 1983, 1990 and 1992, 1996) has 

the lake received substantial inflow and only three (1983, 1990 and 1992) 

of which resulted in outflow events (Froend & Storey, 1996; Wyland & 
Lacey, 2004). The flushing of lake stored salt has become an issue with 

increasingly saline inflows and rising saline groundwater. 
  

This has implications for vegetation health, as there has been a lack of 
flushing of accumulated salts on the lake floor. Surveys in 2004 confirmed 

that soil salinities remain high across most of the lakeôs floor (Geoforce, 

2004).  
 

Soil salinity  The main factor causing tree death is topsoil salting due to groundwater 

capillary rise during dry periods which exposes shallow roots to high soil 
osmotic potentials, particularly when leaching and diluting of surface salts 

during winter inflow does not occur, i.e. when the lake does not overflow 
(Froend et al, 1987). The interaction of waterlogging and salinity is 

responsible for some vegetation loss. The continued accumulation of salt in 
the surface soils of the lake bed will lead to further tree mortality (Froend & 

Storey, 1996). Samphires on the lake bed are indicators of higher soil 

salinities. Further spread of this community type suggests a worsening of 
this situation.  

 
Soil salinities have slightly decreased along fixed transects, since 1997 

(2001 salinities ranged from 18-744 mS/cm, which is a small decline from 

the 1997 figures of 28 -794 mS/cm in similar locations) (Franke et al, 2001).  
Soil salinities remain high across the majority of the floor of the lake, 

despite a lowering of the saline groundwater table (Geoforce, 2004). These 
salts are likely to have a deleterious affect on vegetation health until they 

are leached down through the soil profile. Significant leaching of salts is 

expected when Toolibin Lake next fills. 
 

Physical:  

Flooding regime/ As with 5a, above. 
































