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Management (WRM) has attempted to ensure that all information contained within this document is accurate, 
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completeness, or usefulness of any information supplied.  The views and opinions expressed within are those of 
WRM and do not necessarily represent Department of Environment and Conservation or GeoCatch policy.   
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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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EXECUTIVE SUMMARY 

Background 

The Vasse-Wonnerup Wetlands were originally nominated for listing under the Ramsar Convention in 1990.  
The Ramsar Convention (The Convention on Wetlands of International Importance, especially as Waterfowl Habitat) is an 
intergovernmental multilateral treaty on the conservation of designated Wetlands of International Importance 
and the wise use of wetlands generally.  In 2000, the listed area was extended and the Ramsar Site now covers 
over 1,115 ha including Wonnerup Inlet, the Vasse and Wonnerup estuaries (lagoons) and lower reaches along 
the Sabina and Abba rivers (see maps Appendix A).  A natural sand bar across the mouth of Wonnerup Inlet 
closes the system to the sea for much of the year and there are floodgates on the exit channels that connect the 
Vasse and Wonnerup estuaries to the narrow Wonnerup Inlet.  The floodgates were installed in the early 1900s 
to mitigate flooding of adjoining agricultural land (Lane et al. 1997) during high river flows in winter and to 
prevent seawater inundation caused by storm surges.  The gates effectively transformed the estuaries into 
shallow, winter-fresh/summer-saline lagoons, unique in Western Australia.  The wetlands regularly support 
peak numbers of 25,000 - 35,000 waterbirds in most years, and provide the most significant regular breeding 
habitat for Black Swan Cygnus atratus in the State.   
 
The Site meets two of Ramsarõs nominating criteria - it regularly supports more than 20,000 waterbirds and it 
regularly supports at least 1% of the relevant Ramsar populations of Black-winged Stilt, Red-necked Avocet, 
Australian Shelduck and Australasian Shoveler (see Section 2.4).  Contracting Parties to the Ramsar Convention 
have a number of responsibilities.  Prominent among these are commitments to develop and implement 
management plans for the conservation of the Ramsar listed values and for wise use.  These plans must include 
effective monitoring for any change in the ecological character of the wetland as a result of human activity.  
There must also be measures in place that enable managers to respond to any perceived or actual threats in an 
appropriate and timely manner.  Change may be adverse or beneficial.  Describing the ecological character of a 
Ramsar site is therefore a fundamental step so that a baseline condition is documented and can then be used to 
guide management actions and monitoring.  ôEcological characterõ has been defined by IX.1 Annex A 
Resolution under the Ramsar Convention (2005a) as òthe combination of the ecosystem components, processes 
and benefits/services that characterise the wetland at a given point in timeó.  Although Ramsar provides 
guidelines for management planning, establishing monitoring programs and undertaking risk assessments, there 
is at present no method recommended under the Convention for describing ecological character.  The approach 
taken for the Vasse-Wonnerup Wetlands was therefore consistent with that outlined in the National Framework 
and Guidance for Describing the Ecological Character of Australiaõs Ramsar Wetlands (DEW 2007).  
 
The Vasse-Wonnerup Wetlands and their floodgates play an important role in provision of waterbird habitat 
and in flood and storm-surge protection for low-lying coastal properties, including the township of Busselton 
(Lane et al. 1997).  The floodgates however, also act as a partial barrier to upstream/downstream movement of 
fish and reduce flushing flows that may otherwise help ameliorate high nutrient concentrations from catchment 
runoff.  Excessive algal blooms, blooms of potentially toxic cyanobacteria, anoxia and fish deaths are not 
uncommon.  On several documented occasions, sudden, mass fish deaths have occurred in the lower reaches of 
Vasse-Wonnerup, principally in the channel immediately upstream of the Vasse estuary floodgates (Lane et al. 
1997).  Though installation of the gates was not the cause of fish deaths, it has exacerbated the situation.  In 
summer 1988, in an attempt to improve water quality, the (then) Water Authority of Western Australia manually 
opened the floodgates, allowing seawater to enter and fish to escape the adverse conditions that prevail 
throughout summer and autumn.  However, the continued manual opening of the gates over summer-autumn 
in subsequent years (to 1997), is believed to have lead to other problems such as increased salinisation of 
adjoining pastoral lands and death of colonising native vegetation that has encroached upon lower elevations 
since the floodgates were installed.   
 
There are already a number of collaborative monitoring, rehabilitation and restoration programs for the Vasse-
Wonnerup catchment undertaken by the State Department of Environment and Conservation (DEC), the 
Geographe Catchment Council (GeoCatch), Land Conservation District Committees (LCDCs), the 
Department of Agriculture and Food (DAF) and the Department of Water (DoW).  The majority of these are 
related, either directly or indirectly, to problems of water quality.  In order to implement a unified and holistic 
approach to catchment management, all key ecological attributes (features) must first be identified, together 
with òlimits of acceptable changeó upon which management actions and future monitoring can be based.  To 
that end, this report provides a summary of all available information on the key ecological components (biota, 
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hydrology, geomorphology, physico-chemistry), the interactions between them (processes) and the social and 
cultural importance (benefits/services) of the Site.  The Vasse-Wonnerup ECD is an integral part of the Water 
Quality Improvement Plan (WQIP) component of the Vasse-Geographe Coastal Catchments Initiative.  The 
Department of Water in partnership with GeoCatch is responsible for preparing the WQIP, aimed at providing 
a management approach to reducing nutrient levels in Geographe Bay and the Vasse Wonnerup wetlands using 
scientific models and decision support tools prepared under this new initiative.  The agencies involved also wish 
to ensure that any measures adopted to improve water quality, do not themselves pose further risk to the 
ecological integrity of the wetlands. 
 
The starting point for documenting the ecological character was an investigation of the wetlandõs Ramsar values 
as nominated in 1990.  In turn, other fundamental components and processes are described, and finally, the 
services/benefits offered by the wetland system.  Table 26 (page 89) provides a synopsis of key Site 
components and processes and the ecosystem services they directly support.   
 
Change in ecological character is defined as the change in Site condition relative to that at the time of Ramsar 
listing in 1990.  However, as the Site was already highly modified at that time and there are on-going problems 
associated with water quality and algal blooms, consideration has been given to the historic condition in order 
to aid restoration and rehabilitation activities.   
 
 

Available Data 

Little baseline research has been undertaken at the Site.  Data that are available pertain mostly to waterbirds, 
water levels and water quality.  However, the quality and quantity of most of these data are inadequate to detect 
other than gross change, with inconsistencies in both collection method and sampling periods.  There is much 
that is still unknown about the functioning of the Vasse-Wonnerup Wetlands ecosystem.  There are few 
quantitative data on the relationships between the biota, physico-chemistry, geomorphology and hydrology.  
Because of this, the role of key ecosystem components and processes that support wetland services/benefits 
could not be quantified.  Knowledge gaps identified are summarised in Table 29 (page 122) and include: 

Á Relationships between waterbirds, water depth, salinity and nutrients; 

Á Chronic direct effects of med-high nutrient loads on birds and on fish and aquatic invertebrates which 
provide a food source for many waterbird species (and there is little published in the world-wide 
literature to assist with benchmarking for systems, such as the Vasse-Wonnerup, that are already 
eutrophic); 

Á Variation in presence and abundance of non-vagrant and non-irruptive bird species; 

Á Effect of off-Site variables (e.g. rainfall) on regional abundances and distributions of waterbird 
populations; 

Á Specific diet of adult waterbirds, breeding adults and juveniles in relation to food items present and 
accessible in the Site; 

Á Current use of the Site for waterbird breeding is inadequately understood (Lane et al. 2007); 

Á The year-by-year occurrence of waterbird species on Vasse-Wonnerup is not fully known (Lane et al. 
2007); 

Á Relationships between benthic and planktonic invertebrates and nutrients; 

Á The importance of benthic invertebrates to nutrient fluxes within the estuaries; 

Á Factors affecting algal bloom development, e.g. growth rate, nutrient fluxes, salinity concentration and 
flow interactions; 

Á Successional dynamics in macrophyte-phytoplankton dominance are only now (2006) being 
investigated (Wilson et al. 2006); 

Á Relative contributions of groundwater, river inflow and overland runoff - baseline data collection for 
hydraulic modelling of the entire Vasse-Geographe catchment, including the Site, commenced in 2006 
(DoW 2006) under the Vasse-Geographe Coastal Catchments Initiative Water Quality Improvement 
Plan; 

Á Mass-balance equations for carbon, nitrogen and phosphorus and the chemical and biological carrying 
capacity (i.e. the ability of the system to cope with high loads); 

Á Effect of altered salinity regimes and summer-autumn openings of floodgates on riparian vegetation 
and soil salinities has not been quantified; 

Á Effect of climate change on groundwater recharge and plant growth /evapotranspiration is unknown. 
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For future management to be successful, a more systematic approach to monitoring is required.  A review of 
the current understanding of general wetland processes has been included in the report to demonstrate the 
complexity and the challenges for managers (see Section 5).  Theoretical conceptual models of surface flows, 
nutrients and algal (Lyngbya) bloom formation are provided for the same reason and to aid visualisation of the 
type of information required to generate specific models for the Vasse-Wonnerup Site (see Section 7.2). 
 
Available raw data has not been included within this report as much of it was considered to be of limited value 
for trend analysis or determining causal relationships.  While there are some relevant databases that are actively 
maintained and updated, the historic data is of variable quality.  For the most up to date data, we refer the 
reader to the database holding authorities and have provided contact information within Sub-sections 4.1 - 4.14.    
 
 

Changes to Ecological Character since Ramsar Nomination 

Other than for waterbirds, there is insufficient baseline and monitoring data to identify changes since Ramsar 
nomination in 1990.  The most recent waterbird monitoring results (1998 - 2000) showed that despite on-going 
water quality problems, the Site continued to support waterbird abundance and species populations for which it 
was Ramsar listed in 1990.  Abundances of a number of waterbird species recorded in the 1998 - 2000 surveys 
were less than previous estimates.  For a few of these species, this was attributed to the fact that most, but not 
all habitats were included in post-1998 (and pre-1998) surveys (Lane et al. 2007).  For others, closer investigation 
of historic data is needed to determine if apparent declines are indeed actual and not just artefacts of differences 
in areas surveyed or sampling technique (Lane et al. 2007).  Species of local and/or regional concern include 
Blue-billed Duck, Great Cormorant, Great Egret, Curlew Sandpiper, Long-toed Stint and Wood Sandpiper. 
 
Largely anecdotal evidence does suggest some detrimental changes have occurred since extensions to the Ramsar 
Site in 2000.  Frequency of severe phytoplankton blooms during spring, summer and autumn are believed to be 
on the rise (Jim Lane, DEC, pers. obs.).  An increase in toxic algal blooms is suggested by a recent, new report of 
two commercial fishermen suffering skin lesions following contact with estuary waters (Jim Lane, pers. comm.).  
Macroalgal blooms appear to be increasing in some parts of the Vasse and Wonnerup estuaries.  There have 
been recent reports that problem cyanobacterial blooms now too occur in the Wonnerup Estuary (Paice 2001).  
These increases in algal blooms are of particular concern as they may signal a shift in stable state from a seagrass-
macrophyte dominated ecosystem to a phytoplankton-macroalgal dominated one (Wilson et al. 2006).  There is 
the very real risk of ecosystem collapse if nutrient export to the estuary continues to rise.  Available nutrient and 
flow data suggest total nutrient loads to the system have not decreased and that eutrophication of the Ramsar 
Site is likely to continue to worsen (Hall et al. 2006).  During 2005/06 and 2006/07, local residents also 
experienced an increase in the severity of noxious odours emitted from drying sediments of the lower Vasse 
Estuary as water levels declined over summer (Ron Assan, Wonnerup, pers. comm.).    
 
On a more positive note, monitoring refinements to operation of the estuary floodgates and summer openings of 
the sandbar at the mouth of Wonnerup Inlet appear to have reduced the incidence of sudden mass fish deaths.  
Continuous water level monitoring equipment was installed at the floodgates in 1998 and the gates were 
upgraded in 2004 and small fish gates installed that can be left open for longer periods without the risk of sea-
water flooding the estuary.  Operation of the floodgates and fish gates is now remotely controlled by telemetry.    
 
 

Setting Indicators and Targets 

The original intent of this report was that limits of acceptable change (LOAC) would be determined and that 
these would inform inter alia the development of a water quality improvement plan for the Vasse-Wonnerup 
catchment.  The current lack of robust empirical data however, has made it difficult to set definitive LOAC for 
many key ecological features.  Where sufficient knowledge exists to provide a benchmark, interim LOAC have 
been proposed until adequate quantifiable baseline data can be gathered for the Site (see Table 27, page 102).  
For some features, such as waterbird diversity, the LOAC will be no change from the 1990 condition, taking 
into account natural seasonal and year-to-year variation.  For others, such as water quality, an improvement 
over conditions at time of Ramsar listing in 1990 is desirable in order to ameliorate problem algal blooms.  The 
ability of wetlands to absorb excess nutrients depends on their individual biological and chemical carrying 
capacity.  It is considered highly unlikely that achievable reductions in nutrient loadings would reduce 
productivity to the extent that waterbird diversity or abundance would be adversely affected.  Only once 
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adequate baseline data are available will it be possible to select a definitive suite of indicators and targets for 
monitoring future change in ecological character of the Site (see Section 8, page 101).  Targets for any particular 
indicator in one wetland type within the Site may need to be quite different to those in another wetland type.  
 
Setting suitable indicators and targets can be difficult due to the complex nature of biological and chemical 
interactions within ecosystems.  In theory, the final suite of indicators should cover a variety of aspects of 
ecosystem health, including both components (species abundance and diversity, water quality, metal levels etc) 
and processes (primary production, nutrient cycling).  In reality, it is often more efficient and effective to select 
indicators which address specific management objectives, can be readily measured and are not unduly expensive 
to monitor.  In all cases, indicators must be well defined and have sound scientific meaning, i.e. knowledge of 
cause-effect pathways.   
 
Trends in nutrient loadings and concentrations have not been quantified for the Site, nor is there available data 
on concomitant changes in wetland values.  There is however anecdotal evidence that the ecosystem is changing 
- increased phytoplankton and macroalgal blooms, increased incidence of toxic algal blooms, an increase in 
noxious odours emitted from estuary sediments and emerging trends of increasing nitrogen concentrations in 
some tributary rivers.  The most recent (DoW 2004) estimates of nitrogen loadings to the Vasse-Wonnerup Site 
are very high in comparison with values documented as causing detrimental change in other estuaries and 
lagoons both in Australia (Harris 2001) and overseas (Verhoeven et al. 2006).  Spot measurements of water 
column nutrient concentrations (Hall et al. 2006) have revealed phosphorus levels in the estuaries and tributary 
rivers in excess of levels known to cause shifts in ecosystem stable state (Sheffer 1990, Novak & Chambers 
2005).  Ecosystems are subject to threshold effects; change is often abrupt and dramatic and they are highly 
resistant to switching back even if nutrients are reduced below the critical load. 
 
 

Research, Monitoring and Management Needs 

To some degree, the Vasse-Wonnerup Estuary would have undergone natural nutrient enrichment due to 
geomorphologic processes, low hydrodynamic energy and accumulation of suspended and deposited organic 
materials.  Nutrient enrichment can be beneficial, leading to increased primary productivity (algae & seagrasses) 
and associated increases in abundance of invertebrates, fish and waterbirds (McComb & Davis 1993).  
However, excessive nutrient loadings (either external or internal) can have detrimental effects on ecosystem 
functioning resulting in persistent, severe toxic phytoplankton blooms, proliferation of opportunistic 
macroalgae such as Ulva, loss of vascular plants, turbid, foul smelling (mephitic) water, oxygen depletion and 
associated mass mortality of animals (de Jong et al. 2002).  Large persistent blooms may cause hindrance to 
intertidal feeding by wading birds and ducks.  Ultimately, ecosystem collapse can ensue due to over-enrichment 
beyond the òmaximum critical self-regulatory leveló to an extent that detrimental processes cause irreversible 
changes in aquatic ecosystems (Elliot & de Jong 2002).  The chronic direct effects of medium to high nutrient 
loads on waterbirds, fish and invertebrates in the Vasse-Wonnerup Site are unknown.  Ammonia and nitrite are 
both known to be acutely toxic to fish.  Even nitrate is toxic at very high concentration. 
 
The relative contribution of the various point and diffuse sources to nutrient loads to the Vasse-Wonnerup 
Estuary is unknown, but accumulation of leached nitrogen and phosphorus in the estuary sediments is believed 
a major contributor to the eutrophication (McAlpine et al. 1989).  While it is far more difficult to manage 
internal loads, some attempt must be made to reduce catchment inputs to prevent, or at the very least delay, a 
switch in stable state and possible ecosystem collapse.  In particular, priority should be given to: 

1) Development of predictive water balance and nutrient balance models to help focus management 
activities and help set specific water quality targets for the Site.  This could be readily incorporated as 
part of existing broad-scale collaborative research being conducted by the Aquatic Sciences Branch, 
DoW, under the Vasse-Geographe CCI Water Quality Improvement Plan.    

2) Investigation of phytoplankton-macroalgal-seagrass dynamics.  This would involve expansion of the 
snap-shot survey undertaken in 2006 by DEC and GeoCatch in association with the Marine and 
Freshwater Research Laboratory, Murdoch University. 

3) Regular mapping of aerial extent of wetland types/habitats and aerial extent of inundation.  This could 
include the distribution of macrophytes and seagrasses and could be undertaken using either aerial 
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surveys or satellite imagery (e.g. CSIRO imagery).  Ground-truthing should be done and could be 
incorporated into the existing DEC vegetation mapping program. 

4) Thorough, regular and systematic waterbird counts of the Site with targeted surveys for individual 
species (refer Section 12.8, page 142). 

 
Further management action in regard to actual or likely threats to the Site are summarised Table 28 (page 121).  
Research and monitoring needs are presented in Table 32 (page 144).  
 
Collection of a minimum two to three years baseline data can go a long way to helping identify which parts of a 
wetland catchment are in most need of management intervention and where management intervention is likely 
to be of most benefit.   
 
There is the need for collection of systematic records on water depth, water flow (magnitude, frequency, depth, 
duration, velocity), water quality, aerial extents of vegetation communities/habitat types, presence of 
invertebrates and fish, presence of waterbirds, breeding of waterbirds, waterbird counts and presence, or 
otherwise, of threatened painted snipe and Australasian bittern.  Currently available information is not sufficient 
to adequately describe the ecological character of the Site nor statistically robust enough to evaluate future 
change or even change since time of listing.  That this be rectified is of vital importance in lieu of continuing 
urban expansion (Port Geographe & other developments), changes in agricultural land-use and nearby mineral 
sands mining.  There is also the need to monitor the lethal and sub-lethal effect of pollutants such as 
hydrocarbons, oils, heavy metals, pesticides, herbicides etc and the risk of acid sulphate soils resultant of ground 
disturbance and or water-table drawdown. 
 
To be effective, sufficient funding, resources and personnel must be made available to ensure not only that 
adequate baseline data is collected, but that long-term monitoring can be undertaken and all data records are 
appropriately analysed in a timely manner.   
 
Other recommendations of particular importance include: 

Á Ongoing funding and support for existing/recent catchment management initiatives: 
- DairyCatch (collaboration with DAF); 
- Nutrient Smart (GeoCatch); 
- Greener Pastures (collaboration with DAF); 
- River Action Plans (GeoCatch); 
- Clean Drains Program. 

Á Support the on-going process of State Government acquiring and conserving estuary foreshore lands.  
Investigate pros and cons of selective livestock grazing as a means to maintaining waterbird habitat 
along estuary foreshore.   

Á Investigate the potential of dredging to help ameliorate noxious gases released from drying sediments of 
the lower Vasse Estuary over summer.  This may only require dredging of a ca. 100 m reach along 
Estuary View Drive down to the Vasse floodgates (Jim Lane, DEC, pers. comm.). 

Á Standardised monitoring techniques must be used for all data collection: 
- all reporting should detail methodologies; 
- statistically rigorous sampling design; 
- regular calibration/maintenance of automated monitoring equipment (e.g. Water Corporation 

needs to ensure that automatic loggers on the estuary floodgates are properly maintained). 

Á Analysis of baseline/monitoring data and reporting of results must be done in a timely manner (in the 
order of months not years). 

Á Assurance of funding to maintain long-term monitoring is vital if management plans are to succeed: 

- better State funding rather than reliance on NHT and/or NRM funds; 

- funding cycles of 5-10 years, not 2-3 years to maintain continuity of monitoring programs and 
provide job security to attract and keep experienced personnel. 

Á Enforce existing statutory & subsidiary legislation.  Ensure commitments made by urban, agricultural 
and industrial developers are sufficient to protect the Site and that they are actually met. 
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Wonnerup Estuary, January 2007 (Andrew Storey) 

 


























































































































































































































































































































































































































































