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Summary 
This document has been prepared for the National Land & Water Resources Audit 
(the Audit) by the Water Science Branch of the Department of Water.  The Audit is 
funding the development of a national report card system based on the emerging 
National Estuarine Environmental Condition Assessment Framework (NEECAF) 
(Mount and Arundel 2007).  This report looks at the process of developing report 
cards with the intention of integration and translating West Australian data and 
information into a standard national format. 

Particular focus has been placed on the South Coast Region and the South West 
Region.  The estuaries selected experience a wide range of conditions including 
varied estuary bar characteristics, rainfall and river flow and anthropogenic 
pressures. They include the Hardy Inlet, Broke Inlet, Wilson Inlet, Beaufort Inlet, 
Wellstead Estuary, Hamersley Inlet and Stokes Inlet.  The upper Swan estuary is 
used in one example to highlight pressure and vulnerability examples. 

This report includes some discussion of the back end process of gathering 
information on the estuaries, producing condition statements, inventory report cards 
and using this information to identify conditions of concern and information gaps in 
the understanding of the ecological processes operating in the estuary.   The second 
part of this report focuses on an assessment of pressure, vulnerability and risk.   A 
summary table is also included of the management objectives, pressures, 
vulnerabilities and indicators of condition and for targets for specific estuaries. 

The production of this document was made possible by funding from the National 
Land & Water Resources Audit (the Audit).  
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1. Stage 1 – developing the back end of the report card 

This section outlines the process currently followed for producing condition statement 
reports and inventory report cards.  Examples of these reports were included with the 
first report to the National Land & Water Resources Audit.  These reports currently 
form the first stage of the report card development process.  

1.1 Condition statement reports 

An estuarine condition statement provides an overview of the information available 
on the physical and biological character of the estuary or Inlet, the rivers feeding the 
system and catchment land use. It identifies conditions of concern, information gaps 
and provides recommendations to assist the decision making process for 
management.   
 
Conceptual diagrams are an important component of the condition statement report.  
They attempt to collate the available understanding of the estuary (drawn from the 
background information and data) to illustrate the current understanding of the 
system and highlight areas where information is insufficient.  Some examples of 
conceptual models are included in Appendix B.   
 
It is important to note that the ability to adequately define estuarine condition in these 
reports relies on the information and data available but it is often the case that 
important process information or pressure information is lacking.  For this reason one 
of the primary recommendations by these reports is to fill these information gaps 
either through monitoring programs or focused research programs.  In the case of the 
reports so far ‘likely’ or ‘estimated’ condition is based on expert opinion, management 
objectives are not considered at this stage and no attempt is made to score condition 
against these objectives.  

Condition reports have been produced for three estuaries on the South Coast of 
Western Australia and one estuary on the West Coast, namely the Hardy Inlet.  
Three other reports are in progress for the Beaufort Inlet, Walpole-Nornalup Inlet and 
Irwin Inlet. 

The diagram below summarises the conceptual process for producing the condition 
statement reports.  
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Figure 1 Conceptual process and content in condition statement reports 

1.2 Inventory report cards 

Inventory report cards are a visual tool, summarising the condition statement report 
and the available information for a specific estuary.  Examples of inventory report 
cards can be found in Appendix A of this document.  

Identify Asset 
(Estuary) 

Inventory report card 
(Visual summary of document) 

Conceptual model 

Identify 
pressures/vulnerabilities 

Estimated condition 

The ecosystem of interest.  

Desktop study of available 
information and data of the estuary 
that contributes to the conceptual 
understanding of the estuary. 

A visual tool that summarises the 
inventory card and indicates the 
ecological processes operating in the 
estuary.  This can also include 
knowledge gaps to direct future 
research or monitoring objectives.

An assessment of actual or 
perceived pressures (conditions of 
concern) on the estuary based on 
physical / geomorphological 
characteristics of the estuary. 

An assessment based on the 
available information and expert 
opinion. No score is given. 

Condition Statement 

Summarise available 
information 
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2. Stage 2 – developing the front end of the report card 

This section outlines the process currently followed for developing the front end of 
condition report cards.  Management objectives, pressures and the vulnerabilities of 
each system are identified and used in a simple risk assessment.  These are 
summarised in a table in Appendix C.  

2.1 Pressure, vulnerability and risk assessment 

The major pressures which act on estuarine ecosystems in the south-west corner of 
Australia are generally well recognised.  These are, in no particular order of 
importance - catchment clearing, human population density, nutrient trends, the 
number and extent of contaminated sites and the acid sulphate soil risk.  There are 
others but those listed above may directly or indirectly account for them.  For 
example, high fishing pressure is indirectly covered by population density.   
The vulnerability of these estuaries to these pressures are influenced by 
characteristics such as catchment to inlet surface area ratio, water residence time 
and bar opening characteristics. A system with a long residence time is likely to be 
more vulnerable to pressures such as nutrient inputs to the estuary than a system 
with a short residence time.  Similarly, a system with a high catchment to inlet area 
ratio would be more vulnerable to nutrient inputs.  The entrances of many south-west 
estuaries are seasonally closed which makes them vulnerable to nutrient loading.  
This vulnerability is captured by the water residence times. 
It is important to note that the vulnerability of a system does not distinguish between 
human and natural pressures.   
An explanation of a proposed methodology behind calculating a rating for each of 
these pressure and vulnerability scores is detailed below.   

Pressure scores (an example) 

Catchment cleared: The percentage of the catchment cleared is easily defined.  The 
rating of 1 to 5 is assigned as follows:   

Table 1 A pressure rating scale for catchment clearing 

 

Catchment clearing 

1 <20% cleared 
2 20-40% cleared 
3 40-60% cleared 
4 60-80% cleared 
5 >80% cleared 
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Other pressures for which scores, as rating from 1 to 5, could be developed could 
include: 

1. Population density 
2. Nutrient trends - This pressure would be better defined as a eutrophication 

index (e.g., US ASSETS index) however we don’t yet have these calculated 
so as an interim it would be our ‘expert opinion’ on current status and which 
way things are heading. (e.g., we have good trend info for the Swan, others 
may just be relative concentrations compared with ANZECC triggers). 

3. Number of contaminated sites 
4. Acid sulphate soil exposure 
5. Fishing pressure - This pressure would also best be defined as a fish index.  

Murdoch University are currently investigating an approach to use fish as a 
biotic indicator of estuarine condition.  Alternatively, the South African Fish 
Assemblage Integrity Index (FAII) could be trialled and tested as an approach 
in the Western Australian context. 

Vulnerability scores (an example) 

Catchment to inlet surface area ratio: the size of the catchment relative to the inlet 
area is indication of how sensitive the system is to catchment activities.  In the case 
of the Swan, the ratio is very large and highlights how susceptible the system is to an 
extensively modified catchment.  The Swan has a ratio of 17,000 so the relative 
ratings were assigned as follows: 

Table 2 A vulnerability rating scale for catchment to inlet surface area ratio 

 

Catchment to inlet surface area 
ratio 

 
1 < 4,000 
2 4,000 – 8,000 
3 8,000 – 12,000 
4 12,000 – 16,000 
5 16,000 – 20,000 

*Note that these assignments are likely to change fit the national context. 

Other vulnerabilities for which scores, as rating from 1 to 5, could be developed could 
include: 

1. Water residence time 
2. Frequency of bar opening 
3. Evidence of deterioration, such as: 
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a. Frequency of algal blooms 
b. Occurrence of toxic species 
c. Loss of submerged aquatic vegetation (SAV) habitat 
d. Fish kills 

Developing tables such as the examples above and determining appropriate ranges 
and score would allow either a separate pressure score table and vulnerability score 
table to be developed or alternatively a combined table such as the example below 
(Table 3). 
The overall scores achieved from this assessment could be used as part of the risk 
assessment. 

Table 3 A pressure and vulnerability assessment example for the Upper Swan 
estuary (severely modified) and Broke Inlet (near-pristine)   

  Upper Swan 4.3 Broke Inlet 1.0 
Rating                             

5 5 5                         
4     4 4 4 4 4               
3                             
2                             
1               1 1   1 1 1 1 

No 
info                             
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Risk 

Without clearly defined goals and management objectives or a valuation of the asset 
it limits the ability to do effective risk assessment.  At this stage of the assessment, 
we can determine the relative score for the pressures and vulnerability of estuaries 
including the natural and human induced pressures acting upon them (as above). 
Relating either of these approaches to Table 4 below, the Swan Estuary would score 
as ‘very high’ and Broke Inlet as ‘low’.  This compares well with the OzEstuaries 
classification of the Swan Estuary as ‘severely modified’ and Broke inlet as ‘near-
pristine’. 
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Table 4 Rating table for risk 

Risk 

1 Low risk 
2 Moderate risk 
3 High risk 
4 Very high risk 
5 Extreme risk 

 

2.2 Management objectives 

Management objectives for south coast and south west estuaries are essentially 
driven by social values (aesthetics, recreation and tourism) which indirectly 
encompass ecological values of habitat integrity and biological diversity.  In some 
instances these systems are also being redefined as Marine Parks (e.g. Hardy Inlet) 
for which management objectives are already defined.  This report considers both 
social and ecological management objectives, but it is recognised that management 
objectives still need to be defined for many estuaries through an appropriate 
consultation process.   

The table in Appendix C outlines the key management objectives for selected 
estuaries based on our current understanding and knowledge of social pressures on 
the estuary.   

2.3 Selection of Indicators of condition  

The choice of indicators for the assessment of estuarine condition clearly depends 
upon the values and management objectives associated with each individual 
location.  In Western Australia there is good information on many estuaries which 
have had regular water quality monitoring studies done for a number of years.  
However, the management objectives have not necessarily been clearly defined with 
full stakeholder consultation and/or agreement.  
Evidence of estuarine condition (see Appendix C) in most estuaries on the south 
coast and south west coast is most commonly in the form of:  
• Fish kills 
• Algal blooms 
• HABs (toxic or harmful algal blooms) 
• Submerged Aquatic vegetation (SAV) habitat integrity 
• Biotic diversity measures 
• Fish recruitment and survival 
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Indicators should be selected to assess these conditions and should be readily 
measurable, scientifically valid for assessing resource quality, and provide relevant 
information for management decision making.  
 
The table in Appendix C gives examples of estuarine conditions and the potential 
indicators that could be used to monitor and manage against to meet the 
management objectives. To achieve this the selection of indicators depends on a 
clear identification of a problem for which, by common agreement, improvement is 
required. 
 
Environmental indicators are often highly variable, and respond to a range of factors 
in addition to any implemented management actions. For this reason an approach 
incorporating a well-designed sampling program (when, where, how often, and how 
you sample), and appropriate data analysis and use of statistical techniques is 
necessary to set targets and measure against them. 
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3. Conclusions 

This report demonstrates our progress in the development of estuarine condition 
report cards.  Clearly, we are at the beginning stages of the process.  Our current 
objectives are to continue to assess and describe the Western Australian estuaries.  
In doing so, we will develop or trial (VSSPIR) a pressure/vulnerability assessment 
tool, and ASSETS (the US eutrophication index).  We are not at the point of providing 
a front end report card.  However, in our vision of a report card we hope to include, a 
description of the system, a conceptual model of process understanding, scores of 
pressure/vulnerability, and a measures of resource condition indicators appropriate to 
the estuary.  We are also looking into an approach to determine a top level headline 
assessment of condition (e.g. A – E) consisting of the ecological evidence measured 
against the management objectives.  
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Appendix B – Conceptual model examples 

 

 

Figure 2 A conceptual model of the ecological processes operating in the estuary 
and data availability for Stokes Inlet. 
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Figure 3 A conceptual model of the ecological processes operating in the estuary 
and data availability for Hardy Inlet focusing on atypical summer flood 
conditions. 
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Figure 4 A conceptual model of the ecological processes operating in the estuary 
and data availability for Hardy Inlet focusing on atypical summer flood 
conditions 
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Figure 5 A conceptual model of the ecological processes operating in the estuary 
and data availability for Hardy Inlet focusing on typical summer 
conditions 
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Figure 6 A conceptual model of the ecological processes operating in the estuary 
and data availability for Hardy Inlet focusing on typical winter conditions

 



Appendix C - A summary table identifying management objectives, and pressures and 
vulnerability scores for estuaries 
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Table 5. A summary table identifying management objectives, and pressures and vulnerability scores for estuaries 

Estuary Management objectives Pressures P 
(1-5) 

Vulnerability 
Assessment 

V 
(1-5) 

(PxV)/2 
(1-5) 

Indicators of 
condition 

Indicators for 
targets 

• Aesthetic amenity  
• Lies partially within  National Park 

(NP) 
• Ecotourism and tourism 
• Fishing amenity (recreation) 

• Reduced flows (climate) • Bar mostly closed 

S
to

ke
 In

le
t 

(M
od

ifi
ed

) 

 

• Catchment pressures: 
o clearing (70%)  
o salinity 
o  sediment loading 
o  organic loading 

• Fishing (low) 

 

2 
• Long residence time (months to 

years) 
• Existing hypoxia and anoxia 
• Evidence of deteriorating 

condition: 
o phytoplankton blooms 
o harmful algal blooms (HAB) 
o fish kills 

 

3 

 

2.5 

(Moderate) 

• Fish kills 
• Algal blooms 

H
am

m
er

sl
ey

 In
le

t 

(L
ar

ge
ly

 u
nm

od
ifi

ed
) • Aesthetic amenity  

• Manage as Marine Park (MP) 
• Lies totally within NP 
• High conservation value 
• Ecotourism and tourism 
• Fish amenity (recreation & 

commercial) 

 

• Reduced flows (climate) 
• Catchment pressure (low): 

o Clearing 0%  
o Saline catchment 
o Minimal agriculture input 

• Internal organic loading 
• Fishing 

1 • Bar mostly closed  
• Long residence time (months to 

years) 
• Existing hypoxia and anoxia 
• Evidence of deteriorating 

condition: 
o phytoplankton blooms 
o harmful algal blooms (HAB) 

2 1.5 

(Moderate) 

W
el

ls
te

ad
 E

st
ua

ry
 

(M
od

ifi
ed

) 

• Aesthetic amenity  
• Borders Fitzgerald River NP 
• Recreation 
• Ecotourism and tourism 
• Fish amenity (recreation) 

 

• Urbanisation (minor) 
• Sewage issues 
• Reduced flows (climate) 
• Catchment pressure (high): 

o clearing (80-90%)  
o agricultural run-off 
o saline   

• Internal organic loading (high 
aquatic plant biomass) 

 

3 • Bar mostly closed  
• Long residence time (months) 
• Evidence of deteriorating 

condition: 
o phytoplankton blooms 
o harmful algal blooms (HAB) 
o loss of SAV habitat 
o fish kills 

3 3 

(High) 

B
ea

uf
or

t I
nl

et
 

(M
od

ifi
ed

) 

• Aesthetic amenity (locals) 
• Recreation (low) 
• Tourism (low) 
• Fish amenity (recreation & 

commercial) 

 

• Reduced flows (climate) 
• Catchment pressure: 

o clearing (80%)  
o agricultural run-off 

• Fishing 

 

2 • Bar mostly closed 
• Long residence time (months) 
• Evidence of deteriorating 

condition: 
o phytoplankton blooms 
o fish kills 

3 2.5 

(Moderate) 

• HABs (toxic) 
• SAV habitat integrity 
• Biotic diversity 

measures 
• Fish recruitment and 

survival 

 

• Disoolved oxygen 
• Nutrients 
• Chla 
• Algal cell counts 
• % HAB 
• Dead fish 
• Fish stocks (target 

species 
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Table 5 cont. A summary table identifying management objectives, and pressures and vulnerability scores for estuaries 

 

Estuary Management 
objectives 

Pressures P 
(1-5) 

Vulnerability 
Assessment 

V 
(1-5) 

(PxV)/2 
(1-5) 

Indicators of 
condition 

Indicators for 
targets 

W
ils

on
 In

le
t 

(M
od

ifi
ed

) 

• Aesthetic amenity  
• Recreation 
• Ecotourism and tourism 
• Fisheries (recreation & 

commercial) 

 

• Urbanisation  
• Sewage issues 
• Reduced flows (climate) 
• Catchment pressure: 

o  Catchment clearing (60%) 
o  Agricultural run-off 

• Aquaculture 
• Fishing 
• Internal organic loading (high 

plant biomass) 
• Dredging 

 

4 • Bar open annually 
• Poor bar opening can limit 

flushing  
• Long residence time (months) 
• Stratification  
• Evidence of deteriorating 

condition: 
o increased algal epiphytic 

growth 
o phytoplankton blooms 
o harmful algal blooms (HAB) 
o fish kills 

 

3 3.5 

(High) 

B
ro

ke
 In

le
t 

(N
ea

r p
ris

tin
e)

 • Lies within National Park 
(NP) 

• Aesthetic amenity (locals) 
• Recreation (low) 
• Tourism (low) 
• Fish amenity (recreation & 

commercial) 

• Reduced flows (climate) 
• Catchment pressure (low): 

o  Catchment clearing (5%) 

 

1 • Bar mostly closed 
• Long residence time (months) 

 

 

1 1 

(Low) 

H
ar

dy
 In

le
t 

(M
od

ifi
ed

) 

• Marine Park 
• Aesthetic amenity  
• Recreation 
• Ecotourism and tourism 
• Fisheries (recreation & 

commercial) 

 

• Urban expansion 
• Sewage issues 
• Reduced flows (climate) 
• Catchment pressure: 

o Catchment clearing (75%) 
o Agricultural run-off (high) 
o Saline catchment 

• Fishing 
• Dredging 

 

3 • Narrowing of entrance channel 
• Existing hypoxia and anoxia 
• Evidence of deteriorating 

condition: 
o increased algal epiphytic 

growth 
o phytoplankton blooms 
o harmful algal blooms (HAB) 
o Lyngbya sp. 
o fish kills 

 

4 3.5 

(High) 

• Disoolved oxygen • Fish kills 
• Algal blooms 
• HABs (toxic) 
• SAV habitat integrity 
• Biotic diversity 

measures 
• Fish recruitment and 

survival 

 

• Nutrients 
• Chla 
• Algal cell counts 
• % HAB 
• Dead fish 
• Fish stocks (target 

species 
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