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Executive Summary 

In rivers and wetlands, a number of programs have investigated aquatic ecosystem ‘health’ 
or condition based on biological, physical and chemical data. A large amount of this 
information is available and although stream health assessment methods are still debated 
scientifically, data of this type have been used for planning and assessment purposes. 
While several methods have been developed to assess freshwater (rivers and off-stream 
wetlands) ecosystem significance or ‘conservation value’, these assessments have not been 
undertaken for most parts of Australia (with the exception of RAMSAR listed wetlands and 
wetlands of significance as noted in some government directories). In contrast, a GIS 
based system for assessing conservation significance in terrestrial ecosystems at a 
landscape scale has already been developed by the EPA in Queensland, i.e. the Biodiversity 
Assessment & Mapping Method (BAMM). 

The terrestrial BAMM is a decision support method that utilises existing information and 
expert consensus resulting in a Biodiversity Planning Assessment (BPA) for a nominated 
geographic area; and a map/data output, currently based on recognised bioregions that 
spatially describe conservation significance or value for planning and protection purposes. 
Though some wetlands (including rivers) and wetland issues are considered within the 
existing ‘terrestrial’ BAMM (primarily through the expert panel process), wetlands are not 
comprehensively considered and their values are largely under-represented or missed. 

Against that background, this project pilots the development of an AquaBAMM with trial 
application the Burnett River catchment. AquaBAMM is a decision support tool that utilises 
existing information and expert input to assess conservation value in aquatic ecosystems. 
For the purposes of this project, work has focussed only on riverine wetlands (waterways) 
within the catchment rather than also including discrete, standing water wetlands or non-
riverine wetlands. Development and application of AquaBAMM to all wetland types was 
beyond the scope of this project but has been the motivation for creating a broadly 
applicable assessment and mapping method for freshwater ecosystems. Functionality for 
application to non-riverine and estuarine wetlands is intended for inclusion in the near 
future. 

AquaBAMM has been developed as a robust and objective method for conservation 
assessment, with application throughout the State or even more widely. The method uses a 
database platform for data storage, manipulation and values assessment, and provides for 
output directly into a GIS platform for result presentation and interpretation. Marrying 
these ‘platforms’ has provided a powerful decision support tool that is very easily updated, 
simply interrogated, fully transparent and able to run on individual, stand-alone computers. 
The packaged output is, collectively, an Aquatic Conservation Assessment (ACA) for the 
study area, and is analogous to a BPA created by application of the terrestrial BAMM. The 
Criteria, Indicators and Measures used by AquaBAMM are founded on a large body of 
national and international literature but have been tailored according to the local situation 
and through assessment of data availability. Arithmetic methods and other score 
combination/presentation techniques are, likewise, based on widely accepted concepts; 
however, a number of areas use novel approaches to data combination and conservation 
value assessment. Detail of the method and its operation are presented in Part A of this 
report.  

AquaBAMM was trialled in the riverine wetlands of the Burnett River catchment, and the 
ACA results are presented in Part B of this report. The conservation values that have 
resulted for spatial units within the catchment will significantly contribute to the baseline 
environmental information available to support natural resource management and 
integrated catchment management planning processes for freshwater ecosystems in the 
Burnett catchment. Table 1 shows a summary of the results for the Burnett River 
catchment trial. Greater detail, including interrogation at all levels within the hierarchical 
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analysis (i.e. Criteria, Indicators and Measures), can be produced and are available within 
this report or the accompanying data. 

 

Table 1 A summary of the AquaBAMM trial application in the Burnett River catchment by 
spatial unit value (AquaScore) 

AquaScore # spatial units % spatial units 
Very High 8 2 

High 152 40 

Medium 153 41 

Low 45 12 

Very Low 18 5 
 

 

Spatial units with Very High and Very Low values may be of particular interest for 
management purposes or further investigation. Similarly, spatial units geographically 
adjacent to these may also be of interest. Table 2 shows the spatial units with Very High 
and Very Low values resulting from the Burnett. 

 

Table 2 Summarised list of spatial units assessed as Very High or Very Low conservation 
value (or AquaScore) in the Burnett River catchment 

Spatial unit AquaScore Nearest town Main stream 
bu0318 Very High Bundaberg Burnett River 

bu0189 Very High Bundaberg Burnett River 

bu0284 Very High Bundaberg Burnett River 

bu0183 Very High Biggenden Burnett River 

bu0181 Very High Biggenden Degilbo Creek 

bu0175 Very High Biggenden Burnett River 

bu0334 Very High Gayndah Burnett River 

bu0283 Very High Mundubbera Auburn River 

bu0130 Very Low Murgon Cloyna Creek 

bu0367 Very Low Murgon No name (stream order 1) 

bu0368 Very Low Murgon Oakey Creek 

bu0165 Very Low Murgon/Wondai No name (stream order 1) 

bu0166 Very Low Murgon/Wondai No name (stream order 1) 

bu0124 Very Low Murgon/Wondai No name (stream order 1) 

bu0150 Very Low Wondai Home Creek 

bu0122 Very Low Wondai Yellow Waterhole 

bu0154 Very Low Wondai No name (stream order 1) 

bu0004 Very Low Nanango Reedy Creek 

bu0089 Very Low Nanango Horse Creek 

bu0372 Very Low Nanango No name (stream order 1) 

bu0097 Very Low Kingaroy Reedy Creek 
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bu0155 Very Low Kingaroy Frickey Creek 

bu0140 Very Low Proston Dangora Creek 

bu0278 Very Low Binjour Philpott Creek 

bu0360 Very Low Rawbelle Station/Monto Montour Creek 

bu0243 Very Low Monto Monal Creek 

 

Trial application of AquaBAMM, producing an Aquatic Conservation Assessment (ACA), has 
provided a robust indication of the conservation values for riverine wetlands in the Burnett 
River catchment. The results were satisfactorily confirmed through detailed field truthing of 
the method and its results. Future development of the method will include expansion to 
include non-riverine wetlands and application in other catchments. 
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Part A: The method – aquatic biodiversity 
assessment and mapping method 
(AquaBAMM) 

 
 
 

1 Introduction 

This AquaBAMM document is divided into three parts for ease of reading. Part A The 
method – aquatic biodiversity assessment and mapping method (AquaBAMM) provides an 
overview of the statutory and planning instruments, a review of the scientific literature on 
aquatic conservation value assessments and documents the AquaBAMM method in detail, 
including its Criteria, Indicators and Measures, and the calculation tool used to assimilate 
the raw datasets. Part B The Aquatic Conservation Assessment (ACA) product – trial 
application of AquaBAMM in the Burnett River Catchment details the results and outcomes 
of the trial application of the AquaBAMM in the Burnett River catchment (south-eastern 
Queensland) resulting in an Aquatic Conservation Assessment (ACA) for the riverine 
wetlands of that catchment. Part C Appendices and Maps includes the three expert panel 
reports on the aquatic and riparian flora, aquatic fauna and riverine ecology of the Burnett 
River catchment, several associated map outputs and technical documents relating to the 
development of the AquaBAMM Excel and Access database platforms. 

 

1.1 Policy framework 
There is increasing concern worldwide for the loss of aquatic ecosystems and associated 
biodiversity (e.g. Georges & Cottingham 2002; Saunders et al. 2002; Cullen 2003), 
particularly for riverine landscapes (Dunn 2004). Many of Australia’s rivers have been 
adversely impacted since European settlement with widespread degradation now evident. 
The nation’s limited water resources are increasingly in high demand, with continued 
growth in Australia’s population and irrigated agriculture and predicted climate changes 
keeping water on the national agenda.  

Several national and State water policies aim to protect intact systems of high ecological 
value and redress the trends of degradation of rivers and their associated ecosystems. The 
national goal for provision of water for ecosystems is to “sustain and where necessary 
restore ecological processes and biodiversity of water dependent ecosystems” (ARMCANZ 
and ANZECC 1996). The National Water Initiative of the Australian Government, which aims 
to “ensure the health of river and groundwater systems”, was agreed to by the Council of 
Australian Governments (except Western Australia and Tasmania) and this agreement 
commits the signatory governments to identify, protect and manage high conservation 
value river catchments and their associated aquatic-dependent ecosystems. Similarly, the 
Queensland Water Act 2000 aims to provide for “the sustainable management of water and 
other resources …” and goes on to define sustainable management to include “protecting 
water, watercourses, lakes, springs, aquifers, natural ecosystems and other resources from 
degradation and, if practicable, reversing degradation that has occurred”. The Queensland 
Environmental Protection (Water) Policy 1997 aims to provide a framework for:  

• identifying environmental values for Queensland waters; 

• deciding and stating water quality guidelines and objectives to enhance or 
protect the environmental values; 
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• making consistent and equitable decisions about Queensland waters that 
promote efficient use of resources and best practice environmental 
management; and 

• involving the community through consultation and education, and promoting 
community responsibility. 

The most recent legislation for protecting Queensland rivers is the Wild Rivers Act 2005. 
The Act’s purpose is to “preserve the natural values of rivers that have all, or almost all, of 
their natural values intact” by “establishing a framework that includes the declaration of 
wild river areas …”. This purpose will be achieved by:  

• providing for the regulation of particular activities and taking of natural 
resources in a wild river and its catchment to preserve the wild river’s natural 
values; 

• having a precautionary approach to minimise adverse effects on known natural 
values and reduce the possibility of adversely affecting poorly understood 
ecological functions; 

• treating a wild river and its catchment as a single entity, linking the condition of 
the river to the health of the catchment; 

• considering the effect of individual activities and taking of natural resources on 
a wild river’s natural values; 

• considering the cumulative effect of activities and taking of natural resources 
affecting a wild river area when further activities or taking are proposed; and 

• if a wild river crosses a State border, working with the other State to encourage 
preservation of the wild river’s natural values in the other State. 

All of these legislative and policy mechanisms provide the framework for protecting and 
enhancing Queensland’s aquatic biodiversity and ecological processes. Implicit within these 
planning instruments is the need for understanding of aquatic ecosystems for informed 
decision making. For example, scientific information about a river catchment’s ecology and 
high conservation value areas, and their spatial extent, is a necessary precurSOR to 
declaring wild rivers under the Act.  

With most wild rivers legislation in Australia there is a priority on protection of undamaged 
rivers in near pristine condition (Georges & Cottingham 2002; Cullen 2003; Dunn 2004). 
However, despite this priority, many ecological values remain in disturbed river systems 
(Dunn 2004). In practice, many strategies for protecting rivers in Australia are applied in 
an ad hoc fashion based on ‘wild rivers’ concepts or coincidently associated with 
landscapes or terrestrial protection in national parks or other reserves (Nevill 2003; Dunn 
2004). As a result, significant values of waterways remain unprotected or only partially 
protected.  

The establishment of frameworks of freshwater protected areas is advocated nationally 
(e.g. Georges & Cottingham 2002; Cullen 2003; Blanch & Hankinson 2003; Nevill & Phillips 
2004; Kingsford et al. 2005) and internationally (e.g. Saunders et al. 2002). However, in 
spite of explicit international and national commitments (Convention on Biological Diversity 
1992), action on establishing systems of representative protected areas in freshwater 
environments in Australia has been limited (Georges & Cottingham 2002; Nevill & Phillips 
2004) or slow to progress.  

Representative protected areas are an accepted component of terrestrial and marine 
biodiversity conservation programs, both in Australia and around the world (Dunn 2003; 
Nevill & Phillips 2004). Commonwealth and State legislation seeks to protect many 
terrestrial features in secure parks and reserves such as forests and grasslands (Dunn 
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2004). In contrast, protected areas for riverine systems are a new concept with little 
available theoretical basis for their design (Koehn 2003; Saunders et al. 2002) and are one 
partial solution to habitat degradation with few such areas having been created specifically 
for fresh waters (Saunders et al. 2002). A limited exception to these generalisations is 
legislated Fish Habitat Areas (FHA) in Queensland, which has usually meant protection of 
breeding or juvenile fish feeding grounds in marine and estuarine environments intended to 
achieve fisheries sustainability (McKinnon 2003). Excluding estuarine and marine 
environments, few, if any, fish habitat areas in Queensland (Nevill 2003) or New South 
Wales (Blanch & Hankinson 2003) have been listed under the respective state legislation.  

Typically, these protection mechanisms are being implemented by natural resource 
management (NRM) government agencies, regional bodies and other community groups 
with little or no conservation information or pre-assessment to determine the significant 
ecological areas within river catchments. To implement a wild rivers policy or freshwater 
protected areas network or on-ground protection works, there is a need to develop 
nationally accepted, or at least State accepted, assessment protocols for identifying 
conservation value across a range of spatial scales (Georges & Cottingham 2002; Kingsford 
et al. 2005) and ecosystems (floodplains, rivers, wetlands, estuaries). 

Given the identified need for scientific information and for the protection of freshwater 
ecosystems of high ecological value, an Aquatic Conservation Assessment (ACA) using the 
AquaBAMM, or a similar assessment, fulfils a necessary step in conserving Australia’s 
freshwater ecosystems. 

 

1.2 AquaBAMM application to statutory and planning instruments  
Aquatic Conservation Assessments (ACA) using the AquaBAMM provide decision support 
that allows informed decision making with respect to conservation or ecological values of 
natural aquatic ecosystems from a non-social and non-economic perspective. The Planning 
Guidelines (Part D) from Bennett et al. (2002) provide a detailed synopsis of the current 
instruments for planning waterway protection in the Australian context. The authors state 
that protection and conservation require an integrated approach of instruments acting at 
different geographic scales (from river reach to catchment) because of the multifaceted 
nature of the issue. Dunn (2000) suggests that no one instrument will effectively protect 
ecological values of waterways, and a combination of instruments would need to be 
considered. 

In the Queensland planning framework, a number of natural resource management 
stakeholders are using elements of non-legislative and legislative planning instruments for 
protecting ecological values of waterways (Table 3). Assessment using the AquaBAMM is 
one part of the planning framework required to implement protection or restoration 
mechanisms of conservation areas on waterways. The information contained in, and the 
results of, assessments using the AquaBAMM will inform decision makers on the 
conservation values of wetlands within a study area. Consequently, assessments using 
AquaBAMM either directly or indirectly links to various strategies, natural resource 
management groups, Environmental Protection Agency initiatives and legislative pieces at a 
State and Commonwealth level. These links are summarised in Figure 1. Quite deliberately, 
an Aquatic Conservation Assessment (ACA) using the AquaBAMM is a non-social, non-
economic assessment of ecological or conservation values of aquatic systems (Figure 2). 
However, output from ACA could be integrated or used to inform a secondary process or 
another assessment. For example, specific outputs from an ACA could inform the broader 
triple-bottom-line Environmental Values process, under the Environmental Protection 
(Water) Policy, about high ecological or conservation value areas for a catchment.  
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Table 3 A summary list of potential users of assessments using the AquaBAMM, including 
their associated planning instruments and strategies and relevant legislation in Queensland 

Potential 
AquaBAMM user 

Planning instruments or 
strategies 

Relevant legislation 

Queensland 
Environmental 
Protection Agency 

Environmental Values and Water 
Quality Objectives;  
Wetland mapping and protection; 
Development assessment (mining 
and coastal planning; petroleum and 
gas);  
Coastal management; and 
Leasehold lands review.  

Environmental Protection 
Act 1994 
Environmental Protection 
(Water) Policy 1997 
Coastal Zone  
Nature Conservation Act 
1992 
Coastal Protection and 
Management Act 1995 
Forestry Act 1959 

Natural Resources and 
Water and other 
Queensland and 
Commonwealth 
government 
departments  

Water Resource Plans and Resource 
Operations Plans; and  
Development assessment. 

Water Act 2000 
Wild Rivers Act 2005 
Vegetation Management 
Act 1999 
Environment Protection 
and Biodiversity 
Conservation Act 1999 

Local governments IPA Plans; On-ground works; and 
Development assessment.  

Integrated Planning Act 
1999 

Regional bodies, non-
government 
organisations and water 
corporations 

NRM Plans and Investment 
Strategies; On-ground works; and  
Priority setting. 
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Environmental Values of Waterways 
A basis for protection, planning & management

Integrated Natural 
Resource 
Management (NRM) 
Plans
NRM Regional Bodies
• Protection actions in 
NRM Plans & Investment 
Plans

Links to Various 
Strategies
Government, Non-
government
• EPA Wetlands 
Strategy
• Murray-Darling Basin 
Native Fish Strategy

Links to EPA 
Initiatives
• Water Body and 
Wetlands Mapping
• Update of Directory of 
Important Wetlands 
• Conservation of 
Estuaries
• Ambient water quality 
monitoring
• Priority Off-park 
Conservation 
• Terrestrial BAMM

Coastal/ 
Marine 
Legislation
State and 
Commonwealth
• Coastal 
Management 
Plans & Marine 
Park Plans. 
• Permits 
prohibiting 
certain activities 
and conditioning 
other activities.

Environmental 
Protection & 
Nature 
Conservation Acts 
State and 
Commonwealth
• Environmental 
Values waterways 
included in Schedule 1 
of Environmental 
Protection Policy 
(water)
• Licensing of ERAs. 
• Nature Refuges & 
Protected Estate
• Threatened species 
& ecosystems

Water & 
Vegetation 
Acts
State
• Environmental 
flow objectives and 
protection of 
environmental 
assets in 
catchments (Water 
Resource Plans).
• Protection of 
riparian and 
wetland buffers.

Integrated 
Planning 
Act 
State and Local 
Government
• Planning to 
protect 
waterways
• Development 
assessment 
includes 
conditions to 
protect 
waterways.

Non-legislative

Legislative

Environmental Values of Waterways 
(AquaBAMM, State of the Rivers, 
Hydrological Models, Environmental 

Values/Water Quality Objectives/High 
Ecological Value, Wetland Mapping, other)

(This box is expanded in the following figure)

Environmental Values of Waterways 
A basis for protection, planning & management

Integrated Natural 
Resource 
Management (NRM) 
Plans
NRM Regional Bodies
• Protection actions in 
NRM Plans & Investment 
Plans

Links to Various 
Strategies
Government, Non-
government
• EPA Wetlands 
Strategy
• Murray-Darling Basin 
Native Fish Strategy

Links to EPA 
Initiatives
• Water Body and 
Wetlands Mapping
• Update of Directory of 
Important Wetlands 
• Conservation of 
Estuaries
• Ambient water quality 
monitoring
• Priority Off-park 
Conservation 
• Terrestrial BAMM

Coastal/ 
Marine 
Legislation
State and 
Commonwealth
• Coastal 
Management 
Plans & Marine 
Park Plans. 
• Permits 
prohibiting 
certain activities 
and conditioning 
other activities.

Environmental 
Protection & 
Nature 
Conservation Acts 
State and 
Commonwealth
• Environmental 
Values waterways 
included in Schedule 1 
of Environmental 
Protection Policy 
(water)
• Licensing of ERAs. 
• Nature Refuges & 
Protected Estate
• Threatened species 
& ecosystems

Water & 
Vegetation 
Acts
State
• Environmental 
flow objectives and 
protection of 
environmental 
assets in 
catchments (Water 
Resource Plans).
• Protection of 
riparian and 
wetland buffers.

Integrated 
Planning 
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Ecological Value, Wetland Mapping, other)

(This box is expanded in the following figure)

Figure 1 The planning framework in Queensland showing direct and indirect links between 
Aquatic Conservation Assessments (AquaBAMM) and non-legislative and legislative planning 
instruments (John Bennett pers com) 
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Figure 2 Conceptual framework for the ecological and conservation values assessments and 
social and community values. Assessment using the AquaBAMM (ACA) is a non-social, non-
economic assessment of ecological values which can be integrated with other assessment 
types to inform decision making processes on environmental values of waterways 
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2 Assigning ecological values 

2.1 Existing frameworks and methods 
Methods for assigning ecological or conservation values to freshwater ecosystems were 
reviewed to determine the most appropriate criteria, indicators and measures of ecological 
value. Dunn (2000; 2003; 2004), Chessman (2002) and Bennett et al. (2002) provide 
comprehensive reviews of international and national literature so this review focuses on 
developments from 2002 until present. There is a large body of literature on conservation 
values in marine and estuarine systems; however, only selected articles on these topics are 
included here. The Ecological Values Guideline (Bennett et al. 2002) states several 
principles in assessing aquatic ecological values. These include:  

• Ecological value is fundamental to assigning protection and 
rehabilitation/restoration priorities for waterways.  

• Ecological value necessarily includes both objective and subjective elements 
(expert opinion where data are lacking).  

• The method must be applicable even when information is missing. 

• Ecological value can be determined at multiple scales, e.g. local, regional or 
national.  

In addition to these general principles, defining criteria and indicators is central to a 
systematic assessment and evaluation process (Dunn 2000). Concepts and criteria for 
biodiversity conservation are well established in the conservation of terrestrial ecosystems 
in Australia (Dunn 2003). However, Dunn (2003) concluded that different approaches to 
defining and assessing biodiversity value of freshwater ecosystems would need to be 
explored and specified.  

To explore alternative approaches, Dunn (2000) undertook a consultative process including 
a review of existing models, identified ecological values of Australian rivers from literature, 
obtained current perspectives on river ecology and examined conservation models for other 
ecosystems (forests) and emerging value systems such as fluvial geomorphology. The 
existing models reviewed by Dunn include the Australian Rivers Assessment (AusRivAs), 
Commonwealth’s Wild Rivers, Victorian Index of Stream Condition, New South Wales’ 
Stressed Rivers, United Kingdom’s River Habitat Survey, Western Australia’s and 
Queensland’s State of the Rivers and the New Zealand protocol for assigning values to 
rivers. From this review and consultation with 73 river experts in Australia, Dunn presented 
five criteria and their associated attributes (Table 4). 

 

Table 4 A list of criteria and attributes developed by Dunn (2000) for assessment of the 
ecological value of rivers. This list summarises the collective opinions of 73 river experts in 
Australia 

Criterion Attributes 
1 Naturalness 1.1 undisturbed catchment 

1.2 unregulated flow 
1.3 unmodified flow 
1.4 unmodified river/channel features 
1.5 natural water chemistry 
1.6 absence of inter-basin water transfer 
1.7 intact and interconnected river elements 
1.8 natural temperature regimes 
1.9 natural processing of organic matter 
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Criterion Attributes 
1.10 natural nutrient cycling process 
1.11 intact native riparian vegetation 
1.12 absence of exotic flora or fauna 
1.13 habitat corridor 
1.14 natural instream faunal community composition 
1.15 natural ecological processes, including energy base and energy 
flow in food webs 

2 Representativeness 2.1 representative river system or section 
2.2 representative river features 
2.3 representative hydrological processes 
2.4 representative aquatic macroinvertebrate communities 
2.5 representative instream flora or riparian communities 
2.6 representative fish communities or assemblages 

3 Diversity and richness 3.1 diversity of rock types or substrate size classes 
3.2 diversity of instream habitats, for example, pools, riffles, 
meanders, rapids 
3.3 diversity of channel, floodplain (including wetland) morphologies 
3.4 diversity of native flora or fauna species 
3.5 diversity of instream or riparian communities 
3.6 diversity of floodplain and wetland communities 
3.7 diversity of endemic flora or fauna species 
3.8 important bird habitat 

4 Rarity 4.1 rare or threatened geomorphological features 
4.2 rare or threatened ecological processes 
4.3 rare or threatened geomorphological processes 
4.4 rare or threatened hydrological regimes 
4.5 rare or threatened invertebrate fauna 
4.6 rare or threatened fish or other vertebrates 
4.7 rare or threatened habitats 
4.8 rare or threatened fauna 
4.9 rare or threatened communities or ecosystems 
4.10 rivers with unusual natural water chemistry 

5 Special features 5.1 karst, including surface features 
5.2 significant ephemeral floodplain wetlands 
5.3 dryland rivers with no opening to ocean 
5.4 important for the maintenance of downstream or adjacent habitats 
such as floodplain or estuary 
5.5 important for the maintenance of karst system of features 
5.6 important for migratory species or dispersal of terrestrial species 
5.7 drought refuge for terrestrial or migratory species 
5.8 habitat for important indicator or keystone taxa 
5.9 habitat for flagship taxa 
5.10 refuge for native species and communities in largely altered 
landscapes. 

 

These criteria and attributes (or indicators) were adopted, with some modification, by 
Bennett et al. (2002) and formed the assessment framework for Page and Hoolihan (2002).  

Dunn (2003) stated from her literature review that several key conservation criteria applied 
in terrestrial systems are generally considered appropriate for aquatic systems also, but 
warns there are inherent problems with some of the accepted thresholds for significance. 
An example of a terrestrial assessment of conservation values is the Queensland 
Environmental Protection Agency’s Biodiversity Planning Assessment (BPA) using the 
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Biodiversity Assessment and Mapping Method (BAMM) (EPA 2002). These terrestrial BPAs, 
using the BAMM, recognise seven diagnostic criteria and four expert panel criteria for 
identifying biodiversity values for terrestrial species and ecosystems (mostly vegetation 
based regional ecosystems). The diagnostic criteria are: 

• A: Habitat for Endangered, Vulnerable and Rare (EVR) Taxa 

• B: Ecosystem Value 

• C: Tract size 

• D: Relative size of ecosystem 

• E: Condition 

• F: Ecosystem diversity  

• G: Context and connection. 

There are some broad similarities between the BAMM criteria and those presented by Dunn 
(2000) such as naturalness (incorporating Criterion E), diversity and richness (Criterion F) 
and rarity (equivalent to Criterion A and B). For the BAMM, regional ecosystem mapping 
(i.e. vegetation community mapping) from the Queensland Herbarium, which has been 
classified and mapped to at least 100k scale, is used as a spatial mapping platform for the 
above criteria. This way of defining spatial units has tended to define the criteria 
intrinsically, e.g. tract size and relative ecosystem size.  

Other clear differences emerged from Dunn’s survey between commonly agreed 
conservation criteria for terrestrial systems and those considered important for aquatic 
systems. Geomorphic and hydrological features and processes were given strong support 
from riverine experts, as were functional values of rivers (Dunn 2000; 2003; 2004). For 
riverine experts, the concept of ecological value extended beyond biological to physio-
chemical aspects of the ecosystem such as water regimes, geomorphological features and 
water quality (Dunn 2003).  

Dunn (2000; 2004) found that naturalness and rarity are universal conservation themes. 
Rarity is expanded in an aquatic context to incorporate communities, ecosystems and 
structural features, as well as species. Diversity has been refined and made more specific 
in interpretation for an aquatic context. Biogeographic themes such as numbers of endemic 
fish and invertebrate species are also of emerging importance (Dunn 2004).  

The functional values reflecting the connectivity and dynamics of wetland systems are also 
emerging conservation values. Dunn (2004) reported widespread support for valuing 
stream processes and connectivity such as maintenance of downstream or adjacent 
habitats. For example, whether a spatial unit is ‘Important for the maintenance of 
downstream or adjacent habitats such as floodplain/estuary’ was among the top 10 
attributes (Dunn 2004). The importance of connectivity is also evident in a number of other 
published articles. Cullen (2003), for example, makes a direct link between the ecological 
value of a particular reach of river and the upstream and/or downstream movement (and 
laterally between adjoining terrestrial lands) of water, of sediment and debris, and 
upstream or downstream recruitment and species distribution. This inherent connectivity 
(or lack of connectivity in drier periods) is a significant feature of freshwaters. In arid-zone 
systems, the irregular flow regime and sporadic connectivity underpins the conservation of 
the instream and floodplain wetland biota such as the invertebrate assemblages (Sheldon 
et al. 2002). Similarly, this relationship is evident for maintaining the health and 
productivity of end-of-river estuarine systems (Cullen 2003). A largely unknown and unseen 
linkage occurs within the hyporheic zone between surface waters and groundwater 
ecosystems sustaining many endemic or relict fauna (Boulton et al. 2003).  
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In a similar way, connectivity between ecosystems or areas was also incorporated into the 
terrestrial BAMM method (EPA 2002) through the use of landscape corridors. This was 
achieved through an expert panel process (EPA 2002).  

Representativeness has emerged as a more important theme in recent years, reflected in 
international criteria such as the Ramsar Convention and strategies in the Biodiversity 
Convention (Dunn 2004). Representativeness is seen to be important for conserving values 
of whole ecosystems rather than a single species and can also be seen as a surrogate for 
poorly known species or species assemblages. However, representativeness requires a 
classification framework in order to locate particular examples. The longitudinal continuity 
of the riverine ecosystem (or lack of continuity in arid systems) presents different issues in 
assessment and definition of representativeness from those which apply in the terrestrial 
systems (Dunn 2003). Dunn (2004) observed that this criterion demands debate and 
further research before it can be applied in a national river assessment protocol for 
Australia. However, advances in wetland mapping and classification since then have 
provided a means to progress this issue enabling consideration of a representativeness 
criterion in AquaBAMM.  

Two conservation assessments that operate at the broad national level rely on 
representativeness, among other criteria. Kingsford et al. (2005) propose the following 
elements to identify high conservation value rivers, floodplains, wetlands, estuaries and 
their dependent ecosystems at a national scale. To be of high value, the river or dependent 
ecosystem: 

• is largely unaffected by the direct influence of land and water resource 
development; 

• is a good representative example of its type or class;  

• is the habitat of rare or threatened species or communities, or location of rare 
or threatened geomorphic or geological feature(s);  

• demonstrates unusual diversity and/or abundance of features, habitats 
communities or species;  

• provides evidence of the course or pattern of the evolution of Australia’s 
landscape or biota; or  

• performs important functions within the landscape. 

Kingsford et al. (2005) chose these criteria for their relevance at the broad geographical 
scale of the Australian continent.  

The national framework for identifying significant wetlands uses similarly broad criteria. A 
wetland may be considered nationally important, and hence included on the Directory of 
Important Wetlands (DOIW), if it meets at least one of the following criteria: 

1. It is a good example of a wetland type occurring within a biogeographic region 
in Australia. 

2. It is a wetland which plays an important ecological or hydrological role in the 
natural functioning of a major wetland system/complex. 

3. It is a wetland which is important as the habitat for animal taxa at a 
vulnerable stage in their life cycles, or provides a refuge when adverse 
conditions such as drought prevail. 

4. The wetland supports 1% or more of the national populations of any native 
plant or animal taxa. 
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5. The wetland supports native plant or animal taxa or communities which are 
considered endangered or vulnerable at the national level. 

6. The wetland is of outstanding historical or cultural significance. 

Many of the sites in the Directory meet more than one criterion. The Interim Biogeographic 
Regionalisation for Australia (IBRA) is used as the framework for applying Criterion 1, 
which identifies wetlands that are unique or representative within a biogeographic region in 
Australia. 

Chessman (2002) chose to exclude ‘naturalness’ and ‘representativeness’ from his list of 
criteria for assessing the conservation value and health of New South Wales rivers. He 
argued that assessment of these criteria is often problematic, and they often interact with 
each other and other criteria. He incorporated them into the evaluation process, rather 
than being treated as separate criteria. The Pressure-Biota-Habitat (PBH) method 
developed by Chessman (2002) uses the following six criteria for assessing conservation 
and health values of rivers: 

1. Physical diversity (conservation & health value) 

2. Biological diversity (conservation & health value) 

3. Vigour (conservation & health value) 

4. Resilience (conservation & health value) 

5. Rarity (conservation value) 

6. Risk factors (problem identification). 

Here, vigour includes production and biomass, abundance and renewal of indigenous 
species. Rarity can incorporate both uncommon species and unusual physical or chemical 
features. Resilience is a temporal criterion, and can be assessed only if the same rivers are 
surveyed repeatedly (Chessman 2002). Risk factors include evaluation of threats to existing 
ecological values and impediments to the natural recovery of lost values. They can be 
either natural drivers of ecosystem responses that are altered by human activity (erosion 
rates or salinity) or artificial drivers entirely produced by human intervention (Chessman 
2002).  

An earlier trial by the Queensland Environmental Protection Agency to assess conservation 
value of waterways in the Burnett River catchment (Phillips et al. 2001) used four criteria: 
Condition, Naturalness, Role in supporting rare and threatened taxa and Uniqueness. Each 
criterion was assessed with indicators similar to those listed by Dunn (2000) and Bennett et 
al. (2002), although somewhat fewer in number because of data limitations. River types 
were identified (classified) and field truthing was undertaken of river types and 
conservation value. Interestingly, and somewhat uniquely, cultural heritage was also a 
consideration in determining conservation value in this assessment. 

Page & Hoolihan (2002) have incorporated two additional criteria to those presented by 
Dunn (2000) when assessing the conservation value of Queensland estuaries. The first 
criterion, International/National Significance, gives a priori recognition to areas or regions 
listed under international and national conventions or registers or directories such as the 
Ramsar Convention on wetlands or Australian Directory of Important Wetlands. The authors 
considered that such listings could be seen as indicative of the conservation value without 
need for further evaluation. This concept was also incorporated into the EPA’s terrestrial 
Biodiversity Assessment and Mapping Method (BAMM) “where regional and local 
assessments of significant ecological communities, such as wetlands, have been published 
and accepted by the Agency” (EPA 2002, p. 14). 

AquaBAMM 
Queensland Environmental Protection Agency  11 



A recent study of South African estuaries by Turpie et al. (2002) provided a relative 
conservation importance and a ranking of different estuaries. These authors assessed 
several variables (or criteria) that make up an estuarine importance index: estuary size, 
rarity of the estuarine type in relation to geographic area, habitat diversity, biodiversity 
importance in terms of plants, invertebrates, fish and birds, and ecological services to 
neighbouring environments (functional importance). Each variable was converted to an 
index. The study used four biotic indices (or indicators) of plants, invertebrates, fish and 
birds to devise a biodiversity importance score. The method relied on presence/absence 
data and abundance (where available) to develop each biotic index.  

Another example of a conservation value method for aquatic systems is Linke & Norris 
(2003) who present a method for assessing conservation priorities based on sampling 
freshwater macroinvertebrate assemblages. The conservation value is calculated using rare 
taxa (those occurring <50% probability at a site). A possible conservation ‘hotspot’ was 
identified if the observed number of rare taxa was greater than expected compared to 
reference sites. No other criteria were used in this method.  

A number of methods incorporate elements of habitat assessment in a conservation value 
of a waterway. Parsons et al. (2004) reviewed the Index of Stream Condition, River Habitat 
Audit Procedure (State of the Rivers) and the River Styles and Habitat Predictive Modelling 
to determine a habitat assessment protocol for Australian rivers. Based on this review of 
habitat assessment methods, Parsons et al. (2004) state several desired properties for a 
national habitat assessment protocol. These are: there is a predictive capability; the 
method incorporates the theory that large scale characteristics influence local scale habitat 
features (hierarchy of geomorphological factors);  the method uses the reference condition 
concept; the method employs a rapid survey; and, the method includes geomorphologically 
and biologically relevant variables. The protocol (yet to be implemented) would produce a 
standardised assessment of physical river condition at a national scale (Parsons et al. 
2004). This protocol, where implemented, would inform a conservation value assessment 
on instream habitat condition.  

Other related methods of conservation value assessments of rivers incorporate heritage 
and wild rivers assessments which are generally more focussed on the pristine quality or 
degree of impact from human activities and on cultural or recreational values of a river or 
its catchment (e.g. Canadian Heritage Rivers System; New Zealand Waters of National 
Importance (WONI), Chadderton et al. 2004; Australian Wild Rivers, Stein et al. 1998). For 
instance, the Wild River index values are indicative only of the level of disturbance to a 
stream and not its conservation or other values (Stein et al. 1998). The New Zealand WONI 
list of river catchments is a combination of the least disturbed representative and 
distinctive river systems, plus a range of catchments that contain rare and special features 
or threatened species (Chadderton et al. 2004). These types of river assessments have 
tended to be made at a coarse catchment scale with limited ability to identify values at a 
subcatchment or reach scale. As an example of associated criteria for these methods, a 
Canadian river of natural heritage is judged against the following criteria: 

• Outstanding example of river environments; 
• Outstanding representations of significant ongoing fluvial, geomorphological 

and biological processes; 
• Contains rare or outstanding examples of biotic and abiotic natural 

phenomena, formations or features; and 
• Contains habitats of rare or endangered species of plants and animals 

including outstanding concentrations of plants and animals of interest and 
significance.  
 
Extract from Canadian Heritage Rivers Board (2000) 
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2.2 Ecological value 
River or wetland ‘health’ or ‘condition’ has been a major focus of river assessment in 
Australia (such as the nationally agreed protocol of Monitoring River Health Initiative, 
Index of Stream Condition, Queensland State of the Rivers) (Dunn 2000). Condition 
assessments provide an index of change against a nominated benchmark, i.e. they measure 
the level of disturbance or stress against a reference condition (Bennett et al. 2002). 
Several authors make a clear distinction between ‘river health’ and ‘ecological value’ of a 
river (Dunn 2000; Bennett et al. 2002; Chessman 2002).  

One of the design principles for the Pressure-Biota-Habitat (PBH) method (Chessman 2002) 
is that the criteria for assessment of conservation value and health overlap. Chessman 
states that while conservation value and health are distinct concepts, there is considerable 
overlap between the criteria commonly used to evaluate them. For example, ecosystems in 
a natural or near-natural condition are considered to have high conservation value, health 
and integrity. Also, species richness is a criterion of conservation value and is also an 
element of ecosystem organisation, which is considered an important aspect of health. 
Chessman (2002) argues that this overlap enables a single multi-criterion and multi-
attribute assessment to serve more than one purpose. However, river health data may 
inform assessment of ‘value’, and usually does where data are available, but is not 
interchangeable with it. Indeed, there is not necessarily any correlation between ecosystem 
health and value. Dunn (2000) states that river health could show that a river is in ‘good 
condition’ without reference to ecological value or significance. 

Through an Aquatic Conservation Assessment (ACA) using the AquaBAMM, the condition of 
a catchment contributes to, but does not solely determine, a spatial unit’s conservation 
value. A spatial unit’s value is a composite of several criteria, indicators and measures that 
may include measures of condition where data exist. For example, in the Burnett River 
catchment trial reported here, four measures (4 of 52) were directly related to the broader 
catchment condition and three (3 of 52) were directly related to the condition of the 
buffered riparian zone (see Table 6, p.21, for detailed measures). 
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3 Rationale and Objectives 

3.1 Rationale for developing and using AquaBAMM 
In rivers and wetlands, a number of programs have investigated aquatic ecosystem ‘health’ 
or condition based on biological, physical and chemical data. A large amount of this 
information is available and although stream health assessment methods are still debated 
scientifically, data of this type have been used for planning and assessment purposes. 
While several methods have been developed to assess freshwater (rivers and off-stream 
wetlands) ecosystem significance or ‘conservation value’, these assessments have not been 
undertaken for most parts of Australia (with the exception of RAMSAR listed wetlands and 
wetlands of significance as noted in some government directories), particularly at a 
catchment scale. 

By its broadest definition, therefore, wetland ‘value’ has been the focus of some methods 
of aquatic ecosystem assessment. However, this definition is often confused and the intent 
and application of these existing assessment methods has generally been in three areas 
(refer again Sections 2.1 and 2.2): 

• course scale assessment for broad planning or statutory instruments (e.g. RAMSAR, 
Directory of Important Wetlands) that focus on pristine quality or degree of impact 
from human activities, and often incorporating social and economic dimensions; 

• fine scale assessment requiring intimate knowledge of the subject wetland(s); often 
only achieved through field based inventory investigation, complex expert analysis 
of detailed ecological and physico-chemical data, or longer term research; and 

• assessment of wetland condition or ‘health’ that is either assumed to equate to 
values assessment or is directly interpreted as such. 

With this background, AquaBAMM was developed to assess conservation values at a 
catchment scale, or at an individual wetland scale where the wetlands have been mapped 
and classified, with a non-social and non-economic focus. The method assimilates a wide 
range of data types, including expertly derived data, but does not necessitate detailed field 
assessment to supplement existing data. Wetland condition is an important part of any 
assessment using AquaBAMM but it is not indispensable nor is assessment of wetland 
‘health’ a designed AquaBAMM output. 

Objective, non-social and non-economic assessment of aquatic conservation value by 
combining disparate datasets at an intermediate scale has not previously been available in 
Australia. It is with this rationale that AquaBAMM was developed. By combining existing 
data with expert elicitation, AquaBAMM sits nationally as a unique and relatively rapid 
method of aquatic values assessment. Aquatic Conservation Assessment (ACA) using the 
AquaBAMM fills a wetland conservation planning gap (and perhaps also a wetland 
restoration/rehabilitation planning gap) and continues to be strengthened as a decision 
support tool by the recent advances in wetland mapping and classification in Queensland. 

 

3.2 AquaBAMM project objectives 
Against the conceptual background of the terrestrial Biodiversity Planning Assessments 
(BPA), already developed and implemented for planning use by the Environmental 
Protection Agency (EPA) in Queensland, an Aquatic Biodiversity Assessment and Mapping 
Method (AquaBAMM) was developed. Using a similar Biodiversity Assessment and Mapping 
Method (BAMM), the terrestrial BPA assesses environmental significance in terrestrial 
ecosystems at a landscape scale and, though some wetlands (including rivers) and wetland 
issues are considered within the existing terrestrial BAMM (primarily through an expert 
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panel process), wetlands are not comprehensively considered and their values are largely 
under-represented or missed1.  

The AquaBAMM was developed, therefore, to provide a robust and easily accessible 
analysis of aquatic conservation values associated with a catchment. AquaBAMM, as 
reported here, focuses only on riverine wetlands within a catchment and does not include 
non-riverine or estuarine wetlands. Development and application of AquaBAMM to all 
wetland types was beyond the scope of the pilot investigation but is the motivation for 
creating a flexible and broadly applicable assessment tool for aquatic ecosystems. 

The primary project objective was to assess the ecological characteristics and conservation 
significance of riverine wetlands in the Burnett River catchment through the development 
of an automated and generally applicable tool (AquaBAMM). This was achieved through the 
following subordinate objectives: 

• developing a method for division of the riverine wetlands (waterways) of the 
Burnett River system into practical spatial units at a landscape scale for 
assessment and reporting purposes (possibly through adoption or modification 
of one of many existing methods of catchment/wetland stratification). This 
objective was necessary in the absence of endorsed wetland mapping and 
classification for the catchment which could be used as a platform for 
assessment; 

• constructing an AquaBAMM that could be applied using these spatial units, 
including drawing upon relevant concepts from the terrestrial BAMM and 
Bennett et al. (2002) where appropriate; 

• conducting a pilot Aquatic Conservation Assessment (ACA) using the 
AquaBAMM in the Burnett River catchment, making use of the large volume of 
existing data and aquatic ecosystem condition information; 

• determining the accuracy and robustness of the method by undertaking a 
ground truthing exercise for selected reaches of the study catchment; and 

• peer reviewing results in line with standard scientific practice. 

 

 

 

                                                
1 Detail regarding the terrestrial BPA and its method (BAMM) can be found at the Queensland EPA’s web site: 
http://www.epa.qld.gov.au/nature_conservation/biodiversity/planning_assessments 
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4 The method 

4.1 AquaBAMM framework 
As Dunn (2000) and Chessman (2002) advocated, ecological data need to be summarised 
and presented in such a way as to be transparent to the user and organised in a logical 
assessment framework for supporting decision making. After the review of scientific 
literature and the authors’ experiences, five guiding principles were developed for Aquatic 
Conservation Assessments (ACA) using AquaBAMM: 

• The method should work with all available datasets and with any number of 
spatial units for a given study area.  

• The method must be applicable even where data are lacking. That is, it must 
be able to incorporate ‘missing data’ or ‘no data’ without distorting the overall 
value of a spatial unit or any other outcomes of the assessment.  

• The scale of an assessment should be useful for sub-catchment and regional 
planning processes. 

• Non-social, non-economic conservation value necessarily includes both 
objective and subjective elements (e.g. expert opinion where data are lacking). 
These elements in the method should be clearly distinguished from each other. 

• The assessment outcomes should be transparent by enabling the end user to 
interrogate the data and results at every level of analysis or data combination 
within the method. 

Given these guiding principles, the AquaBAMM method was built as a hierarchical approach 
with four levels of data analysis (Figure 3). For each spatial unit within a study area, the 
raw data and expert panel derived data are incorporated into the Measure score (Level 1). 
Each Measure score is arithmetically combined into an Indicator score (Level 2). Each 
Indicator score is arithmetically combined into a Criterion rating (Level 3). Each Criterion 
rating for a spatial unit is combined using a ‘decision filter table’ to form the overall 
AquaBAMM Conservation Value or AquaScore (Very Low, Low, Medium, High and Very High) 
(Level 4). Hierarchical approaches to combining data for conservation assessment are not 
new (refer Bennett et al. 2002 and Dunn 2000); however, AquaBAMM enlists novel 
approaches to hierarchy architecture and to calculation and combination methods. 

The final and critically important principle of the AquaBAMM framework is its data and 
result transparency at every level through each assessment. The assessment calculation 
tool and the assessment GIS output each provide for simple interrogation of data and 
calculated scores at all levels through the assessment hierarchy (AquaScore, Criteria, 
Indicators and Measures) rather than just producing a final AquaScore for each spatial unit. 
Other important benefits of this flexibility include assessment of missing data (and future 
work needs/priorities) and the ability to produce a wide range of derived products aimed at 
answering specific ecological or natural resource management questions.  
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Figure 3 The AquaBAMM hierarchical approach structured around Measures, Indicators, 
Criteria and an AquaScore. The Measures (Level 1) and Indicators (Level 2) are 
arithmetically combined. A decision filter table is used to combine Criteria ratings (Level 3) 
into the Overall AquaBAMM Conservation Value or AquaScore (Level 4) for each spatial unit 

 

4.2 AquaBAMM criteria 
Defining criteria and indicators is central to a systematic assessment and evaluation 
process (Dunn 2000) and is a commonly used approach for conservation assessments (e.g. 
Chessman 2002; Bennett et al. 2002; Chadderton et al. 2004; Kingsford et al. 2005). With 
previous research effort in mind, eight criteria were defined for adoption in the AquaBAMM:  

1. Naturalness - Aquatic 

2. Naturalness - Catchment 

3. Diversity and Richness 

4. Threatened Species and Ecosystems 

5. Priority Species and Ecosystems 

6. Special Features 

7. Connectivity  

8. Representativeness. 
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The criteria may be primarily diagnostic (quantitative) or primarily expert opinion 
(qualitative) in nature but, in each case, are designed to accommodate a range of data 
types. The criteria can be compared to categories from similar methods (Table 5) and, in 
this way, can be seen as useful and well established summary categories for many 
internationally considered concepts in conservation ecology. The eighth criterion, called 
‘Representativeness’, is considered critical for a complete assessment of conservation value 
and is supported within AquaBAMM; however, Criterion 8 was not implemented for the trial 
application in the Burnett River catchment for reasons of data availability. Indicators and 
Measures, with supporting data, suitable for nesting within this criterion are under 
development for implementation in future aquatic conservation assessments and this 
extension is strongly aided by the recent advances in wetland mapping and classification in 
Queensland. 

It is important, when drawing from published discussions about criteria and indicators in 
conservation assessment, to distinguish measures of condition (or ‘health’) from those 
measures of value. Equally important is to distinguish measures requiring detailed, site-
specific sampling/data collection effort (or longer term ecological analysis based on 
community structure and dynamics) from measures based around less intensive datasets or 
that have critical links to conservation in freshwaters. A number of authors have discussed 
these issues (e.g. Chessman 2002, EPA 2002; Phillips et al. 2001). AquaBAMM has been 
developed for a purpose, and not to be reliant on detailed field investigation or to provide 
ecosystem condition assessment. 

 

Table 5 The selected AquaBAMM Criteria including their type (i.e. diagnostic or expert 
opinion) and other aligned criteria from the literature 

AquaBAMM criteria Other criteria that align with the AquaBAMM 
criteria  

Criterion type 

1. Naturalness 
Aquatic 

Naturalness1,2,7

Condition5,7

Limited existing disturbance from artificial 
structures8 

Good water quality8

Disturbance to fish passage and flows from 
upstream water impoundment structures is 
limited or reducing8 

Largely unaffected by the direct influence of 
water resource development12 

Portion of catchment upstream and 
downstream of dam3

Number of major point discharges3

Exotic fish3

Diagnostic 

2. Naturalness 
Catchment 

Naturalness1,2,7

Condition5,7

Adjacent riparian buffer zone is generally in 
good condition8 

Largely unaffected by the direct influence of 
land development12 

Percent natural cover3

Percent urban land use3

  Land use3

Diagnostic 

3. Diversity and 
Richness1,2 

Physical diversity4

Biological diversity4
Diagnostic 
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AquaBAMM criteria Other criteria that align with the AquaBAMM 
criteria  

Criterion type 

Ecosystem diversity5

Contains high fish species richness8

Habitat diversity8,9

Wetland supports 1% or more of the national 
populations of any native plant or animal10 

Demonstrates unusual diversity and/or 
abundance of features, habitats, communities 
or species12

Catchment richness (river types)3

4. Threatened Species 
and Ecosystems 

Rarity1,2,4,11

Role in supporting rare and threatened taxa7

Ecosystem value5

Essential habitat for endangered, vulnerable 
or rare species5

Is the habitat for rare or threatened species 
or communities12 

Weighted threatened fish, birds, frogs and 
plants3

Diagnostic 

5. Priority Species and 
Ecosystems 

Core Habitat for Priority Taxa5 Expert opinion 

6. Special Features1,2 International/national significance3,5

Ecosystem value5

Uniquness7

Special biodiversity values5

Contains regionally unique fish habitat 
features8

An important wetland for maintaining the 
natural functioning of a major wetland 
complex10

Important wetland for fauna at a vulnerable 
stage in their lifecycle or is a drought refuge10 

Is the location of rare or threatened 
geomorphic or geological features12

Performs important functions within the 
landscape12

Provides evidence of the course or pattern of 
the evolution of Australia’s landscape or 
biota12

Expert opinion 

7. Connectivity3 Context and Connection5 Expert opinion 
8. Representativeness

1,2 
Rarity of estuarine type in relation to 
geographic area9

Uniqueness (river types) within a 
biogeographic area3

Diagnostic 

1 – Dunn 2000; 2 – Bennett et al. 2002; 3 – Chadderton et al. 2004; 4 – Chessman 2002; 5 – EPA 2002; 6 – 
Page & Hoolihan 2002; 7 – Phillips et al. 2001; 8 – McKinnon et al. 2003; 9 – Turpie et al. 2002; 10 – National 
Directory of Important Wetlands; 11 – Linke & Norris 2003; 12 – Kingsford et al. 2005 
 

Dunn (2000) and Bennett et al. (2002) group several attributes under a single criterion of 
naturalness. However, it was decided to split naturalness into Naturalness Aquatic (aquatic 
components) and Naturalness Catchment (the broader catchment and riparian zone). This 
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distinction is important to allow reporting on the ecological/conservation values of the 
broader catchment and riparian zone (i.e. primarily terrestrial) to be separate from 
reporting of instream values. This flexibility increases the capacity of end users for making 
decisions regarding natural resource management of riparian and catchment areas or of 
instream habitats (e.g. planning and implementation of on-ground works). 

The Diversity and Richness criterion is common to many ecological assessment methods 
and can include both physical and biological features. Unlike most methods, the AquaBAMM 
Criterion 4 ‘Threatened Species and Ecosystems’ is restricted to legislatively protected 
species and ecosystems and does not incorporate physical features that are considered to 
be rare or unique. The benefit of structuring the criterion this way is that, by development 
of a derived product from this criterion alone, the information can be used directly for 
conservation planning purposes (i.e. protection and restoration) for threatened species and 
ecosystems – a priority for Governments and non-government organisations. In the parallel 
terrestrial BAMM (EPA 2002), for example, a similar legislatively based criterion  (i.e. 
‘Habitat for Endangered, Vulnerable and Rare Taxa’) has been used to develop essential 
habitat maps for threatened species, and these maps were incorporated into Queensland 
Government policy on tree-clearing laws.  

Conversely, the AquaBAMM Criterion 5 ‘Priority Species and Ecosystems’ has been 
restricted to species and ecosystems not currently recognised through the statutes and that 
are largely identified through expert opinion (not including physical features). This criterion 
can also be used independently according to the specific aims of the end user of the 
AquaBAMM product.  

Data to satisfy Measures within Criterion 6 ‘Special Features’ and Criterion 7 ‘Connectivity’ 
are derived through expert panels (refer to section 4.4 Expert panel process). The Special 
Features criterion assimilates information that is not accessible or not in a format that is 
easily incorporated into the AquaBAMM. As noted in the literature review, connectivity is an 
inherent attribute of flowing freshwater streams. However, the practicalities of measuring 
connectivity in a riverine environment are complex, making general principles difficult to 
develop and implement. Connectivity in its broadest meaning incorporates hydrological 
processes (quantity and quality, temporal and spatial variability), organism dispersal 
(barriers) and disturbances from natural. Connectivity can be bi-directional movements 
within a stream (e.g. fish passage), uni-directional contribution to a downstream spatial 
unit or special area, or lateral connectivity to floodplain wetlands or groundwater 
ecosystems. These aspects of connectivity are compounded, and when combined together 
provide a matrix of competing and differing values from an ecological conservation 
viewpoint. 

Although representativeness (Criterion 8) is identified in the literature as an important 
criterion of ecological value, there was also recognition by some (e.g. Dunn 2000; 
Chessman 2002) of the inherent difficulties in its application. Representativeness, as 
defined by CAR principles (comprehensive, adequate and representative), is best applied in 
a framework where the landscape units are classified, such as a wetland classification, so 
that ‘types’ of units (e.g. palustrine wetlands) can be compared with each other. Without 
such a framework, the concept and application of representativeness of aquatic ecological 
values is more elusive. Such a framework was required for an assessment based on CAR 
principles for the application of the Tasmanian Conservation of Freshwater Ecosystem 
Values (CFEV) project (Davies 2005). With the benefit of recent wetland mapping and 
classification advances, development of this criterion within the AquaBAMM becomes 
possible. 
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4.3 AquaBAMM indicators and measures 
Dunn (2000) and Bennett et al. (2002) provide lists of potential indicators (or attributes) 
that relate to Dunn’s proposed criteria for an aquatic conservation value assessment 
method. Potential indicators, though, differ significantly depending upon data limitations, 
the scale of the method application and an output purpose. Indicators suitable for use by 
AquaBAMM were considered from a range of sources and chosen through a combination of 
literature review, expert elicitation and original development. Measures within each 
Indicator were similarly established. 

Although a long list of Indicators and Measures can be created for any assessment, final 
application is always data dependent which, in turn, is usually study area dependent. For 
AquaBAMM development and trial application in the Burnett River catchment, 28 Indicators 
and 64 Measures were identified (Table 6). Of these, 52 Measures only were implemented 
for the trial ACA due to data limitations (refer Part B). 

  

Table 6 The AquaBAMM Criteria, Indicators and Measures – only those defined for use in 
the Burnett River catchment ACA. 

  Criteria & Indicators   Measures 

1 Naturalness Aquatic   

1.1 Exotic flora/fauna 1.1.1 Presence of 'alien' fish species within the spatial unit 

    
1.1.2 Presence of exotic plants instream within the spatial unit 

1.2 Aquatic communities/ 
assemblages 

1.2.1 SOR1 aquatic vegetation condition 

   1.2.2 SIGNAL22 score (Max) 
   1.2.3 AUSRIVAS3 score - Edge (Min band) 
   1.2.4 AUSRIVAS3 score - Pool (Min band) 
    1.2.5 EPT4 score (Max) 
1.3 Channel features modification 1.3.1 SOR1 bank stability 
   1.3.2 SOR1 bed & bar stability 
   1.3.3 SOR1 aquatic habitat condition 

   1.3.4 Presence of dams/weirs within the spatial unit 

   
1.3.5 Inundation by dams/weirs (% of waterway length within the 

spatial unit) 

    1.3.6 Snag removal within the spatial unit 
1.4 Hydrological modification 1.4.1 APFD5 score - modelled deviation from natural under full 

development 

   
1.4.2 % natural flows - modelled flows remaining relative to 

predevelopment 

   
1.4.3 % no flows - modelled low flows relative to predevelopment

1.5 Water quality 1.5.1 Median Total Phosphorous (ug/L) 
   1.5.2 Median Total Nitrogen (ug/L) 
   1.5.3 Median Turbidity (ug/L) 
   1.5.4 Median Conductivity (ug/L) 
    1.5.5 Median pH 

2 Naturalness Catchment   
2.1 Exotic flora/fauna 2.1.1 Presence of exotic plants in the riparian zone within the 

spatial unit 
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  Criteria & Indicators   Measures 

2.2 Riparian disturbance 2.2.1 % area remnant vegetation across the spatial unit relative 
to preclear extent within buffered watercourses (i.e. in the 
riparian zone) 

   
2.2.2 % area of wetland REs in the spatial unit relative to preclear 

extent 

   
2.2.3 Total number of REs within riparian areas relative to 

preclear number of REs within buffered watercourses 
   2.2.4 SOR1 reach environs 
   2.2.5 SOR1 riparian vegetation condition 
2.3 Catchment disturbance 2.3.1 % ‘agricultural’ land-use area by spatial unit (i.e. cropping 

and horticulture) 

   2.3.2 % ‘grazing’ land-use area by spatial unit 

   
2.3.3 % ‘vegetation’ land-use area by spatial unit (i.e. native veg 

+ regrowth) 

    
2.3.4 % ‘settlement’ land-use area by spatial unit (i.e. towns, 

cities, etc) 

2.4 Flow modification 2.4.1 Farm storage (overland flow harvesting and gully dams) 
calculated by surface area within the spatial unit 

3 Diversity and Richness   

3.1 Species 3.1.1 Richness of amphibians 
   3.1.2 Richness of native fish 
   3.1.3 Richness of native reptiles 
   3.1.4 Richness of native waterbirds 
    3.1.5 Richness of aquatic plants (macrophytes) 

3.2 Communities/assemblages 3.2.1 Number of macroinvertebrate taxa (Family level taxonomy) 
  3.2.2 Riparian vegetation richness represented by richness of REs 

along watercourses within a specified buffer distance from 
the stream 

3.3 Habitat  3.3.1 SOR1 channel diversity 

3.4 Geomorphology 3.4.1 Richness of geomorphic features (i.e. features determined 
according to GAR6 method) within the spatial unit 

4 Threatened Species and 
Ecosystems 

  

4.1 Species 4.1.1 Presence of rare or threatened aquatic ecosystem 
dependent fauna species – NCAct7, EPBCAct8

  
4.1.2 Presence of rare or threatened aquatic ecosystem 

dependent flora species – NCAct6, EPBCAct7

4.2 Communities/assemblages 4.2.1 % area of ‘of concern’ or ‘endangered’ wetland REs in the 
spatial unit relative to preclear extent 

5 Priority Species and 
Ecosystems 

  

5.1 Species 5.1.1 Presence of aquatic ecosystem dependent 'priority' fauna 
species (Expert Panel list/discussion or other lists such as 
ASFB9, WWF10, etc) 

   
5.1.2 Presence of aquatic ecosystem dependent 'priority' flora 

species (Expert Panel list/discussion) 

   

5.1.3 Habitat for, or presence of, migratory species (Expert Panel 
list/discussion and/or JAMBA11 / CAMBA12 agreement lists) 
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  Criteria & Indicators   Measures 

    
5.1.4 Habitat for significant numbers of waterbirds (Expert Panel 

data/discussion) 

5.2 Ecosystems 5.2.1 Presence of 'priority' aquatic ecosystem as per Expert Panel 
lists and/or discussions 

6 Special Features   
6.1 Geomorphic features 6.1.1 Presence of distinct, unique or special geomorphic features 

(Expert Panel list/discussion) 

6.2 Ecological processes 6.2.1 Presence of (or requirement for) distinct, unique or special 
ecological processes (Expert Panel list/discussion) 

6.3 Habitat 6.3.1 Presence of distinct, unique or special habitat (including 
habitat that functions as refugia or other critical purpose) 
(Expert Panel list/discussion) 

6.4 Hydrological 6.4.1 Presence of distinct, unique or special hydrological regimes 
(e.g. spring fed stream, ephemeral stream, wetland, 
boggomoss) (Expert Panel list/discussion) 

7 Connectivity   

7.1 Significant species or 
populations 

7.1.1 The contribution (upstream or downstream) of the spatial 
unit to the maintenance of significant species or 
populations, including those features identified through 
Criterion 5 and/or 6 

    

7.1.2 Possibility for migratory or routine 'passage' of fish and 
other fully aquatic species (upstream and/or downstream 
movement) within the spatial unit 

7.2 Groundwater dependent 
ecosystems 

7.2.1 The contribution (upstream or downstream) of the spatial 
unit to the maintenance of groundwater ecosystems with 
significant biodiversity values, including those features 
identified through Criterion 5 and/or 6 (e.g. karsts, cave 
streams, artesian springs) 

7.3 Floodplain and wetland 
ecosystems 

7.3.1 The contribution (upstream or downstream) of the spatial 
unit to the maintenance of floodplain and wetland 
ecosystems with significant biodiversity values, including 
those features identified through Criterion 5 and/or 6 

7.4 Terrestrial ecosystems 7.4.1 The contribution (upstream or downstream) of the spatial 
unit to the maintenance of terrestrial ecosystems with 
significant biodiversity values, including those features 
identified through Criterion 5 and/or 6 

7.5 Estuarine and marine 
ecosystems 

7.5.1 The contribution (upstream or downstream) of the spatial 
unit to the maintenance of estuarine and marine ecosystems 
with significant biodiversity values, including those features 
identified through Criterion 5 and/or 6 

8 Representativeness   

 Indicators & Measures not 
developed or implemented 
for Burnett River catchment 
ACA 

  

1 – State of the Rivers for the Burnett River catchment, Van Manen (1999); 2 – SIGNAL2, Chessman (2003); 3 – 
Australian River Assessment System; 4 – An index of three macroinvertebrate families Ephemeroptera, 
Plecoptera and Trichoptera; 5 – Annual Proportional Flow Deviation as modelled by the Department of Natural 
Resources and Mines 2005; 6 – Geomorphic Assessment of Rivers, Gardiner and Brennan (2004); 7 – 
Queensland Nature Conservation Act 1992; 8 – Commonwealth Environment Protection and Biodiversity 
Conservation Act 1999; 9 – Australian Society of Fish Biologists; 10 – World Wide Fund for Nature; 11 – Japan 
and Australia Migratory Birds Agreement; 12 – China and Australia Migratory Birds Agreement. 
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4.4 Expert panel process 
Chessman (2002) states that the assessment of conservation value is by definition a human 
value judgement since as yet no one has devised a totally objective means of river health 
or ecological assessment. He argues that some methods may give the appearance of 
complete objectivity, but in reality embed value judgements within their protocols (e.g. 
AUSRIVAS). The Guidelines for Protecting Australian Waterways (Bennett et al. 2002) 
acknowledges that ecological value necessarily includes both objective and subjective 
elements (expert opinion where data are lacking) also. AquaBAMM, likewise, was developed 
with this issue in mind and incorporates expert elicitation as a critical element of data 
gathering, weighting and interpretation. 

Data for three of the eight AquaBAMM criteria are primarily derived by expert elicitation: 
Criterion 5 ‘Priority Species and Ecosystems’, Criterion 6 ‘Special Features’ and Criterion 7 
‘Connectivity’. To consider the Measures within these criteria, three separate expert panels 
(fauna, flora and riverine ecology) were convened for the trial application of AquaBAMM in 
the Burnett River catchment ACA and their reports are presented in Part C of this 
document. Panel members were selected to contribute based on their expertise in a 
scientific discipline relevant to freshwater ecosystems, processes or species. Panel 
members were required to have direct knowledge and experience of the Burnett River 
catchment. Experience in the identification and assessment of riverine values including 
natural processes, species and places of significance were viewed as an important factor in 
the selection process. Panel members were from a range of professional and community 
organisations, including academic institutions, government agencies, regional bodies and 
naturalist/enthusiast groups. 

Expert Panels were structured in an attempt to ensure that, at least, each ecological 
discipline addressed by the assessment Measures was represented (Table 7). 

  

Table 7 The scientific disciplines covered by the three expert panels for the trial application 
of the AquaBAMM in the Burnett River catchment 

Aquatic Fauna Panel Aquatic Flora Panel Riverine Ecology Panel 
• Fish species values,  
• Amphibian values, 
• Turtle values, and 
• Waterbird values. 

 

• Aquatic flora species values,  
• Riparian flora species values, 

and 
• Regional ecosystem values. 
 

• Natural geological and 
geomorphological values,  

• Water quality values, 
• Connectivity between riverine 

systems, and 
• Hydrological processes. 

 

 

The primary tasks set for each expert panel were to:  

Aquatic Fauna Expert Panel 
• Review relevant existing spatial data (species point records) and available 

information (reports etc.). 

• Provide advice on aquatic dependent rare or threatened fauna species habitat 
and localities. 

• Provide advice on aquatic dependent priority fauna species habitat and 
localities. 

• Identify significant ecosystems or areas for waterbirds and migratory species. 
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• Identify priority ecosystems or areas important for significant fauna 
communities or species. 

• Provide advice on aquatic dependent exotic fauna species localities and 
abundance.  

Aquatic Flora and Riparian Expert Panel 
• Review relevant existing spatial data (species point records) and available 

information (reports etc.). 

• Provide advice on aquatic dependent rare or threatened flora species habitat 
and localities. 

• Provide advice on aquatic dependent priority flora species habitat and 
localities. 

• Identify priority ecosystems or areas important for significant floral 
communities or species. 

• Provide advice on aquatic dependent exotic flora species localities and 
abundance.  

Riverine Ecology Expert Panel 
• Establish principles for applying the Connectivity Criterion in the Burnett River 

catchment’s freshwater ecosystems (bi-directional, unidirectional and lateral 
directions) to spatial units.  

• Weight ‘measures’ relative to their importance for an ‘indicator’. 

• Identify areas of significant geomorphological, ecological or hydrological 
processes or priority areas; and 

• Provide advice on biodiversity ‘hot-spots’ or areas of particular significance for 
species or communities.  

Each expert panel workshop used an interactive approach, incorporating ArcView GIS 
software, to display and interrogate the Burnett River catchment and, where necessary, a 
background of topographic 250k maps, roads, rivers and other relevant datasets were used 
to identify areas of interest. A draft report was circulated to panel members prior to the 
production of a final report. In some cases, follow-up meetings or discussions were needed 
to collect additional data and information from members who were unable to attend the 
workshop. 

 

4.5 Spatial unit 
Whether for conservation ‘valuing’ purposes, condition assessment or other 
research/analytical reason, environmental investigations are necessarily bound 
geographically. The spatial unit chosen for the assessment is both scale dependent and, in 
most cases, dependent on data availability, but it has direct relevance to data analysis, 
reporting and application of the results. The spatial unit chosen, therefore, is an important 
decision and one that is usually heavily debated. For conservation assessment, spatial unit 
determination might be centred around natural resource management (e.g. Queensland’s 
water resource planning), a bioregional framework (Tait et al. 2002; EPA 2002; Chadderton 
et al. 2004), an ecological regionalisation, a geomorphological analysis (Brierly et al. 2002; 
Thomson et al. 2004; Gardiner 2004), a mathematical analysis of topology and drainage 
area (Phillips et al. 2001), political boundaries or a combination of many methods 
(Anderson 1993). 
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AquaBAMM is conceptually applicable at any spatial scale and has, therefore, no fixed 
spatial unit inherent to the method. The choice of spatial unit may vary depending upon 
the assessment but, broadly, has three guiding principles: 

1. Spatial unit must be data independent. That is, data intended for input to 
the analysis can not be used to determine spatial unit boundaries without 
obvious confounding effects. 

2. Spatial unit must be chosen with an expectation that data are available for 
most or all units. That is, choice of spatial unit can not be at the expense of 
populating data fields for the majority of units without compromising 
analytical rigour. 

3. Spatial unit must be appropriate for the intended application. That is, the 
scale chosen for defining spatial units must be reconcilable with respect to 
reporting scale or resultant management action. 

Flexibility in spatial unit definition, with adherence to the principles above, means also that 
AquaBAMM can be applied or reapplied for different purposes by simple redistribution of 
data according to a different set of spatial units. There is not necessarily any prerequisite 
for complete restructuring of the assessment through altering Criteria, Indicators and 
Measures. 

For the purposes of tool development and for trial, AquaBAMM has been applied to the 
riverine wetlands of the Burnett River catchment using a spatial unit defined by the DNR&M 
State of the Rivers program (DNR&M 1992). In the State of the Rivers program, these 
spatial units were called ‘sub-sections’ and were identified as ‘homogeneous’ stream 
sections in terms of their natural attributes (i.e. physical, chemical, biological and 
utilitarian values) and natural resources (Anderson 1993). For the Burnett River catchment, 
376 spatial units are defined with an average size of 88km2 (a total catchment area of 
33,000km2). 

Use of the State of the Rivers program sub-sections enabled investigation that was 
appropriate for a regional scale assessment and facilitated direct reconciliation with a body 
of existing data suitable for the analyses. While AquaBAMM is not solely dependent on the 
use of this spatial unit, its application suitability and availability across most of Queensland 
may be of benefit for future assessments. Again, however, it is important to emphasise 
that AquaBAMM is functional at any relevant spatial scale, including case-by-case user 
defined spatial units if appropriate and if the guiding principles are satisfied. 

 

4.6 Stratification 
For relevant Measures, a referential approach is used within AquaBAMM for categorisation 
of raw data prior to analysis. This occurs by comparison of raw data values to Measure-
specific threshold values for each scoring category, based on real or calculated reference 
values. The manipulation of raw data to achieve this is explained in detail in Section 5 ‘The 
AquaBAMM Assessment Tool’; however, it is critical to note here that establishment of a 
relevant reference may require sub-division of the study area (or stratification). 
Importantly, stratification is NOT mandatory for a successful assessment nor is the method 
of stratification, when it is considered appropriate, specified or fixed by AquaBAMM. The 
use (necessity) and method of stratification in any assessment is a user decision and is 
dependent upon the Measures selected and the ecological character of the assessment 
area. 

AquaBAMM makes provision for data to be stratified, and therefore data comparisons or 
reference value calculations can also be stratified, in any user-defined way that is 
determined to be ecologically appropriate. A decision regarding stratification must, 
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however, be made a priori since it influences data categorisation at the earliest stage of 
analysis. 

For example, in the Burnett River catchment analysis, AquaBAMM uses the 150masl contour 
line to stratify the catchment into two geographic zones, and each spatial unit that lies 
more than 50% within a strata was attributed as belonging to that strata. This altitudinal 
cut-off parallels the accepted protocol of the National Water Quality Management Strategy 
(ANZECC and ARMCANZ 2000). Data comparisons and reference value calculations were 
then made within each of the strata rather than across the whole catchment. The 
ecological distinctions, which are many, that are clear between the upland and lowland 
Burnett River catchment zones make stratification the only sensible approach. 

Stratification mitigates the effects of data averaging across large study areas, and is 
particularly important where ecological habitat diversity and complexity is high. Methods of 
stratification are not limited but, ideally, should attempt to remain independent of data 
that are expected to contribute to the assessment. Altitudinal stratification has been, and 
continues to be, a common approach across a variety of ecological investigations (e.g. 
Sustainable Rivers Audit – A Program of the Murray-Darling Basin Commission and Partner 
Governments 2004; National Water Quality Management Strategy, ANZECC & ARMCANZ 
2000). 

 

 

AquaBAMM 
Queensland Environmental Protection Agency  27 



5 The AquaBAMM Assessment Tool 

5.1 Introduction 
The methods that AquaBAMM uses to combine and analyse data are automated through a 
spreadsheet or database. The platform used may be varied, but for the purposes of method 
development and pilot application in the Burnett River catchment, Microsoft Excel was used 
to construct the ‘AquaBAMM Assessment Tool’2. In this way, there is a consistent 
framework for data storage and all calculation steps are transparent and accessible. Post-
development, the AquaBAMM tool will be transitioned to an MSAccess database platform. 

The Tool stores data, categorises data, weights and ranks data, and calculates and reports 
scores in an organised, transparent and repeatable way. Flexibility in the selection of 
Criteria, Indicators and Measures is facilitated and spatial units are easily adjusted, 
depending upon the assessment being conducted. A number of intermediate scores are 
presented through the calculation process, and these can be interrogated for their 
component information. Ultimately, a single score for ecological value (AquaScore) is 
calculated and reported for each spatial unit.  

Importantly, the method has been built to provide a within-catchment assessment. It 
identifies the areas within the catchment (or assessment area) that have the highest and 
lowest remaining ecological or conservation values. Due to this within-catchment relativity, 
AquaBAMM results should not be compared between assessments (i.e. between catchments 
or assessment areas). However, future development of the Tool could allow between 
catchment assessments. 

In this section, by way of explanation, assessment using the Tool is described as a series 
of steps. Figure 4 shows these steps diagrammatically. Further technical detail regarding 
tool construction and operation is presented in Appendices F and G. 

 
AquaScore
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Rating

Indicator 2 
Score etc…

Indicator 1
Score

Measure 2 
Score etc…

Measure 1
Score

Criteria 2 
Rating etc..

Overall AquaBAMM 
Conservation Value

Raw Data

2. Threshold 
1. Collation

3b. Boost 
3a. Preliminary

4b. Categorise
4a. Adjust

5. Filter
 

 

 

 

 

 

 

 

 

 

 

Figure 4  AquaScore Calculation Steps 

                                                
2 The AquaBAMM assessment tool is well suited to the use of Microsoft Access as a platform. Though Microsoft Excel was used 
for tool development and pilot application, conversion to Microsoft Access and subsequent feature enhancement has begun 
and is the confirmed direction for future iterations of the AquaBAMM method. Refer to Appendix G for further detail. 
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5.2 Step 1   Collation of Raw Data 
As a result of the wide variety of Measures (refer to section 4.3 AquaBAMM indicators and 
measures), raw data can come from a range of sources (often involving a number of 
different data custodians), in a range of formats, and in a range of data types (i.e. 
nominal, ordinal, ratio and/or interval data) (refer to Part B section 2 Implementation and 
datasets used, Table 15, for list of datasets used in the Burnett River catchment trial 
application). Collection and collation of these data in an organised manner is critical. 
Conversion of these data to a consistent format for assessment is necessary and described 
in Step 2 (section 5.3). 

Data are loaded directly into the AquaBAMM tool either in raw form, for Measures where 
this is appropriate, or after some pre-analysis, for Measures where core datasets are used 
to create input data (e.g. % grazing land-use area by spatial unit is calculated from the 
raw data from the Queensland Land-Use Mapping). 

 

5.3 Step 2   Conversion of Data into a Measure Score 
A wide variety of Measures leads inevitably to a variety of data types for input into the 
Tool. Immediate data analysis and combination is not possible, so conversion or 
standardisation of these data to a consistent format for assessment is necessary. Given 
that there may be nominal, ordinal, ratio and/or interval data, AquaBAMM uses a simple 
allocation to categories for each data value based on Measure-specific thresholds. The 
resulting categorical data are independent of the raw data type and may be analysed 
further collectively. 

There are four Measure ‘categories’: Low, Medium, High and Very High. These correspond 
to Measure ‘scores’ 1, 2, 3 and 4 respectively. Threshold values are calculated for each 
Measure and scores (and categories) are assigned. Again, the analyses all relate to within-
catchment comparisons (or within-study area) and the threshold values are calculated 
accordingly. 

In most cases, threshold values are calculated by determining a maximum reference value 
for the Measure, either theoretical or actual, then using quartile divisions of this data 
range. That is, Measure scores were assigned as shown in Table 8 and this technique has 
previously been used successfully in the EPA’s terrestrial Biodiversity Assessment and 
Mapping Methodology (BAMM) (EPA 2002). In cases where reference values were 
calculated from the available data, these ‘actual maximum’ reference values were taken as 
the average of the three highest real values for the Measure. For example, Measures that 
describe the ‘naturalness’ of a spatial unit based on remaining areas of remnant vegetation 
would compare the remaining remnant vegetation area to the average area of the three 
largest remaining remnant vegetation patches of the same type in the catchment. 

 

Table 8 Assignment of Measure scores using thresholds 

Range Measure Score 
(category) 

0  TO  25th percentile value 1 (Low) 
> 25th percentile value  TO  50th percentile value 2 (Medium) 
> 50th percentile value  TO  75th percentile value 3 (High) 
> 75th percentile value 4 (Very High) 
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Where appropriate, threshold calculations incorporate catchment stratification (in the case 
of the Burnett River ACA, upland and lowland strata defined by the 150 masl contour) in 
their formulation (refer to section 4.6 Stratification). For example, Measures assessing 
remnant vegetation cover may use different maximum extent reference values depending 
upon the strata that the spatial unit occurs within. However, not all Measures have 
different thresholds for the different stratifications.  

Not all Measures have a continuous, nominal data distribution and, so, the raw data are 
already categorised. For example, the AUSRIVAS macroinvertebrate community condition 
score has data values of A, B, C, D or X. In this case the Measure score is based directly on 
the raw data categories so that Low = D, Medium = C, High = B or X and Very High = A. 

Some Measures have raw data in presence form (binary data). In these cases, a Measure 
category of Low or Very High is allocated directly. However, ‘absence’ (i.e. data value = 0) 
may not necessarily equate to a category of Low and, similarly, ‘presence’ (i.e. data value 
= 1) may not necessarily equate to a category of Very High. The relationship between 
Measure score and Measure category in these cases is Measure specific. For example, the 
absence of alien fish species (value = 0) is considered good from a biodiversity perspective 
and equates to ‘Very High’, whilst the absence of habitat for a significant number of 
waterbirds (value = 0) is poor from a biodiversity perspective and equates to ‘Low’. 

To summarise, scores for each data value are based on Measure-specific thresholds. 
However, there are a number of different ways that thresholds are constructed. Table 9 
shows a list of the threshold types and the number of associated Measures with respect to 
the Burnett River catchment application of AquaBAMM. 

 

Table 9 Threshold summary – Burnett River catchment AquaBAMM 

Threshold type or basis for 
calculation 

Number of 
Measures 

Measure description 

Cullen (2003) categories 1 Water diversions 
Bands pre-determined 2 AUSRIVAS 
Logarithmic 3 Flow deviations 
Pass/Fail 5 Water quality 
Expert Panel determined 8 Expert Panel criteria 
Presence 11 Exotic species; Rare or threatened 

species; Migratory fauna; 
Dams/weirs 

Quartile using a reference 
value 

26 Species & communities richness 
measures; SOR; Land-uses; 
Vegetation indices 

 

 

There is an important difference between a Measure where no data have been collected or 
calculated (i.e. ‘no data’ for that Measure), and a Measure that has a real zero value based 
on collected or calculated raw data. The Tool makes provision for this important distinction, 
preserving the ‘no data’ entries and excluding their influence in any calculations. The 
significance of the ‘no data’ values are also not lost with respect to the ‘dependability’ of 
the final AquaScore and this aspect is reported (refer to section 5.7, AquaScore 
Dependability). 
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5.4 Step 3  Calculate Indicator Score 
Step 3a  Preliminary Indicator Score 
We recognise that, depending upon circumstances and the geographic area of AquaBAMM 
application, the relative significance of each Measure may vary in terms of its individual 
contribution or significance to its respective Indicator. In summarising the Measure scores 
to calculate an Indicator score, some effort must be made to recognise this variability of 
contribution. 

A ‘preliminary’ Indicator score is calculated in the Tool by the use of ‘Measure weighting’. 
In this way, any variability in the contribution of each Measure is reflected prior to the 
finalisation of the Indicator score. However, the Tool does allow for weighting to be by-
passed if, for any reason, Measures are required to be considered equally through all 
calculations. 

For the Burnett River catchment application of the AquaBAMM tool, Measures were 
weighted through a series of panel sessions drawing on the ecological expertise and/or 
local catchment knowledge of a large number of people. Persons with expertise in aquatic 
ecology, biology, limnology, hydrology and geomorphology were consulted at two 
workshops. Broadly, participants in the weighting process were asked to: 

• weight (compare and prioritise) each Measure only for its contribution or 
significance to its respective Indicator (i.e. only compare within each 
Indicator); 

• weight each measure from 10 to 1, with 10 being the most significant; 

• within each Indicator, at least one Measure must be weighted 10 and against 
which the other Measures can be compared; 

• Measures may be assigned the same weight (in fact, in circumstances where 
all Measures are to be treated equally, a weight of 10 is assigned to every 
Measure); and 

• weighting must be based upon ecological/environmental reasoning and not on 
data availability or reliability (i.e. a Measure should not be weighted low simply 
because data are not available at the time of the assessment). 

Weights were discussed at each workshop prior to each participant recording their final 
weight value for each Measure. The final weight value carried through the assessment for 
each Measure was taken to be the average of all participants’ values. 

For each Indicator in turn, the preliminary Indicator score is calculated as: 

( )
∑

∑ ×

Weights
WeightreMeasureSco  

 
The preliminary Indicator score has values from 1 to 4. 

 

Step 3b Indicator Score (with a boost) 
Unadjusted weight by score calculation methods perform in a similar way to most other 
‘measures of central tendency’ statistics (e.g. average) in that outlying values are de-
emphasised. In assessments for conservation valuing purposes, this is not necessarily 
desirable because extreme values can be very important regardless of the distribution of 
other values. For example, if five Measures for an Indicator are assigned Low, Low, Low, 
Low and Very High respectively, it is arguable that the presence of data indicating very 
high conservation value in the last Measure should be recognised for that spatial unit 
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beyond its influence in an ‘average’ statistic, which would have the final Indicator score 
marginally above low value. 

There are a number of arithmetic methods for addressing this issue (Turpie et al. 2002 ). 
Importantly for conservation assessments, the interest is in reducing the likelihood of 
Indicator scores that underestimate conservation value rather than those that overestimate 
it. This is the ‘precautionary principle’ in practice and infers the need for a one-tailed 
correction or adjustment mechanism. 

The AquaBAMM assessment Tool uses a ‘boosted’ Indicator score to increase the influence 
of the highest Measure value for each Indicator. The highest value is simply re-combined 
with the preliminary Indicator score before calculation of the final Indicator score and this 
parallels the method of Turpie et al. 2002. To demonstrate this, a worked example is 
shown below from Criteria 2, Indicator 2, Spatial Unit bu0001 in the Burnett River 
catchment AquaBAMM assessment (Table 10). The final Indicator Score (boosted) has 
values from 1 to 4.  

 

Table 10 Indicator score calculation – Example: Naturalness-catchment (C2), Riparian 
disturbance (I2), spatial unit bu0001 

Measure 
No. 

Measure Name Data Score Weight Score X 
Weight 

01 % area remnant vegetation across the 
spatial unit relative to preclear extent 

15.04 1 9.8 9.8 

02 % area of wetland REs in the spatial 
unit relative to preclear extent 

3.00 3 8.0 24.0 

03 Total number of REs within riparian 
areas relative to preclear 

0.75 3 7.4 22.2 

04 SOR reach environs 0 1 6.5 6.5 
05 SOR riparian vegetation condition 0 1 7.7 7.7 

   Sum 39.4 70.2 
 

( )
∑

∑ ×

Weights
WeightreMeasureSco

  

Preliminary Indicator Score (pIS)  =  

= 
4.39
2.70

 

= 1.8 

 

( )( )
2

max reMeasureScopIS +Indicator Score (boosted)   =  

= 
( )

2
38.1 +

 

= 2.4 
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5.5 Step 4  Calculate Criterion Rating 
Step 4a  Adjusted Criterion Score 
For each criterion, a Preliminary Criterion Score is first calculated by taking the average of 
the Indicator Scores within the criterion. Indicator Scores with the value ‘no data’ are 
ignored for this calculation. However, in a similar way to that described for the Preliminary 
Indicator Score calculation, an average value poorly represents the spread of values with 
respect to the conservation objectives of the assessment and does not reflect, when 
necessary, any between-Indicator difference in their respective contribution/importance to 
the criterion. Accordingly, a mechanism is required to adjust the Criterion score. 

The AquaBAMM assessment Tool uses an ‘adjusted’ Criterion score to increase the influence 
of the Indicator(s) that are considered to be the most important contributor(s) to each 
criterion. Within each criterion, the Indicators are ranked through expert consideration 
according to their individual contribution/importance to the criterion. Indicators may or 
may not be equally ranked. Values from the highest ranked Indicator(s) are simply re-
combined with the preliminary Criterion score before calculation of the final Criterion score. 
Unlike the almost identical calculation to boost the Indicator score, adjustment of the 
Criterion score is two-tailed and can result in a score increasing or decreasing from its 
preliminary value. To demonstrate this, a worked example is shown below (Table 11). The 
final Criterion Score (adjusted) has values from 1 to 4. 

 

Table 11 Criterion score calculation – example using mock data 

Indicator Indicator Ranking Indicator Score 

1 3 1.5 
2 1 2.4 
3 2 2 
4 2 3.2 

 Average 2.28 
 

 
( )

( )coreIndicatorS
coreIndicatorS

count
∑

Preliminary Criterion Score (pCS)  =        where IndicatorScore 
<> ‘no data’

 

= 
( )

4
2.324.25.1 +++

 

= 2.28 

 

 
( )( )

2
rank1 coreIndicatorSpCS +

Criterion Score (adjusted)   =  

= 
( )

2
4.228.2 +

 

= 2.34 
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( ( ))
))(1count(rank

rank1
coreIndicatorS

coreIndicatorSpCS ∑

Note that, if more than one Indicator is ranked ‘1’, then the formula is altered accordingly. 
So, for example, if Indicators 1 and 2 in Table 11 had both been ranked ‘1’, the following 
would apply. 

+Criterion Score (adjusted)   =  

 

= 
( )

3
5.14.228.2 ++

 

  = 2.06 

 

Step 4b  Categorise the Criterion scores 
The final Criterion Scores (adjusted) are converted to a Criterion Rating based on the 
quartile thresholds in Table 12. 

Table 12 Criterion rating thresholds 

Adjusted Average Criterion Score Criterion Rating 

<= 1.75 Low 
> 1.75 and <= 2.5 Medium 
> 2.5 and <=3.25 High 
> 3.25 Very High 

 

 

5.6 Step 5  Calculate AquaScore 
In this step, for each spatial unit, a single ‘summary’ score is derived by combining all of 
the final Criterion scores/ratings. This summary score is called ‘AquaScore’.  

In Steps 1 to 4 (described above), a series of arithmetic techniques are used to bring data 
from their raw form through to scores for each criterion. To combine the Criterion 
scores/ratings in this final step, however, arithmetic techniques were considered to mask a 
number of important effects (as perceived by expert opinion) or to simply not provide 
sufficient discrimination between spatial units. Other authors (e.g. Chessman 2002) also 
discuss this issue. 

Rather than a final arithmetic combination, AquaBAMM uses a Criterion rating combination 
table (or ‘filtering’ decision table) that provides an ordered series of  ‘decisions’ that are 
tested against the final Criterion ratings for each spatial unit (Table 13). Each decision is a 
unique combination of Criterion ratings that is associated with a final AquaScore category. 
The decisions are effectively a number of ‘if-then’ statements and are tested in sequence 
for each spatial unit. An AquaScore is assigned immediately when a match is achieved 
between the Criteria rating combination of the ‘decision’ and that of the ‘spatial unit’. This 
combination table (or filtering table) technique has previously been used successfully in the 
EPA’s terrestrial BAMM (EPA 2002). 

It is important to note that, unlike previous steps through the AquaBAMM Tool, the 
AquaScore may be one of five categories (i.e. Very Low, Low, Medium, High or Very High). 
‘Very Low’ and ‘Very High’ categories would normally be assigned for only a small number 
of spatial units in each analysis because the criteria rating combinations required reflect 
especially good or especially poor ecological value. This increased level of discrimination at 
the AquaScore level provides for a more useful conservation assessment tool and enables 
more informed management decisions. 
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Table 13 Criteria rating combination table as used for the Burnett River AquaBAMM 
assessment 
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Decision 
No. 

C1  C2  C3  C4  C5  C6  C7 AquaScore

0 nd or nd or nd or nd or nd or nd or nd No data 
1 vh and vh and vh and vh and vh and vh and vh Very High
2 vh     and vh and vh   and vh Very High
3 If (c1 is High or Very High) and the number of criteria with Very High is >=4 Very High
4 l and l and l and l and l and l and l Very Low 
5 l and m and l and l and l and l and l Very Low 
6a vh             High 
6b       vh       High 
6c         vh     High 
7     vh       and vh High 
8a h   and vh         High 
8b h           and vh High 
9a     vh   and h     High 
9b         h   and vh High 
10a   vh and vh     and vh   High 
10b   vh       and vh and vh High 
11a h and vh       and vh   High 
11b   vh   and h   and vh   High 
11c   vh     and h and vh   High 
12 h     and h and h     High 
13         h or 

vh 
and vh   High 

14 h or 
vh 

and   h and h       High 

15a h             Medium 
15b       h       Medium 
15c         h     Medium 
16     h       and h Medium 
17a h     and h       Medium 
17b h       and h     Medium 
18a m   and h         Medium 
18b m and m or 

h or 
vh 

and        and h Medium 

19a     h   and m     Medium 
19b         m   and h Medium 
20a   h and h     and h   Medium 
20b   h       and h and h Medium 
21a m and h       and h or 

vh 
  Medium 

21b   h   and m   and h or 
vh 

  Medium 
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Decision 
No. 

C1  C2  C3  C4  C5  C6  C7 AquaScore

21c   h     and m and h or 
vh 

  Medium 

22 m     and m and m     Medium 
23 m and vh       and vh   Medium 
24 m or 

h or 
vh 

and m or 
h or 
vh 

and m or 
h or 
vh 

      and h Medium 

25 If (c1 or c2 <> Very High) and the number of criteria with Low is >=4 Very Low 
26 Any other combination becomes Low Low 

 

In the case of the Burnett River catchment assessment, the Criteria rating combination 
table has 26 separate ‘decisions’ that were constructed and ordered by expert opinion and 
expert panel processes (Table 13). The number of decisions and their structure, however, 
may be varied if necessary by simple adjustment in the Tool. 

The Criteria rating combination table may contain decisions that are based on scores for a 
single criterion or that are based on scores for multiple criteria. For example: 

Decision 6a  If Criterion 1 = Very High, then AquaScore = High 

Decision 11c If Criterion 2 = Very High AND Criterion 5 = High AND 
Criterion 6 = Very High, then AquaScore = High 

To reiterate, decisions within the combination table are deliberately ordered and tested in 
sequence. Once a spatial unit triggers a decision, it is assigned the AquaScore relevant to 
that decision and further testing against the combination table ends for that spatial unit. 
Combination (or filtering tables) with large numbers of decisions can be difficult to 
establish and specific attention was paid to ensure that all decisions are theoretically 
possible, and that there was no duplication within or between decisions. A written 
description of the aquatic values identified by each of these decisions is presented in Table 
14. 

 

Table 14  A description of the conservation values of each decision from the filter table 

Decision 
Number 

AquaScore Identified Conservation Values 

0 No Data Unknown 
1 Very High This spatial unit has very high values of aquatic and catchment 

naturalness, has a very high diversity and richness of species and 
communities, has one or more threatened species or ecosystem, has 
one or more priority species or ecosystem, contains a significant special 
feature (e.g. gorge, macrophyte beds, unique geomorphology) and is 
important for maintaining aquatic connectivity either downstream or 
upstream in the catchment. 

2 Very High This spatial unit has very high values of aquatic naturalness and has one 
or more threatened species or ecosystem and has one or more priority 
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species or ecosystem and it is important for maintaining aquatic 
connectivity either downstream or upstream in the catchment. 

3 Very High This spatial unit has high or very high values of aquatic naturalness and 
a combination of other values rated as very high including catchment 
naturalness, diversity and richness of species or communities, has one 
or more threatened species or ecosystem, has one or more priority 
species or ecosystem, contains a significant special feature (e.g. gorge, 
macrophyte beds, unique geomorphology) or it is important for 
maintaining aquatic connectivity either downstream or upstream in the 
catchment. 

4 Very Low This spatial unit has little or no known aquatic values. It was rated as 
having the lowest values (very low) for every criterion of ecological 
value.  

5 Very Low This spatial unit has little or no known aquatic values. It was rated as 
having the lowest values (very low) for every criterion of ecological 
value except for catchment naturalness where it has retained a 
moderate level of ecological values in its riparian zone and/or 
catchment. 

6a High This spatial unit has very high aquatic values for aquatic naturalness. 
6b High This spatial unit has one or more threatened species or ecosystem.  
6c High This spatial unit has one or more priority species or ecosystem. 
7 High This spatial unit has very high aquatic values for diversity and richness 

of species or communities and is also important for maintaining aquatic 
connectivity either downstream or upstream in the catchment. 

8a High This spatial unit has a high level of aquatic naturalness and has very 
high diversity and richness of species or communities. 

8b High The spatial unit has a high level of aquatic naturalness and is also 
important for maintaining aquatic connectivity either downstream or 
upstream in the catchment. 

9a High  This spatial unit has one or more priority species or ecosystem and has 
a very high diversity and richness of species or communities.  

9b High This spatial unit has one or more priority species or ecosystems and is 
important for maintaining aquatic connectivity either downstream or 
upstream in the catchment. 

10a High This spatial unit has very high naturalness catchment values and has a 
very high diversity and richness of species or communities and contains 
a special feature (e.g. gorge, macrophyte beds, unique geomorphology). 

10b High This spatial unit has very high naturalness catchment values and 
contains a special feature (e.g. gorge, macrophyte beds, unique 
geomorphology) and is important for maintaining aquatic connectivity 
either downstream or upstream in the catchment. 

11a High This spatial unit has high naturalness aquatic values and very high 
naturalness catchment values and contains a special feature (e.g. gorge, 
macrophyte beds, unique geomorphology). 

11b High This spatial unit has very high naturalness catchment values and has 
one or more threatened species or ecosystem and contains a special 
feature (e.g. gorge, macrophyte beds, unique geomorphology). 

11c High This spatial unit has very high naturalness catchment values and has 
one or more priority species or ecosystem and contains a special feature 
(e.g. gorge, macrophyte beds, unique geomorphology). 

12 High This spatial unit has high aquatic naturalness values and has one or 
more threatened species or ecosystem and has one or more priority 
species or ecosystem.  

13 High This spatial unit has one or more priority species or ecosystem and 
contains a special feature (e.g. gorge, macrophyte beds, unique 
geomorphology). 

14 High This spatial unit has high or very high aquatic naturalness values and a 
high diversity of species or communities and has one or more 
threatened species or ecosystem.  
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15a Medium This spatial unit has high aquatic naturalness values.  
15b Medium This spatial unit has one or more threatened species or ecosystems. 
15c Medium This spatial unit has one or more priority species or ecosystems. 
16 Medium This spatial unit has a high diversity and richness of species or 

communities and is important for maintaining aquatic connectivity either 
downstream or upstream in the catchment. 

17a Medium This spatial unit has high aquatic naturalness values and has one or 
more threatened species or ecosystem. 

17b Medium This spatial unit has high aquatic naturalness values and has one or 
more priority species or ecosystem.  

18a Medium This spatial unit has moderate aquatic naturalness values and high 
diversity and richness of species or communities.  

18b Medium This spatial unit has moderate aquatic naturalness values and high 
naturalness catchment values.  

19a Medium This spatial unit has a high diversity and richness of species or 
communities and has one or more priority species or ecosystem.  

19b Medium This spatial unit has one or more priority species or ecosystem and is 
important for maintaining aquatic connectivity either downstream or 
upstream in the catchment. 

20a Medium This spatial unit has high naturalness catchment values and has a high 
diversity and richness of species or communities and contains a special 
feature (e.g. gorge, macrophyte beds, unique geomorphology). 

20b Medium This spatial unit has high naturalness catchment values and contains a 
special feature (e.g. gorge, macrophyte beds, unique geomorphology) 
and is important for maintaining aquatic connectivity either downstream 
or upstream in the catchment. 

21a Medium This spatial unit has moderate aquatic naturalness values and high 
naturalness catchment values and contains a special feature  (e.g. 
gorge, macrophyte beds, unique geomorphology).  

21b Medium This spatial unit has high naturalness catchment values and has one or 
more threatened species or ecosystem and contains a special feature  
(e.g. gorge, macrophyte beds, unique geomorphology). 

21c Medium This spatial unit has high naturalness catchment values and has one or 
more priority species or ecosystem and contains a special feature  (e.g. 
gorge, macrophyte beds, unique geomorphology). 

22 Medium This spatial unit has moderate aquatic naturalness values and has one 
or more threatened species or ecosystems and has one or more for 
priority species and ecosystems. 

23 Medium This spatial unit has moderate aquatic naturalness values and very high 
naturalness catchment values and contains a special feature (e.g. gorge, 
macrophyte beds, unique geomorphology). 

24 Medium This spatial unit can have moderate to very high aquatic or catchment 
naturalness values and moderate to very high diversity and richness of 
species or communities.  

25 Very Low This spatial unit has only limited aquatic and catchment naturalness 
values and lacks any other known significant value.  

26 Low This spatial unit has limited known aquatic values.  
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5.7 AquaScore Dependability  
Data availability is almost certainly the largest limitation in assessments of this kind. 
Inevitably, variable numbers of spatial units will be data poor or data absent for some or 
many of the Measures. In these cases a ‘no data’ entry will appear in the assessment Tool 
and, for each entry of this type, the dependability of the final AquaScore result is eroded. 
It is important to measure the dependability of each AquaScore from this perspective and 
in relation to others within the same assessment to provide confidence in the result. 
Critically, an indication of AquaScore dependability enables discrimination between spatial 
units that actually have lower conservation value and those where a low value has most 
likely been influenced by data availability. Dependability values can also quickly indicate 
data gaps and potentially provide focus for further work. 

For every spatial unit, dependability is calculated for each Criterion and then for the 
AquaScore. A simple arithmetic technique is used. 

 

%Dependability  = 100
)(#

)(#
×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
totalMeasures

withdataMeasures
 

 

For example, from the Burnett River catchment assessment, spatial units bu0242 and 
bu0359 both have an AquaScore of ‘Low’. However, AquaScore dependability shows 53% 
and 33% respectively. Relatively, a far larger number of Measures were data deficient in 
the assessment of bu359 (35 of 53 were data deficient) than for the assessment of bu0242 
(25 of 53 were data deficient) despite an identical AquaScore result. This important 
distinction indicates the relative potential for a different, and perhaps improved, AquaScore 
should more data become available. 

 

5.8 Output 
The Tool can be queried in a variety of ways. Data and all calculations through to 
derivation of the AquaScore are transparent in the spreadsheet/database part of the Tool. 
Summary results are available in the spreadsheet/database (in the form of simple graphs 
and tables); however, primary output for the assessment is a dataset that is exported from 
the spreadsheet/database for display and advanced analysis on a GIS platform. The spatial 
unit identifier is the unique link between the spreadsheet/database Tool and the GIS 
platform. 
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6 Strengths and weaknesses 

6.1 Data limitations 
Most ecological investigations will suffer to some degree from inconsistent, highly variable 
or missing data. The AquaBAMM requires the consideration and combination of a very wide 
range of data types across a large number of spatial units. Inevitably, data gaps occur; 
however, they have been accommodated algorithmically through the AquaBAMM, and are 
reflected in the result dependability.  

Data limitations will be a feature of almost all AquaBAMM applications (i.e. Aquatic 
Conservation Assessments using AquaBAMM). Data availability is often a function of 
previous research/environmental investigation effort and can be highly variable within 
catchments or between them. Importantly therefore, to acknowledge and accommodate 
this, the method provides for: 

• an assessment of the data limitations using result ‘dependability’ by spatial 
unit and by overall assessment; 

• a way of collating a list of data gaps, through the assessment of data 
limitations and the database design, and therefore a means of targeting 
further research, data gathering, etc.; and 

• a simple data entry and score recalculation process so that the results can be 
quickly updated as more, or better, data become available. 

Improving result dependability by adding data can increase or decrease the resultant 
conservation value. However, in many cases, the construction of the ‘filtering decision 
table’ for the calculation of the AquaScore (refer Section 5.6) leads to a greater chance of 
change to lower valued spatial units than higher valued spatial units as data are added and 
scores recalculated. This is not only an inherent feature of the way that the filtering table 
functions but it is in line with the precautionary principle given that AquaBAMM assessment 
is for conservation purposes. 

The variability in data availability cannot be avoided. AquaBAMM results are presented with 
this data limitation caveat and with a calculated means to quantify the limitation. 

 

6.2 Applicability 
The AquaBAMM has been developed to apply at any user-defined scale and with any user-
defined spatial unit platform. These features, which are usually data availability and/or 
end-use dependent, have been discussed elsewhere in this document but are worth 
emphasis. In effect, flexibility with respect to scale and spatial unit are amongst the 
method’s most attractive characteristics because despite the limitations arising from remote 
assessment and data availability, AquaBAMM in its current form provides a truly rapid 
assessment, with relatively high accuracy, repeatability and dependability, that can then 
form the basis for far more detailed and finer scale investigation. 

 

6.3 Cost-benefit and effort 
The AquaBAMM uses existing or derived ecological, geomorphological and hydrological 
datasets to determine ecological significance (and conservation value) for each spatial unit 
within each assessment. Though filling data gaps can improve result dependability (as 
discussed above), there is no requirement for additional data collection, either field data or 
remotely sensed data, for the AquaBAMM to be applied in a study area. This can be both a 
strength and a weakness. Given the method’s aim to be a rapid broad-scale assessment of 
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conservation value, it has strength in its simplicity and builds on similar predecessors, 
primarily desk-top conservation assessments (e.g. Page & Hoolihan 2002; Bennett et al. 
2002; Turpie et al. 2002; Phillips et al. 2001; EPA 2002; ESWG 2004). 

Typically, methods of aquatic ecosystem assessment such as the Pressure-Biota-Habitat 
method (Chessman 2002), the Index of Stream Condition (Ladson & White 1999), the State 
of the Rivers (Anderson 1993) and others (e.g. Linke & Norris 2003; Parsons et al. 2004) 
that generate field based data for quantitative analyses are more costly and more effort-
intensive than an Aquatic Conservation Assessment (ACA) using AquaBAMM. For example, 
at each site for the Pressure-Biota-Habitat (PBH) method (Chessman 2002), samples of 
water quality, bio-physical structure, diatoms, vascular plants, aquatic macroinvertebrates 
and fish are collected and later analysed. Further, multiple surveys over several years may 
be required before some of the indices (such as PBH ‘Resilience’) can be calculated, and 
the higher resource requirements usually mean that relatively smaller geographic areas (or 
small numbers of sites) can be assessed. These more intensive methods, however, usually 
provide far greater result accuracy and dependability. 

AquaBAMM is a method that is rigorous enough to be reproducible and widely applicable 
geographically and, at the same time, is flexible enough to incorporate data gaps. It is not 
intended for high precision resolution at a site scale, so does not rely on costly, effort 
intensive investigation. Using available data, desk-top analysis, expert elicitation and field 
truthing, AquaBAMM can cost-effectively provide reliable conservation values across broad 
geographic areas as a basis for natural resource management decision making and further 
investigation. 
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7 Future methodological development 

As most assessment methods do when they are first developed, AquaBAMM contains a 
number of elements that could be improved or augmented. The following list indicates 
some of them: 

• further development of Criterion 8 to consider Indicators and Measures 
relating to aquatic ecosystem representativeness. This is a complex, and 
continually debated, area of conservation biology but may be important in 
achieving a comprehensive assessment; 

• expansion of the list of Measures to enable assessment of non-riverine 
wetlands, i.e. static water ecosystems such as palustrine wetlands; and 

• expansion of the method into estuarine and marine environments. 
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8 Peer review 

Peer review of the AquaBAMM, and of its trial in an Aquatic Conservation Assessment (ACA) 
of riverine wetlands in the Burnett River catchment, was undertaken by Professor Richard 
Pearson3. According to the peer review Terms of Reference, Professor Pearson had specific 
instructions to: 

1. determine the degree to which AquaBAMM and its pilot application in the Burnett 
Catchment meets the project objectives 1 – 4 outputs listed above; 

  
2. determine the degree to which AquaBAMM and its pilot application in the Burnett 

Catchment represents best practice for identifying aquatic conservation values for wetlands 
in Queensland;  

 
3. provide recommendations for improving any aspect of AquaBAMM and its pilot application 

in the Burnett Catchment within the practical constraints of data availability; 
 
4. comment on aspects of identifying aquatic conservation values in wetlands that AquaBAMM 

is unlikely to recognise or deals with inadequately; and 
 
5. identify any additional research topics or improvements that would facilitate enhancement 

of AquaBAMM. 
 

The complete peer review report from Professor Pearson is presented here verbatim. 

 

8.1 Peer review – final report by Prof. R.G.Pearson 
This review follows close reading and assessment of the AquaBAMM draft report (the 
‘Report’), provision of a list of comments and queries to the EPA development team, and a 
meeting to address these comments and queries between the EPA development team (Dr 
Chris Hill, Dr Paul Clayton, Mr Steven Howell and Mr Darren Fielder) and the reviewer (Prof 
Richard Pearson, with Mr Niall Connolly, School of Tropical Biology and Australian Centre 
for Tropical Freshwater Research, James Cook University). Details of the comments and 
queries, the team’s responses, and the ensuing discussions were recorded (Appendix 1); 
this summary reviews the main points. 

The Report proactively tackles a most important issue, and is presented very clearly. There 
is a pressing need for tools to rapidly assess condition and values of ecosystems, and while 
there are now various means of recording and reporting condition of waterways (e.g. 
AusRivas, State of the Rivers), there is no formal mechanism for collating available data 
and deriving a standardised measure of value, as the Report’s review of the literature 
indicates. The Report is therefore a very important contribution that will facilitate 
management decisions by providing comparative measures of value across a variety of 
aquatic systems. 

While the Report makes clear distinction between ‘condition’ and ‘values’, the point needs 
reiterating through the document. The distinction might be illustrated by the example of 
platypus living in polluted streams – the condition is poor, but the value may be high. The 
AquaBAMM method takes condition assessments of various types along with other available 
data and combines them into the value scores. Various condition measures have 
inaccuracies and some have the tendency to cluster sites on a narrow band within the 
condition spectrum. AquaBAMM compensates for these problems with in-built adjustments 
and by use of its decision framework. While the decision framework might be regarded as 

                                                
3 School of Tropical Biology and Australian Centre for Tropical Freshwater Research, James Cook University, Townsville 
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arbitrary if used for assessing condition, when applied to values, it appears to work very 
well. 

One of the important final steps in the AquaBAMM process is the application of the decision 
framework, which dispenses with absolute or mean scores, and categorises sites according 
to a series of empirically derived decision rules. Combining or averaging scores at this level 
could undermine the significance of individual scores, which on their own may define the 
conservation value for a site. The rules were defined by the research team following 
extensive consideration. The framework appears to work very well by seeking important 
values of sites, and classifying them according to those individual values. Importance of a 
site for one category (e.g. species richness of fish) might ensure a high value score, 
despite poor scores for a range of other values: thus, in the platypus example above, a 
waterway may have very low value in terms of pristineness, water quality, riparian 
condition, etc., but might nevertheless score very highly because of the presence of the 
platypus, an iconic species. 

A strength of the Report is the inclusion of a case study in which the AquaBAMM method 
was applied to the Burnett River. Because an independent quantifiable assessment of 
values is not available, the only test of any such method is whether it produces results that 
experts judge to match their separately derived understanding of a sample of sites. 
AquaBAMM appears to do just that. The use of expert panels to provide local detailed 
information is another strength of the method. Even if all useful information were 
published, expert panels would still be important in providing interpretations and, when all 
else fails, best guesses. When appropriate information is severely lacking, expert panels 
become vital, as it would be impossible for Department staff to have the range of local and 
regional knowledge required. AquaBAMM’s combination of harnessing this ‘panel power’ 
coupled with objective measures and expertly derived filter rules has provided a very 
workable tool. 

The team/reviewer meeting addressed about 100 issues, all to the satisfaction of the 
reviewer. Many of the points raised had already been considered by the team. In some 
cases suggestions were made (and accepted) for clarification or extra explanation in the 
text, in text boxes, or if extensive in appendices, to ensure that the methodology was 
transparent. Considerable discussion was given to the issue of central tendency created by 
averaging scores in the earlier parts of the data collation. This problem is unavoidable in a 
methodology that collates and combines a variety of information and indices, but the 
development team were well aware of this issue and had taken steps to ameliorate its 
effects. 

Several suggestions were made for further analysis and/or presentation of findings for a 
catchment. The team agreed to investigate their utility in the context of the aim of the 
reporting mechanisms (e.g. reporting values by stream size rather than using a simple 
upland/lowland stratification). It was recognised that AquaBAMM is currently designed to 
work within catchments, allowing comparative assessments of value at that scale; it was 
suggested that the team might investigate ways of developing cross-catchment 
benchmarking, particularly for catchments in the same bioregion. It is also suggested that 
in further development of AquaBAMM, due regard to connectivity issues will be important in 
assessing values (e.g. in relation to dams and other infrastructure or management). 

Other issues that would pay investigation would include some form of sensitivity analysis of 
the methodology to the amount and reliability of information. In the first instance this 
might take the form of repetitive adjusting of a dataset and plotting results to provide a 
qualitative view of the relative robustness of the method. A more formal approach would 
require the input of appropriate statistical expertise. Demonstrations of different levels of 
sensitivity to different variables might guide future development of AquaBAMM. For 
example, it would be very useful to know whether multiple water quality data provide most 
robust scores, or whether they exaggerate the central tendency that results from 
averaging. It may be that a few composite scores (e.g. nutrient, pH, conductivity) might 
suit the method better than a full suite of variables. Composites could include multivariate 
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axis scores, or key variables indicated by multivariate analysis, and might demonstrate 
some redundancy in the water quality variables (e.g. phosphate may track suspended 
sediment). 

Because of the inbuilt flexibility and the ability for expert panels to weight scores, it was 
considered important that if the method were to be used by anyone other than the 
development team, then control over its proper use would need to be maintained. Control 
might include QA assessment, and transparent automated reporting of any alteration of the 
method to suit local conditions. Further, it was recommended that AquaBAMM be subject to 
regular review and, where possible, updating, to enhance its performance. 

Much of the method is empirically derived, and makes use only of summaries of data rather 
than raw information. It does not (and could not in many cases) attempt to assess the 
rigour of information used. While this may be regarded as a weakness, the broad extent of 
information included (rather than one or two measures) and the use of expert panels 
appear to overcome any major problems. ‘Proof of the pudding’ testing supports the 
approach, in the absence of anything else comparably useful. It is not clear how well the 
method would perform in catchments for which little information is available – that is, what 
shape is the relationship between information quantity/diversity and reliability of value 
scores? Like all expert-panel and decision-framework approaches it is very difficult to place 
confidence intervals on the outcomes and the information has to be taken as ‘best 
available’ rather than definitive. Nevertheless, it is apparent that the method could 
highlight such deficiencies in data collection to enhance its performance and the confidence 
of the audience. 

Similar methodologies to AquaBAMM have been used for terrestrial systems for some time 
(it is based on one of them) and it has been to the detriment of the aquatic environments 
that these methodologies have not been applied to aquatic systems. As a consequence, the 
ecosystem and conservation values of aquatic environments have been overlooked and 
degradation and mismanagement have been continuing and omnipresent problems. I 
commend the team on a well considered and presented methodology. I hope it will find 
wide acceptance as a major component of assessments of natural values of aquatic 
systems. 
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Part B: The Aquatic Conservation Assessment 
(ACA) product - trial application of 
AquaBAMM in the Burnett River catchment 

 
 
 

1 Introduction 

The trial application of the AquaBAMM was conducted in the Burnett River catchment to 
produce an Aquatic Conservation Assessment (ACA) for riverine wetlands. The Burnett 
River catchment lies in the South-east Queensland and Brigalow Belt bioregions and is 
located approximately 200km northwest of Brisbane. The Burnett is the third largest river 
basin on the east coast of Queensland, with a catchment area of approximately 34,500 km2 

(Van Manen 1999) (Map D1, Appendix D). The Burnett River flows for 420 km from its 
source in the Burnett Range to its mouth at Burnett Heads. The main tributaries of the 
Burnett River include the Auburn, Nogo, Boyne and Stuart Rivers and Barambah and Three 
Moon Creeks (Van Manen 1999). The catchment is rimmed by the Burnett and Dawes 
Ranges in the north, the Auburn Range to the west, the Great Dividing Range to the south-
west and the Cooyar and Brisbane Ranges in the south. Major urban and regional centres 
in the Burnett River catchment include Bundaberg, Kingaroy, Gayndah, Eidsvold, Murgon, 
Nanango and Monto. Rainfall in the catchment is variable with both tropical and temperate 
weather patterns. Cattle grazing and crop production dominate land use in the catchment.   

The Burnett River catchment was subject to a number of new water infrastructure projects 
being approved for development. Jointly with the State of Queensland where necessary, 
the Commonwealth Minister for the Environment and Heritage under the provisions of the 
Environment Protection and Biodiversity Conservation Act 1999 (Commonwealth) granted 
environmental approvals for Barlil Weir, Jones Weir Stage 2 and Eidsvold Weir in late 2001, 
and approval for Burnett River Dam in late January 2002. Eidsvold Weir was completed in 
2004 and Paradise Dam was completed in late 2005. Consequently, the Burnett River 
catchment is one of the most developed areas in Queensland in terms of water 
infrastructure. Increasing demands for water from irrigators, industry and the domestic 
sector have resulted in high levels of river regulation. There are currently 25 water 
storages in the Burnett catchment, six of which are situated in the main river channel 
(Brigza et al. 2000).  

The raising of the Walla Weir in conjunction with the construction of the Burnett River Dam 
may significantly reduce suitable habitats for aquatic fauna, particularly for the lungfish 
and Elseya sp. turtle. In response to these concerns, the Department of State Development 
and Innovation, the Department of Natural Resources and Mines, the Department of 
Primary Industries and Fisheries and the Environmental Protection Agency were asked to 
develop eight projects that aim to address catchment-wide, environmental issues 
associated with the construction and operation of the proposed infrastructure known 
collectively as the Burnett Plan of Actions (BPOA). The BPOA includes the AquaBAMM 
project which aimed to assess ‘riverine conservation values of the Burnett’.  
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2 Implementation and datasets used 

The AquaBAMM was applied to the Burnett River catchment to trial its development and 
produce an Aquatic Conservation Assessment (ACA) for the catchment. Full detail of the 
method is presented in Part A of this document. In summary, the AquaBAMM assessment 
parameters used for the Burnett River ACA were: 

Spatial Unit AquaBAMM has been applied to the riverine wetlands of the Burnett River 
catchment using a spatial unit defined by the DNR&M State of the Rivers 
program. In the State of the Rivers program, these spatial units were called 
‘sub-sections’ and were identified as ‘homogeneous’ stream sections in terms 
of their natural attributes (i.e. physical, chemical, biological and utilitarian 
values) and natural resources (Anderson 1993). For the Burnett River 
catchment, 376 spatial units are defined with an average size of 88km2 (a 
total catchment area of 33,000km2; slightly less than the total catchment 
area of 34,500km2 primarily because estuarine areas have been excluded for 
the ACA). 

Stratification AquaBAMM has been applied to the riverine wetlands of the Burnett River 
catchment using the 150masl contour line to stratify the catchment into two 
geographic zones. A spatial unit that lies more than 50% within a strata was 
attributed as belonging to that strata. Twenty (20) Measures were calculated 
using this stratification for the ACA. 

Measures A total of 52 Measures were included for the Burnett River catchment ACA. 
These Measures are listed in Table 15. The Criteria and Indicators were 
unchanged from those presented in Part A of this document (i.e. as 
described in the detail of the method), except that Criterion 8 
‘Representativeness’ was not implemented. 

Data A number of data sources were used including published scientific 
documents, unpublished data (‘grey literature’), Queensland Government 
official data including data from the Queensland Museum, Queensland 
Herbarium, WildNet (EPA) and the Department of Primary Industries and 
Fisheries and modelled hydrological data from the Department of Natural 
Resources and Mines (using the Integrated Quantity and Quality Model, 
IQQM). Other data were derived through expert advice and from three 
expert panels. The expert panel reports are available in Appendices A, B and 
C. 
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Table 15 A detailed description of the Measures and the datasets used within the trial 
application of the AquaBAMM in the Burnett River catchment to produce a Burnett River 
ACA. Also identified in the table is the threshold type used for calculating the Measure 
scores for each spatial unit 

Measure Description Implementation Primary data 
sets used 

Threshold 
type 

1.1.1 Presence of 'alien' 
fish species within 
the spatial unit 

An expert panel list of exotic fishes dependent on 
freshwater streams for all or part of their lifecycles 
was used to calculate this measure. A spatial unit 
that had one or more exotic species recorded (point 
records or site based lists, >=1975, precision <= 
2000 m) from within its boundaries received a score 
of 1. No score was allocated to any spatial unit that 
had an absence of exotic species (i.e. they were 
treated as a missing value). 

WildNet, 
Queensland 
Museum, 
Department of 
Primary 
Industries and 
Fisheries, Brooks 
& Kind (2002), 
Kind & Brooks 
(2003) 

Presence 
 

1.1.2 Presence of exotic 
plants instream 
within the spatial 
unit 

An expert panel list of exotic aquatic plants was used 
to calculate this measure. A spatial unit that had one 
or more exotic species recorded (point records or site 
based lists, >=1952, precision <= 2000 m) from 
within its boundaries received a score of 1. No score 
was allocated to any spatial unit that had an absence 
of exotic species (i.e. they were treated as a missing 
value). 

WildNet, 
CorVeg, State of 
the Rivers 
species records  

Presence 
 

1.2.1 SOR aquatic 
vegetation condition 

The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 

1.2.2 Signal2 score (max 
score) 

The maximum Signal2 score for each spatial unit, 
where one or more Signal2 scores had been 
calculated, was used in the analysis. No score was 
allocated to any spatial unit that did not have a 
Signal2 score (i.e. they were treated as a missing 
value). 

DNRM – 
AUSRIVAS 

Quartile*  

1.2.3 AUSRIVAS score – 
Edge (min band) 

The AUSRIVAS modelled bands (seasonal + habitat) 
were identified for each score. Band D was scored 1, 
Band C was scored 2, Bands B & X were scored 3 and 
Band A was scored 4. No score was allocated to any 
spatial unit that did not have an AUSRIVAS score (i.e. 
they were treated as a missing value). 

DNRM – 
AUSRIVAS 

Bands 
determined 

1.2.4 AUSRIVAS score – 
Pool (min band) 

The AUSRIVAS modelled bands (seasonal + habitat) 
were identified for each score. Band D was scored 1, 
Band C was scored 2, Bands B & X were scored 3 and 
Band A was scored 4. No score was allocated to any 
spatial unit that did not have an AUSRIVAS score (i.e. 
they were treated as a missing value). 

DNRM – 
AUSRIVAS 

Bands 
determined 

1.2.5 EPT score (max 
score) 

The maximum EPT score for each spatial unit, where 
one or more EPT scores had been calculated, was 
used in the analysis. No score was allocated to any 
spatial unit that did not have an EPT score (i.e. they 
were treated as a missing value). 

DNRM – 
AUSRIVAS 

Quartile*  

1.3.1 SOR bank stability The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 

1.3.2 SOR bed & bar 
stability 

The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 

1.3.3 SOR aquatic habitat 
condition 

The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 

1.3.4 Presence of 
dams/weirs within 
the spatial unit 

A spatial unit that had one or more instream dams or 
weirs located within its boundaries received a score 
of 1. No score was allocated to any spatial unit that 
had an absence of structures (i.e. they were treated 
as a missing value). 

DNRM Presence 
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

1.3.5 Inundation by 
dams/weirs (% of 
waterway length 
within the spatial 
unit) 

The percent length of free flowing streams was 
calculated for all streams within a spatial unit (i.e. 
the greater the length of free flowing stream, the 
higher a spatial unit’s conservation value for this 
measure is).   

DNRM, Burnett 
Catchment 
Water Resource 
Plan technical 
reports 

Quartile* 

1.4.1 APFD score - 
modelled deviation 
from natural under 
full development 

DNRM ran its hydrological model (Integrated 
Quantity and Quality Model) to calculate Annual 
Proportional Flow Deviation (APFD) values. The APFD 
is a combined measure of change in seasonal and 
flow volume from the natural hydrological regime. 
The greater the deviation from the natural flow 
regime, the greater the APFD score. The APFD values 
were logarithmically scored for inclusion into the 
analysis (i.e. zero APFD = 4; 0 – 1 = 3; >1 – 10 = 2; 
>10 = 1).   

DNRM – IQQM 
Modelling, Full 
Development 
Scenario (i.e. 
includes 
Paradise Dam, 
Eidsvold Weir 
and future 
raising of 
several existing 
structures) 

Logarithmic

1.4.2 Percent natural 
flows - modelled 
flows remaining 
relative to 
predevelopment 

DNRM ran its hydrological model (Integrated 
Quantity and Quality Model) to calculate percent 
natural flows in the Burnett River catchment. The 
various modelled nodes (~30) were interpolated and 
extrapolated through expert opinion and knowledge 
to each spatial unit within the Burnett.  

DNRM – IQQM 
Modelling, Full 
Development 
Scenario (i.e. 
includes 
Paradise Dam, 
Eidsvold Weir 
and future 
raising of 
several existing 
structures) 

Cullen 
(2003) 
Heritage 
Rivers 

1.4.3 Percent no flows - 
modelled low flows 
relative to 
predevelopment 

DNRM ran its hydrological model (Integrated 
Quantity and Quality Model) to calculate percent 
modelled low flows (<2 ML / day) in the Burnett 
River catchment. The low flow values were 
logarithmically scored for inclusion into the analysis 
(i.e. natural low flow = 4; 0 – 1 = 3; >1 – 10 = 2; 
>10 = 1).   

DNRM – IQQM 
Modelling, Full 
Development 
Scenario (i.e. 
includes 
Paradise Dam, 
Eidsvold Weir 
and future 
raising of 
several existing 
structures) 

Logarithmic

1.5.1 Median Total 
Phosphorous (ug/L)

Negus et al. (2005) integrated all available water 
quality datasets4 and developed local guidelines or 
reference values from ‘best available sites’ within the 
Burnett River catchment for various water quality 
parameters including total phosphorous. These 
authors calculated a multimetric index (0 – 1) based 
on the deviation of the water quality parameter from 
the local guideline value(s). The multimetric was 
scored a pass/fail in the AquaBAMM analysis. The 
best result was included where there was more than 
one multimetric index for a spatial unit.  

Negus et al. 
(2005) 

Pass/Fail  

1.5.2 Median Total 
Nitrogen (ug/L) 

Negus et al. (2005) integrated all available water 
quality datasets4 and developed local guidelines or 
reference values from ‘best available sites’ within the 
Burnett River catchment for various water quality 
parameters including total nitrogen. These authors 
calculated a multimetric index (0 – 1) based on the 
deviation of the water quality parameter from the 
local guideline value(s). The multimetric was scored 
a pass/fail in the AquaBAMM analysis. The best result 
was included where there was more than one 
multimetric index for a spatial unit. 

Negus et al. 
(2005) 

Pass/Fail  

                                                
4 Negus et al. (2005) excluded datasets deemed to not satisfactorily meet DNRM water quality collection standards or outside an accepted time period.  
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

1.5.3 Median Turbidity 
(ug/L) 

Negus et al. (2005) integrated all available water 
quality datasets4 and developed local guidelines or 
reference values from ‘best available sites’ within the 
Burnett River catchment for various water quality 
parameters including turbidity. These authors 
calculated a multimetric index (0 – 1) based on the 
deviation of the water quality parameter from the 
local guideline value(s). The multimetric was scored 
a pass/fail in the AquaBAMM analysis. The best result 
was included where there was more than one 
multimetric index for a spatial unit. 

Negus et al. 
(2005) 

Pass/Fail  

1.5.4 Median Conductivity 
(ug/L) 

Negus et al. (2005) integrated all available water 
quality datasets4 and developed local guidelines or 
reference values from ‘best available sites’ within the 
Burnett River catchment for various water quality 
parameters including conductivity. These authors 
calculated a multimetric index (0 – 1) based on the 
deviation of the water quality parameter from the 
local guideline value(s). The multimetric was scored 
a pass/fail in the AquaBAMM analysis. The best result 
was included where there was more than one 
multimetric index for a spatial unit. 

Negus et al. 
(2005) 

Pass/Fail  

1.5.5 Median pH Negus et al. (2005) integrated all available water 
quality datasets4 and developed local guidelines or 
reference values from ‘best available sites’ within the 
Burnett River catchment for various water quality 
parameters including pH. These authors calculated a 
multimetric index (0 – 1) based on the deviation of 
the water quality parameter from the local guideline 
value(s). The multimetric was scored a pass/fail in 
the AquaBAMM analysis. The best result was included 
where there was more than one multimetric index for 
a spatial unit. 

Negus et al. 
(2005) 

Pass/Fail  

2.1.1 Presence of exotic 
plants in the 
riparian zone within 
the spatial unit 

An expert panel list of exotic plants found within the 
riparian zone of streams was used to calculate this 
measure. A spatial unit that had one or more exotic 
species recorded (point records or site based lists, 
>=1952, precision <=2000 m) from within its 
boundaries received a score of 1. No score was 
allocated to any spatial unit that had an absence of 
exotic species (i.e. they were treated as a missing 
value). 

WildNet, 
CorVeg, State of 
the Rivers 
species records 

Presence 
 

2.2.1 % area remnant 
vegetation across 
the spatial unit 
relative to preclear 
extent within 
buffered 
watercourses (i.e. in 
the riparian zone) 

Streams were buffered according to their stream 
order (1:100,000) (1&2 = 50m; 3&4 = 100m; 5 or 
greater = 200m). The percent remnant versus non-
remnant vegetation was calculated for each spatial 
unit.  

Queensland 
Herbarium 
Remnant 
Vegetation 
Mapping (Ver. 
4.1, 2004)  

Quartile* 

2.2.3 Total number of REs 
within riparian areas 
relative to preclear 
number of REs 
within buffered 
watercourses  

Streams were buffered according to their stream 
order (1:100000) (1&2 = 50m; 3&4 = 100m; 5 or 
greater = 200m). The number of regional ecosystems 
remaining versus pre-clear vegetation mapping was 
calculated for each spatial unit. That is, this measure 
is an observed versus expected (O/E) value for 
regional ecosystems within each spatial unit.  

Queensland 
Herbarium 
Remnant 
Vegetation 
Mapping (Ver. 
4.1, 2004) 

Quartile* 

2.2.4 SOR reach environs The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 

2.2.5 SOR riparian 
vegetation condition 

The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM State of 
the Rivers, Van 
Manen (1999) 

Quartile* 
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

2.3.1 % ‘agricultural’ 
land-use area by 
spatial unit (i.e. 
cropping and 
horticulture) 

Agriculture included land-use types of intensive 
animal production, intensive and perennial 
horticulture, plantation forestry, irrigated cropping 
and horticulture and reservoir or dam. These land-
use types were combined to calculate a percent 
agricultural land-use for each spatial unit. No score 
was allocated to a spatial unit where a value was 
≤0.5% (i.e. they were treated as a missing value). 

Queensland 
Land Use 
Mapping Product 
(QLUMP), DNRM 

Quartile* 

2.3.2 % ‘grazing’ land-use 
area by spatial unit 

Grazing included the land-use type of grazing natural 
vegetation. This land-use type was used to calculate 
a percent grazing land-use for each spatial unit. No 
score was allocated to a spatial unit where a value 
was ≤0.5% (i.e. they were treated as a missing 
value). 

QLUMP, DNRM Quartile* 

2.3.3 % ‘vegetation’ land-
use area by spatial 
unit (i.e. native veg 
+ regrowth) 

Vegetation included land-use types of protected 
estate, remnant vegetation cover (excluding remnant 
vegetation identified as grazed) and water features 
(lakes, wetlands and streams). These land-use types 
were combined to calculate a percent vegetation 
land-use for each spatial unit. No score was allocated 
to a spatial unit where a value was <=0.5% (i.e. 
they were treated as a missing value). 

QLUMP, DNRM Quartile* 

2.3.4 % ‘settlement’ land-
use area by spatial 
unit (i.e. towns, 
cities, etc) 

Settlement included land-use types of mining, rural 
and urban residential areas, services, transportation 
and communication and utilities. These land-use 
types were combined to calculate a percent 
settlement land-use for each spatial unit. No score 
was allocated to a spatial unit where a value was 
≤0.5% (i.e. they were treated as a missing value). 

QLUMP, DNRM Quartile* 

3.1.1 Richness of 
amphibians 

An expert panel list of amphibians dependent on 
streams for all or part of their lifecycles was used to 
calculate this measure. Records >=1975 and a 
precision <2000 m were included. No score was 
allocated to any spatial unit that had an absence of 
amphibians (i.e. they were treated as a missing 
value). 

WildNet, 
Queensland 
Museum 

Quartile* 

3.1.2 Richness of native 
fish 

An expert panel list of fish dependent on freshwater 
streams for all or part of their lifecycles was used to 
calculate this measure. Records >=1975 and a 
precision <2000 m were included. No score was 
allocated to any spatial unit that had an absence of 
fish (i.e. they were treated as a missing value). 

WildNet, 
Queensland 
Museum, DPIF 
database, 
Brooks & Kind 
(2002), Kind & 
Brooks (2003) 

Quartile* 

3.1.3 Richness of native 
reptiles 

An expert panel list of freshwater turtles dependent 
on streams for all or part of their lifecycles was used 
to calculate this measure. A turtle richness score was 
calculated using a recommended approach from the 
Aquatic Fauna Expert Panel (AFEP). This predictive 
approach involved expert opinion based on stream 
order and permanency (refer to the AFEP report for 
more detail).  

WildNet, 
Queensland 
Museum, Expert 
Panel derived 
information 

Expert Panel 
assigned 

3.1.4 Richness of native 
waterbirds 

An expert panel list of waterbirds dependent on 
streams for all or part of their lifecycles was used to 
calculate this measure. Records >=1975 and a 
precision <2000 m were included. No score was 
allocated to any spatial unit that had an absence of 
waterbirds (i.e. they were treated as a missing 
value). 

WildNet, 
Queensland 
Museum  

Quartile* 
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

3.1.5 Richness of aquatic 
plants 
(macrophytes) 

An expert panel list of aquatic and semi-aquatic 
plants (macrophytes) was used to calculate this 
measure. Records ≥1952 and a precision <2000 m 
were included.  In addition, a macrophyte richness 
index (1 – 4) from Duivenvoorden (2000) was also 
used in the analysis. Where a spatial unit had both 
the point based records and the richness index 
calculated for it, the maximum value was 
incorporated. No score was allocated to any spatial 
unit that had an absence of macrophytes (i.e. they 
were treated as a missing value). 

WildNet, 
Queensland 
Museum, 
CorVeg, 
Duivenvoorden 
(1997; 2000) 

Quartile* 

3.2.1 Number of 
macroinvertebrate 
taxa (Family level 
taxonomy) 

The AUSRIVAS dataset was used to calculate richness 
of macroinvertebrate communities. The maximum 
richness value from any one sample within a spatial 
unit was used.   

DNRM – 
AUSRIVAS 

Quartile* 

3.2.2 Riparian vegetation 
richness 
represented by 
richness of REs 
along watercourses 
within a specified 
buffer distance from 
the stream 

Streams were buffered according to their stream 
order (1:100,000) (1&2 = 50m; 3&4 = 100m; 5 or 
greater = 200m). The number of remnant regional 
ecosystems was calculated for each spatial unit.   

Queensland 
Herbarium 
Remnant 
Vegetation 
Mapping (Ver. 
4.1, 2004) 

Quartile* 

3.3.1 SOR channel 
diversity 

The SOR score (percent) for each spatial unit was 
directly incorporated into the analysis.   

DNRM – State of 
the Rivers 

Quartile* 

3.4.1 Richness of 
geomorphic features 
(i.e. features 
determined 
according to GAR 
method) within the 
spatial unit. 

Spatial units were intersected with the geomorphic 
assessment of rivers (GAR) data layer and the GAR 
richness was calculated. No score was allocated to 
any spatial unit that had an absence of GAR types 
(i.e. they were treated as a missing value). 

Gardiner (2004) Quartile* 

4.1.1 Presence of rare or 
threatened aquatic 
ecosystem 
dependent fauna 
species - NCAct, 
EPBCAct 

An expert panel list of threatened fauna species 
dependent on streams for all or part of their 
lifecycles was used to calculate this measure. A 
spatial unit that had one or more threatened fauna 
species recorded (point records or site based lists 
>1975, precision <2000 m) from within its 
boundaries received a score of 4. No score was 
allocated to any spatial unit that had an absence of 
threatened species (i.e. they were treated as a 
missing value). 

WildNet, 
Queensland 
Museum, Brooks 
& Kind (2002) 

Presence 
 

4.1.2 Presence of rare or 
threatened aquatic 
ecosystem 
dependent flora 
species - NCAct, 
EPBCAct 

An expert panel list of threatened flora species 
dependent on streams for all or part of their 
lifecycles was used to calculate this measure. A 
spatial unit that had one or more threatened flora 
species recorded (point records or site based lists 
>1952, precision <2000 m) from within its 
boundaries received a score of 4. No score was 
allocated to any spatial unit that had an absence of 
threatened species (i.e. they were treated as a 
missing value). 

WildNet, CorVeg, 
Herbrecs 

Presence 
 

4.2.1 % area of ‘of 
concern’ or 
‘endangered’ 
wetland REs in the 
spatial unit relative 
to preclear extent 

Streams were buffered according to their stream 
order (1:100,000) (1&2 = 50m; 3&4 = 100m; 5 or 
greater = 200m). The percent remnant versus non-
remnant vegetation of ‘of concern’ and ‘endangered’5

wetland regional ecosystems was calculated for each 
spatial unit. No score was allocated to any spatial 
unit that had an absence of threatened ecosystems 
(i.e. they were treated as a missing value). 

Queensland 
Herbarium 
Remnant 
Vegetation 
Mapping (Ver. 
4.1, 2004) 

Quartile* 

                                                
5 The conservation status of regional ecosystems was determined by the Vegetation Management Act 1999. 
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

5.1.1 Presence of aquatic 
ecosystem 
dependent 'priority' 
fauna species 
(Expert Panel 
list/discussion or 
other lists such as 
ASFB, WWF, etc) 

An expert panel list of priority fauna species 
dependent on streams for all or part of their 
lifecycles was used to calculate this measure. A 
spatial unit that had one priority fauna species 
recorded (point records or site based lists >1975, 
precision <2000 m) from within its boundaries 
received a score of 3. Where there were two or more 
priority fauna species recorded from within a spatial 
unit, it received a score of 4. No score was allocated 
to any spatial unit that had an absence of priority 
species (i.e. they were treated as a missing value). 

Gregory et al. 
(2000), Ecowise 
Environmental 
(2003; 2004), 
Harman et al. 
(2004) 

1 = 3; >1 = 
4 

5.1.2 Presence of aquatic 
ecosystem 
dependent 'priority' 
flora species (Expert 
Panel 
list/discussion) 

An expert panel list of priority flora species 
dependent on streams for all or part of their 
lifecycles was used to calculate this measure. A 
spatial unit that had one priority flora species 
recorded (point records or site based lists >1952, 
precision <2000 m) from within its boundaries 
received a score of 3. Where there were two or more 
priority flora species recorded from within a spatial 
unit, it received a score of 4. No score was allocated 
to any spatial unit that had an absence of priority 
species (i.e. they were treated as a missing value). 

WildNet, 
CorVeg, 
Duivenvoorden 
(1995, 1997) 

1 = 3; >1 = 
4 

5.1.3 Habitat for, or 
presence of, 
migratory species 
(Expert Panel 
list/discussion 
and/or JAMBA / 
CAMBA or Bonn 
agreement lists) 

An expert panel list of migratory species dependent 
on freshwater streams for all or part of their 
lifecycles was used to calculate this measure. A 
spatial unit that had one migratory species recorded 
(point records or site based lists >1952, precision 
<2000 m) from within its boundaries received a score 
of 3. Where there were two or more migratory 
species recorded from within a spatial unit, it 
received a score of 4. No score was allocated to any 
spatial unit that had an absence of migratory species 
(i.e. they were treated as a missing value). 

WildNet, 
Queensland 
Museum 

1 = 3; >1 = 
4 

5.1.4 Habitat for 
significant numbers 
of waterbirds 
(Expert Panel 
data/discussion) 

An expert panel identified areas of significant 
waterbird habitat. The spatial units having these 
areas within them received a score of 4. No score 
was allocated to any spatial unit that had an absence 
of waterbird habitat (i.e. they were treated as a 
missing value). 

Expert Panels Presence 
 

5.2.1 Presence of 'priority' 
aquatic ecosystem 
as per Expert Panel 
lists and/or 
discussions 

Expert panels identified priority aquatic ecosystems 
within the Burnett River catchment. The spatial units 
having these areas within them received a score of 4. 
No score was allocated to any spatial unit that had 
an absence of priority ecosystems (i.e. they were 
treated as a missing value). 

Queensland 
Herbarium 
Remnant 
Vegetation 
Mapping (Ver. 
4.1, 2004) 

Presence 
 

6.1.1 Presence of distinct, 
unique or special 
geomorphic features 
(Expert Panel 
list/discussion) 

A combination of expert panel identified areas of 
special geomorphic significance (e.g. gorge, 
waterfall) and analysis of GAR types was used to 
calculate this measure. Expert panel identified special 
features received a score of 4, while GAR types’ 
extent within a spatial unit was calculated and scored 
accordingly. Where a spatial unit had more than one 
calculation, the maximum value was incorporated.   

Expert Panels, 
Gardiner (2004) 

Quartile* 

6.3.1 Presence of distinct, 
unique or special 
habitat (including 
habitat that 
functions as refugia 
or other critical 
purpose) (Expert 
Panel 
list/discussion) 

Areas of special habitat (e.g. lungfish and turtle 
habitat, Vallisneria nana macrophyte beds) identified 
by expert panels received a score of 4 (unless 
otherwise defined by the expert panel). Where a 
spatial unit had more than one calculation, the 
maximum value was incorporated.   

Expert Panels, 
Harman et al. 
(2004), Brooks & 
Kind (2002) 

Quartile* 
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Measure Description Implementation Primary data 
sets used 

Threshold 
type 

6.4.1 Presence of distinct, 
unique or special 
hydrological regimes 
(e.g. Spring fed 
stream, ephemeral 
stream, wetland, 
boggomoss) (Expert 
Panel 
list/discussion) 

Areas identified by expert panels as having special 
hydrological regimes (e.g. Auburn River) received a 
score of 4. Where a spatial unit had more than one 
calculation, the maximum value was incorporated.   

Expert Panels Expert Panel 
assigned 

7.1.1 The contribution 
(upstream or 
downstream) of the 
spatial unit to the 
maintenance of 
significant species 
or populations, 
including those 
features identified 
through Criterion 5 
and/or 6 

The connectivity value of spatial units upstream from 
a special feature identified (and implemented) in 
Criterion 6 was scored in this measure. This measure 
was implemented by assigning a value to contributing 
spatial units upstream of a special feature. Every 
spatial unit above a particular special feature was 
logarithmically scored with the upstream adjoining 
spatial units to a special feature being scored a 4, 
the next closest spatial units received a score of 2 
and the remainder above a special feature were 
scored a 1. The spatial unit having the special 
feature located within it was not given a score 
because it has already received a score in Criterion 6. 
Where a spatial unit had more than one calculation, 
the maximum value was incorporated. The scoring 
system implemented in the AquaBAMM analysis is 
described in detail in the Riverine Ecology Expert 
Panel (REEP) report.   

Expert Panels Logarithmic

7.1.2 Possibility for 
migratory or routine 
'passage' of fish and 
other fully aquatic 
species (upstream 
and/or downstream 
movement) within 
the spatial unit 

The REEP recommended a scoring approach that 
integrates the ‘inherent connectivity value’ of a 
stream segment with the presence of fish barriers. 
Instream barriers (dams and weirs) within the 
Burnett River catchment were rated, relative to each 
other, according to their level of fish passage both 
upstream and downstream (i.e. does it have a 
working fish ladder?). The barrier rating was 
subtracted from the ‘inherent connectivity’ score to 
come up with the overall score for this measure. 
Refer to the REEP report for further detail on the 
method of scoring used for this measure.  

Expert Panels Expert Panel 
assigned 

7.5.1 The contribution 
(upstream or 
downstream) of the 
spatial unit to the 
maintenance of 
estuarine and 
marine ecosystems 
with significant 
biodiversity values, 
including those 
features identified 
through Criterion 5 
and/or 6 

The REEP identified the three spatial units of 
Splitters Ck and McCoy Creek that have retained 
connectivity with the Burnett estuary (their 
confluence with the Burnett River is below Ben 
Anderson Barrage). These spatial units were assigned 
a score of 4 by the panel. 

Expert Panels Expert Panel 
assigned 

* The average of the three maximum values within each stratum (upland or lowland) was used as the theoretical 
maximum from which the quartiles (0-25, 25-50, 50-75, 75-100%) were calculated.  
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3 Results 

3.1 Transparency of results 
The AquaBAMM tool and links to the geographic information system (GIS) have been 
developed such that the results are available at all levels and calculations/manipulations 
are transparently summarised and presented.  

The end users (resource managers, conservation organisations, etc) of AquaBAMM, and the 
Aquatic Conservation Assessment (ACA) it produces, are able to interrogate the information 
at any level within the AquaBAMM hierarchy (AquaScore, Criteria, Indicators and Measures) 
and at the individual data level. This is made easy through the AquaBAMM tool and/or GIS 
platform where each spatial unit’s Conservation Value can be viewed at any level (see 
Figure 5). This data access and interrogation ability is important to enable determination of 
how individual elements influenced the overall AquaBAMM Conservation Value. It is then 
possible to identify and recognise missing data in the various Measures. A full description 
of this method is provided in Part A, Section 5 The AquaBAMM Assessment Tool. 

The results of the ACA using AquaBAMM can be viewed at any level in the method 
hierarchy through either of the spreadsheet/database or GIS platforms. In this report, the 
results of the Burnett River catchment ACA focus only on the levels of the Criterion rating 
and AquaScore.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 Interrogating the ACA (AquaBAMM) of spatial unit bu0183 in the GIS environment 
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3.2 AquaScore results 
Close to half of the catchment area was rated a Medium value (44%) with 40% being High, 
12% Low and 2% each for Very High and Very Low (Figure 6a). All spatial units had better 
than 30% dependability in their scores and most had reliabilities of more than 40% (Figure 
6b) with an overall mean dependability of 50% (SD = 10.1, N = 396). The mean AquaScore 
dependability ranged between 42 (Low) and 79% (Very High) (Table 16).  

The spatial variation of the AquaScore values within the Burnett River catchment is 
presented in Appendix D, Map D2. There is no particular pattern in spatial unit values, 
except that the Very Lows tended to be located around the areas of Kingaroy and Murgon.  
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Figure 6 The Overall AquaBAMM Conservation Values or AquaScores for the Burnett River 
catchment are depicted as a pie chart (a) and the associated AquaScore dependability 
percent is presented as a histogram (b) 

 

 

Table 16 The mean and standard deviation for the AquaScore value dependability 

AquaScore  # Spatial units Mean dependability Standard deviation 
Very Low  18 42.7 3.1 
Low  45 42.2 4.6 
Medium 153 46.5 6.0 
High 152 54.0 10.6 
Very High 8 79.4 6.0 
Overall 376 49.6 10.1 
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Spatial units with Very High and Very Low values may be of particular interest for 
management purposes or further investigation. Also, spatial units adjacent to these may be 
of interest. Table 17 shows the spatial units with Very High and Very Low values by way of 
example.  

 

Table 17 A list of spatial units assessed by AquaBAMM to be Very High or Very Low 
conservation value (or AquaScore) in the Burnett River catchment. The nearest town and 
main stream associated with each spatial unit is provided 

Spatial 
unit 

Aqua 
Score 

Locality Nearest  
town & 
stream 

Value 

bu0175 Very High This spatial unit contains 
Mingo Crossing and is within 
the impoundment of the 
Paradise Dam on the Burnett 
River. The Burnett River is the 
major feature of this spatial 
unit.  

Biggenden, 
Burnett R. 

As for bu318. 

bu0181 Very High Mt Olympus is within this 
spatial unit which adjoins 
bu0181. Degilbo Creek, a 
tributary of the Burnett River, 
is the main feature of this 
spatial unit.  

Biggenden, 
Degilbo Ck. 

As for bu318. 

bu0183 Very High It is located immediately 
downstream from Paradise 
Dam on the Burnett River, 
south-west of Bundaberg. The 
Burnett River is the major 
riverine feature of this spatial 
unit. 

Biggenden, 
Burnett R. 

As for bu318. 

bu0189 Very High This spatial unit contains 
Wallaville and a section of the 
impoundment of Ned 
Churchward Weir on the 
Burnett River, south-west of 
Bundaberg. The Burnett River 
is the major riverine feature 
of this spatial unit. 

Bundaberg, 
Burnett R. 

As for bu318. 

bu0204 Very High This spatial unit contains part 
of the impoundment of Ned 
Churchward Weir upstream 
from bu0189. The Burnett 
River is the major riverine 
feature of this spatial unit. 

Bundaberg, 
Burnett R. 

As for bu318. 

bu0283 Very High This spatial unit is located 
south-west of Mundubbera on 
the Auburn River.   

Mundubbera, 
Auburn R. 

As for bu318. 

bu0318 Very High This spatial unit is located 
immediately downstream from 
Ned Churchward Weir on the 
Burnett River, south-west of 
Bundaberg. The Burnett River 
is the major riverine feature 
of this spatial unit. 

Bundaberg, 
Burnett R.  

This spatial unit has 
high or very high 
values of aquatic 
naturalness and a 
combination of other 
values rated as very 
high: catchment 
naturalness, diversity 
and richness of 
species or 
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Spatial 
unit 

Aqua 
Score 

Locality Nearest  
town & 
stream 

Value 

communities, has one 
or more threatened 
species or ecosystem, 
has one or more 
priority species or 
ecosystem, contains a 
significant special 
feature (e.g. gorge, 
macrophyte beds, 
unique 
geomorphology) or it 
is important for 
maintaining aquatic 
connectivity either 
downstream or 
upstream in the 
catchment. 

bu0334 Very High This spatial unit is located 
north-east of Gayndah on the 
Burnett River. Grays 
Waterhole is partly within this 
spatial unit.  

Gayndah, 
Burnett R. 

As for bu318. 

bu0004 Very Low This spatial unit lies north-
east of Nanango with Reedy 
Creek and Little Oakey Creek 
the main riverine features. 

Nanango, 
Reedy Ck. 

As for bu130. 

bu0089 Very Low This spatial unit lies north-
west of Nanango with Horse 
Creek the main riverine 
feature. 

Nanango, 
Horse Ck. 

As for bu130. 

bu0097 Very Low This spatial unit is located 
west of Kingaroy with Reedy 
Creek the main riverine 
feature. 

Kingaroy, 
Reedy Ck. 

As for bu130. 

bu0122 Very Low This spatial unit lies 
immediately east of Wondai 
having Yellow Waterhole as 
the main riverine feature. 

Wondai,  
Yellow 
Waterhole 

As for bu130. 

bu0124 Very Low This spatial unit lies west of 
Murgon and north-west of 
Wondai and adjoins bu0166. 
There is no named stream 
(stream order 1) within this 
spatial unit. 

Murgon/ 
Wondai, no 
name 
(stream 
order 1) 

As for bu130. 

bu0130 Very Low This spatial unit is located 
north of Murgon having 
Cloyna Creek as the dominant 
riverine feature. 

Murgon, 
Cloyna Ck. 

This spatial unit has 
only limited aquatic 
and catchment 
naturalness values 
and lacks any other 
known significant 
value. 

bu0140 Very Low This spatial unit contains the 
township of Proton with the 
main riverine feature being 
Dangora Creek.  

Proston, 
Dangora Ck. 

As for bu130. 

bu0150 Very Low This spatial unit lies west of 
Wondai and adjoins bu124. 
Home Creek is the main 

Wondai, 
Home Ck. 

As for bu130. 
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Spatial 
unit 

Aqua 
Score 

Locality Nearest  
town & 
stream 

Value 

riverine feature. 
bu0154 Very Low This spatial unit lies south of 

Wondai and adjoins bu0122. 
There is no named stream 
(stream order 1) within this 
spatial unit. 

Wondai, no 
name 
(stream 
order 1) 

As for bu130. 

bu0155 Very Low This spatial unit is located 
north-east of Kingaroy and 
has Frickey Creek as its main 
riverine feature. 

Kingaroy, 
Frickey Ck. 

As for bu130. 

bu0165 Very Low This spatial unit lies west of 
Murgon and north-west of 
Wondai. There is no named 
stream (stream order 1) 
within this spatial unit. 

Murgon/ 
Wondai, no 
name 
(stream 
order 1) 

As for bu130. 

bu0166 Very Low This spatial unit lies west of 
Murgon and north-west of 
Wondai and adjoins bu0165. 
There is no named stream 
(stream order 1) within this 
spatial unit. 

Murgon/ 
Wondai, no 
name 
(stream 
order 1) 

As for bu130. 

bu0243 Very Low This spatial unit is located 
immediately upstream of 
Mungungo Weir on Monal 
Creek north of Monto.  

Monto, Monal 
Ck. 

As for bu130. 

bu0278 Very Low This spatial unit contains the 
township of Binjour with the 
main riverine feature being 
Philpott Creek. 

Binjour, 
Philpott CK. 

As for bu130. 

bu0360 Very Low This spatial unit is located 
west of Rawbelle Station 
having Montour Creek as the 
main riverine feature. 

Rawbelle 
Station/ 
Monto, 
Montour Ck. 

As for bu130. 

bu0367 Very Low This spatial unit is located 
north of Murgon. There is no 
named stream (stream order 
1) within this spatial unit. 

Murgon, no 
name 
(stream 
order 1) 

As for bu130. 

bu0368 Very Low This spatial unit adjoins 
bu0376 and is located north 
of Murgon. Oakey Creek is the 
main riverine feature.  

Murgon, 
Oakey Ck. 

As for bu130. 

bu0372 Very Low This spatial unit lies west of 
Nanango and adjoins bu0089. 
There is no named stream 
(stream order 1) within this 
spatial unit. 

Nanango, no 
name 
(stream 
order 1) 

As for bu130. 
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3.3 Criteria results 
For each Criterion, the spatial units’ conservation values are summarised, a map of the GIS 
output is provided in Appendix D and the geographic patterns of conservation value within 
the Burnett River catchment and the AquaScore dependability are briefly discussed. The 
Measures for each Criterion are presented in Table 15, p.53. 

 

Criterion 1 Naturalness Aquatic 
A majority of the catchment area was rated a Medium value (68%) with 18% being High, 
13% Very High and the remaining 1% rated as having Low values for Naturalness Aquatic 
(Figure 7a). Most spatial units for this criterion had a Criterion rating dependability 
between 30% and 40% (Figure 7b). These relatively low dependability scores are due to 
the nature of some datasets being site specific with comparatively few available data (e.g. 
water quality, macroinvertebrates, exotic flora/fauna). All spatial units had better than 30% 
dependability in their scores and many had data for all Measures.  

The spatial variation of Naturalness Aquatic values within the Burnett River catchment is 
presented in Appendix D, Map D3. There is no apparent pattern in spatial unit values with 
all conservation value categories occurring in each of the lowland and upland strata.  

 

 

 

 

 

 

 

 

 

 

Figure 7 The AquaBAMM Criterion 1 Naturalness Aquatic values for the Burnett River 
catchment are depicted as a pie chart (a) and the associated Criterion rating dependability 
(a total of 21 Measures) is presented as a histogram (b) 
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Criterion 2 Naturalness Catchment 
A majority of the catchment area was rated a High value (61%) with 20% being Medium, 
17% Very High and the remaining 2% rated as having Low values for Naturalness 
Catchment (Figure 8a). Most spatial units for this criterion had a Criterion rating 
dependability greater than 70% (Figure 8b). These relatively high dependability scores are 
due to the nature of most datasets being broadly assessed across the entire catchment 
area (e.g. land use indices, vegetation indices). All spatial units had better than 50% 
dependability in their scores and many had data for all Measures.  

The spatial variation of Naturalness Catchment values within the Burnett River catchment is 
presented in Appendix D, Map D4. Spatial units containing Barakula State Forest and other 
forested areas along the Great Dividing Range, Auburn Range and Burnett Range and 
central Burnett were identified as Very High for Naturalness Catchment. No particular 
pattern or cluster of High valued spatial units is evident. Similarly, Medium valued spatial 
units are spread across the Burnett River catchment, but a number were clustered to the 
north and east of Gayndah and around the southern parts of the catchment near Kingaroy, 
Nanango, Elginvale and Tansey. Spatial units valued as Low for Naturalness Catchment 
were located predominantly in the more settled/developed areas of Kingaroy and Murgon in 
the southern part of the Burnett River catchment.  

Criterion 2 Naturalness Catchment by % 
catchment area 

Low
2%

Medium
20%

Very high
17%

High
61%

 

0 10 20 30 40 50 60 70 80 90 100
0

50

100

150

Criterion 2 Naturalness Catchment 

N
um

be
r o

f s
pa

tia
l u

ni
ts

 

Criterion Rating Dependability (%) 
 a)      b) 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 The AquaBAMM Criterion 2 Naturalness Catchment values for the Burnett River 
catchment are depicted as a pie chart (a) and the associated Criterion rating dependability 
(a total of 10 Measures) is presented as a histogram (b) 
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Criterion 3 Diversity and Richness 
A majority of the catchment area was rated a Medium value (46%) or a High value (44%), 
7% of the area was rated Low and the remaining area (3%) rated as having Very High 
values for Diversity and Richness (Figure 9a). Most spatial units for this criterion had a 
Criterion rating dependability between 40% and 80% (Figure 9b). This spread of 
dependability scores is due to the mix of species datasets (individual records) and the 
vegetation community and geomorphology data being broadly assessed across the 
catchment area. All spatial units had better than 30% dependability in their scores.  

The spatial variation of Diversity and Richness values within the Burnett River catchment is 
presented in Appendix D, Map D5. Several spatial units along the Burnett River were 
identified as Very High with one spatial unit having a Very High value on each of the Boyne 
River, Barambah Creek and the Bunya Mountains. No particular pattern or cluster of High 
and Medium valued spatial units is evident. Spatial units identified as Low for Diversity and 
Richness are generally located in the more settled/developed areas of Kingaroy, Wondai 
and Murgon in the southern part of the Burnett River catchment.  
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Figure 9 The AquaBAMM Criterion 3 Diversity and Richness values for the Burnett River 
catchment are depicted as a pie chart (a) and the associated Criterion rating dependability 
(a total of 9 Measures) is presented as a histogram (b) 
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Criterion 4 Threatened Species and Ecosystems 
Close to half of the catchment area was rated a Low value (46%) with 21% being High, 
both Medium and Very High being 8% of the area, and no data accounted for 17% of the 
catchment area (Figure 10a). Most spatial units for this criterion had a Criterion rating 
dependability between 30% and 40% (Figure 10b). The spread of dependability scores is a 
result of there being only three Measures for this criterion. Consequently, a spatial unit will 
have 0% dependability (no data), 33% dependability (one out of three Measures), 67% 
dependability (two out of three Measures) or 100% dependability (all three Measures).  

The spatial variation of Threatened Species and Ecosystems values within the Burnett River 
catchment is presented in Appendix D, Map D6. There is no apparent pattern in spatial unit 
values with all conservation value categories occurring in each of the lowland and upland 
strata.  
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Figure 10 The AquaBAMM Criterion 4 Threatened Species and Ecosystems values for the 
Burnett River catchment are depicted as a pie chart (a) and the associated Criterion rating 
dependability (a total of 3 Measures) is presented as a histogram (b) 
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Criterion 5 Priority Species and Ecosystems 
A majority of the catchment area did not receive a rating (68% had no data) under this 
criterion with 19% High and 13% Very High (Figure 11a). Of the spatial units having data, 
the criterion rating dependability was spread between 20% and 90% (Figure 11b). The 
spread of dependability scores is a result of there being only five Measures for this 
criterion. Consequently, a spatial unit will have 0% dependability (no data), 20% 
dependability (one out of five Measures), 40% dependability (three out of five Measures), 
60% dependability (three out of five Measures), 80% dependability (four out of five 
Measures) or 100% dependability (all five Measures).  

The spatial variation of Priority Species and Ecosystems values within the Burnett River 
catchment is presented in Appendix D, Map D7. There is no particular pattern in spatial 
unit values with High and Very High values occurring in each of the lowland and upland 
strata.  

 

 

 

 

 

 

 

 

 

 
Figure 11 The AquaBAMM Criterion 5 Priority Species and Ecosystems values for the 
Burnett River catchment are depicted as a pie chart (a) and the associated Criterion rating 
dependability (a total of 5 Measures) is presented as a histogram (b) 

Criterion 5 Priority Species and Ecosystems by % 
catchment area 

No Data
68%

High
19%

Very high
13%

 

0 10 20 30 40 50 60 70 80 90 100
0

50

100

150

200

250

Criterion 5 Priority Species & Ecosystems

N
um

be
r o

f s
pa

tia
l u

ni
ts

 

Criterion Rating Dependability (%)  
a)       b) 

AquaBAMM 
Queensland Environmental Protection Agency  69 



Criterion 6 Special Features 
About two-fifths of the catchment area was rated a Medium value (39%) with 29% being 
Low, 16% Very High, 11% High and 5% without any available data (Figure 12a). Of the 
spatial units having data, the criterion rating dependability was spread between 20% and 
90% (Figure 12b). The spread of dependability scores is a result of there being only three 
Measures that were implemented for this criterion. Consequently, a spatial unit will have 
0% dependability (no data), 33% dependability (one out of three Measures), 67% 
dependability (two out of three Measures) or 100% dependability (all three Measures).  

The spatial variation of Special Features values within the Burnett River catchment is 
presented in Appendix D, Map D8. There is no particular pattern in spatial unit values.  
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Figure 12 The AquaBAMM Criterion 6 Special Features values for the Burnett River 
catchment are depicted as a pie chart (a) and the associated Criterion rating dependability 
(a total of 4 Measures) is presented as a histogram (b) 
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Criterion 7 Connectivity 
A third of the catchment area was rated a Medium value (34%) with 29% being High or 
Very High and 8% rated as Low (Figure 13a). Most of the spatial units have a criterion 
rating dependability of 66% (Figure 13b). The spread of dependability scores is a result of 
there being three Measures that were implemented for this criterion. Consequently, a 
spatial unit will have 33% dependability (one out of three Measures), 67% dependability 
(two out of three Measures) or 100% dependability (all three Measures).  

The spatial variation of Special Features values within the Burnett River catchment is 
presented in Appendix D, Map D9. There is no particular pattern in spatial unit values; 
however, the Auburn, Burnett and Nogo Rivers have several Very High spatial units for 
Connectivity.  

 

 

 

 

 

 

 

 

 

 
Figure 13 The AquaBAMM Criterion 7 Connectivity values for the Burnett River catchment 
are depicted as a pie chart (a) and the associated Criterion rating dependability (total of 7 
Measures) is presented as a histogram (b) 
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4 Field truthing 

Field validation of the preliminary results of the pilot application of AquaBAMM in the 
Burnett River catchment was considered important to test the dependability of the analysis. 
A total of 106 (28%) AquaBAMM spatial units of the Burnett River catchment were 
traversed by vehicle from 29 August to 1 September 2005 (see Map D10, Appendix D). We 
employed a rapid, qualitative assessment of each spatial unit by comparing the preliminary 
AquaBAMM conservation value (Very Low, Low, Medium, High and Very High) and, where 
necessary, individual criterion with actual existing values in the spatial unit. An average of 
30 spatial units was assessed each day. A particular focus was to field truth the Very Low 
and Very High valued spatial units as these were considered to be the most important 
values to reduce the potential of a false negative (Type I error) or a false positive (Type II 
error) result. 

 

4.1 Spatial Units traversed 
Of the 106 spatial units traversed, 37 units (35%) were located in the lowland zone 
(<150m altitude) and the remaining 69 units (65%) were in the upland zone (>150m 
altitude) of the catchment. The following table lists the number of spatial units assessed 
for each AquaBAMM conservation value. The major centres visited were Nanango, Kingaroy, 
Ban Ban Springs, Gayndah, Mundubbera, Eidsvold, Monto, Cania Gorge, Mt Perry, 
Wallaville, Bundaberg and Biggenden.  

Table 18 The number of spatial units by AquaBAMM Conservation Value that were 
traversed for the field truthing exercise 

Conservation Value Number of Spatial Units 
Very Low 9 

Low 11 
Medium 36 

High 43 
Very High 7 

Total 106 
 

From the field truthing exercise, nine units were considered to be incorrectly classified. 
One Very Low, four Lows and three Mediums were considered to be under-valued and a 
Medium was considered to be over-valued. To adjust the conservation value of these 
identified spatial units, five new decisions were added to the AquaBAMM decision filter 
table. These decisions ultimately resulted in changes to the conservation value ratings of 
33 spatial units. 

 

4.2 Field interpretation of AquaBAMM output – ecological versus 
condition assessment 

When looking at spatial units in the catchment and comparing them to their AquaBAMM 
conservation value, there was a strong tendency to observe a spatial unit’s ‘condition’. 
River ‘condition’ or ‘health’ has been a major focus of river assessment in Australia (such 
as the nationally agreed protocol of Monitoring River Health Initiative, Index of Stream 
Condition, Queensland State of the Rivers) (Dunn 2000). However, several authors make a 
clear distinction between ‘river health’ and ‘ecological value’ of a river (Dunn 2000; Bennett 
et al. 2002; Chessman 2002). River health data may inform assessment of ‘value’, and 
usually does so where data are available, but is not interchangeable with it. Indeed, there 
is not necessarily any correlation between ecosystem health and value. Dunn (2000) states 
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that river health could show that a river is in ‘good condition’ without reference to 
ecological value or significance.   

Aquatic Conservation Assessments (ACA) using AquaBAMM are primarily focussed on 
aquatic ecological value such that the condition of a catchment contributes to, but does not 
solely determine a spatial unit’s value. A spatial unit’s value is a composite of several 
Criteria, Indicators and Measures (66 Measures in total). Of the Measures used in this 
assessment, only four (6%) are directly related to the broader catchment condition (i.e. 
Queensland Land-use Mapping categories) and a further three (5%) are directly related to 
the condition of the buffered riparian zone.   

Consequently, when in the field, the successful interpretation of a spatial unit’s 
conservation value is reliant on the observer to not view ‘condition’ in isolation from other 
values (seen or unseen). As was often the case in the Burnett study area, the broader 
catchment of a spatial unit was heavily cleared for agriculture and grazing but the 
watercourses had extant instream and/or riparian values. The AquaBAMM method has been 
applied to complex riverine landscapes. Hence, the conservation value of a spatial unit may 
not always reflect its external appearance or condition because of unseen values (or lack 
thereof) relative to other spatial units within the Burnett River catchment. More generally, 
however, most spatial units’ conservation value appeared to match the streams existent 
values. 

Confidence in the AquaBAMM Conservation Value (AquaScore) 
Conservation assessments of landscapes, by their very nature, apply ratings along a 
continuum of values. Hence, the extremes in values (Very Highs and Very Lows) are 
relatively easier to determine in the field than defining the cut-offs in between these 
extreme values (e.g. Lows, Mediums and Highs). We found it more difficult to distinguish 
between spatial units rated as either Medium or High. Possible reasons for this difficulty 
whilst in the field may include: 

• insufficient datasets for some spatial units to allow for a precise determination 
of conservation value;  

• the differences between spatial units are real, but are not easily observed in 
the field because of ‘hidden’ instream values; and  

• often, only a small part of a spatial unit can be seen and assessed in the field. 
For instance, smaller tributaries within a spatial unit may be devoid of values 
but the main channel (e.g. Burnett River) may have significant values that 
increase the spatial unit’s overall value. 

A lack of data for some spatial units is recognised as a limitation to the AquaBAMM 
assessment. This limitation has been addressed in part by calculating a percent 
dependability score for each spatial unit. The spatial unit’s dependability score is the 
proportion of measures with data for that spatial unit against measures that had ‘missing 
values’ or no data. The dependability score is an important partner parameter when 
interpreting the AquaBAMM conservation value assigned to a spatial unit. The lower the 
dependability score for a spatial unit means a lower confidence level the user will have in 
the conservation value. Conversely, the higher the dependability score for a spatial unit, 
the more confident the user is in the conservation value assigned to the spatial unit (refer 
to section 5.7 AquaScore Dependability). 

Unseen values (or lack thereof) in the landscape are a significant factor when in the field. 
However, inbuilt into the AquaBAMM is the ability for the user to look at the individual 
criterion values in addition to the overall AquaScore value. This capability, in combination 
with user awareness of unseen values when in the field, should help to overcome this 
limitation.   
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The scale of the stream network (1:100,000) used in the AquaBAMM assessment has 
implications when viewing a spatial unit in the field. For instance, numerous small gullies 
that are unmapped at the 1:100,000 scale were not assessed in the AquaBAMM and hence 
their values (or lack of values) will not have had an influence on the conservation score for 
each spatial unit despite their influence visually during field truthing exercises. 
Additionally, the value given to a spatial unit may not be reflected in every stream section 
of a spatial unit because of the likely variability in values within a spatial unit.  

In the end, spatial units are ecologically complex and ground truthing must be undertaken 
with a perspective driven strictly by the limitations of each AquaBAMM assessment, such as 
scale, and its datasets. With this approach, an indication of confidence in the accuracy of 
AquaBAMM output can be reached. In the case of the Burnett River catchment, the 
assessment results compared well with field truthing results. 

 

AquaBAMM 
74  Queensland Environmental Protection Agency 



5 Burnett River catchment management priorities 

The results of an Aquatic Conservation Assessment (ACA), or AquaBAMM assessment 
output, may be used in a number of ways and for a number of purposes. Well founded 
ecological or conservation values for aquatic ecosystems are a useful input to many natural 
resource management decision making processes including, for example, regional planning, 
development assessment, tenure negotiations or protected area estate review. In addition 
to the use of final AquaBAMM analysis scores, subordinate elements from each assessment 
may also be used for management purposes. For example, prioritising natural resource 
management actions within a catchment (or other spatial unit) for rehabilitation, protection 
of high ecological value areas or other on-ground works, may be achieved through the use 
of data from individual Measures within AquaBAMM.  

To establish management priorities within the Burnett Catchment, a number of raw data 
and manipulated data elements could be extracted from the AquaBAMM result. Those 
chosen would depend on the intended application; however, to demonstrate this aspect of 
the utility of AquaBAMM output, three Measures have been selected as examples for 
individual interpretation and establishment of issue specific on-ground management 
priorities. The Measures are: 

• Measure 2.1.1 Presence of exotic plants in the riparian zone within a spatial 
unit. 

• Measure 6.3.1 Presence of distinct, unique or special habitat (including 
habitat that functions as refugia or other critical purpose). 

• Measure 7.5.1 The contribution (upstream or downstream) of the spatial unit 
to the maintenance of estuarine and marine ecosystems with significant 
biodiversity values. 

These three examples represent issues at the species level, habitat level and ecosystem 
processes level respectively. Clearly, many elements from the ACA may be interpreted for 
the purposes of setting management priorities so that the detail and examples presented in 
this document are by no means exhaustive with respect to the Burnett River catchment. 

 

5.1 Riparian weeds (species level) 
Riparian weeds are addressed, in the current ACA using AquaBAMM, through Measure 2.1.1 
Presence of exotic plants in the riparian zone within a spatial unit. The weed species 
considered by the assessment through this Measure are listed in Table 19.  

To formulate priorities for weed management in the Burnett River catchment, we chose to 
cross-reference the extent of known riparian weeds (Measure 2.1.1) to spatial units with 
identified significant values (High or Very High) for Criterion 4 Threatened Species and 
Ecosystems. In doing so, management priorities for riparian weeds can be focussed on 
protecting or enhancing populations of threatened species such as the White Cliff 
Bottlebrush, Callistemon formosus or various frog species, and also to protect threatened 
wetland ecosystems in the Burnett. A total of 35 spatial units (9% of spatial units for the 
Burnett River catchment) corresponded with the presence of one or more of the listed 
weed species and the known threatened species or ecosystems values. A map6 showing 
these identified spatial units is presented in Appendix D, Map D11. 

                                                
6 Weed extent map has been created from the Measure Score = ‘1’ for Measure 2.1.1 Exotic Flora in combination 
with the Criteria Rating ‘High’ & ‘Very High’ for C4 Threatened Species and Ecosystems. 
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Table 19 A list of exotic flora species within the Burnett River catchment causing, or 
potentially causing, significant environmental degradation in a riverine landscape. This 
expert panel derived list was used to calculate a presence value for Measure 2.1.1 

Scientific Name Common Name 
Anredera cordifolia Madeira Vine 
Cardiospermum spp.  Balloon Vine 
Cardiospermum halicacabum Balloon Vine 
Celtis sinensis Chinese Elm 
Cinnamomum camphora Camphor Laurel 
Cryptostegia grandiflora Rubber Vine 
Gleditsia triacanthos Honey Locust 
Ligustrum lucidum Large-leaved Privet 
Macfadyena unguis-cati. Cat’s Claw Creeper 
Panicum maximum Green panic 
Phyla canescens Lippia 
Ricinus communis Castor Oil Bush 
Salix babylonica Weeping Willow 

 

The Aquatic and Riparian Flora Expert Panel (refer report in Appendix B) acknowledged 
that the degree of infestation and abundance of an exotic plant at a particular locality is an 
important factor in determining the level of impact to a natural ecosystem. However, only 
point records were available to identify which spatial units were occupied by an exotic 
plant species and, therefore, data does not indicate level of infestation.  

Our worked example of weed management prioritisation presents one way of how a user 
might assemble and interrogate the data from this Measure within AquaBAMM. However, 
these same data, when asking a different natural resource question, could be used in a 
number of ways for the benefit of the Burnett River catchment. Some other options 
include:   

• Prioritise spatial units with respect to weed management actions in areas 
known to be infested or potentially infested. 

• Prioritise spatial units with respect to the need for further weed survey 
effort (i.e. knowledge gap filling). 

• Contribute to threats/risk assessment for activities relating to native species 
and/or habitat rehabilitation. 

• Provide foundation information and prioritisation to assist in the preparation 
of funding applications for weed management and other weed/exotic species 
related activities. 

 

5.2 Lungfish and turtle habitat (habitat level) 
Important habitat issues were addressed in the current ACA using AquaBAMM, through 
Measure 6.3.1 Presence of distinct, unique or special habitat (including habitat that 
functions as refugia or other critical purpose). Amongst other species, this Measure 
incorporates the habitat for the Vulnerable Queensland lungfish (Neoceratodus forsteri) 
and the threatened Burnett River snapping turtle (Elseya albagula).  

The Aquatic Fauna Expert Panel (AFEP) advised that the lungfish primarily spawn in large 
macrophyte beds (mostly Vallisneria nana) in flowing water sections of streams. These 
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same permanent, flowing water sections are critical to the Burnett River snapping turtle’s 
long-term survival. The impounded areas of stream are important habitat for adult lungfish, 
but are of little or no value for juveniles. Similarly, adult turtles frequent impounded 
sections of rivers, but in lower numbers than flowing sections of rivers. The AFEP 
considered that the remnant flowing sections of river were ‘critical’ habitat while the 
impounded sections of river had minimal benefit to either the lungfish or the snapping 
turtle’s long-term survival.  

In a similar way to the weeds example above, we chose to formulate priorities for habitat 
management by cross-referencing the ‘high’ and ‘very high’ valued lungfish and turtle 
habitat (Measure 6.3.1; refer to the expert panel report, Appendix A) to spatial units that 
were rated as ‘low’ or ‘medium’ for Criterion 1 Naturalness (Aquatic). This allows 
management priorities to focus on instream habitat restoration or rehabilitation for these 
two species of aquatic vertebrates. A total of 18 spatial units (5% of spatial units for the 
Burnett River catchment) corresponded with the more important habitat areas for the 
lungfish and turtle and with the low or medium valued instream naturalness values. A map7 
showing these identified spatial units is presented in Appendix D, Map D12. 

The expert panel, and datasets used in AquaBAMM, have drawn information (such as 
distribution maps) from several comprehensive studies on these iconic species (e.g. 
Harmann et al. 2004; Brooks & Kind 2002). When presenting these management priorities, 
we acknowledge the wealth of information collected through previous scientific studies, and 
here we attempt to ‘value add’ to current knowledge by using the AquaBAMM outputs to 
spatially identify management priority areas. 

Again, our worked example of lungfish and turtle habitat management prioritisation 
presents one way of how a user might assemble and interrogate the data from this 
Measure within AquaBAMM. However, these same data, when asking a different natural 
resource question, could be used in a number of ways for the benefit of the Burnett River 
catchment. With particular reference to management priorities for lungfish and turtle 
habitat, some other examples might be:   

• Prioritise spatial units with respect to significant species management 
actions, habitat protection actions or protected area estate issues. 

• Prioritise spatial units with respect to the need for further ‘critical habitat’ 
survey effort (i.e. knowledge gap filling). 

• Contribute to threats/risk assessment for activities relating to native species 
and/or habitat rehabilitation. 

• Provide foundation information and prioritisation to assist in the preparation 
of funding applications for habitat management and protection. 

 

5.3 Estuarine Connectivity (ecosystem process level) 
Ecosystem issues were addressed by a number of AquaBAMM Measures including Measure 
7.5.1 The contribution (upstream or downstream) of the spatial unit to the maintenance of 
estuarine and marine ecosystems with significant biodiversity values, including those 
features identified through Criterion 5 and/or 6. In this case, the Measure includes strong 
elements of ecological connectivity. Therefore, use of the data from this Measure may 
apply beyond each spatial unit where conservation values have been assessed (e.g. 
significant distances upstream and downstream are perhaps relevant). A map showing 
estuarine connectivity by spatial unit is presented in Appendix D, Map D13. 

                                                
7 Habitat prioritisation map has been created from the Measure Score ‘3’ & ‘4’, of Measure 6.3.1 in combination 
with the Criterion Rating ‘low’ & ‘medium’ for C1 Naturalness (Aquatic).  
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Again, data from this Measure could be used a number of ways for the benefit of the 
Burnett River catchment. With particular reference to management priorities, some 
examples might be: 

• Prioritise spatial units, including adjacent spatial units implicated through 
connectivity issues, with respect to management actions for preservation or 
reinstatement of ecological connectivity and ecological function. 

• Prioritise spatial units with respect to the need for further survey effort and 
investigation of aquatic ecosystem connectivity and related landscape issues 
(i.e. knowledge gap filling). 

• Provide foundation information and prioritisation to assist in the preparation 
of funding applications for habitat management and protection. 
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Part C: Appendices and Maps 
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1 Introduction 

The Aquatic Conservation Assessment (ACA) of riverine wetlands in the Burnett River 
catchment was conducted using AquaBAMM, and relied for some the data inputs on 
expert panels convened to address ‘aquatic fauna’, ‘aquatic flora’ and ‘riverine ecology’. 

The Aquatic Biodiversity Assessment and Mapping Method (AquaBAMM) provides a robust 
and easily accessible analysis of wetland conservation values associated with a river 
catchment or other defined study area. The AquaBAMM provides a decision support tool 
that utilises existing information, with moderation by expert panels (e.g. flora, fauna and 
riverine ecology expert panels) to ensure scientific rigour and accountability, resulting in 
an Aquatic Conservation Assessment (ACA) for a nominated geographic area – in this 
case, the Burnett River catchment. 

The potential for adding additional data into the system as it becomes available, with 
consequent updates to planning outcomes, is not limited. This AquaBAMM tool is a 
map/data output in a Geographic Information System (GIS) environment based on spatial 
mapping units that describe conservation significance or value for planning and 
assessment purposes.  

The Aquatic Fauna Expert Panel (AFEP) workshop, for the Burnett River riverine wetland 
ACA, was convened on the 27 April 2005 in Brisbane. The AFEP reviewed distributions of 
rare and threatened aquatic-dependent fauna species, established priority and exotic 
aquatic-dependent species lists, and identified special features or areas of ecological 
significance in the Burnett River catchment. This report documents the findings and 
recommendations of the AFEP. The AFEP Terms of Reference are provided in Attachment 
A. The Aquatic and Riparian Flora and Riverine Ecology Expert Panels outcomes are 
reported separately.  

2 Method 

2.1 Study area 
The Burnett River catchment is the third largest river basin on the east coast of 
Queensland, with a catchment area of 34500 km2 (Van Manen 1999) (Figure 1). The 
Burnett River proper flows for approximately 420 km from its source in the Burnett 
Range to its mouth at Burnett Heads. The main tributaries drained by the Burnett River 
include the Auburn, Nogo, Boyne and Stuart Rivers and Barambah and Three Moon 
Creeks (Van Manen 1999). The catchment is rimmed by the Burnett and Dawes Ranges in 
the north, the Auburn Range to the west, the Great Dividing Range to the south-west 
and the Cooyar and Brisbane Ranges in the south. Major urban and regional centres in 
the Burnett River catchment include Bundaberg, Kingaroy, Gayndah, Eidsvold, Murgon, 
Nanango and Monto. Rainfall in the catchment is variable with both tropical and 
temperate weather patterns experienced. Cattle grazing and crop production dominate 
land use in the catchment. The Burnett River catchment is one of the most developed 
areas in Queensland in terms of water infrastructure. Increasing demands for water from 
irrigators, industry and the domestic sector have resulted in high levels of river 
regulation. There are currently 25 water storages in the Burnett River catchment, six of 
which are situated in the main river channel (Brigza et al. 2000). Two new major 
storages have been completed recently, Eidsvold Weir (2004) and the Burnett Dam 
(2005).  
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Figure 1 The Burnett River catchment: study area for the AquaBAMM. 
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2.2 Panel composition 
The AFEP comprised invited persons familiar with the Burnett River catchment’s aquatic-
dependent fauna (Table 1). Some members who were unavailable to attend the 
workshop were consulted prior to, or after, the workshop. Briefly, the AFEP were asked 
to:  

1. Review threatened aquatic-dependent fauna species distributions;  

2. Establish a list of priority aquatic-dependent fauna species and review their 
distributions;  

3. Establish a list of exotic fauna and review their distributions; and  

4. Identify significant aquatic-dependent ecosystems or priority areas within the 
Burnett River catchment.  

Table 1 Panel members consulted on the aquatic fauna of the Burnett River catchment. 

Name Position / Organisation Expertise 
Dr Col Limpus Senior Principal Conservation Officer, EPA Freshwater 

turtles 

Dr Peter Kind Fisheries Biologist, DPI&F Fish 

Mr Harry Hines Senior Conservation Officer, QPWS Frogs 

Mr Graeme 
Armstrong 

Turtle Researcher, Gayndah Freshwater 
turtles and 
platypus 

Mr Bruce Thomson Senior Conservation Officer, QPWS Flying foxes 

Mr Greg O’Neill Senior Ranger, QPWS Flying fox camps 

Dr Chris Barns Member of the Bundaberg Bird Observers 
Club 

Waterbirds and 
migratory species 

Mr Eric Zillmann President of the Bundaberg Bird Observers 
Club 

Waterbirds and 
migratory species 

Mr Darren Fielder (Senior Biodiversity Officer, EPA) and Dr Paul Clayton (Principal 
Environmental Officer, EPA) provided technical support for the workshop which was 
facilitated by Dr Chris Hill (Planning Manager, EPA).  

2.3 Workshop format 
The workshop used an interactive approach of ArcView GIS software to display point 
records of species and their spatial distributions.  Where necessary, a background of 
topographic 1:250,000 maps, roads, rivers and other relevant datasets were used to 
identify areas of interest. Additional information on fauna in the Burnett River catchment 
was also sourced from various technical reports. A draft report was circulated to the 
panel prior to the production of the final report. 
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3 Rare and threatened fauna  

The AFEP identified four ‘Endangered’, two ‘Vulnerable’ and five ‘Rare’ fauna species in 
the Burnett River catchment (Table 1). Only threatened taxa listed either on a schedule 
of the Queensland Nature Conservation Act 1992 or the Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999 and considered to be riverine 
dependent (i.e. riparian habitat and/or instream habitat dependent) by the AFEP were 
included in Table 2. This list of fauna will be used as the basis for identifying areas of 
significance for Criterion 4 Threatened Species and Ecosystems (4.1.1). A spatial unit 
with one or more of these species present will be scored the highest category – 4.  

Table 2 Riverine dependent fauna species listed under Queensland or Commonwealth 
legislation as Endangered, Vulnerable and Rare. This list was used to generate the 
values for the AquaBAMM Measure (4.1.1). The current status of each species under the 
Nature Conservation Act (E endangered, V vulnerable, R rare, C common) is provided.  

Scientific Name 
Common 

Name Status Panel Comments 
Litoria pearsoniana Cascade 

treefrog 
E Throughout its range the frog experienced 

significant population declines in the late 
1970s & 1980s, with some populations 
disappearing completely from SEQ. There is a 
disjunct population in the north of the 
Burnett River catchment at Kroombit Tops. 
There is some evidence that the Kroombit 
Tops population may represent a distinct 
taxon.  
Eggs are deposited as a clump attached to 
rocks, debris or aquatic plants in still, shallow 
pools adjacent to, or connected with the 
main stream. 

Mixophyes fleayi Fleay’s barred 
frog 

E It was known from the Bunya Mountains in 
the Burnett River catchment. However, this 
population is possibly locally extinct having 
not been recorded there since the late 
1980’s. The causes of this and similar 
declines in the frog fauna of SEQ remain 
unknown. Where they occur, adults may be 
found in leaf litter and along watercourses. 
Eggs are laid in shallow riffle zones of 
streams. 

Mixophyes iteratus Giant barred 
frog 

E It was known from the Bunya Mountains in 
the Burnett River catchment. However, this 
population is possibly locally extinct having 
not been recorded there since the 1980’s. 
The causes of this and similar declines in the 
frog fauna of SEQ remain unknown. Where 
they occur, adults may be found along 
shallow rocky streams in rainforest, wet 
sclerophyll forest and farmland. 

Taudactylus 
pleione 

Kroombit 
Tinkerfrog 

E Of note, the ‘endangered’ Kroombit 
Tinkerfrog (Taudactylus pleione) is currently 
known from only eight small patches of 
suitable habitat found in the Kroombit Creek 
catchment, which is located on the northern 
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Scientific Name 
Common 

Name Status Panel Comments 
slopes of Kroombit Tops National Park. 
Kroombit Creek is not within the Burnett 
River catchment. Therefore, this species will 
not be included in the AquaBAMM analyses. 

Adelotus brevis Tusked frog V This frog has apparently undergone local 
declines and extinctions and is of cause for 
concern. 

Neoceratodus 
forsteri 

Queensland 
lungfish 

V The Queensland Lungfish is an obligate 
freshwater species, endemic to a small 
number of waterways in SEQ (Brooks & Kind 
2002). Lungfish have generated considerable 
scientific interest through their bimodal 
respiratory capabilities and phylogenetic 
position (Brooks & Kind 2002). It is the sole 
extant member of an extensive lungfish 
fauna known from Australia from the Triassic, 
Cretaceous and Tertiary (Brooks & Kind 
2002).  

Cyclopsitta 
diophthalma 
coxeni 

Coxen’s fig 
parrot 

E Its population levels are very low. Several 
recent confirmed records exist from the 
Burnett River riparian zone and numerous 
plausible sightings continue to be made. The 
SEQ sub-species of the parrot is considered 
critically endangered. It feeds predominantly 
on figs.  

Ephippiorhynchus 
asiaticus 

Black-necked 
stork 

R This species occurs over a vast geographical 
area that includes Pakistan, India, Shri 
Lanka, South-east Asia and Northern 
Australia including SEQ. Black-necked storks 
have been recorded breeding on the Burnett 
River. 

Nettapus 
coromandelianus 

Cotton pygmy-
goose 

R These are often seen in large numbers on the 
Burnett River. 

Rallus pectoralis Lewin’s rail R This bird is found in dense vegetation (reeds 
and rushes) along drainage areas and 
riparian forest or woodland. It is uncommon 
and patchy in suitable habitat. 

Stictonetta 
naevosa 

Freckled duck R Inhabits swamps, lakes and water holes often 
bordered by thick vegetation.  

Tadorna radjah Radjah 
shelduck 

R Coastal wetlands including salt marshes, tidal 
flats, mangroves, timbered watercourses and 
farm dams. Generally encountered in pairs or 
small flocks. 
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4 Priority fauna  

The AFEP deliberated on all aquatic-dependent fauna species within the Burnett River 
catchment to identify ‘priority fauna’ (excluding the rare or threatened species listed in 
Table 1). The AFEP agreed to a definition of a priority species: namely, a priority species 
must exhibit one or more of the following significant values: 

• It is an obligate or facultative stream breeder; 

• It is endemic to the Burnett (>75% of its distribution is in the Burnett River 
catchment); 

• It has experienced, or is suspected of experiencing, a population decline; 

• It has experienced a significant reduction in its distribution or has a 
naturally restricted distribution in the Burnett River catchment; 

• It is a small population and threatened by loss of instream habitat (flowing 
sections of streams);  

• It is at its distributional limit or is a disjunct population; or 

• It is a listed migratory bird species under the Bonn Convention that is a 
riparian or stream user. 

4.1 Priority species  
The AFEP identified five frogs, three fish, one turtle species, one crayfish species and 
platypus as priority species (Table 3). These species will be included in Criterion 5 
Priority Species and Ecosystems (5.1.1). Point records will be buffered using their 
precision to identify the spatial units having or likely to have a priority species present. A 
spatial unit with one or more of these species present will be scored the highest category 
– 4.  

Table 3 Identified priority fauna species, and their significant values, within the Burnett 
River catchment. This list was used to generate the values for the AquaBAMM Measure 
(5.1.1). 

Scientific 
Name 

Common 
Name 

Panel Comments & Values 

Limnodynastes 
dumerilii 

Grey Bellied 
Pobblebonk 

It is a facultative riverine breeder. 

Litoria chloris Orange eyed 
frog 

This frog is marginal to the area and is possibly in 
decline. It is restricted to upland areas and is a 
facultative riverine breeder. 

Litoria 
verreauxii 

Whistling 
treefrog 

It is a facultative wetland and stream breeder and is at 
its northern range limit in the Burnett River catchment.  

Litoria wilcoxii Stony creek 
frog 

It is an obligate stream breeder. 

Mixophyes 
fasciolatus 

Great barred 
frog 

It is an obligate stream breeder. 

Kuhlia rupestris Jungle perch The Jungle perch was rediscovered at Ben Anderson 
Barrage in a recent fish survey. It had not been seen for 
some years. Considered to be extremely rare/low 
numbers in the Burnett River. 
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Scientific 
Name 

Common 
Name 

Panel Comments & Values 

Lates calcarifer Barramundi Experienced a severe decline in numbers in the Burnett, 
but is now being stocked into dams. There may be some 
natural populations in sections of the Burnett River, 
however, these could be dispersing (upstream and 
downstream) from stocked impoundments. 

Myxus petardi Pinkeye 
mullet; 
Freshwater 
mullet 

Dramatic decline in numbers in the Burnett.  

Euastacus 
monteithorum 

Kroombit Tops 
Spiny Crayfish 

Listed as ‘Endangered’ on the 2000 IUCN Red List of 
Threatened Species. It is endemic to and restricted to 
Kroombit Tops.   

Ornithorhynchus 
anatinus  

Platypus There are populations of platypus on most river channels 
in the Burnett River catchment. These should be 
identified in the AquaBAMM.  

Elseya albagula Burnett River 
Snapping 
Turtle 

The Burnett River Snapping Turtle’s primary habitat is 
permanent flowing sections of the Burnett River and 
Barambah Creek, although they are recorded from 
impoundments in low numbers. At present the Burnett 
River has 60% of its channel impounded with the 
remaining 40% of flowing stream habitat fragmented 
into six sections, some as short as 7km.  
It is not known from the Nogo River, even though this 
river has been surveyed for the turtle. Some populations 
may inhabit smaller tributaries of the Burnett River 
downstream of Gayndah. Large sand bars and banks are 
potential nesting locations.  

4.2 Migratory species 
In addition to the priority species identified above, the AFEP nominated migratory birds 
listed under the Bonn Convention (including the Japan Australia Migratory Bird 
Agreement [JAMBA] and the China Australia Migratory Bird Agreement [CAMBA]) as 
priority fauna. A total of seven migratory species (Table 4) will be included in the 
AquaBAMM assessment in Criterion 5 Priority Species and Ecosystems (5.1.3). Migratory 
species that are not known to use riverine habitat are excluded from the analysis. A 
spatial unit scored 3 for one species record and a 4 if >1 migratory species occurred 
within its boundary.  

Table 4 A list of migratory birds found in the Burnett River catchment. This list was used 
to generate the values for the AquaBAMM Measure (5.1.3). 

  Migratory / Species Convention
Scientific Name Common Name China Japan Bonn 

Ardea alba Great egret CAMBA JAMBA Yes 
Ardea ibis Cattle egret CAMBA JAMBA Yes 
Calidris acuminata Sharp-tailed sandpiper CAMBA JAMBA Yes 
Haliaeetus leucogaster White-bellied sea-eagle   Yes 
Pandion haliaetus Osprey   Yes 
Plegadis falcinellus Glossy ibis   Yes 
Tringa stagnatilis Marsh sandpiper CAMBA JAMBA Yes 
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5 Species richness 

Species richness (i.e. total number of species) will be scored for each Class (Frogs, Fish, 
Reptiles, Waterbirds) of fauna stratified by upland and lowland spatial units. Stratifying 
the catchment into upland and lowland areas is important to describe variability in 
richness with altitude. For example, fish richness is expected to be greater in the 
floodplain river channels than headwater streams which are smaller, with less food 
availability and unable to support high fish richness.  

5.1 Frog richness 
There are 40 species of amphibians recorded from the Burnett River catchment (WildNet 
and Queensland Museum records) with nine of these considered to be stream breeders. 
The remaining 31 species including the introduced Cane Toad were identified by the 
AFEP as being primarily wetland breeders and have been excluded from the AquaBAMM 
analyses (Attachment B). Table 5 lists the nine obligate or facultative stream breeders 
that will be used in the AquaBAMM under Criterion 3 Diversity and Richness (3.1.1).  

Table 5 Obligate or facultative stream breeding species of amphibians occurring in the 
Burnett River catchment. This list was used to generate the values for the AquaBAMM 
Measure (3.1.1). The current status for each species under the Nature Conservation Act 
(E endangered, V vulnerable, R rare, C common) is provided. 

Scientific Name Common Name Status 
Litoria pearsoniana Cascade treefrog E 
Mixophyes fleayi Fleay’s barred frog E 
Mixophyes iteratus Giant barred frog E 
Adelotus brevis Tusked frog V 
Limnodynastes dumerilii Grey bellied pobblebonk C 
Litoria chloris Orange eyed frog C 
Litoria verreauxii Whistling treefrog C 
Litoria wilcoxii Stony creek frog C 
Mixophyes fasciolatus Great barred frog C 

 

5.2 Fish richness 
From Department of Primary Industries and Fisheries (DPI&F) data (supplied by the 
panel member and sourced from various technical reports), there are 38 native fish 
species found in the freshwaters of the Burnett River catchment. Of these, 21 are 
considered to have a potadromous migratory pattern only ever migrating within 
freshwater, another 11 are considered to have a diadromous migratory pattern regularly 
moving between freshwater and seawater and four species have a mixture of 
potadromous and diadromous migratory patterns living in either aquatic environment 
over extensive periods of their lifetime. A further eight species are alien to the Burnett 
River catchment with three exotic species present and five native species having been 
translocated (stocked legally or illegally) from other catchments (see Section 6, Alien 
Fauna). Table 6 lists the fish species that will be used for the AquaBAMM under the 
Diversity and Richness criterion (3.1.2). Attachment B provides a list of fish species 
recorded from fresh waters of the Burnett River catchment, which have been excluded 
from the AquaBAMM assessment by the AFEP for various reasons.  
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Table 6 Native fish recorded from the freshwater sections of the Burnett River 
catchment. This list was used to generate the values for the AquaBAMM Measure (3.1.2). 
The current status for each species under the Nature Conservation Act (E endangered, V 
vulnerable, R rare, C common) is provided.  

Scientific Name Common Name Status 
Migratory 

Pattern 
Ambassis agassizii Agassiz's glassfish, Olive perchlet C P 
Ambassis marianus Estuary perchlet C D 
Anguilla australis Shortfinned eel C D 
Anguilla obscura Pacific shortfinned eel C D 
Anguilla reinhardtii Longfinned eel, Marbled eel C D 
Arius graeffei Lessor salmon catfish, Blue catfish C D/P 
Arrhamphus sclerolepis krefftii Snub-nosed garfish C  
Craterocephalus marjoriae Marjorie's hardyhead C P 
Craterocephalus 
stercusmuscarum Fly-specked hardyhead C P 
Glossamia aprion Mouth almighty C P 
Gobiomorphus australis Striped gudgeon C D 
Hypesleotris sp.A  C P 
Hypseleotris compressa Empire gudgeon C D/P 
Hypseleotris galii Firetail gudgeon C P 
Hypseleotris klunzingeri Western carp gudgeon C P 
Hypseleotris species 1 Midgley's carp gudgeon C P 
Hypseleotris species 5 Lake's carp gudgeon C P 
Kuhlia rupestris Jungle perch C D 
Lates calcarifer Barramundi C D 
Leiopotherapon unicolor Spangled perch C P 
Macquaria novemaculeata Australian bass C D 
Melanotaenia duboulayi Crimson-spotted rainbowfish C P 
Mogurnda adspersa Purple spotted gudgeon C P 
Mugil cephalus Sea mullet, Striped mullet C D 
Myxus petardi  Pinkeye mullet, Freshwater mullet C D 
Nematalosa erebi Bony Bream C  

Neoceratodus forsteri Queensland lungfish V P 
Neosilurus hyrtlii Hyrtl's tandan C P 
Notesthes robusta Bullrout C D 
Philypnodon grandiceps Flathead gudgeon C P 
Philypnodon sp.  Dwarf flathead gudgeon C P 
Porochilus rendahli Rendahl's catfish C P 
Pseudomugil signifer Pacific blue-eye C P 
Redigobius bikolanus Speckled goby C D/P 
Retropinna semoni  Australian smelt C P 
Scleropages leichardti Saratoga C P 
Strongylura krefftii Freshwater long tom C D/P 
Tandanus tandanus Eel-tailed catfish C P 
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D – Diadromous, regularly migrating between fresh water and sea water; P – 
Potadromous, migrating solely within fresh water 

5.3 Reptile richness 
The AFEP stated that the Burnett River catchment is one of three significant river 
systems for freshwater turtles in Queensland. The Fitzroy, Burnett and Mary River 
Catchments have endemic turtles and relatively high turtle species richness. The Fitzroy 
River Turtle (Rheodytes luekops), the Mary River Turtle (Elusor macrurus) and the 
Burnet River Snapping Turtle (Elseya sp. [Burnet river]) are endemic to their respective 
catchments, and hence are nationally significant species. 

The Burnett River catchment has five species of freshwater turtles. The maximum 
freshwater turtle richness in any river system in Australia is six (Limpus, pers. com). 
Table 7 lists the five freshwater turtles that will be considered in the AquaBAMM under 
Criterion 3 Diversity and Richness (3.1.3). The AFEP did not believe there to be any 
other aquatic or semi-aquatic reptile to include in this list. Whilst the Eastern Water 
Dragon (Physignathus lesueurii) and Eastern Water Skink (Eulamprus quoyii) are riparian 
users, they are virtually ubiquitous in the Burnett River catchment and can also inhabit 
other environs and are not included in the reptile richness score.   

Table 7 Freshwater turtles found within the Burnett River catchment. This list was used 
to generate the values for the AquaBAMM Measure (3.1.3) (see Table 8). The current 
status for each species under the Nature Conservation Act (E endangered, V vulnerable, 
R rare, C common) is provided. 

Scientific Name Common Name Status 
Chelodina expansa Broad-shelled Turtle C 
Chelodina longicollis Eastern Long-necked Turtle C 
Elseya latisternum Saw-shelled Turtle C 
Elseya albagula Burnett River Snapping 

Turtle 
Threatened, yet to be formally 
listed. 

Emydura macquarii 
krefftii 

Krefft’s River Turtle C 

 

There is a paucity of turtle records from WildNet and the Queensland Museum. Given this 
paucity, the AFEP agreed that a surrogate turtle richness score could be calculated using 
predictive approach based on stream order (1:100,000) and permanency and the 
distribution of the Burnett River Snapping Turtle. Using the approach presented in Table 
8, the maximum turtle richness score within a spatial unit is assigned to that spatial unit.  

Table 8 The scoring system for turtle richness implemented in the AquaBAMM for 
Measure 3.1.3.  

Stream Order Turtle Richness Spatial Unit Score (3.1.3) 
1 1 1 
2 2 1 
3 & 4 3 2 
>5 4 3 
Elseya distribution* 5 4 

  * From Harman et al. (2004) and point records. 
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5.4 Waterbird richness 
A total of 69 species were included by the AFEP in calculating the waterbird richness 
score (3.1.4). These species were expert panel derived using WildNet and Queensland 
Museum records. Only those species that were considered to inhabit freshwater riverine 
environments for part or all of their natural life functions were included (Table 9). 

Table 9 Waterbirds inhabiting the Burnett River catchment freshwater river systems. This 
list was used to generate the values of the AquaBAMM Measure (3.1.4). The current 
status for each species under the Nature Conservation Act (E endangered, V vulnerable, 
R rare, C common) is also provided. 

Scientific Name Common Name Status 
Acrocephalus stentoreus Clamorous reed-warbler C 
Actitis hypoleucos Common sandpiper C 
Alcedo azurea Azure kingfisher C 
Amaurornis olivaceus Bush-hen C 
Anas castanea Chestnut teal C 
Anas gracilis Grey teal C 
Anas rhynchotis Australasian shoveler C 
Anas superciliosa Pacific black duck C 
Anhinga melanogaster Darter C 
Anseranas semipalmata Magpie goose C 
Ardea alba Great egret C 
Ardea ibis Cattle egret C 
Ardea intermedia Intermediate egret C 
Ardea pacifica White-necked heron C 
Aythya australis Hardhead C 
Botaurus poiciloptilus Australasian bittern C 
Butorides striatus Striated heron C 
Calidris acuminata Sharp-tailed sandpiper C 
Charadrius ruficapillus Red-capped plover C 
Chenonetta jubata Australian wood duck C 
Chlidonias hybridus Whiskered tern C 
Cygnus atratus Black swan C 
Dendrocygna arcuata Wandering whistling-duck C 
Dendrocygna eytoni Plumed whistling-duck C 
Egretta garzetta Little egret C 
Egretta novaehollandiae White-faced heron C 
Elseyornis melanops Black-fronted dotterel C 
Ephippiorhynchus asiaticus Black-necked stork R 
Erythrogonys cinctus Red-kneed dotterel C 
Fulica atra Eurasian coot C 
Gallinula tenebrosa Dusky moorhen C 
Gallinula ventralis Black-tailed native-hen C 
Gallirallus philippensis Buff-banded rail C 
Grus rubicunda Brolga C 
Haliaeetus leucogaster White-bellied sea-eagle C 
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Scientific Name Common Name Status 
Himantopus himantopus Black-winged stilt C 
Irediparra gallinacea Comb-crested jacana C 
Ixobrychus flavicollis Black bittern C 
Ixobrychus minutus Little bittern C 
Larus novaehollandiae Silver gull C 
Malacorhynchus membranaceus Pink-eared duck C 
Nettapus coromandelianus Cotton pygmy-goose R 
Nycticorax caledonicus Nankeen night heron C 
Oxyura australis Blue-billed duck C 
Pandion haliaetus Osprey C 
Pelecanus conspicillatus Australian pelican C 
Phalacrocorax carbo Great cormorant C 
Phalacrocorax melanoleucos Little pied cormorant C 
Phalacrocorax sulcirostris Little black cormorant C 
Phalacrocorax varius Pied cormorant C 
Platalea flavipes Yellow-billed spoonbill C 
Platalea regia Royal spoonbill C 
Plegadis falcinellus Glossy ibis C 
Podiceps cristatus Great crested grebe C 
Poliocephalus poliocephalus Hoary-headed grebe C 
Porphyrio porphyrio Purple swamphen C 
Porzana fluminea Australian spotted crake C 
Porzana pusilla Baillon's crake C 
Porzana tabuensis Spotless crake C 
Rallus pectoralis Lewin's rail R 
Recurvirostra novaehollandiae Red-necked avocet C 
Stictonetta naevosa Freckled duck R 
Tachybaptus novaehollandiae Australasian grebe C 
Tadorna radjah Radjah shelduck R 
Threskiornis molucca Australian white ibis C 
Threskiornis spinicollis Straw-necked ibis C 
Tringa stagnatilis Marsh sandpiper C 
Vanellus miles Masked lapwing C 
Vanellus tricolor Banded lapwing C 
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6 Alien fauna 

The AFEP recommended that only fully aquatic alien fauna be included in the analysis. 
Therefore, species such as the Cane toad (Bufo marinas) will be excluded because it can 
be found over a wide range of habitats and landscapes. Eight alien fish (three exotic and 
five native, translocated species) and one turtle known to occur within the Burnett River 
catchment were nominated by the AFEP (Table 10). Stocked native fish and translocated 
native fish were considered by the AFEP to be detrimental to aquatic ecosystems in the 
Burnett River catchment, and hence, should be included on the alien fish species list. 
The presence of aquatic exotic fauna species will be recorded under Criterion 1 
Naturalness Aquatic (1.1.1).  

Table 10 A list of alien fauna species within the Burnett River catchment. The current 
status for each species under the Nature Conservation Act (E endangered, V vulnerable, 
R rare, C common) is also provided.  

Scientific Name Common Name Status AFEP Comments 
Amniataba percoids Barred grunter, 

Banded grunter 
C Translocated illegally* 

Bidyanus bidyanus Silver perch C Translocated legally, stocked* 
Carassius auratus Goldfish Exotic*  
Gambusia holbrooki Mosquitofish Exotic*  
Maccullochella peelii 
peelii 

Murray Cod C Translocated legally, stocked* 

Macquaria ambigua Golden perch, 
Yellowbelly 

C Translocated legally, stocked* 

Oreochromis 
mossambicus 

Mozambique 
mouthbrooder, 
Tilapia 

Exotic*  

Oxyeleotris lineolatus Sleepy cod C Translocated illegally* 
Trachemys scripta 
elagans 

Red-eared Slider 
Turtle 

Exotic One isolated record from the 
Bundaberg Botanic Gardens. 
This location is downstream 
from the AquaBAMM study 
area. It is a species of concern 
should it establish populations 
in the Burnett River system. 

* Ref: Kind and Brooks (2003) 
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7 Priority ecosystems and special features 

The AFEP identified several special features in the Burnett River catchment (Table 11). 
Each spatial unit that intersects with a particular ecosystem or feature in Table 11 will be 
given the highest score (i.e. 4) within the relevant Criterion, Indicator and Measure. 

Table 11 A list of identified priority ecosystems and special features, and their values, 
within the Burnett River catchment. These features were intersected with the spatial 
units to identify the values for Criterion 6 Special Features and each were scored four for 
various AquaBAMM Measures.  

Priority 
Ecosystem or 
Special 
Feature 

Identified Values Criterion/ 
Indicator/ 
Measure # 

Panel 
Decision 
Code 

Greys 
Waterhole,  
Downstream 
of Gayndah, 
upper limit of 
Paradise Dam. 

Greys waterhole is known to be 
important for lungfish because it is a 
deep, permanent waterhole. Some of the 
oldest lungfish are known from there.  

6.3.1 afep_burn_1 

Walla Weir 
impoundment 
(SOR 216, 
399, 402) 

Important for waterfowl, water raptors. 5.1.4 afep_burn_2 

Kroombit Tops 
Headwater 
streams (SOR 
292, 293) 

Kroombit Tops has narrow strips of 
riverine aquatic habitat where three 
endemic species occur (Euastacus 
monteithorum, Litoria personiana, 
Taudactylus pleione). This habitat is also 
home to a number of unique aquatic 
invertebrates. 

6.3.1 afep_burn_3 

Riparian 
rainforest 
(priority 
ecosystem) 

Habitat for the ‘endangered’ Coxen’s Fig 
Parrot and the ‘vulnerable’ Black-
breasted Button Quail. Use Regional 
Ecosystem mapping to locate riparian 
areas, wherever it occurs. 

 afep_burn_4 

Flowing 
streams 
between 
impoundment 

They are where the bulk of the fish 
diversity will be in the future. They are 
also where the majority of the Elseya sp. 
and lungfish populations will occur.  

6.3.1 afep_burn_
5 

Bunya 
Mountains 
headwater 
streams (SOR 
87, 89, 90, 
92, 115, 487) 

The unique vegetation in combination 
with the high altitude of the Bunya 
Mountains has resulted in distinct habitat 
for montane frog species and for some 
aquatic invertebrates.   

6.3.1 afep_burn_
6 

Flying fox 
camps -  
Wherever 
they occur in 
a riparian 
zone. 

The AFEP considered flying fox camps to 
be a significant breeding or roosting 
phenomenon. The Black, Little Red and 
‘vulnerable’ Grey Headed flying foxes are 
known to make camp in the Burnett River 
catchment. The majority of camps for 
these species are located along 
watercourses. It is thought that the 

6.3.1 afep_burn_
7 
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Priority 
Ecosystem or 
Special 
Feature 

Identified Values Criterion/ 
Indicator/ 
Measure # 

Panel 
Decision 
Code 

riparian zone is favoured because of the 
higher humidity levels than the 
surrounding terrestrial areas and because 
the flying foxes may use the streams for 
navigation. Wherever permanent and 
temporary camps occur, the riparian 
zone vegetation should be identified as 
special habitat.  

Good Night 
Scrub NP 

Representative to what used to be there, 
riparian rainforest remnants on 
floodplain. Habitat for the ‘endangered’ 
Coxen’s Fig Parrot and the ‘vulnerable’ 
Black-breasted Button Quail. Connectivity 
with significant terrestrial ecosystems.  

6.3.1 Not 
implement
ed because 
of future 
inundation 
from 
Burnett 
Dam. 

Drought 
Refuges on 
the Lower 
Burnett R. 
Reaches 

Large, deep natural permanent 
waterholes were considered by the AFEP 
to be critical refuges for aquatic 
vertebrates and some invertebrates. In 
particular, the deep lowland pools on the 
main river channels were considered 
significant.  

6.3.1 Not 
implement
ed because 
of a lack of 
data.  

7.1 Lungfish and turtle habitat 
The Queensland lungfish primarily spawn in large macrophyte beds (mostly Vallisneria 
nana) in flowing water sections of streams. These same permanent, flowing water 
sections are critical to the Burnett River snapping turtle’s (Elseya sp.) long-term survival. 
The impounded areas of stream are important habitat for adult lungfish, but are of little 
or no value for juveniles. Similarly, adult turtles frequent impounded sections of rivers, 
but in lower numbers than flowing sections of rivers. The AFEP considered that the 
remnant flowing sections of river were ‘critical’ habitat while the impounded sections of 
river had minimal benefit to either the lungfish or the snapping turtle’s long-term 
survival.  

Habitat for the Queensland lungfish and the Elseya sp. [Burnett River] will be included in 
Special Features, Habitat (6.3.1). The scoring system outlined in Table 12 will be used 
for this measure. The distribution maps and information from Hamann et al. (2004) and 
Brookes and Kind (2002) were used to identify habitat in the Burnett River catchment. 
The future impoundment areas of Eidsvold Weir and the Burnett Dam were included as 
impounded (even though they have yet to be filled). 

Table 12 The lungfish and snapping turtle scoring system implemented for the 
AquaBAMM Measure 6.3.1. 

 Spatial Unit Score 
Species - 2 3 4 
Queensland 
Lungfish and / or 
Burnett River 
Snapping Turtle 

Taxa not 
present 

Mostly 
impounded 
water, taxa 
present 

Mix of 
impounded 
and flowing 
water, taxa 
present 

Mostly flowing 
water, taxa 
present 
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Attachment A – Terms of reference 

Terms of reference for AquaBAMM expert panels  

The Terms and Reference presented below are to be read in conjunction with the 
AquaBAMM Work Plan that requires Expert Panel workshops to be run to inform a 
number of AquaBAMM Criteria and their associated indicators and measures.  

Members of the three Expert Panels (Fauna, Flora and Riverine Ecology) are experts in 
scientific disciplines relevant to freshwater ecosystems, processes and species. Panel 
members are required to have professional or semi-professional standing in their fields 
of expertise and have direct knowledge and experience of the Burnett River catchment. 
Experience in the identification and assessment of riverine values including natural 
processes, species and places of significance is an important factor in the selection 
process; the Panel includes members with experience in these areas, as well as in their 
areas of specialist technical expertise. Panel members are appointed on the basis of their 
individual standing rather than as representatives of a particular interest group or 
organisation. 

The agreed structure of the Panels included at least one expert from each of the 
following disciplinary areas, identified in relation to the AquaBAMM criteria:  

Aquatic Fauna Panel Aquatic Flora Panel Riverine Ecology Panel 
• Fish species values,  
• Amphibian values, 
• Turtle values, and 
• Waterbird values. 

 

• Aquatic flora species values,  
• Riparian flora species values, 

and 
• Regional ecosystem values. 
 

• Natural geological and 
geomorphological values,  

• Water quality values, 
• Connectivity between riverine 

systems, and 
• Hydrological processes. 

 
Aquatic Fauna Expert Panel 

The Aquatic Fauna Expert Panel (AFEP) is established to provide expert advice based on 
experience and demonstrated scientific theory on aquatic-dependent fauna species or 
communities within the Burnett River catchment in South-east Queensland.  

Assessment tasks 

The tasks to be undertaken by the AFEP include, but may not be limited to, the 
following:  

1. Review relevant existing spatial data (species point records) and available 
information (reports etc.);  

2. Provide advice on aquatic-dependent rare or threatened fauna species habitat 
and localities;  

3. Provide advice on aquatic-dependent priority fauna species habitat and 
localities; 

4. Identify significant ecosystems or areas for waterbirds and migratory species;  

5. Identify priority ecosystems or areas important for significant fauna 
communities or species; and 

6. Provide advice on aquatic-dependent exotic fauna species localities and 
abundance.  
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Attachment B – Excluded fauna 

Frogs excluded from the assessment 
The following frogs are considered to be wetland breeders that do not necessarily breed 
in stream environments.  

Scientific Name Common Name Status 
Crinia deserticola Chirping froglet C 
Crinia parinsignifera Beeping froglet C 
Crinia signifera Clicking froglet C 
Cyclorana alboguttata Greenstripe frog C 
Cyclorana brevipes Superb collared frog C 
Cyclorana novaehollandiae Eastern snapping frog C 
Limnodynastes fletcheri Barking frog C 
Limnodynastes ornatus Ornate burrowing frog C 
Limnodynastes peronii Striped marshfrog C 
Limnodynastes salmini Salmon striped frog C 
Limnodynastes tasmaniensis Spotted grassfrog C 
Limnodynastes terraereginae Scarlet sided pobblebonk C 
Litoria brevipalmata Green thighed frog R 
Litoria caerulea Common green treefrog C 
Litoria dentata Bleating treefrog C 
Litoria fallax Eastern sedgefrog C 
Litoria gracilenta Graceful treefrog C 
Litoria inermis Bumpy rocketfrog C 
Litoria latopalmata Broad palmed rocketfrog C 
Litoria nasuta Striped rocketfrog C 
Litoria peronii Emerald spotted treefrog C 
Litoria rothii Northern laughing treefrog C 
Litoria rubella Ruddy treefrog C 
Neobatrachus sudelli Meeowing frog C 
Pseudophryne coriacea Red backed broodfrog C 
Pseudophryne major Great brown broodfrog C 
Pseudophryne raveni Copper backed broodfrog C 
Uperoleia fusca Dusky gungan C 
Uperoleia laevigata Eastern gungan C 
Uperoleia rugosa Chubby gungan C 
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Fish excluded from the assessment 
The following fish have been recorded in the fresh waters of the Burnett River 
catchment, but have been excluded from the assessment by expert consensus.  

Scientific Name Common Name Status AFEP Comments 
Acanthopagrus australis Yellowfin brim C Marine species 
Carcharhinus leucas Bull shark C Marine species 
Glossogobius giurus Flathead goby C Not present in Burnett River 

catchment 
Hephaestus fuliginosus Sooty grunter C Not present in Burnett River 

catchment 
Lutjanus argentimaculatus Mangrove jack C Marine species 
Maccullochella peelii mariensis Mary River Cod E Historically stocked in one or 

two impoundments in the 
Burnett. Unlikely to have self-
sustaining populations. It will 
no longer be stocked outside 
of its native catchment.  

Megalops cyprinoides Oxeye herring C Marine species 
Melanotaenia fluviatilis Murray River 

rainbowfish 
C Not present in Burnett River 

catchment 
Melanotaenia splendida 
splendida 

Eastern 
rainbowfish 

C Not present in Burnett River 
catchment 

Monodactylus argenteus Mono exotic Marine species 
Poecilia reticulata Guppy exotic Not present in Burnett River 

catchment 
Pseudomugil mellis Honey blue-eye V Not present in Burnett River 

catchment. The only record 
for this species in the Burnett 
River catchment was 
considered erroneous.  

Scatophagus argus Spotted scat C Marine species 
Selenotoca multifasciata Banded scat C Marine species 
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1 Introduction 

The Aquatic Conservation Assessment (ACA) of riverine wetlands in the Burnett River 
catchment was conducted using AquaBAMM, and relied for some the data inputs on 
expert panels convened to address ‘aquatic fauna’, ‘aquatic flora’ and ‘riverine ecology’. 

The Aquatic Biodiversity Assessment and Mapping Method (AquaBAMM) provides a robust 
and easily accessible analysis of wetland conservation values associated with a river 
catchment or other defined study area. The AquaBAMM provides a decision support tool 
that utilises existing information, with moderation by expert panels (e.g. flora, fauna and 
riverine ecology expert panels) to ensure scientific rigour and accountability, resulting in 
an Aquatic Conservation Assessment (ACA) for a nominated geographic area – in this 
case, the Burnett River catchment. 

The potential for adding additional data into the system as it becomes available, with 
consequent updates to planning outcomes, is not limited. This AquaBAMM tool is a 
map/data output in a Geographic Information System (GIS) environment based on spatial 
mapping units that describe conservation significance or value for planning and 
assessment purposes.  

The Aquatic and Riparian Flora Expert Panel (ARFEP) workshop was convened on the 5 
April 2005 at the Queensland Herbarium. The ARFEP reviewed distributions of rare and 
threatened aquatic, semi-aquatic and riparian species, established priority and exotic 
aquatic and semi-aquatic species lists and identified special features or areas of 
ecological significance in the Burnett Catchment. This report documents the findings and 
recommendations of the ARFEP. The ARFEP Terms of Reference are provided in 
Attachment A. The Fauna and Riverine Ecology Expert Panels’ outcomes are reported 
separately.  

2 Method 

2.1 Study area 
The Burnett Catchment is the third largest river basin on the east coast of Queensland, 
with a catchment area of 34500 km2 (Van Manen 1999) (Figure 1). The Burnett River 
proper flows for approximately 420 km from its source in the Burnett Range to its mouth 
at Burnett Heads. The main tributaries drained by the Burnett River include the Auburn, 
Nogo, Boyne and Stuart Rivers and Barambah and Three Moon Creeks (Van Manen 
1999). The catchment is rimmed by the Burnett and Dawes Ranges in the north, the 
Auburn Range to the west, the Great Dividing Range to the south-west and the Cooyar 
and Brisbane Ranges in the south. Major urban and regional centres in the Burnett 
catchment include Bundaberg, Kingaroy, Gayndah, Eidsvold, Murgon, Nanango and 
Monto. Rainfall in the catchment is variable with both tropical and temperate weather 
patterns experienced. Cattle grazing and agriculture dominate land use in the catchment. 
The Burnett River catchment is one of the most developed areas in Queensland in terms 
of water infrastructure. Increasing demands for water from irrigators, industry and the 
domestic sector have resulted in high levels of river regulation. There are currently 25 
water storages in the Burnett catchment, six of which are situated in the main river 
channel (Brigza et al. 2000). Two new major storages have been completed recently, 
Eidsvold Weir (2004) and the Burnett Dam (2005).  
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Figure 1 The Burnett River catchment: study area for the AquaBAMM. 
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2.2 Panel composition 
The ARFEP comprised invited persons familiar with the Burnett Catchment’s aquatic and 
riparian flora and ecosystems (Table 1). Some members who were unavailable to attend 
the workshop were consulted prior to, or after, the workshop. Briefly, the ARFEP were 
asked to:  

1. Review threatened aquatic and semi-aquatic, riparian flora species 
distributions;  

2. Establish a list of priority aquatic, semi-aquatic and riparian flora species and 
review their distributions;  

3. Establish a list of macrophytes in the Burnett;  

4. Establish a list of exotic flora and review their distributions; and  

5. Identify significant aquatic dependent ecosystems or priority areas within the 
Burnett Catchment.  

Table 1 Panel members consulted on the aquatic flora of the Burnett River catchment. 

Name Position / Organisation Expertise 
Ms Kathy Stephens Senior Botanist, 

Queensland Herbarium 
Riparian, wetland and aquatic plants. 

Mr Tony Bean Botanist, Queensland 
Herbarium 

Riparian and wetland plants and regional 
ecosystems. 

Ms Caroline Haskard Environmental Consultant, 
Kingaroy 

Riparian, wetland and aquatic plants. 

Dr Leo Duivenvoorden Senior Lecturer / 
Researcher, University of 
Central Queensland 

Aquatic and semi-aquatic plants. 

Mr Peter Young Senior Principal 
Biodiversity Planning 
Officer, EPA 

Wetland plants and regional ecosystems. 

Mr Darren Fielder (Senior Biodiversity Officer, EPA) and Dr Paul Clayton (Principal 
Environmental Officer, EPA) provided technical support for the workshop which was 
facilitated by Dr Chris Hill (Planning Manager, EPA).  

2.3 Workshop format 
The workshop used an interactive approach of ArcView GIS software to display point 
records of species and their spatial distributions. Where necessary, a background of 
topographic 1:250,000 maps, roads, rivers and other relevant datasets were used to 
identify areas of interest. In addition, information on aquatic and semi-aquatic plants in 
the Burnett Catchment was also sourced from various technical reports. A draft report 
was circulated to panel members prior to the production of a final report. 



Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  B1 – 4 

3 Rare and Threatened Flora  

The ARFEP identified five ‘Rare’ and one ‘Vulnerable’ flora taxa in the Burnett Catchment 
as being primarily aquatic, semi-aquatic or riparian in habit (Table 2). Threatened taxa 
were excluded from this list if they did not correspond to one of these categories. This 
list of flora will be used as the basis for identifying areas of significance for Criterion 4 
Threatened Species and Ecosystems (4.1.2). Point records were used to identify the 
spatial units having that species present. 

Table 2 Aquatic, semi-aquatic and riparian flora species listed under Queensland or 
Commonwealth legislation as Endangered, Vulnerable and Rare. This list was used to 
generate the values for the AquaBAMM Measure 4.1.2.    

Scientific Name Status Habit Panel Comments 

Aponogeton 
elongatus 
elongatus 

R Aquatic It usually occurs in flowing water less than 1m deep, 
rooted in a silt or mud substrate. It is tolerant of 
shade and is found where overhanging tree 
branches cause low light situations to occur. It is a 
submerged aquatic plant that sometimes produces 
floating leaves (Bostock & Stephens 2003). In the 
Burnett, it is restricted to a 20km stretch of 
Barambah Creek near Murgon. Significantly, there 
are at least two large populations known from this 
stretch of creek. 

Aponogeton 
queenslandicus 

R Aquatic The single record for the Burnett Catchment was 
considered by the ARFEP as a misidentification and 
is probably A. elongatus. However, Caroline Haskard 
has records for this species in the Burnett that she 
will provide. 

Callistemon 
formosus 

R Riparian C. formosus occurs as three disjunct populations in 
the Burnett Catchment. One population occurs in the 
same area as Persoonia amaliae, while another is 
located within Coominglah State Forest and the third 
population is known from the area east of Kingaroy. 

Melaleuca cheelii R Riparian This plant is found in floodplain wetlands and along 
watercourses on the coastal plains of the Burnett 
and surrounding catchments. 

Persoonia amaliae R Riparian This plant, in the Burnett Catchment, is restricted to 
Mount Walsh National Park and Boompa Forest 
Reserve on the Ban Ban and Coast Ranges south of 
Biggenden. Several records also occur in the 
surrounding lowland areas near the protected 
estate.  

Cupaniopsis 
shirleyana 

V Riparian This plant is found on the lowland area of the 
Burnett Catchment.  

 



Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  B1 – 5 

4 Priority flora  

The ARFEP deliberated on all aquatic, semi-aquatic and riparian species within the 
Burnett catchment to identify ‘priority flora’ (excluding the rare or threatened species 
listed in Table 1). The ARFEP agreed to a definition of a priority species: namely, a 
priority species must exhibit one or more of the following significant values: 

• It forms significant macrophyte beds (in shallow or deep water); 

• It is an important/critical food source; 

• It is important/critical habitat; 

• It is implicated in spawning or reproduction for other fauna and/or flora 
species;  

• It is at its distributional limit or is a disjunct population; or 

• It provides stream bank or bed stabilisation or has soil-binding properties. 

The ARFEP identified 14 flora species (Table 3). These species will be included in 
Criterion 5 Priority Species and Ecosystems (5.1.2). Point records will be buffered using 
their precision to identify the spatial units having a priority species present. 

Table 3 Identified priority flora species, and their significant values, within the Burnett 
Catchment. This list was used to generate the values for the AquaBAMM Measure 
(5.1.2).  

Scientific 
Name 

Habit Panel Comments & Values 

Bacopa 
monnieri 

Aquatic Bacopa monnieri is a major stabilisation feature of stream 
banks and at the water’s edge through its soil-binding 
properties. It can form large macrophyte beds that spread 
out into the water.  

Ceratophyllum 
demersum 

Aquatic  

Chara spp. Aquatic Chara spp. combine with algae to form large macrophyte 
beds, even in deep water (>2m). It is also an important 
crayfish food source.  

Damasonium 
minus 

Semi-
aquatic 

This fringing plant is usually found in wetlands, but can also 
occur along flowing streams.  

Hydrilla 
verticillata 

Aquatic Habitat for fish. 

Lomandra 
hystrix 

Riparian Lomandra is an important species for stream bank stability 
and provides habitat for terrestrial species.  

Ludwigia 
peploides 
subsp. 
montevidensis 

Aquatic Ludwigia is a major stabilisation feature of stream banks and 
at the water’s edge. It can form large beds that spread out 
into the water. 

Marsilea 
drummondii 

Semi-
aquatic 

Marsilea spp. provide bank stability and retain surface 
moisture in wetlands during dry periods. They provide 
habitat for amphibians and microinvertebrates.  

Marsilea hirsuta Semi-
aquatic 

As for M. drummondii 
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Scientific 
Name 

Habit Panel Comments & Values 

Marsilea mutica Semi-
aquatic 

As for M. drummondii 

Nitella spp.  Aquatic Nitella spp. combine with algae to form large macrophyte 
beds, even in deep water. They are also important crayfish 
food.  

Nymphaea 
gigantea var. 
gigantea 

Aquatic This waterlily is important habitat for waterbirds, snails and 
other aquatic fauna. Of note, Nymphaea gigantea can often 
be replaced by an exotic species, Nymphaea caerulea 
zanzibarensis (Cape waterlily).  

Triglochin 
procerum 

Aquatic This species can form large beds and floating mats of stems. 
It is important food and habitat for waterbirds, fish and 
snails.  

Vallisneria nana Aquatic A common macrophyte in the Burnett Catchment, V. nana 
regularly forms large beds and is always found in sandy 
substrate/bed sections. It is critical food resource and 
habitat for Lungfish and is the basis for complex food webs 
and ecosystems. This plant is the most crucial priority 
species for instream diversity and food webs in the Burnett 
Catchment. 

 

4.1 Vallisnera nana – its status and synonyms. 
The ARFEP noted that Vallisneria nana was delisted from ‘Rare’ to ‘Common’ in the 
December 2003 update to the Nature Conservation Act 1992 schedules. There has been 
confusion in the past as to just what taxon should be named V. nana and V. gracilis. 
Hence the plant commonly called V. gracilis (but not always matching Bailey's type of 
this name) is now called Vallisneria annua (whose distribution includes Western 
Australia, the Northern Territory and northern Queensland), while V. nana applies to 
Bailey's concept of the species i.e., the "true" V. gracilis (also called V. spiralis var. 
denseserrulata) from eastern Queensland and possibly New South Wales and Victoria.  

The name V. gigantea is no longer accepted for Queensland (Bostock, pers. comm.). 
There is some confusion about the application of this name. Jacobs and Franks (1997) 
did not mention this latter name when they published their revision of Vallisneria, but its 
usage perhaps dates from a 1957 study of Vallisneria in Flora Malesiana (by Den Hartog) 
where its distribution was stated as including eastern Australia including Tasmania. 
Recent Victorian information lists V. gigantea as a synonym of V. americana var. 
americana, while, interestingly, NSW has the name V. gigantea as current and sole 
species in their state. In summary, Vallisneria nana occurs in eastern Queensland, V. 
annua (previously V. gracilis) occurs in northern Queensland and V. gigantea is no longer 
recognised as occurring in Queensland. 
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5 Burnett macrophytes 

The Burnett Catchment has 79 plants that are referred to in this report as ‘macrophytes’ 
(Table 4). The datasets for these species were accessed from the EPA corporate 
databases of WildNet and HerbRecs and from ARFEP member records.  

The ARFEP recommended that a ‘macrophyte’ be defined to mean: 

• those species that are primarily dependent on water for survival and found 
either within or immediately adjoining a watercourse, excluding terrestrial 
plants, woody shrubs or trees.  

This definition of a macrophyte extends beyond the more traditional definition of 
submerged and floating aquatic plants to include plants inhabiting the littoral zone 
(waters edge) and plants that usually have ‘wet feet’ on the toe of the bank. This 
meaning was chosen because it was considered to best capture the intent of the 
AquaBAMM indicator and measure of Species Richness: “Richness of aquatic plants 
(macrophytes)” (3.1.5). The indicator is a measure of floristic richness of a particular 
spatial unit’s aquatic environment, and hence, a broad definition of a macrophyte will 
better depict the flora richness value at a given location.  

In addition, the results of an aquatic vegetation index (1 - 4) presented in 
Duivenvoorden (2000) were incorporated into the macrophyte richness analysis for the 
Burnett.  

Table 4 A list of Macrophyte species occurring in the Burnett Catchment that were used 
to calculate an index of aquatic plant species richness (AquaBAMM Measure 3.1.5). The 
current status of each species under the Nature Conservation Act (E endangered, V 
vulnerable, R rare, C common) is provided. 

Scientific Name Status Habit 
Aponogeton elongatus R Aquatic 
Azolla filiculoides C Aquatic 
Azolla pinnata C Aquatic 
Bacopa monnieri C Aquatic 
Ceratophyllum demersum C Aquatic 
Centella asiatica C Riparian 
Chara C Aquatic 
Cyperus alopecuroides C Semi-aquatic 
Cyperus aquatilis C Semi-aquatic 
Cyperus brevifolius  C Semi-aquatic 
Cyperus cyperoides  C Semi-aquatic 
Cyperus difformis C Semi-aquatic 
Cyperus digitatus  C Semi-aquatic 
Cyperus distans  C Semi-aquatic 
Cyperus enervis  C Semi-aquatic 
Cyperus exaltatus  C Semi-aquatic 
Cyperus gracilis  C Semi-aquatic 
Cyperus gymnocaulos  C Semi-aquatic 
Cyperus haspan C Semi-aquatic 
Cyperus javanicus C Semi-aquatic 
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Scientific Name Status Habit 
Cyperus kyllingia C Semi-aquatic 
Cyperus lucidus C Semi-aquatic 
Cyperus polystachyos C Semi-aquatic 
Cyperus sp. C Semi-aquatic 
Cyperus rotundus C Semi-aquatic 
Cyperus sp. aff. C. holoschoenus C Semi-aquatic 
Cyperus trinervis C Semi-aquatic 
Cyperus vaginatus C Semi-aquatic 
Damasonium minus C Semi-aquatic 
Drosera spatulata C Semi-aquatic 
Eleocharis cylindrostachys C Semi-aquatic 
Eleocharis denuda C Aquatic 
Eleocharis dietrichiana C Aquatic 
Eleocharis philippinensis C Aquatic 
Eleocharis plana C Aquatic 
Eleocharis pusilla C Aquatic 
Eleocharis sphacelata C Aquatic 
Hemarthria uncinata C Aquatic 
Hydrilla verticillata C Aquatic 
Juncus usitatus C Aquatic 
Juncus sp. C Aquatic 
Lomandra confertifolia pallida C Semi-aquatic 
Lomandra hystrix C Semi-aquatic 
Lomandra longifolia C Semi-aquatic 
Lomandra multiflora  C Semi-aquatic 
Ludwigia octovalvis C Aquatic 
Ludwigia peploides C Aquatic 
Ludwigia peploides montevidensis C Aquatic 
Marsilea drummondii C Semi-aquatic 
Marsilea hirsuta C Semi-aquatic 
Marsilea mutica C Semi-aquatic 
Myriophyllum verrucosum C Aquatic 
Najas tenuifolia C Aquatic 
Nitella sp.  C Aquatic 
Nymphaea carulea zanzibarensis C Aquatic 
Nymphaea gigantea C Aquatic 
Nymphoides indica C Aquatic 
Ottelia ovalifolia C Aquatic 
Paspalum distichum C Semi-aquatic 
Persicaria attenuata C Semi-aquatic 
Persicaria decipiens C Semi-aquatic 
Persicaria hydropiper C Semi-aquatic 
Persicaria lapathifolia  C Semi-aquatic 
Persicaria orientalis C Semi-aquatic 
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Scientific Name Status Habit 
Persicaria prostrata C Semi-aquatic 
Persicaria sp. C Semi-aquatic 
Phragmites australis  C Aquatic 
Potamogeton crispus C Aquatic 
Potamogeton tricarinatus C Aquatic 
Ranunculus inundatus C Riparian 
Schoenoplectus validus C Riparian 
Spirodela punctata C Aquatic 
Tradescantia sp.  C Semi-aquatic 
Triglochin procerum C Aquatic 
Typha domingensis C Aquatic 
Typha sp. C Aquatic 
Utricularia dichotoma C Aquatic 
Utricularia gibba C Aquatic 
Vallisneria nana C Aquatic 

 



Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  B1 – 10 

6 Exotic flora 

The ARFEP recommended that only exotic plants that cause, or have the potential to 
cause, significant detrimental impact on natural systems within a riverine landscape be 
included for the Burnett riverine ACA using AquaBAMM. Sixteen exotic plants that are 
known to occur within the Burnett were nominated by the ARFEP (Table 5). The presence 
of aquatic and semi-aquatic flora species will be recorded under Criterion 1 Naturalness 
(instream) (1.1.2). Riparian exotic flora species will be recorded under Criterion 2 
Naturalness (catchment) (2.1.1). 

The degree of infestation and abundance of an exotic plant at a particular locality was 
acknowledged by the ARFEP as being an important factor in determining the level of 
impact to a natural ecosystem. Where available, information and mapping (from DNRM 
and Regional Body) of an exotic species’ extent will be used instead of point records to 
flag the spatial units having an exotic species present. Where only a point record is 
available for a location, then the record will be used to identify the spatial units as 
having an exotic species present. Hence, an individual point record may or may not 
correspond to localities of dense weed infestations.  

Table 5 A list of exotic flora species within the Burnett Catchment causing, or potentially 
causing, significant environmental degradation in a riverine landscape. This list was used 
to calculate the Measures for 1.1.2 and 2.1.1 in the AquaBAMM assessment.  

Scientific Name Common Name Habit 

Anredera cordifolia Madeira Vine Riparian 
Brachiaria mutica Para Grass Semi-aquatic 
Cabomba caroliniana Cabomba Aquatic 
Cardiospermum halicacabum Balloon Vine Riparian 
Celtis sinensis Chinese Elm Riparian 
Cinnamomum camphora Camphor Laurel Riparian 
Cryptostegia grandiflora Rubber Vine Riparian 
Eichhornia crassipes Water Hyacinth Aquatic 
Gleditsia triacanthos Honey Locust Riparian 
Ligustrum lucidum Large-leaved Privet Riparian 
Macfadyena unguis-cati. Cat’s Claw Creeper Riparian 
Panicum maximum Green panic Riparian 
Phyla canescens Lippia Riparian 
Ricinus communis Castor Oil Bush Riparian 
Salix babylonica Weeping Willow Riparian 
Salvinia molesta Salvinia Aquatic 
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7 Priority ecosystems and special features 

From the experience and knowledge of the ARFEP members, several priority ecosystems 
and special features were identified in the Burnett Catchment (Table 5). The ARFEP 
recommended that each item be given the highest score (i.e., four [4]) within the 
relevant Criterion, Indicator and Measure. Each spatial unit that intersects with a 
particular ecosystem or feature in Table 6 will be identified as having that feature 
present and be assigned a relative score accordingly. 

Table 6 A list of identified priority ecosystems and special features, and their values, 
within the Burnett Catchment.  

Priority Ecosystem 
or Special Feature 

Identified Values Criterion/ 
Indicator/ 
Measure # 

Panel 
Number 

Coomba Falls, 
Maidenwell (101). 
Located east of the 
township of 
Maidenwell. 

Located at these falls is a unique 
species of Xanthorrhea which is 
thought to be a natural hybrid 
between X. johnsonii and X. 
latifolia subsp. latifolia. The 
Coomba Falls have created large 
deep permanent waterholes which 
are refuges for fauna and flora 
from drought. It was also the 
location of a massacre of 
Aboriginal people by early settlers 
of the area and is therefore a 
culturally and historically 
significant site.  

6.3.1 arfep_burn_1 

Ceratodus Crossing 
(Burnett River). The 
Burnett River, north 
of Eidsvold. 151.14E  
–25.28S 

The riparian zone of this section 
of river is in very good condition.  

5.2.1 arfep_burn_2 

Walla Island in the 
Burnett River near 
Tim Fischer Bridge 
on the highway. 

This vegetated island is located 
within the weir impoundment on 
the Burnett River and, 
consequently, it is partially 
submerged by Walla Weir. At 
least seven significant fig trees 
are extant on the island. These 
are an important food source for 
the threatened Burnett River 
snapping turtle (Elseya sp.) and 
for the Endangered Coxen’s Fig 
Parrot (Cyclopsitta diophthalma 
coxeni ). The highest risk to the 
fig trees is weeds, namely Cat’s 
Claw Creeper, which is invading 
the island. The ARFEP identified 
an urgent need to control Cat’s 
Claw on the island.  

5.2.1 & 
6.3.1 

arfep_burn_3 

Auburn River Gorge There are special biodiversity and 
geomorphic values in the Auburn 
River Gorge.  

6.1.1 arfep_burn_4
A 
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Priority Ecosystem 
or Special Feature 

Identified Values Criterion/ 
Indicator/ 
Measure # 

Panel 
Number 

Lowland Riparian 
Rainforest 
Remnants in the 
more developed 
sugar cane areas of 
the lower Burnett 
Catchment. 

These mostly small, isolated 
rainforest remnants are in good 
condition and are a good 
representation of riparian 
ecosystems on the Burnett River 
proper.  

5.2.1 arfep_burn_4 

Barambah Gorge Species at the limit of their 
distributions (coastal species) 
occur in Barambah Gorge. Also, 
new species are likely and being 
collected from the area. There is 
an endemic Hibiscus sp. 
(Barambah Creek P.Grimshaw+ 
PG2484). Barambah Gorge also 
has high geomorphic and scenic 
values. Use GAR unit to define.  

6.1.1 arfep_burn_5 

Cania Gorge Species at the limit of their 
distributions occur in Cania Gorge. 
Also, new species are likely and 
being collected from the area. 
Cania Gorge also has high 
geomorphic and scenic values. 
Use GAR unit to define.  

6.1.1 arfep_burn_6 

Bania State Forest 
Located in the 
headwaters of the 
Burnett River within 
Bania State Forest 
and for about five 
kilometres 
downstream of the 
State Forest 
boundary 

Special biodiversity and 
geomorphic values. Weed-free 
Callistemon communities. Lightly 
grazed only. Good condition.  

6.1.1 arfep_burn_7 

Mingo Crossing and 
gorge area, 
Paradise Dam. 
Mingo Creek 
confluence with 
Burnett River down 
to the Paradise Dam 
site. for Mingo 
Crossing 151 
46.205E 25 23.963S 

Mingo crossing and the gorge 
near Paradise Dam has special 
biodiversity and geomorphological 
values. This reach of river has 
good connectivity with Good Night 
Scrub. There are 21 species of 
macrophytes at Mingo Crossing 
(Dr Duivenvoorden, pers. comm.) 
and significant rare and 
threatened flora and fauna 
species including cycads, Elseya 
sp. and Coxen’s Fig Parrot. The 
area also has important cultural 
values. 

6.2.1 & 
7.4.1 

Not 
Implemented 
because of 
future 
inundation 
from Burnett 
Dam. 
(arfep_burn_
8) 

Perry River system  
Whole length of 
Perry River not 
including its 
tributaries 

Perry River was identified as 
having a high richness of fish, 
macrophytes (34 spp.)* and 
macroinvertebrates (at the family 
level). In addition, habitat values 

6.3.1;  
3.1.2; & 
3.1.3 

arfep_burn_9 
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Priority Ecosystem 
or Special Feature 

Identified Values Criterion/ 
Indicator/ 
Measure # 

Panel 
Number 

(Upstream from its 
confluence with the 
Burnett River to 
beyond Placer Dam 
to its junction with 
Swinden Creek. Also 
include Briggs 
Creek) 

were quite high and remain 
intact. These values stand out 
from other river systems in 
Queensland (LD).  

Barambah Creek 
Aponogeton beds. 
Between Silver Leaf 
Weir & Ficks 
Crossing 

At least two large beds of 
Aponogeton elongatus subsp. 
elongatus occur within this reach 
of Barambah Creek. These 
unusual macrophyte beds provide 
significant habitat and food 
resources for instream fauna 
including macroinvertebrates, fish 
and turtles.  

6.3.1 arfep_burn_1
0 

Extensive Vallisneria 
nana macrophyte 
beds. Various 
locations within the 
Burnett Catchment. 

Where these macrophyte beds 
occur, they provide significant 
habitat and food resources for 
instream fauna including 
macroinvertebrates, fish and 
turtles. The ARFEP members 
considered V. nana as the most 
critical aquatic plant for 
maintaining complex food webs 
and aquatic ecosystems because 
of its extensive macrophyte beds 
and broad geographic coverage of 
the Burnett Catchment. 

6.3.1 Not 
implemented 
(arfep_burn_
11) 

* Duivenvoorden (1995) 
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8 Connectivity  

The ARFEP noted that the uppermost location for aquatic and semi-aquatic rare and 
threatened and priority species on a watercourse are significant because they are the 
‘source’ population for future downstream dispersal and colonisation. It was 
recommended that these upstream locations (i.e., spatial units) be given a higher 
relative score in the Connectivity Criterion (7.1.1). This recommendation was not 
implemented in the AquaBAMM pilot. However, it is worthy of inclusion in future 
revisions.  
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Attachment A 

Terms of Reference for AquaBAMM Expert Panels  
The Terms and Reference presented below are to be read in conjunction with the 
AquaBAMM Work Plan that requires Expert Panel workshops to be run to inform a 
number of AquaBAMM Criteria and their associated indicators and measures.  

Members of the three Expert Panels (Fauna, Flora and Riverine Ecology) are experts in 
scientific disciplines relevant to freshwater ecosystems, processes and species. Panel 
members are required to have professional or semi-professional standing in their fields 
of expertise and have direct knowledge and experience of the Burnett Catchment. 
Experience in the identification and assessment of riverine values including natural 
processes, species and places of significance is an important factor in the selection 
process; the Panel includes members with experience in these areas, as well as in their 
areas of specialist technical expertise. Panel members are appointed on the basis of their 
individual standing rather than as representatives of a particular interest group or 
organisation. 

The agreed structure of the Panels included at least one expert from each of the 
following disciplinary areas, identified in relation to the AquaBAMM criteria:  

Aquatic Fauna Panel Aquatic Flora Panel Riverine Ecology Panel 
• Fish species values,  
• Amphibian values, 
• Turtle values, and 
• Waterbird values. 

 

• Aquatic flora species values,  
• Riparian flora species values, 

and 
• Regional ecosystem values. 
 

• Natural geological and 
geomorphological values,  

• Water quality values, 
• Connectivity between riverine 

systems, and 
• Hydrological processes. 

 
Aquatic and Riparian Flora Expert Panel 

The Aquatic and Riparian Flora Expert Panel (ARFEP) is established to provide expert 
advice based on experience and demonstrated scientific theory on aquatic dependent 
flora species or communities within the Burnett Catchment in South-east Queensland.  

Assessment tasks 

The tasks to be undertaken by the ARFEP include, but may not be limited to, the 
following:  

1. Review relevant existing spatial data (species point records) and available 
information (reports etc.);  

2. Provide advice on aquatic dependent rare or threatened flora species habitat 
and localities;  

3. Provide advice on aquatic dependent priority flora species habitat and 
localities; 

4. Identify priority ecosystems or areas important for significant floral 
communities or species; and 

5. Provide advice on aquatic dependent exotic flora species localities and 
abundance.  
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1 Introduction 

The Aquatic Conservation Assessment (ACA) of riverine wetlands in the Burnett River 
catchment was conducted using AquaBAMM, and relied for some the data inputs on 
expert panels convened to address ‘aquatic fauna’, ‘aquatic flora’ and ‘riverine ecology’. 

The Aquatic Biodiversity Assessment and Mapping Method (AquaBAMM) provides a robust 
and easily accessible analysis of wetland conservation values associated with a river 
catchment or other defined study area. The AquaBAMM provides a decision support tool 
that utilises existing information, with moderation by expert panels (e.g. flora, fauna and 
riverine ecology expert panels) to ensure scientific rigour and accountability, resulting in 
an Aquatic Conservation Assessment (ACA) for a nominated geographic area – in this 
case, the Burnett River catchment. 

The potential for adding additional data into the system as it becomes available, with 
consequent updates to planning outcomes, is not limited. This AquaBAMM tool is a 
map/data output in a Geographic Information System (GIS) environment based on spatial 
mapping units that describe conservation significance or value for planning and 
assessment purposes.  

The Riverine Ecology Expert Panel (REEP) workshop was convened on the 1st June 2005 
at the Environmental Protection Agency conference room at 288 Edward St, Brisbane. 
The REEP developed some principles for measuring connectivity in a riverine landscape, 
weighted measures according to their importance to their indicator and identified special 
features or areas of ecological significance in the Burnett Catchment. This report 
documents the findings and recommendations of the REEP. The REEP Terms of Reference 
are provided in Attachment A. The Aquatic and Riparian Flora and Aquatic Fauna Expert 
Panels’ outcomes are reported separately.  

2 Method 

2.1 Study area 
The Burnett Catchment is the third largest river basin on the east coast of Queensland, 
with a catchment area of 34500 km2 (Van Manen 1999) (Figure 1). The Burnett River 
proper flows for approximately 420 km from its source in the Burnett Range to its mouth 
at Burnett Heads. The main tributaries drained by the Burnett River include the Auburn, 
Nogo, Boyne and Stuart Rivers and Barambah and Three Moon Creeks (Van Manen 
1999). The catchment is rimmed by the Burnett and Dawes Ranges in the north, the 
Auburn Range to the west, the Great Dividing Range to the south-west and the Cooyar 
and Brisbane Ranges in the south. Major urban centres in the Burnett catchment include 
Bundaberg city, Kingaroy, Nanango and Monto. Rainfall in the catchment is variable with 
both tropical and temperate weather patterns experienced. Cattle grazing and agriculture 
dominate land use in the catchment. The Burnett River catchment is one of the most 
developed areas in Queensland in terms of water infrastructure. Increasing demands for 
water from irrigators, industry and the domestic sector have resulted in high levels of 
river regulation. There are currently 25 water storages in the Burnett catchment, six of 
which are situated in the main river channel (Brigza et al. 2000). Two new major 
storages have been completed recently, Eidsvold Weir (2004) and the Burnett Dam 
(2005).  
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Figure 1 The Burnett River Catchment: study area for the AquaBAMM. 
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2.2 Panel composition 
The REEP comprised invited persons with expertise in riverine ecology including fish, 
macroinvertebrates, water quality, hydrology, geomorphology and vegetation (Table 1).  
Briefly, the REEP were asked to:  

1. Establish principles for measuring connectivity in a riverine landscape;  

2. Weight ‘measures’ relative to their importance for an ‘indicator’; and 

3. Identify areas of significant geomorphological, ecological or hydrological 
processes or priority areas within the Burnett Catchment.  

Table 1 Panel members consulted on the aquatic values of the Burnett River catchment. 

Name Position / Organisation Expertise 
Mr Peter Negus Principal Scientist, NRM, Indooroopilly Water Quality  
Dr Peter Kind Fisheries Biologist, DPI&F, Indooroopilly Fish 
Mr Andrew Berghuis Fisheries Biologist, DPI&F, Bundaberg Fish 
Dr John Platten Principal Conservation Officer, EPA, 

Rockhampton 
Fish, Hydrology 

Mr Peter Young Senior Principal Biodiversity Planning Officer, 
EPA, Brisbane 

Riparian and aquatic 
vegetation, 
Biodiversity Planning 
Assessments  

Mr Ray Maynard Supervising Hydrographer, NRM, Bundaberg Hydrology 
Mr Andrew Moss Senior Principal Scientist, Monitoring, EPA, 

Indooroopilly 
Water Quality 

Mr Glen Moller Senior Environmental Scientist, NRM, 
Indooroopilly 

Riverine Habitat & 
Condition Assessment 

Mr Khilraj Pandeya Senior Hydrologist, NRM, Indooroopilly Hydrology 
Ms Shannon Brennan Planning Officer, NRM, Brisbane Fluvial 

Geomorphology 
Ms Maria Zann 
Schuster 

Senior Biodiversity Officer, EPA, Maryborough Ecology, Biodiversity 
Planning 
Assessments.  

Mr Darren Fielder (Senior Biodiversity Officer, EPA), Mr Steven Howell (Principal Planning 
Officer, EPA) and Dr Paul Clayton (Principal Environmental Officer, EPA) provided 
technical support for the workshop which was facilitated by Dr Chris Hill (Planning 
Manager, EPA).  

2.3 Workshop Format 
The workshop used an interactive approach of ArcView GIS software to display the 
Burnett Catchment and, where necessary, a background of topographic 250 k maps, 
roads, rivers and other relevant datasets were used to identify areas of interest. A draft 
report was circulated to panel members prior to the production of a final report. 
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3 Connectivity  

The REEP members were asked to i) comment on the importance of connectivity within a 
riverine system, and ii) develop a set of principles that could be applied to determine 
relative connectivity scores of spatial units within a river catchment.  

3.1 Importance of Connectivity 
There was broad agreement by the REEP that the concept of connectivity is important, 
and it is directly or indirectly linked to most facets of aquatic ecology, geomorphology 
and water quality. The scientific literature reviewed for the AquaBAMM project reflects 
this view.  

• The ecological value of a particular reach of river is directly linked in quantity and 
quality to the movement both up and downstream (and between adjoining 
terrestrial lands) of resources such as water, sediment and debris and 
recruitment and distribution of species (Cullen 2003).  

• An inherent connectivity (or lack of connectivity in drier periods) is a significant 
feature of fresh waters. In arid-zone systems, and floodplains, the irregular flow 
regime and sporadic connectivity underpins the conservation of the instream and 
floodplain wetland biota such as the invertebrate assemblages (Sheldon et al. 
2002).   

• Similarly, this relationship is evident for maintaining the health and productivity 
of end-of-river estuarine systems (Cullen 2003).  

• A largely unknown and unseen linkage occurs within the hyporheic zone between 
surface waters and groundwater ecosystems sustaining many endemic or relictual 
invertebrate fauna (Boulton et al. 2003).  

3.2 Applying Principles for Measuring Connectivity 
The practicalities of measuring connectivity in a riverine environment are complex 
making general principles difficult to develop and implement. Connectivity in its broadest 
meaning incorporates hydrological processes (quantity and quality, temporal and spatial 
variability), organism dispersal (barriers) and disturbances from natural. Connectivity can 
be bi-directional movements within a stream (e.g., fish passage), uni-directional 
contribution to a downstream spatial unit or special area, or lateral connectivity to 
floodplain wetlands or groundwater ecosystems. These aspects of connectivity combine 
to provide a matrix of competing and differing values from an ecological conservation 
viewpoint.  

Fish Passage 
The REEP suggested that barriers lower in the catchment have more impact on fish 
passage then those in upper reaches of the catchment. There was also recognition that 
each barrier can be rated according to its relative level of fish passage. The following 
steps were used to calculate a connectivity score for each spatial unit.  

Step 1 : Each stream segment is scored for its intrinsic connectivity according to its 
stream order (1:100000)  

The REEP acknowledged that there is an intrinsic connectivity value for each stream 
segment from a fish migration point of view. That is, the higher the stream order, the 
higher its intrinsic connectivity score for fish species. Table 2 provides the scoring 
system using the stream order of each stream segment.  
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Table 2 The intrinsic connectivity score for streams. Stream Order was calculated using 
the EPA stream network at a scale of 1:100000.  

Stream Order Intrinsic Connectivity Score 
1 1 
2 & 3 2 
4 & 5 3 
>5 4 

 

Step 2 : Modify the intrinsic connectivity score using the fish passage rating for each 
barrier. 

The DPI&F rated the major instream barriers in the Burnett Catchment for their ability to 
allow fish passage both up and downstream (Table 4). Only artificial barriers were 
considered for a fish passage rating. This fish passage rating is then subtracted from the 
intrinsic connectivity score to provide a Connectivity Score for each segment of stream 
within a spatial unit as shown below.  

Connectivity Score (CS) = Intrinsic Connectivity Score (ICS) – Fish Passage Rating (FPR) 

 

For example, the ICS score for a river segment having a stream order of six would be 4, 
and if a barrier exists on this river reach, its FPR score would be 2; resulting in an 
overall CS score of 2 (measure 7.1.2) for the spatial unit (i.e., ICS – FPR = 4 – 2 = 2). 
Table 3 provides the calculation matrix for each combination using the rules outlined 
below.  

Table 3 Calculation matrix for the Connectivity Score (7.1.2). 

 Fish Passage Rating (FPR) 
Intrinsic 

Connectivity 
Score (ICS) 

No barrier 
present 

1 
Good 

2 
Moderate 

3 
Poor 

1 (Low) 1 1 1 1 
2 (Medium) 2 1 1 1 
3 (High) 3 2 1 1 
4 (Very High) 4 3 2 1 

 

Rules for calculating the Connectivity Score:  

1. the CS cannot be lower than 1; 

2. a spatial unit’s CS pertains to the highest stream order present in the unit; 
and 

3. where there is no barrier within a spatial unit, the ICS for the highest stream 
order is used as the CS.  

The final connectivity score for fish passage in the Burnett River catchment (AquaBAMM 
Measure 7.1.2) is presented in  

Figure 2.
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Table 4 Fish passage rating for artificial barriers in the Burnett Catchment. These ratings 
were used to score the fish passage connectivity in the AquaBAMM Measure (7.1.2). 

Name Stream Longitude Latitude Fish Passage Rating^
Avis Weir Three Moon Ck. 151.126 -24.983 3* 

Bazley Weir Three Moon Ck. 151.125 -24.896 3* 

Ben Anderson Barrage Burnett R. 152.287 -24.892 1 

Bingera Weir Burnett R. 152.208 -24.943 2 

Bjelke-Petersen Dam Barker Ck. 151.978 -26.304 3 

Boondooma Dam Boyne R. 151.433 -26.094 3 

Burnett Dam Burnett R. 151.92 -25.96 1 

Cania Dam Three Moon Ck. 150.985 -24.65 3 

Claude Wharton Weir Burnett R. 151.591 -25.619 3 

Eidsvold Weir Burnett R. 151.07 -25.35 1 

Francis Weir Barambah Ck. 152.04 -26.30 3* 

Gordonbrook Dam Stuart R. 151.734 -26.438 3 

Joe Sippel Weir Barambah Ck. 152.009 -26.274 3 

John Goleby Weir Burnett R. 151.148 -25.256 3 

Jones Weir Burnett R. 151.295 -25.595 3 

Meandu Creek Dam Meandu Ck. 151.895 -26.775 3 

Monto Weir Three Moon Ck. 151.108 -24.857 3 

Mulgildie Weir Three Moon Ck. 151.093 -25.018 3 

Mungungo Weir Monal Ck. 151.158 -24.763 3 

Murgon Weir Barambah Ck. 151.918 -26.268 3 

Nanango Weir Barker Ck. 151.924 -26.652 3 

Placer Dam Perry R. 151.80 -25.24 3 

Proston Weir Stuart R. 151.645 -26.278 3 

Silverleaf Weir Barambah Ck. 151.815 -26.171 3 

Walla Weir Burnett R. 152.099 -25.052 1 

Wuruma Dam Nogo R. 150.991 -25.199 3 

Youlambie Weir Three Moon Ck. 151.096 -24.823 3 
* Uncertain, but no fishway present.  
^ 1 = fish passage good, fishway is effective for majority of fish species; 2 = fish passage is moderate, fishway only 
partially effective; 3 = fish passage is poor, barrier to most fish species. 
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Figure 2 The fish passage Connectivity Score (7.1.2) for each spatial unit within the 
Burnett Catchment is presented here.  
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Connectivity of Special Features 
The REEP members were asked to develop principles for scoring connectivity for special 
features such as waterfalls, macrophyte beds, gorges and other areas or features 
identified through expert opinion (refer to the Aquatic and Riparian Flora and Aquatic 
Fauna Expert Panel reports for complete list). This question primarily relates to uni-
directional connectivity, i.e., quantity or quality of flow to a downstream special feature. 
Lateral connectivity between the aquatic riverine system and adjacent ecosystems was 
also recognised by the REEP as an important value, particularly for floodplain wetlands 
and riparian systems. However, approaches to scoring this type of connectivity were not 
discussed in any detail. 

REEP members gave a diversity of opinions and suggestions on how best to score uni-
directional connectivity within the riverine landscape. Four models for scoring spatial 
units relative to a special feature downstream are reported below. 

1. Distance from a Special Feature 

A suggested model was to score spatial units above a special feature using a 
predefined distance. Stream segments closest to a special feature would receive the 
highest score within a specified distance (e.g., 1km radius) progressively decreasing 
in value the further the stream segments are upstream from a feature (e.g., 4kms). 
Thus, a connectivity score within the first kilometre upstream of a special feature 
would be 4, the second kilometre would be 3, the third kilometre would be scored 2 
and the fourth kilometre would be scored 1. Any spatial unit above the fourth 
kilometre would not receive a connectivity score using this model. Each spatial unit 
intersected within these distances would receive the highest score (maximum value) 
given to any of its stream segments.  

An advantage of this method of scoring connectivity is that a stream segment would 
be scored independent of the spatial units. Depending on the spatial unit chosen for 
the AquaBAMM assessment, any number of spatial units might be intersected within 
a specified distance from a special feature. This avoids the score being scale-
dependent. However, a disadvantage is that the distance used to determine the 
connectivity score will necessarily be arbitrary in nature because of a lack of specific 
scientific understanding of ecological connections within riverine systems. This lack 
of detailed understanding is arguably less important because the AquaBAMM 
assessment aims to be used at a regional planning level rather than at an individual 
reach level. 

2.  Proportion of Catchment Upstream 

A second model was to score each spatial unit according to the proportion of 
catchment (or stream length) above a special feature. A general principle for this 
scoring method is that each stream segment, including headwater streams, 
contributes to maintaining a special feature further downstream in the catchment 
according to its proportion of the total (e.g., length of river). A quartile approach 
(i.e., 0-25% = 1, >25-50% = 2, >50-75% =3, >75% = 4) to setting thresholds for 
connectivity could be used to assign a score to each spatial unit upstream of a 
special feature. In contrast, spatial units would not score using the distance model if 
they were outside of the predetermined distance from a special feature.  

An advantage of this method is that it recognises that each spatial unit above a 
special feature contributes proportionally to maintaining it, and are scored 
accordingly. However, for some special features (e.g., Vallisneria nana macrophyte 
beds) it may be more reasonable to assume that the contribution of stream sections 
immediately upstream (for a specified distance) is more significant than from a 
stream segment many kilometres upstream. This model is scale dependent because 
the spatial unit is used to determine the proportion (either catchment area ha, or 
length of stream in kilometres) assigned a 1 – 4 score. 
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3. Number of Tributaries Upstream 

The third model that was suggested by the REEP was to use the number of 
tributaries flowing into a special feature to assign a connectivity score to spatial 
units upstream in a similar way to the proportion of catchment upstream. Again, a 
quartile approach to setting scoring thresholds could be implemented. This model of 
scoring connectivity has the same advantages and disadvantages as for the 
proportion of catchment upstream method.  

4. Inverse exponential scoring of spatial units upstream 

This model uses the spatial units rather than a distance to determine how they are 
scored. Every contributing spatial unit above a particular special feature was 
logarithmically scored with the spatial units immediately upstream of a special 
feature being scored a 4, the next adjoining upstream spatial units received a score 
of 2 and the remainder above a special feature were scored a 1. The spatial unit 
having the special feature located within it would not receive a score because it was 
already scored in Criterion 6. Where a spatial unit had more than one calculation 
(i.e., overlapping scores), the maximum value was incorporated.  

This model better reflects the importance of spatial units immediately above a 
special feature by applying a logarithmic threshold to scoring. It is also an efficient 
and practical application of a complex issue. A disadvantage of this model is that it 
treats all special features (e.g., macrophyte bed, geomorphological feature, 
hydrological feature) equally where there may be reasons to differentiate between 
them. Also, this model can result in some variation of the real distances upstream of 
a special feature being scored.    

 

In summary, the REEP provided excellent suggestions and feedback on ways to measure 
connectivity for special features. For expediency with the Burnett Catchment trial 
application of the AquaBAMM, the fourth model was applied. The results are shown in 
Figure 3. However, it was recognised that future versions of AquaBAMM may refine this 
application to better determine the connectivity values within streams.  
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Figure 3  The AquaBAMM Measure (7.1.1) scores using the REEP model 4 to calculate the 
connectivity value of the Burnett Catchment spatial units above areas with special 
features.  
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4 Modelled natural flows 

Cullen (2003) proposed an Australian River Classification based solely on flow extractions 
from rivers (Table 5). He argued that flow diversion is the most important threatening 
process, and one that is easily understood and managed. Cullen (2003) believed a flow 
classification could be useful in water planning in Australia. These flow extraction 
thresholds were used as thresholds for the AquaBAMM Measure 1.4.2 “Percent natural 
flows - modelled flows remaining relative to predevelopment”.  

Table 5  Australian River Classification 

River Class Percent Mean Annual Flow 
Heritage River >95% 
Conservation River 85 - 95% 
Sustainable Working River 67 - 85% 
Managed Working River <67% 

 

The Department of Natural Resources and Mines (DNRM) modelled the percent natural 
flows over a period of 120 years using flow data from 31 gauging stations (IQQM). A full 
development scenario including full operation of Eidsvold Weir and the Burnett Dam, the 
raising of several existing weirs and full operation of sleeper licences was used to 
calculate the percent natural flows. A full development scenario was preferred because it 
accounted for the major new instream structures that will come into operation in 2006.  

The modelled data was then extrapolated and interpolated through expert opinion to all 
spatial units within the assessment (the results are shown in  

Figure 4). Through this exercise, the flow classes above represent only broad-scale 
trends with spatial boundaries between classes necessarily approximate because of the 
relatively few modelled nodes available for such a large catchment. The percent natural 
flow class of the highest stream order within a spatial unit was assigned to all of the 
other streams within a spatial unit.  
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Figure 4  Percent natural flows for the Burnett Catchment streams from modelled full 
development data and expert interpretation.  
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5 Weighting of measures  

The REEP members along with the AquaBAMM Project Knowledge Committee and project 
officers (20 people in all) weighted the measures within each indicator. Measures were 
weighted according to their importance to an indicator. Each person was asked to 
allocate at least one measure with a maximum weighting of 10 to ensure consistency 
across the group. The individual weights were averaged and reviewed with particular 
attention to averages having a high variance. The reason for the variance was discussed 
within the group and an opportunity to change individuals’ weights was given. The 
overall group average for each measure was then applied in the AquaBAMM assessment 
(Table 6). The measure number in Table 3 relates to the hierarchical approach of the 
AquaBAMM method. The first number refers to a criterion and the second number to an 
indicator within a criterion followed by the individual measure number. 

There are a number of different methods for eliciting expert information, however many 
of these can become very complicated and time intensive. The benefits of refining the 
weights through a more detailed method were considered minimal. The result from the 
approach adopted at the workshop was considered by AquaBAMM development team to 
accurately reflect the expert panel's decisions. 

Table 6 The group average weights for each measure (maximum score is 10, total 
number of participants was 20).  

Measure Description Weight 
1.01.01 Presence/absence of 'alien' fish species within the spatial unit 9.1 
1.01.02 Presence/absence of exotic plants instream within the spatial unit 9.2 
1.02.01 SOR aquatic vegetation condition 6.5 
1.02.02 AUSRIVAS score - Autumn Edge 9.3 
1.02.03 AUSRIVAS score - Autumn Bed 6.6 
1.02.04 AUSRIVAS score - Spring Edge 7.3 
1.02.05 AUSRIVAS score - Spring Bed 6.4 
1.02.06 Average PET score (Family level taxonomy) 5.3 
1.03.01 SOR bank stability 7.5 
1.03.02 SOR bed & bar stability 7.3 
1.03.03 SOR aquatic habitat condition 8.3 
1.03.04 Presence/absence of dams/weirs within the spatial unit 9.4 
1.03.05 Inundation by dams/weirs (% of waterway length within the spatial unit) 9.0 
1.03.06 Snag removal within the spatial unit 6.1 
1.04.01 Mean annual flow extraction within the spatial unit 10.0 
1.05.01 Mean for Total Phosphorous (ug/L) 8.7 
1.05.02 Mean for Total Nitrogen (ug/L) 8.3 
1.05.03 Mean for Turbidity (ug/L) 7.9 
1.05.04 Mean for Conductivity (ug/L) 8.3 
1.05.05 pH 5.7 
2.01.01 Presence/absence of exotic plants in the riparian zone within the spatial unit. 10.0 
2.02.01 % area remnant vegetation across the spatial unit relative to preclear extent 

within buffered watercourses (ie. in the riparian zone). 
9.8 

2.02.02 % area of "of concern" or "endangered" riparian or wetland REs in the spatial 
unit relative to preclear extent. 

8.0 

2.02.03 Total number of REs within riparian areas relative to preclear number of REs 
within buffered watercourses.  

7.4 

2.02.04 SOR reach environs 6.5 
2.02.05 SOR riparian vegetation condition 7.7 
2.03.01 % "agricultural" land-use area by spatial unit (i.e. cropping and horticulture) 8.6 
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Measure Description Weight 
2.03.02 %  "grazing" land-use area by spatial unit 8.3 
2.03.03 % "vegetation" land-use area by spatial unit (i.e. native veg + regrowth) 9.0 
2.03.04 % "settlement" land-use area by spatial unit (i.e. towns, cities, etc) 9.0 
2.04.01 Farm storage (overland flow harvesting and gully dams) calculated by surface 

area within the spatial unit. 
10.0 

3.01.01 Richness of amphibians 8.8 
3.01.02 Richness of native fish 9.7 
3.01.03 Richness of native reptiles 8.1 
3.01.04 Richness of native waterbirds 7.1 
3.01.05 Richness of aquatic plants (macrophytes) 7.9 
3.02.01 Number of macroinvertebrate taxa (Family level taxonomy) 9.2 
3.02.02 Riparian vegetation richness represented by richness of REs along watercourses 

within a specified buffer distance from the stream 
8.4 

3.03.01 SOR channel diversity 10.0 
3.04.01 Richness of geomorphic features (ie. features determined according to GAR 

method) within the spatial unit. 
10.0 

4.01.01 Presence of rare or threatened aquatic ecosystem dependent fauna species - 
NCAct, EPBCAct 

9.9 

4.01.02 Presence of rare or threatened aquatic ecosystem dependent flora species - 
NCAct, EPBCAct 

9.5 

4.02.01 Presence of "of concern" or "endangered" riparian or wetland REs in the spatial 
unit.  

10.0 

4.03.01 Presence of rare geomorphic features (ie. features determined according to GAR 
method) within the spatial unit. 

10.0 

5.01.01 Presence of aquatic ecosystem dependent 'priority' fauna species (Expert Panel 
list/discussion or other lists such as ASFB, WWF, etc) 

9.5 

5.01.02 Presence of aquatic ecosystem dependent 'priority' flora species (Expert Panel 
list/discussion) 

9.4 

5.01.03 Habitat for, or presence of, migratory species (Expert Panel list/discussion 
and/or JAMBA / CAMBA agreement lists) 

7.1 

5.01.04 Habitat for significant numbers of waterbirds (Expert Panel data/discussion) 7.2 
5.02.01 Presence of 'priority' aquatic ecosystem as per Expert Panel lists and/or 

discussions 
10.0 

6.01.01 Presence of distinct, unique or special geomorphic features (Expert Panel 
list/discussion) 

10.0 

6.02.01 Presence of (or requirement for) distinct, unique or special ecological processes 
(Expert Panel list/discussion) 

10.0 

6.03.01 Presence of distinct, unique or special habitat (including habitat that functions 
as refugia or other critical purpose) (Expert Panel list/discussion) 

10.0 

6.04.01 Presence of distinct, unique or special hydrological regimes (eg. Spring fed 
stream, ephemeral stream, wetland, boggomoss) (Expert Panel list/discussion) 

10.0 

7.01.01 The contribution (upstream or downstream) of the spatial unit to the 
maintenance of significant species or populations, including those features 
identified through Criterion 5 and/or 6. 

7.9 

7.01.02 Possibility for migratory or routine 'passage' of fish and other fully aquatic 
species (upstream and/or downstream movement) within the spatial unit. 

9.8 
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6 Priority ecosystems and special features 

The REEP members identified several special features in the Burnett Catchment including 
special hydrological regimes and connectivity to the Burnett estuary (Table 7). Each 
spatial unit that is intersected by these features would be given the highest score (i.e., 
four [4]) within the relevant Criterion, Indicator and Measure. The REEP decisions are 
geographically represented in Figure 5, Figure 6 and Figure 7.  

Table 7  A list of identified priority ecosystems and special features, and their values, 
within the Burnett Catchment.  

Special Feature (coordinates given are the 
upstream and downstream beginning and end points 
for a stream section) 

Identified 
Values 

Criterion/ 
Indicator/ 
Measure # 

Panel 
Decision  

Natural flowing streams    
Auburn River  
(-25.15.44, 150.27.25; -25.37.46, 151.12.16) 

Natural 
hydrological 
regime 

6.4.1 Reep_burn_1 

Upper Burnett River upstream of Splinter Creek  
(-24.55.46, 151.34.6; -25.9.28, 151.12.5) 

   

Three Moon Creek upstream of Cania Dam, Kroombit 
Tops  
(-24.23.44, 151.2.26; -24.34.32, 151.0.22) 

   

Eastern Creek north of Eidsvold  
(-25.3.20, 151.33.34; -25.12.15, 151.12.37) 

   

Nogo River upstream of Wuruma Dam    
Boyne River upstream of Boondooma Dam  
(-26.45.23, 151.31.48; -26.11.56, 151.17.48) 

   

Bunya Mountains catchments (Stuart River and Barker 
Creek)  
(-26.53.11, 151.37.19; -26.43.55, 151.49.15 Barker Ck 
coordinates only) 

 

   

Distinct ephemeral, wide, sandy streams.    
Nogo River  
(-24.59.42, 150.45.33; -25.4.15, 151.0.9) 

Treventhan Creek  
(-25.7.44, 150.44.34; -25.3.49, 150.52.57) 

Cattle Creek  
(-24.39.13, 150.54.38; -25.1.10, 150.49.40) 

Upstream of Wuruma Dam  
(bu0212, bu0213, bu0214, bu0044, bu0219, bu0225 and 
bu0226) 

These streams 
are in a natural 
state with their 
riparian zone 
free of weeds 
and erosion and 
without 
significant 
stream bed 
modification. 

6.4.1 Reep_burn_2 

Well-connected streams to the Burnett estuary    
Splitters Creek  
(-24.56.9, 152.4.16; -24.52.10, 152.17.27) 

7.5.1 Reep_burn_3 

McCoys Creek  
(-24.55.26, 152.16.35; -24.52.59, 152.17.45) 

These lowland 
streams are in 
good condition 
and have a 
direct link to the 
Burnett estuary 
being free of 
significant 
instream 
barriers.  
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AquaBAMM Assessment - Burnett Catchment
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Figure 5  Streams (in red) identified as having a natural flow regime within the Burnett 
Catchment (decision number: Reep_burn_1). These streams were scored in the 
AquaBAMM Measure (6.4.1). 
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Figure 6  Ephemeral streams (in red) identified as being distinct hydrological regimes 
within the Burnett Catchment (decision number: Reep_burn_2). Spatial units and their 
unique identifier are also depicted on the map. These streams were scored in the 
AquaBAMM Measure (6.4.1). 
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Figure 7  Identified streams that are well connected to the Burnett River estuary 
(decision number: Reep_burn_3). These streams were scored in the AquaBAMM Measure 
(7.5.1). 

AquaBAMM Assessment - Burnett Catchment

G

G

G

 
SPLITTERS CREEK

M
CC

O
Y 

CR
EE

K

BOOYAL

BUNDABERG

WALLAVILLEbu0189

bu0318

bu0314

bu0204

bu0320

bu0183

bu0327

bu0186

bu0317

bu0181

bu0322

bu0184

bu0182

bu0321

bu0315

bu0185

bu0188

bu0319

bu0326

bu0325

bu0316

bu0323

bu0324

bu0187

bu0203

0 7.5 153.75 Kilometers

Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  C1 – 18 



Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  C1 – 19 

7 References 

Boulton, A.J., Humphreys, W.F. and Eberhard, S.M. (2003) Imperilled subsurface waters 
in Australia: Biodiversity, threatening processes and conservation. Aquatic 
Ecosystem Health and Management 6: 41-54.  

Cullen, P. (2003) The Heritage River Proposal – Conserving Australia’s undamaged rivers. 
In:  Aquatic Protected Areas What works best and how do we know? Proceedings 
of the World Congress on Aquatic Protected Areas, Cairns, Australia – August 
2002. (eds. J.P. Beumer, A. Grant and D.C. Smith) University of Queensland 
Printery, St Lucia: Queensland, Australia. pp. 513-520. 

Sheldon, F., Boulton, A.J. and Puckridge, J.T. (2002) Conservation value of variable 
connectivity: aquatic invertebrate assemblages of channel and floodplain habitats 
of a central Australian arid-zone river, Cooper Creek. Biological Conservation 
103: 13-21. 

Van Manen, N. (1999) An Ecological and Physical Assessment of the Condition of Streams 
in the Burnett, Kolan and Burrum River Catchments. Department of Natural 
Resources. Brisbane.  

 



Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  C1 – 20 

Attachment A – Terms of reference 

Terms of reference for AquaBAMM expert panels  

The Terms and Reference presented below are to be read in conjunction with the 
AquaBAMM Work Plan that requires Expert Panel workshops to be run to inform a 
number of AquaBAMM Criteria and their associated indicators and measures.  

Members of the three Expert Panels (Fauna, Flora and Riverine Ecology) are experts in 
scientific disciplines relevant to freshwater ecosystems, processes and species. Panel 
members are required to have professional or semi-professional standing in their fields 
of expertise and have direct knowledge and experience of the Burnett Catchment. 
Experience in the identification and assessment of riverine values including natural 
processes, species and places of significance is an important factor in the selection 
process; the Panel includes members with experience in these areas, as well as in their 
areas of specialist technical expertise. Panel members are appointed on the basis of their 
individual standing rather than as representatives of a particular interest group or 
organisation. 

The agreed structure of the Panels included at least one expert from each of the 
following disciplinary areas, identified in relation to the AquaBAMM criteria:  

Aquatic Fauna Panel Aquatic Flora Panel Riverine Ecology Panel 
• Fish species values,  
• Amphibian values, 
• Turtle values, and 
• Waterbird values. 

 

• Aquatic flora species values,  
• Riparian flora species values, 

and 
• Regional ecosystem values. 
 

• Natural geological and 
geomorphological values,  

• Water quality values, 
• Connectivity between riverine 

systems, and 
• Hydrological processes. 

 

Riverine ecology expert panel 
The Riverine Ecology Expert Panel (REEP) is established to provide expert advice based 
on experience and demonstrated scientific theory on natural geological or 
geomorphological and hydrological processes and issues of connectivity between aquatic 
systems within the Burnett Catchment in South-east Queensland.  

Assessment tasks 
The tasks to be undertaken by the REEP include, but may not be limited to, the following:  

1. Establish principles for applying the Connectivity Criterion in the Burnett Catchment’s 
freshwater ecosystems (bi-directional, unidirectional and lateral directions) to spatial units.  

2. Weight ‘measures’ relative to their importance for an ‘indicator’. 
3. Identify areas of significant geomorphological, ecological or hydrological processes or 

priority areas; and 
4. Provide advice on biodiversity ‘hot-spots’ or areas of particular significance for species or 

communities.  
 

A REEP report will document all decisions and identified values.   
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Map D11 - Management Priority Riparian Weeds (2.1.1)

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*
#*

#*

#*

#*

#*
#*

#*
#*

#*

#*#*#*

#*

#*
#* #*

© The State of Queensland through the Environmental Protection AgencyCartography: Darren Fielder/Steven Howell

Date Printed: 30/06/2006

µ

Whilst  every care is taken to ensure the accuracy of this product the 
Environmental Protection Agency makes no representations or warranties
about its accuracy, reliability, completeness or suitability for any particular
purpose.

Additionally, the Environmental Protection Agency disclaims all responsibility
and all liability (including without limitation, liability in negligence) for all 
expenses, losses, damages (including indirect or consequential damage) and
costs which might incurred as a result of the product being inaccurate or 
incomplete in any way and for any reason.

DISCLAIMER

Produced by Planning Division
Queensland Environmental Protection Agency.

All enquiries regarding this product or its content should be directed to
the Planning Manager, SWQ, Southern Region

via email on chris.hill@epa.qld.gov.au

Location Diagram

1:957,828

0 8 164
Kilometers

Legend
#* Towns

Highways

Dams

Burnett River Catchment

Upland/Lowland

Queensland

Mgt Priorities - Riparian Weeds



#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

MONTO

DALBY

MURGON

NANANGO

GIN GIN

GAYNDAH

BILOELA

YARRAMAN

KINGAROY

KILKIVAN

JANDOWAE

EIDSVOLD

CHILDERS

BUNDABERG

BIGGENDEN

MUNDUBBERA

CHINCHILLA

MIRIAM VALE

150°30'E

150°30'E

151°0'E

151°0'E

151°30'E

151°30'E

152°0'E

152°0'E

152°30'E

152°30'E

27
°0

'S

27
°0

'S

26
°3

0'
S

26
°3

0'
S

26
°0

'S

26
°0

'S

25
°3

0'
S

25
°3

0'
S

25
°0

'S

25
°0

'S

24
°3

0'
S

24
°3

0'
S

Map D12 - Management Priority Lungfish & Turtle Habitat (6.3.1)
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Map D13 - Management Priority Estuary Connectivity (7.5.1)
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Appendix E Burnett River catchment photographs 

 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 1  An unnamed watercourse (spatial unit bu0124) was rated as “Very Low” 

(AquaScore dependability 43). This spatial unit is located near Murgon 
and Wondai and has retained little or no aquatic values. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 2  Cattle Creek (spatial unit bu0225) was rated as “Low” (AquaScore 

dependability 47). This spatial unit is located west of Monto, and a 
tributary of Nogo River. Cattle Creek is an ephemeral stream that has 
retained some naturalness values in its riparian zone, but has only 
moderate known aquatic values.   



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 3  Trevethan Creek (spatial unit bu0044) was rated as “Medium” 

(AquaScore dependability 43). This spatial unit is located north-west of 
Wuruma Dam, and a tributary of Nogo River. Trevethan Creek is an 
ephemeral stream with aquatic values including having a shallow wide 
sandy bed and retaining its natural hydrology.  

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 4  Burnett River (spatial unit bu0208) was rated as “High” (AquaScore 

dependability 74). This spatial unit is located north-east of Eidsvold and 
retains many aquatic values.  

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 5 Geramanbulyan Ck (spatial unit bu0318) was rated as “Very High” 

(AquaScore dependability 83). This spatial unit is located on the 
lowlands of the Burnett catchment and retains connectivity with the 
estuarine system and retains many other values.  

 
 
 
 
 



 
Appendix F Excel platform developmental outline 
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1 Introduction 

The AquaBAMM Assessment Tool provides a framework for compiling the raw data, 
assigning scores and ratings for the Criteria, Indicators and Measures (based on 
thresholds and expert derived weightings and ranking) and calculating the AquaScore 
and associated dependability. 

The results can then be viewed and interrogated in a number of ways and then linked to 
spatial data within the GIS system (e.g., ArcView) for visualisation and overlaying of 
other spatial information. 

Excel was chosen as the platform for development of the tool. Excel provides a quick and 
visual way to develop applications especially when there are a number of calculation 
steps involved. However, there are some disadvantages to working in Excel, such as no 
inherent relationships between sheets, relatively poor integration with ArcGIS, and the 
overhead associated with having set rows and columns (i.e., if a row is inserted then the 
change must be reflected in any code that points to that row). For these and other 
reasons it is recognised that all future versions of the tool, including developmental 
improvements, will be transitioned to MSAccess. 

Information in this document will be mostly superceded as the use of an MSAccess 
platform is implemented for the AquaBAMM tool. Technical detail is provided here only 
to indicate the conceptual foundation and software genesis of AquaBAMM. 

2 Requirements 

The assessment tool was developed as an MSExcel 2000 spreadsheet. It is expected that 
the tool will run under Excel XP and Excel 2003 with no modifications. The assessment 
tool is a stand alone product and does not require any other applications to run other 
than Excel. 

When starting the spreadsheet the Enable Macros option should be selected. 

To update the histogram on the Analysis sheet the "Analysis ToolPak - VBA" should be 
turned on. From the Tools menu select Add-Ins then tick the "Analysis ToolPak - VBA" 
option then press OK. Note that the Analysis sheet is only visible in Admin View. 

3 Running an Assessment 

3.1 Start a new Assessment 
 

To start a new assessment click the Start button on the Intro sheet. Then on the Project 
Info sheet press the Start a new assessment button (or access this option through the 
AquaBAMM menu). Select the appropriate assessment type. Version 1 is currently 
hardwired for Riverine and the ability to adjust the Assessment Type and the Criteria, 
Indicators and Measures will be available in future versions of the tool. Press OK then fill 
in the Project Info sheet. If necessary adjust the weights on the M_weights sheet. 

Add the raw data to each of the Data columns in the Criteria sheets, making sure that at 
a minimum the Spatial Unit ID and Upland or Lowland columns are filled out for each 
row. The first data row contains the formula which should be copied down for the 
Summary sheet and all the Criteria sheets. 

Aquatic Biodiversity Assessment and Mapping Method 
Queensland Environmental Protection Agency  F-1 



 

To calculate the AquaScore and dependability select the Calculate AquaScore option from 
the AquaBAMM menu. 

3.2 Continue current assessment 
To continue the current assessment click the Start button on the Intro sheet. Then press 
the Continue current assessment button. The Summary sheet will be displayed and the 
results can be viewed. To change some data and recalculate the AquaScore, go to the 
relevant Criteria sheets (using the Go to option under the AquaBAMM menu), then add or 
change the relevant data. The Criteria, Indicator and Measure values will be 
automatically updated. To recalculate the AquaScore and dependability select the 
Calculate AquaScore option from the AquaBAMM menu. 

3.3 Viewing the results 
 

There are a number of options for viewing the results :- 

• Scan the AquaScore column (BI), Decision No. column (BH) and 
Dependability columns (AZ to BG) on the Summary sheet. 

• View the summary table and pie chart on the Summary sheet past the 
AquaScore column. 

• View a summary of the Criteria Ratings for the individual spatial units on the 
Summary by unit sheet. 

• View a breakdown of the individual Criterion Ratings, a summary of which 
decisions were triggered and how many, and the distribution of the 
AquaScore Dependability values on the Analysis sheet. Note that this sheet 
is only visible in Admin View. 

The rest of this section is orientated more towards the advanced user. 

4 AquaScore Calculation Flow 

Data is added to the separate Criteria sheets. Through a series of steps within the 
Criteria and Summary sheets the Criteria, Indicator and Measure values are calculated. 
The final AquaScore and dependability is calculated on the Summary sheet via code. 

For the following examples the rows and columns from Criterion 1, Measure 1 and 
Indicator 1 are used. 

4.1 For each Measure 
• Stored on the Criterion sheets. 

• Add the raw Data (column E). The raw data can be copied from other 
spreadsheets or imported as dbfs (e.g., from GIS). 

• Convert the raw Data (column E) to a Score (column F) using the cut-offs 
from the MT_low and MT_up sheets. Column D indicates whether the spatial 
unit is lowland (use MT_low) or upland (use MT_up). A blank in the Data 
column indicates no data available, which is different from 0. 

• Calculate the Weighted Score (column G) from the Score (column F) and the 
Measure weight (column E, row 5). The weights are stored on the 
M_weights sheet and row 5 on the Criteria sheets link back to M_weights. 
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• The weightings used in the calculation of the Weighted Score are stored in 
column H (which is a pointer to the relevant weight in row 5). 

4.2 For each Indicator 
• Stored on the Criteria sheets. 

• The Preliminary Indicator Score (column M) is calculated as the sum of the 
Weighted Score (column G and K) divided by the sum of the Weighting 
(column H and L). 

• The Boost Score (column N) is calculated as the average of the Preliminary 
Indicator Score (column M) and the maximum Score (max of column F and 
J). 

• The Boost Score (column N) for each Indicator is carried forward to the 
Summary sheet (column E). 

 

4.3 For each Criterion 
• Stored on the Summary sheet. 

• The Score (column E) for each Indicator is linked to the Boost Score from 
the Criteria sheets. If the Boost Score is 0 then the value is represented as 
nd ( no data ). 

• The Average Score (column J) is the average of the linked Indicator Scores 
(column E to I). 

• The Adjusted Score (column K) is calculated by averaging the Average Score 
(column J) and the number one ranked Indicators. The ranking is stored in 
row 4. More than one Indicator can be ranked as number one. The in cell 
formula is hard coded based on the known rankings. 

• The Criterion Rating (column L) is calculated by categorising the Adjusted 
Score (column K) into 4 categories. 

 

4.4 AquaScore 
• Stored on the Summary sheet. 

• Note that up until this point all the scores/ratings etc have been calculated 
based on in cell formula. 

• The AquaScore (column BI) is calculated from code (sub calc_aquascore) 
and is accessed through the Calculate AquaScore menu option. 

• The code is based on the filter table decisions in the AS_filter sheet, 
although the code does not refer to the AS_filter sheet and any decision 
changes to the AS_filter sheet must be duplicated in the code. The 
AquaScore for each decision is in column S and the Decision No. is in column 
B. The Assessment Type is assumed to be Riverine. The filtering table is 
hierarchal so that processing stops as soon as a decision is hit. 

• For each Spatial Unit the code writes the AquaScore (column BI) and 
Decision No. (column BH) directly into the Summary sheet. 
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4.5 Criteria and AquaScore Dependability 
• A Dependability Score for each Criterion (column AZ to BF) and for the 

AquaScore (column BI) is calculated and written to the Summary sheet. The 
code (sub calc_dependability and sub calc_reliab_engine) is automatically 
called from the main AquaScore calculation code (sub calc_aquascore). 

• The Dependability Score for each Criterion (column AZ to BF) is calculated 
from the Criterion sheets as a percentage of the total number of Measures 
(where the "Data is in!") that have a value in the Score columns. 

• The Dependability Score for the AquaScore (column BI) is calculated as a 
percentage of the total number of Measures (where the "Data is in!") that 
have a value in the Score columns across all the Criteria. 

 
Summary 
The Summary table and pie chart on the Summary sheet (located past the AquaScore 
column) is automatically updated without running any code. 

The Summary by unit sheet displays the Criteria scores for the selected Spatial Unit and 
is automatically updated without running any code. 

The Analysis sheet displays three sets of summary information :- 

1. Distribution of Values - the distribution of the Criterion Ratings. The 
final graph is the same as the pie chart on the Summary sheet and is 
automatically updated without running any code. 

2. Hit analysis - the number of spatial units that hit/trigger for each 
Decision. The values are updated through the AquaScore calculation 
code (sub calc_aquascore). 

3. Dependability Analysis - a histogram of the AquaScore Dependability 
(from column BI on the Summary sheet). Refreshed by clicking the 
Update Histogram button (the Analysis ToolPak - VBA must be turned 
on). 

 

5 Sheet Descriptions 

• Intro – The starting sheet which contains a brief introduction to the assessment 
tool, the version number and release date. Press the Start button to continue to 
the Project Info sheet. 

• Project Info - Contains specific information about the particular project. There 
is also a suggested file name based on combining the Name, Version and Tool 
Version fields. From here the user can:  

• Continue current assessment - jumps to the Summary sheet 

• Change Criteria, Indicators and Measures - opens tree view control 

• Start a new assessment - opens tree view control and then clears all existing data 

• Note that the tool is currently hardwired for a Riverine assessment type and 
upland/lowland stratification. 
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• Summary – The main results sheet containing the Indicator Scores, Criterion 
Rating, AquaScore, Dependability Scores and pie chart summary of the 
AquaScores. 

• Summary by unit – Displays the Criterion Ratings, AquaScore and dependability 
in table and graph form for the selected Spatial Unit. 

• Analysis – Summary information used for results analysis and error checking. 
Hidden in User view. 

• CIM_key - Master list of the Criteria, Indicators and Measures. The titles and 
descriptions on the Criteria and Summary sheets link back to this sheet. The 
comments in row 4 on the Criteria sheets also link back to this sheet. These links 
are refreshed each time the spreadsheets opens (using sub update_comments) 
and can also be refreshed manually using the menu option under the Admin menu 
(calls sub update_comments_manually). 

• AS_filter – Visual representation of the filtering combinations which combine the 
Criterion Ratings into the AquaScore. Duplicated in sub calc_aquascore. 

• M_weights – The expert-derived weights for the Measures. The average weight 
(column C) is linked to the Criterion sheets. 

• MT_low – The thresholds for converting the raw Data for the lowland spatial 
units into the Score on the Criterion sheets. 

•  MT_up – The thresholds for converting the raw Data for the upland spatial units 
into the Score on the Criterion sheets. 

• C1_Nat(aquatic) – Criterion 1 – Naturalness (aquatic). 

• C2_Nat(catchment) – Criterion 2 – Naturalness (catchment). 

• C3_Div&Rich – Criterion 3 – Diversity and Richness. 

• C4_Threat_Sp&Eco – Criterion 4 – Threatened Species and Ecosystems. 

• C5_Priority – Criterion 5 - Priority Species and Ecosystems. 

• C6_Special – Criterion 6 – Special Features. 

• C7_Connect – Criterion 7 - Connectivity. 

• C8_Repres – Criterion 8 - Representativeness. Hidden in User view. 

• menusheet - Drives the AquaBAMM menu, which only appears when the 
AquaBAMM spreadsheet is active. The Create Menu and Delete Menu buttons call 
the sub createmenu and sub deletemenu code. Hidden in User view. 

• asset_list - Drives the treeview control which is accessed from the Project Info 
sheet as well as through the AquaBAMM menu. Hidden in User view. 
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6 General Notes 

The first four columns on every Criterion sheet and the Summary sheet are exactly the 
same. They contain 

• Spatial Unit ID - unique identifier for each unit and is used to link to the GIS 
tables. 

• SOR No. – State of the Rivers identifier. 

• Area (ha) – the area of the spatial unit in hectares. The area is calculated in 
GIS and imported into the spreadsheet for use in summary statistics. 

• Upland or Lowland – identifies whether the spatial unit is upland or lowland. 
Different thresholds are applied depending on the location of the spatial 
unit. Upland uses MT_up and Lowland uses MT_low. 

The Spatial Unit ID and Upland or Lowland columns must be completed for every spatial 
unit row. The Area column should be completed so that the area summary table on the 
Summary sheet is correct. However, the in-cell formula and AquaScore calculation will 
work without an Area value. 

Version control is maintained by recording two separate version numbers. The first is the 
name and number of the particular assessment and the second is for the assessment tool 
itself. For example the first implementation of the tool in the Burnett catchment was 
called burnett_v1 and this used the first version of the assessment tool called 
aquabamm_v1. Therefore the final version number (and filename) is 
burnett_v1_aquabamm_v1. This information is recorded in the Project Info sheet. 

Development of Excel tool up until the release of Version 1 is documented in 
abtool_xls_version_control.doc and is available upon request from the authors. 

Row 7 on the Summary sheet and all the Criterion sheets contains the field headings for 
each of the columns. These fields headings are compliant with the dbf naming format 
(e.g., <=10 characters, no special characters etc) and are used as part of the export to 
ArcGIS option. 

The spreadsheet is currently hardwired for assessing a riverine ecosystem (based on the 
selection of Criteria, Indicators and Measures) and a split between upland and lowland 
areas within the study area. The type of assessment and the individual Criterion, 
Indicators and Measures that are selected can be changed through the Change Criteria, 
Indicators and Measures option, however the system will default back to Riverine. Future 
versions will have the option to remember any changes to the assessment type and the 
selected Criteria, Indicators and Measures. It is also recognised that future versions will 
allow Criteria, Indicators, Measures and Spatial Units to be added. 

The names of the CIM can easily be changed (CIM_key sheet). The Criterion sheets can 
be renamed although they should always start with C and a number. 

The thresholds for the upland and lowland spatial units can be changed (MT_up and 
MT_low sheets). The Measure weights can be changed (M_weights sheet). The Indicator 
rankings can be changed (row 4 on Summary sheet); however, the formula in the 
Adjusted Score column must be manually changed to reflect the highest ranked 
Indicators. The filtering combinations can be changed in the AS_filter sheet; however, 
this sheet is for presentation only and the changes must also be made in code (sub 
calc_aquascore). 
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The number of spatial units is flexible and limited only by the number of available rows 
in Excel (> 65000). The spatial units must start on row 8. The Spatial Unit ID column 
(column A) can be anything but should be unique (for linking to GIS) and must not have 
any blanks. The SOR No. and Area (ha) columns are ignored by the in cell formula and 
code; however, the Upland or Lowland column must be either up or low. 
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1 Access Platform Version Developmental Outline 

Version 1 of the assessment tool was constructed as an Excel application. However, 
transition to an MSAccess platform is important for further development and application 
of the AquaBAMM tool. 

Transition to a database platform and further development is a two stage process. 

Stage 1 is the duplication of the existing Excel version. 

Stage 2 is the addition of additional functionality and options. 

• Calculating the AquaScore to be based on a user-editable filtering table 
rather than the current implementation through code. 

• A number of hard-wired formulas to be replaced by relationships and code, 
e.g., the calculation of the Adjusted Score on the Summary Sheet. 

• Activate/Deactivate/Add Criteria, Indicators and Measures. 

• Add/Delete a Spatial Unit. 

• Change the stratification type. 

• Add/Modify Measure Weights. Options for using the default set of weights, 
add to the default set, or use a totally new set. 

• Add/Modify Indicator Ranking. Options for using the default set of weights, 
add to the default set, or use a totally new set. 

• Add more options for viewing, interrogating and reporting. 

 

 

NOTE: 

These, and a number of other enhancements to the AquaBAMM, have been implemented 
and were functional within an MSAccess database environment at the time this document 
went to press. 
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