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1.	 Project Background

The Northern Murray-Darling Basin Program (‘The Program’) is an initiative of the Murray-Darling 
Basin Authority (MDBA) aimed at providing advice on the sustainable management of the water 
resources of the Darling River and its associated tributary river systems. The Program is guided by 
a Working Group made up of representatives from state agencies, the Australian Government and 
the community. 

The Program is concerned with the water resources in the Darling River basin including the following 
valleys: the Border Rivers; Moonie; Gwydir; Namoi-Peel; Macquarie; Castlereagh; Condamine-Balonne; 
Nebine; Warrego; Paroo; Barwon-Darling and the Lower Darling.

The Program has been engaging the assistance of a range of organisations to bring an integrated 
approach to the development of a strategic action plan. This work includes projects in areas such as 
the ecology of northern wetlands and rivers; the provision of socio-economic information that provides 
an understanding of the links between water resources and people as well as on-going studies of the 
hydrology of the region.

The Northern Murray-Darling Basin Program recognised the need for a long-term ecological 
monitoring framework for wetlands in the Northern Murray-Darling Basin to complement the 
Sustainable Rivers Audit. In 2007, the Northern-Basin Working Group contracted the Murray-Darling 
Freshwater Research Centre (MDFRC) to undertake a scoping study investigating the current 
monitoring arrangements for wetland monitoring in the northern basin and identifying options for 
progressing the development of a monitoring framework. This study reported that although wetland 
monitoring is required at several jurisdictional levels, current monitoring arrangements are at best 
ad-hoc and to-date, there has been very little investment in the development of wetland monitoring 
programs. Thus wetland monitoring is often incomplete and inconsistent at both regional and state 
levels. This has resulted in a paucity of information regarding wetland condition that compromises 
our capacity to sustainably manage wetlands across much of Australia.

The scoping study further identified that the National Land and Water Resources Audit (NLWRA), 
the National Water Commission (NWC), the Department of Environment, Water, Heritage and the 
Arts (DEWHA), the NRM Ministerial Council, the Wetlands and Waterbirds Taskforce and all state 
governments have accepted the need for the development of wetland monitoring programs and the 
need for a consistent approach across jurisdictions. In response, the NLWRA, in conjunction with 
state agencies, undertook the National Wetland Indicators Review which developed a framework 
for monitoring wetland extent, distribution and condition. The National Wetland Indicators Review 
undertook an extensive review of the different programs, indicators and frameworks currently used to 
monitor wetlands in Australia and overseas, and held jurisdictional workshops and national workshops 
to develop and reach national agreement on a set of indicators and guidelines for extent, distribution 
and condition of lacustrine and palustrine wetlands. The NLWRA framework has the support of federal, 
state and regional jurisdictions and the proposed framework has been agreed to by the Wetlands and 
Waterbirds Taskforce and by the Aquatic Ecosystems Taskforce for consideration. In light of this, the 
MDBA is working collaboratively with the state and federal jurisdictions in the development of the 
NLWRA framework rather than independently developing a separate framework.

The NLWRA framework proposes that managers should utilise their system understanding to develop 
conceptual models of wetlands and utilise these models to select appropriate indicators rather than 
mandating a single set of condition indicators for all wetlands. Thus, the development of conceptual 
models that synthesise our understanding of the ecological functioning of wetlands is a vital step in 
the development and implementation of the framework.
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Conceptual modelling is currently being undertaken collaboratively by New South Wales, Queensland 
and South Australian agencies and the MDBA. The conceptual models being developed by these 
jurisdictions are aimed at identifying the key components, processes and drivers of the different 
wetland types and will form the basis for indicator selection/development for future monitoring 
programs (Figure 1). Responsibility for the development of conceptual diagrams is being shared 
between the jurisdictions with Queensland taking responsibility for developing conceptual models 
for the wetland types in the tropics and sub-tropics; NSW developing conceptual models for the 
temperate areas, South Australia developing conceptual models for the arid zones and the MDFRC 
(on behalf of the MDBA) is developing models for wetland types in the semi-arid zone. Specifically the 
models will be used for:

Synthesis of knowledge and to identify knowledge gaps.•	

Identification of key links between drivers, stressors, and system responses.•	

Understanding of how the processes, threats and system dynamics differ between wetland types.•	

Facilitate in the selection and justification of indicators.•	

Interpretation of monitoring data (specific to different wetland types) and identification of •	
acceptable levels of change.

Education and communication tools.•	

2.	 Conceptual Model Development within 
the Murray-Darling Basin

Figure 1. Illustration of the process for developing wetland indicators starting with the development of a wetland typology then wetland character 
descriptions, conceptual models of wetland processes, threats and pressure response relationships which underpin indicator selection.
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3.	 Model Development Process

3.1	 Wetland Classification/Typology
Conceptual models are being developed for a number of wetland types. These wetland types are 
derived from ‘The Wetlands Description Tool’, developed by the Queensland Environment Protection 
Agency (EPA) which was developed through a series of national workshops and expert panels. 
‘The Wetlands Description Tool’ allows for wetlands to be classified based on a number of attributes 
at increasingly specific spatial scales (continental, ecosystem, landscape and local) (Table 1). 
Definitions of the attributes used in this classification system may be found on the Queensland 
EPA WetlandInfo website http://www.epa.qld.gov.au/wetlandinfo/site/WetlandDefinitionstart/
WetlandDefinitions/Typologyintro/Typology.html.

Table 1. Queensland EPA typology used to classify wetlands across the Murray-Darling Basin 
(table adapted from Queensland EPA, 2008: http://www.epa.qld.gov.au/wetlandinfo/site/
WetlandDefinitionstart/WetlandDefinitions/Typologyintro/Typology.html. 

Scale Category Attribute used in Wetland Habitat 
Typology

Ecosystem Wetland system Lacustrine and Palustrine

Continental Climate 1.	Coastal (Equatorial and Tropical, 
Subtropical and Temperate) 

2.	 Inland (Semi-Arid and Arid)

Landscape Geomorphology / topography 1.	Floodplain 

2.	Non-floodplain (depressional) 

3.	Non-floodplain (springs)

Soils 1.	Rock

2.	Soil

3.	Sand

Local Water type 1.	Saline 

2.	Fresh

Water regime 1.	Commonly wet 

2.	Periodic inundation

Dominant vegetation structure 1.	Tree 

2.	Shrubs (Heath) 

3.	Grasses/Sedges/Herbs

Dominant Vegetation Community Dominant vegetation community is 
used for the tree wetlands to divide:

1.	Melaleuca and Eucalypt swamps 

2.	Palm swamps
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For wetlands in the semi-arid zone, wetland typology was also based on ‘The Wetlands Description 
Tool’. After consultation with the NSW, Queensland and South Australian jurisdictions, it was decided 
that models for seven major semi-arid wetland types would be developed. These are:

Commonly wet freshwater lakes•	

Periodically-inundated floodplain freshwater lakes•	

Periodically-inundated non-floodplain (depressional) freshwater lakes•	

Floodplain freshwater swamps•	

Non-floodplain (depressional) freshwater swamps•	

Saline lakes •	

Saline swamps (developed by the Queensland EPA).•	

Wetlands in the semi-arid zone were not classified on the basis of dominant vegetation community as 
no palm swamps occur in the semi-arid zone. In addition, semi-arid wetlands were not classified on 
the basis of soils as this attribute was not thought to be important in distinguishing between major 
wetland types in this climatic zone. The saline swamp models developed by the Queensland EPA 
are thus not presented in this report but are available on the Queensland EPA’s WetlandInfo website 
http://www.epa.qld.gov.au/wetlandinfo/site/ScienceAndResearch/ConceptualModels.html. 

3.2	 Model Types
Following discussions with the jurisdictions, it became clear that they wanted to use the models 
for both the selection of indicators and as a communication tool for communities. To achieve 
these objectives it was agreed that both box and arrow conceptual models and pictorial character 
description models would be produced (Figure 2). Given the complexity of wetlands, the clearest 
way of depicting key components, drivers and processes was to develop a nested suite of models 
comprising three types of conceptual model that would capture our system understanding (Figure 2). 
The types of conceptual model produced are:

Overarching Component Models1.	

Generic Key Driver Model2.	

Wetland-type specific Character Description Models3.	

Wetland-type specific Inundation Models for all wetland types that are temporary.4.	
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3.  Model  Development  Process

Figure 2. The relationship between the four types of conceptual models developed.

3.2.1	 Wetland Component Models

The majority of wetland components (e.g., fish, invertebrates, aquatic vegetation and water quality 
parameters) are common across all wetland types. Component models have been developed 
to describe the drivers of these overarching components. These models provide a basis for 
understanding key processes and drivers for individual wetland types. Component models were 
developed for:

Wetland geomorphology•	

Wetland hydrology•	

Water quality: pH, turbidity, dissolved oxygen, temperature and salinity•	

Dissolved nutrient loads•	

Dominant vegetation•	

Dominant form of primary production•	

Microbial production•	

Invertebrates•	

Fish•	

Waterbirds•	

Frogs.•	



Murray–Darling  Basin  Authority

The Development of Wetland Conceptual Models for the Semi-Arid Zone6

3.2.2	 Wetland Key Driver Model

Wetland type specific key driver models were originally developed for all wetland types. These models 
were designed to illustrate the relationships within and among key components and processes for 
that wetland type. However, following feedback from the expert panel workshop (see section 3.3.2), 
the key driver models were amalgamated into a single generic model that may be used as a template 
for the development of key driver models for individual wetlands or for wetland types classified at a 
finer scale than that used in the current project.

3.2.3	 Character Description Models

The character descriptions consist of an annotated diagram describing the essential features and 
processes for each wetland type. Character description models were developed for:

Commonly wet freshwater lakes•	

Periodically-inundated freshwater floodplain lakes•	

Shrub/Lignum swamps•	

Eucalypt swamps•	

Sedgeland/Grassland swamps•	

Periodically-inundated freshwater non-floodplain (depressional) lakes•	

Saline lakes.•	

3.2.4	 Wetland Type Inundation Models

These models are designed to illustrate the changing condition of a specific wetland type as they 
undergo cycles of filling and draining or drying. Inundation models were developed for:

Commonly wet freshwater lakes•	

Periodically-inundated freshwater floodplain lakes•	

Periodically-inundated freshwater non-floodplain (depressional) lakes•	

Freshwater floodplain swamps•	

Freshwater non-floodplain (depressional) swamps•	

Saline lakes.•	

Freshwater floodplain swamps were not broken up into vegetation types (as was done for the 
character description models) as there was insufficient information regarding the inundation 
processes of these wetland types to differentiate among them.
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3.  Model  Development  Process

3.3	E xpert Panel Workshop

3.3.1	 Workshop Participants

The draft models were presented at an expert panel workshop that was held in Sydney on the 28th and 
29th October 2008. Participants are listed in Table 2.

3.3.2	F eedback from the Conceptual Model Workshop

The approach taken to the development of the models was strongly endorsed by the workshop 
participants and overall the feedback received was very positive. An overview of the feedback 
received and our response to the feedback for each of the model types is summarised in Table 3.

In addition to feedback regarding the specific models, there was discussion about the need for 
recognition of values around artificial and modified wetlands as these wetland types are outside 
the scope of the work currently undertaken by NSW, Queensland, South Australia or the MDBA. 
The need for incorporation of a broader landscape context into conceptual model development was 
also discussed in the context of:

The importance of mosaics of different wetland types within the landscape.•	

The difficulty in classifying large wetlands or wetland complexes as a single wetland type.•	

The spatial scale at which birds utilise the landscape.•	

The importance of connectivity between rivers, wetlands and the floodplain proper.•	

While it was agreed it is vital to consider the broader landscape when conceptualising wetland 
functioning and processes, it was suggested this would need to be undertaken as a complementary 
but separate process to that of developing conceptual models at the wetland scale.
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Table 2. List of workshop participants and their organisation.

Invitee Organisation

Harry Balcombe Griffith University

Ryan Breen Department of Environment, Water, Heritage and the Arts

Margaret Brock Private Consultant

Sam Capon University of Canberra

Sonia Claus NSW Department of Environment and Climate Change

Patrick Driver NSW Department of Water and Energy

Ben Fee SA Department of Water, Land and Biodiversity Conservation 

Neal Foster NSW Department of Water and Energy

Lana Heydon Qld Environmental Protection Agency

Sarah Imgraben NSW Department of Environment and Climate Change

Kim Jenkins University of New South Wales

Mike Maher NSW Department of Environment and Climate Change

Mike Ronan Qld Environmental Protection Agency

David Scheltinga Qld Environmental Protection Agency

Glen Scholz SA Department of Water, Land and Biodiversity Conservation 

Fran Sheldon Griffith University

Martin Thoms University of Canberra

Brian Timms Private Consultant

Maria Van Der Gragt Qld Environmental Protection Agency



The Development of Wetland Conceptual Models for the Semi-Arid Zone 9

3.  Model  Development  Process

Table 3. Summary of feedback and responses from the conceptual model workshop  
held in Sydney, October 2008 

Model Feedback Response

Component Models

General Three additional component models 
need to be developed.

1. A geomorphology model to describe 
the processes that determine 
wetland shape. 

2. A microbiology model to describe the 
factors that influence bacterial and 
fungal communities.

3. A frog model to describe key 
processes that determine frog 
community composition

These additional models have been 
developed in consultation with an 
appropriate expert in that field.

Hydrology Suggestions were made regarding the 
modification of the water source model 
and it was suggested that the duration 
of inundation, frequency of inundation 
and inundation regime models be 
combined into a single model.

A singe model for wetland hydrology 
has been developed.

Water chemistry and 
character (WQ and nutrients)

Some minor changes were proposed to 
the water quality and nutrient models, 
however, overall these models were 
generally accepted as is.

The suggested minor changes to these 
models have been made.

Dominant vegetation and 
dominant form of primary 
production

There was discussion around whether 
separate vegetation and primary 
production models are needed,  
however consensus was not reached.

The two models have been left 
separated.

Invertebrates, fish and 
waterbirds

Some minor changes were suggested 
and it was recommended that within-
wetland recruitment processes be 
explicitly incorporated into the models 
for fish and invertebrates.

Within-wetland recruitment has been 
incorporated into these models and the 
suggested minor changes have been 
made.

Key Driver Models

General The workshop group recommended 
that an overarching generic key driver 
model be developed which could then 
be modified for individual wetlands or 
for specific wetland types.

A generic key driver model has been 
developed.
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Model Feedback Response

Character Description Models

General A claypan model should be developed We also recommend that a claypan 
model be developed, however, it was 
outside the scope of the current project.

More emphasis needs to be placed on 
dry phase processes and components

We recommend that dry-phase models 
be developed, however, it is outside the 
scope of the current project.

The reasons for variability in water 
quality parameters should be explicitly 
stated

This information has been incorporated 
into models.

Greater details should be added 
regarding the distribution of waterbirds

This has not been done due to the 
amount of information that would  
need to be included

Detail around aquifer types and 
groundwater processes needs to be 
verified

This has not been done as 
generalisations are difficult.

A number of minor changes were 
suggested for each of the character 
description models

The suggested minor changes to  
these models have been made.

Inundation Models

General Overall, these models were accepted 
as is and only a few very minor changes 
were suggested.

The suggested minor changes to  
these models have been made.

Table 3.(continued)



The Development of Wetland Conceptual Models for the Semi-Arid Zone 11

4.	 Conceptual Models

4.1	 Wetland Component Models

Figure 3. Component Model 1: Wetland geomorphology
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4.  Conceptual  Models

 F
ig

ur
e 

5.
 C

om
po

ne
nt

 M
od

el
 3

: p
H

Fi
gu

re
 6

. C
om

po
ne

nt
 M

od
el

 4
: T

ur
bi

di
ty



Murray–Darling  Basin  Authority

The Development of Wetland Conceptual Models for the Semi-Arid Zone14

Fi
gu

re
 7

. C
om

po
ne

nt
 M

od
el

 5
: S

al
in

ity

Fi
gu

re
 8

. C
om

po
ne

nt
 M

od
el

 6
: D

is
so

lv
ed

 O
xy

ge
n 

C
on

ce
nt

ra
tio

ns



The Development of Wetland Conceptual Models for the Semi-Arid Zone 15
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4.2 Wetland Key Driver Model
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4.3 Wetland Character Description and Inundation Models

Commonly Wet Freshwater Lakes
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Figure 19. Character description model for semi-arid commonly wet freshwater lakes



The Development of Wetland Conceptual Models for the Semi-Arid Zone 27

Fi
gu

re
 2

0.
 In

un
da

tio
n 

m
od

el
 fo

r 
se

m
i-

ar
id

 c
om

m
on

ly
 w

et
 fr

es
hw

at
er

 la
ke

s



The Development of Wetland Conceptual Models for the Semi-Arid Zone28
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Periodically-Inundated Freshwater 
Floodplain Lakes
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Figure 21. Character description model for semi-arid periodically-inundated freshwater floodplain lakes
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Figure 23. Character description model for semi-arid periodically-inundated freshwater non-floodplain (depressional) lake
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Figure 25. Character description model for semi-arid river red gum/eucalypt woodland swamp
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Figure 26. Character description model for semi-arid lignum/shrub swamps
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Figure 27. Character description model for semi-arid grassland, sedgeland and herbland swamps
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Figure 30. Character description model for semi-arid saline lakes
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