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FOREWORD 
 

South Australia’s unique and precious natural resources are fundamental to the economic 
and social wellbeing of the State. It is critical that these resources are managed in a 
sustainable manner to safeguard them both for current users and for future generations. 

The Department of Water, Land and Biodiversity Conservation (DWLBC) strives to ensure 
that our natural resources are managed so that they are available for all users, including the 
environment. 

In order for us to best manage these natural resources it is imperative that we have a sound 
knowledge of their condition and how they are likely to respond to management changes. 
DWLBC scientific and technical staff continues to improve this knowledge through 
undertaking investigations, technical reviews and resource modelling. 

 

 

 

 
Rob Freeman 
CHIEF EXECUTIVE 
DEPARTMENT OF WATER, LAND AND BIODIVERSITY CONSERVATION 
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EXECUTIVE SUMMARY 
 

The Best Practice Framework for the Monitoring and Evaluation of Water Dependent 
Ecosystems is a comprehensive guide for developing robust monitoring programmes. The 
Framework comprises two parts: the Framework; and its supporting Technical Resource. 
The Framework provides the information necessary to design and undertake a monitoring 
programme. The Technical Resource provides additional explanation and examples to 
support the concepts introduced by the Framework. 

The components of the Framework are laid-out sequentially and comprise a series of four 
groups of tasks that enable an effective monitoring programme to be developed. 

Group 1 – Rationale and priorities 

The first group of tasks provides the justification for developing a monitoring programme. The 
monitoring objectives are determined and placed into one or more categories. The objective 
category determines what sort of monitoring effort is required and how the monitoring 
programme develops. The physical and biological nature of your Water Dependent 
Ecosystem (WDE) and its risks and threats are also determined at this stage. 

Group 2 – Conceptual understanding 

The next stage of the Framework is the development of conceptual diagrams and models. 
Conceptual diagrams and models may be in the form of: a conceptual diagram, which is a 
pictorial representation at the landscape or ecosystem scale and includes the major 
ecosystem components and the influences on condition; a stressor model, which portrays the 
key stress response relationships affecting the system; and/or a state-and-transition model, 
which is for systems where there is a progression from one condition through various stages 
and back to the initial condition. The Framework introduces a standard approach to 
representing conceptual models. 

Group 3 – Monitoring programme 

The monitoring programme is designed through a process of indicator selection, determining 
what to measure and establishing the frequency at which data is collected. The resources 
required to undertake the monitoring are then calculated. 

Group 4 – Implement and assess 

The steps required to implement the monitoring programme are determined and guidelines 
on data collection and storage are provided, along with information on effective data 
evaluation and assessment. A final review determines whether the monitoring results have 
met the desired objectives and the effectiveness of the selected indicators. The final step is 
to incorporate any new system understanding into the WDE conceptual models, maintaining 
the adaptive management cycle. 

The Best Practice Framework is an evolving process requiring continuous development that 
incorporates the experience gained in its application across the State. 
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INTRODUCTION 
 

WATER DEPENDENT ECOSYSTEMS 
A great number and variety of WDEs are found within South Australia, ranging from estuaries 
to the River Murray, small ephemeral and perennial streams, groundwater dependent 
ecosystems (i.e. mound springs) and saline lakes and wetlands. These ecosystems are 
composed of a wide variety of flora and fauna, including algae, aquatic plants, 
macroinvertebrates, reptiles, amphibians, mammals, fish and water birds1. As the nature of 
the WDEs differ, so to will their monitoring needs and objectives. Water dependent 
ecosystems are threatened by a wide range of processes, such as lack of flow, erosion and 
pollution. Considerable investment is being channelled into improving the condition of natural 
resources by State and Federal Government Departments, Natural Resource Management 
(NRM) Boards and through programmes such as; the National Action Plan for Salinity and 
Water Quality (NAP) and the Natural Heritage Trust (NHT). Such activities are being 
implemented by a variety of people including scientists, natural resource managers, land 
owners, Government (State and Local), NRM Boards, private industry and community 
groups. This best practice Framework will guide users through a selection process to provide 
them with the most appropriate techniques for monitoring and evaluating of their WDE. 

MONITORING AND EVALUATION 
South Australia’s Natural Resources Management Plan (DWLBC 2006a) states that 
monitoring and evaluation are essential to deliver and report on NRM and is vital for 
programme improvement, accountability and adaptive management. Monitoring and 
evaluation is the process of undertaking regular data collection, which is then 
comprehensively analysed to determine if the programme aims and objectives are being met. 
Monitoring may have multiple goals and monitoring data may be used to detect long-term 
environmental change, provide insights into the ecological consequences of change and help 
decision-makers determine if observed change requires a shift in management practices 
(Noon et al. 1999)2. 

The complexity of WDEs and the limited knowledge of their functions make devising a 
monitoring programme a challenging process (Finlayson and Mitchell 1999). The wide (and 
justified) interest in all components of biological diversity creates a conundrum; 
acknowledging the need to simplify the view of ecosystems to begin the process of 
monitoring, and at the same time recognising that monitoring may need to be broad to 
consider a range of ecosystem components (Gross 2003; Downes et al. 2002). One way of 
organising this information is through the development of conceptual models. 
                                                 
1 Additional background information on South Australia’s WDE is provided in Appendix 1 of the 
Technical Resource document. 
2 Additional background information on Monitoring and Evaluation is provided in the Technical 
Resource document. 
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The need and desire to develop this conceptual understanding was highlighted by 
participants in both of the workshops held during the development of the Framework. The 
development of conceptual models is a central part of this Framework. 

ADVANTAGES OF A FRAMEWORK 
The Best Practice Framework provides a set of tools placed within an adaptive management 
cycle (Fig. 1) that enables WDE practitioners (government agency, academic or voluntary) 
to: 
• Set-up or review existing monitoring programmes, such that they deliver useful and 

appropriate information on condition and management needs. 

• Deliver information that is consistent across the state. 

• Manage information in a consistent manner, such that it can be held in a focal data 
repository. 

Review
system

understanding,
conceptual

model 

Review
system

understanding,
conceptual

model 

 

Figure 1. An adaptive management cycle for WDEs. 

The development of a state-wide water dependent ecosystem monitoring Framework offers a 
range of advantages. The experience of the National Parks Service in the United States, 
where protocols for national park monitoring have been established, suggests that 
cooperation and sharing of ideas has been fostered by the adoption and application of their 
protocols (Gross 2003). A summary of beneficial outcomes adapted from Fancy (2003) is 
provided below:  

Promotion of consistency and collaboration so that practitioners can: 
• Identify the most critical data needs and partnership/cost-sharing opportunities 

(maximise the use and relevance of the data; get the most for your monitoring 
dollar/effort). 
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• Identify any common ground and additional opportunities for collaboration and 
consistency among approaches, programmes and protocols. 

• Share/compare monitoring plans, models and datasets. 

• Analyse and report at several levels of scale for different audiences (local, regional, 
state). 

• Provide detailed data to managers and integrate with other operations. 

• Make data available to others to assist with synthesis, modelling, and undertake more 
sophisticated analysis at regional and state scales. 

• Develop a network. 

• Demonstrate the value of scientific data for WDE stewardship, from which funding and 
staffing can grow. 

As with all adaptive monitoring and management, this Framework is not intended to be 
prescriptive, but is a guide that aids progress in monitoring and assessment and it is 
intended that the Framework will be modified and adapted as the process of implementation 
proceeds. 

WHO IS THE BEST PRACTICE FRAMEWORK INTENDED 
FOR? 
This Framework has been designed for use by all professionals involved with WDEs in South 
Australia. It may be used by NRM managers as a structure within which the scope and 
boundaries of a monitoring programme project brief may be developed. Managers operate at 
local, regional and state levels, as well as, within agricultural, horticultural, viticultural and 
mining industries with WDEs on their land. The monitoring programme itself can then be 
developed by following the Framework. Such a task is likely to be done by technically 
qualified NRM project officers, agency scientists and consultants. Scientists operating from 
research institutes and universities may also use the Framework when undertaking 
monitoring aimed at understanding WDE processes. Guided by technically qualified staff, 
monitoring programmes may be developed in conjunction with a range of interest groups 
including: non-governmental organisations (NGOs), land care groups, conservation 
organisations etc. Whilst the tasks in the Framework may be undertaken by an individual, 
team work can also play an important part in developing a monitoring framework. The 
authors have used workshops in developing and testing the Framework and recommend 
their use in the development of a monitoring programme. Useful information on getting the 
best out of group decision making, in the context of monitoring, can be found at the website: 
http://science.nature.nps.gov/im/monitor/VitalSigns.cfm. 

The objective is that, irrespective of the level from which the group or individuals are working, 
the tools and structure of the framework can provide a useful guide to developing consistent 
WDE monitoring programmes. 
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FRAMEWORK STRUCTURE AND OUTLINE 
The Framework is structured as a stepwise flow with four main groups that encompass a 
cycle of investigation, activity, assessment and review. The Framework asks the user to 
address a number of questions or issues in each section and provide a variety of diagram 
templates and tables for completion by the practitioner. The layout of the Framework is 
presented in Figure 2 and its logical structure and flow is presented in Figure 3. 
 

2: Conceptual understanding

Wetting/drying
and event response?

Create conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and/or 
state-and-transition

model

1: Rationale and priorities 

Answer key 
questions

Identify and rank 
risks and threats

Review M&E
objectives

WDE summary
table: rank
priorities

3: Monitoring programme

Choose measures 
and frequencies

Consider 
resources

Review 
monitoring

Review/select
indicators

4: Implement and assess

Review results
against targets

Evaluate and
assessCollect dataImplement

 

Figure 2. Layout of the Framework in this workbook. 
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Answer key 
questions

Identify and rank
risks and threats

Review M&E
objectives

WDE summary
table &

priorities

Wetting / drying
and event response?

Conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and / or 
state-and-transition

model

Evaluate 
and assess

Review results
against targets

Choose 
measures 

Consider 
Resources

Start 1

Start 2

Select 
indicators

Review 
monitoring

Collect 
data

Implement

 

Figure 3. Structure, flow and arrangement of the Framework. 

GROUP 1 – RATIONALE AND PRIORITIES 

The Framework begins by prompting you to consider the nature of your problem and whether 
it is suited to being answered by monitoring. The Framework requires that you consider 
alternative approaches before starting to design a monitoring programme. If you decide 
monitoring is required, the next phase of Group 1 requires you to: determine the type of 
monitoring you will be undertaking; begin to characterise the physical and biological nature of 
your WDE; and determine risks and threats. With this information you will then be able to 
determine the necessary rigour your monitoring requires. 
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GROUP 2 – CONCEPTUAL UNDERSTANDING 

Central to the Framework is the development of conceptual diagrams and models as an aid 
to communicating between practitioners, managers, policy-makers and the public. These 
diagrams/models will also assist with and improve understanding of ecosystem behaviour, 
functioning and response to driving variables and stresses. 

The development of a good conceptual understanding of the system being studied is a 
prerequisite of monitoring and also influences further monitoring and management decisions. 
For this reason, there is a strong emphasis on conceptual modelling as a keystone aspect of 
any monitoring programme. The use of conceptual models, and how they drive 
understanding, is vital for getting the best out of the adaptive management approach. 

The conceptual diagram approach is recommended. This approach is based-on a pictorial 
representation at the landscape or ecosystem scale which includes the major ecosystem 
components and the influences on condition; each diagram is accompanied by a concise 
narrative. In addition to this simplified approach, two further types of conceptual model are 
recommended: the stressor model; and the state-and-transition model. The stressor model is 
ideal for portraying the key stress response relationships affecting the system. The state-
and-transition model is ideal for systems that have a rainfall-event response or those which 
have dry-wet-dry seasonal behaviour where there is a progression from one condition 
through various stages and back to the initial condition. A standard approach to representing 
conceptual models is introduced.  

The Technical Resource document provides many examples of conceptual models for water 
dependent ecosystems that may be referred to as an aid to constructing your own 
conceptual models. 

GROUP 3 – MONITORING PROGRAMME 
Once you have gained an understanding of your system and worked out what you need to 
measure you can devise your monitoring programme. In order to collect the necessary data 
the Framework provides guidance on how to correctly choose appropriate methods, 
techniques and instrumentation. 

GROUP 4 – IMPLEMENT AND ASSESS 
The final section provides a comprehensive outline of what is required to successfully 
implement a monitoring programme, collect and store data, make an evaluation and 
assessment of your data and review your results. The final review determines whether the 
monitoring results are meeting their desired objectives and the effectiveness of the chosen 
indicators. Any new system understanding is incorporated into your WDE conceptual models, 
maintaining the adaptive management cycle. 
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WDE INFORMATION DIAGRAM 
On completion of the Framework you will have developed a WDE monitoring information 
diagram for your system of interest (Fig. 4). A new concept, the WDE information diagram 
allows the manager or practitioner to summarise information about the ecosystem, the 
monitoring programme and any management interventions. This gives an overview for the 
WDE component of interest and can be combined with the conceptual diagram. One of the 
aims of the WDE information diagram is to direct practitioners through the driving variables 
such as climate and weather, through hydrological responses and water quality impacts, to 
the more integrating indicators of ecosystem health. The diagram assists in demonstrating 
the flow of functions in the system from drivers to end-points at the same time as 
demonstrating that indicators can provide information at all stages within that flow, and as 
such meet the needs for predicting and anticipating negative impacts, as well as observing 
end-point condition. 

THE FUTURE 
This Framework represents the beginning of a process of bringing together and coordinating 
the results of water dependent ecosystem monitoring and evaluation in South Australia. The 
Framework has been prepared in a way that assists practitioners do the best job possible 
and provide consistent and comparable data (where appropriate) to help guide resource 
management and conservation. 

It is intended, expected and also desirable, that this Framework evolves as experience 
informs the process and provides feedback about its effectiveness. Adaptive management is 
as much applicable to this document and guide as it is to any individual monitoring 
programme. For that purpose, wide application and use is encouraged and feedback 
welcomed. 

Future versions of the framework need to be driven by user feedback. A considerable 
amount of information has been provided, both in the Framework and Technical Resource 
document. It will only be through the use of the framework that the usefulness of this 
information can be determined. Once known, useful information can be expanded and 
developed and the less useful reduced in extent, or even removed from the Framework. 
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Figure 4. A WDE information diagram for monitoring, management and information 

including: stressor model; management module; and monitoring programme. 
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DATA MANAGEMENT 

A prototype Ecological Data Warehouse (EDW) for the storage of WDE data was developed 
in parallel with this Framework (App. 2 – Technical Resource document). The EDW was 
designed to be accessible by a web based user interface and provide two major interrelated 
functions: data management and data mining. Data management provides the Framework 
with data acquisition, archiving, retrieval, sharing, documentation and visualisation tools. 
Data mining provides tools for statistics, ordination and clustering, as well as predictive 
monitoring. The EDW provides a demonstration of how a range of data from various regions 
across South Australia; including macroinvertebrate, diatom and water quality data may be 
successfully incorporated. The integration of such a database into a monitoring programme 
designed using the Framework is the next logical step. By doing so, the data collected would 
become an integral part of the adaptive management process and would further drive the 
development and improvement of the conceptual models, leading to them becoming data 
driven models. Such an approach would generate a powerful understanding of South 
Australia’s water dependent ecosystems and lead to targeted and efficient monitoring and 
management. 

DEVELOPMENT NEEDS 

In its current form, the Framework focuses on the conceptual and indicator aspect of 
monitoring. It would be desirable to extend and expand the advice on the actual monitoring 
practicalities rather than simply referring to external resources to guide indicator choice. 

There exists a vast array of analytical methods and approaches available for data analysis 
and interpretation, with many books written on the subject. If the Framework were expanded 
to include analytical and evaluation methods, this should be done after the Framework has 
been extensively tested. Testing will not only provide experience from which to improve the 
current Framework, it may also provide insight into the sort of monitoring questions the 
Framework is being used to address, allowing the most appropriate analytical and evaluation 
techniques to be recommended. 

Presentation of the Framework is likely to change in the future. In the development of the 
Framework it has been recognised that it may be best to present the Framework on the web 
rather than as hard copy documents. This would make the Framework more user-friendly, as 
it could be hyperlinked to the additional information currently found in the Technical 
Resource document, along with other resources such as relevant software, decision tools, 
facilities to record inputs and help pages. As a web based tool the content of the Framework 
could be easily updated and a comments forum could be established to help with further 
development. 

In addition, the authors recommend that workshops are conducted in each region to trial the 
approach and receive direct feedback on the Framework. A recent workshop that trialled the 
draft Groups 1 and 2 was very successful, receiving positive feedback (App. 3 - Technical 
Resource document). 
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THE FRAMEWORK 
 

HOW TO USE THE FRAMEWORK 
The Best Practice Framework for the Monitoring and Evaluation of Water Dependent 
Ecosystems comprises two parts: this Framework document and a supporting Technical 
Resource document. The Framework document provides all of the information necessary to 
design and undertake a monitoring programme. The Framework document is supported by 
the Technical Resource document, which provides additional explanation and examples. 
Both documents have the same format so that additional information in the Technical 
Resource document is located under the same headings as it is referred to in the 
Framework. 

The components of the Framework are laid out sequentially, but this doesn’t necessarily 
mean that the components must be dealt with in a strict order. It is advisable to complete the 
groups of tasks at around the same time and, as indicated in Figure 3, certain tasks can run 
simultaneously, feeding into one another. There is inevitably an overlap and repetition 
between the components and the information assembled within the tasks. The components 
are intended to provide a structure that facilitates the gathering of all the necessary 
information required to devise a monitoring and evaluation programme. Where overlap 
exists, you will be prompted to skip ahead to the relevant section. The Group 1 tasks are an 
important building block for the following groups; they build up a picture of the information 
needed to do a thorough job. Group 2 generates the conceptual understanding of the WDE. 
This is both informed by and informs the Group 1 tasks. The tasks within Group 2 are also 
complimentary: they will need to be updated as new insights into process and function arise. 
During Groups 3 and 4, indicators are selected, and the logistics and evaluation are 
designed and planned for the monitoring programme. 
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GROUP 1 – RATIONALE AND PRIORITIES 
The Group 1 tasks are intended to determine why monitoring is needed, what the WDE of 
concern comprises, the monitoring objectives and what threats, risks, and susceptible 
components exist. This way you might uncover options that you were previously unaware of. 

Note: You may wish to complete Group 1 at the same time as building the conceptual 
diagram (Task 2.1). 

TASK 1.1 – KEY QUESTIONS 

1: Rationale and priorities 

Answer key 
questions

Identify and rank 
risks and threats

Review M&E
objectives

WDE summary
table: rank
priorities

 

The answers to these questions provide a strong justification about why (and if) monitoring 
and evaluation is required and help the user to maintain focus through the remaining tasks of 
the Framework. By working through this section the user considers alternatives to 
monitoring, the consequences of not monitoring and begins to determine the essential 
monitoring needs and prioritise activities. Three worked examples are provided in the 
Technical Resource document to help you understand how this process may work in 
practice. 

Attempt to answer the questions in Table 1 as fully as possible. Feel free to return to these 
questions later. The other stages in the process may highlight further information for these 
responses. 
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Table 1. Key monitoring questions. 

Question Response 

What are the questions 
that you think can be 
answered using M&E? 

They may be RCTs, 
milestones, investment 
reporting requirements etc.

 

Will monitoring and 
evaluation answer my 
questions? 

 

Is M&E really needed? 

What alternatives are 
there? 

Would these provide the 
same information as 
M&E? 

 

What would happen if I 
didn’t monitor? 

This can be a useful test. It 
is an opportunity to 
demonstrate why 
monitoring really is 
essential. Show the 
consequences of not 
monitoring. 

 

What are the key or core 
monitoring needs? 

This is a chance to 
prioritise. The priorities 
may become clearer after 
conceptual models have 
been constructed. 
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TASK 1.2 – REVIEW THE OBJECTIVES 

1: Rationale and priorities 

Answer key 
questions

Identify and rank 
risks and threats

Review M&E
objectives

WDE summary
table: rank
priorities

 

The aim of this task is to gain a clear picture of what the monitoring objectives or needs are, 
and provide direction for the remainder of the process. Monitoring objectives, to some 
degree, determine the level of activity and intensity of monitoring needed. This will also 
depend on the prior knowledge of the system or comparable systems. If the monitoring 
objective is to simply carryout ambient monitoring, but little is known about the system, it will 
be desirable to carryout additional monitoring at a higher level in order to give a context of 
understanding to the ambient monitoring data. 

Determine and Review Objectives 

Your first task is to determine and review your objectives. You need to determine what you 
want to do and why? Clearly establish the main objectives of monitoring and the information 
the evaluation is expected to provide. The stakeholder forum identified a range of monitoring 
objectives for WDEs which fell into four main groups, with a number of sub-categories in 
each main grouping: 
• Understanding process and response. 

• Management or regulatory objectives and targets. 

• Ambient/baseline statistical monitoring — passive monitoring of system baseline 
condition. 

• State of Environment — snap-shot type observation and assessment. 

The group in which your objectives fit is important because this determines the final design of 
your monitoring programme. These groups are defined below and should be used to 
determine which group your monitoring objectives belong. Table 2 follows the definitions and 
should be used to detail your monitoring objectives. 

Table 2. Determine and review objectives. 

Monitoring objective group Yes/No Monitoring objective 

Process understanding: validation   

Management   

Intervention   

Compliance   

Evidence gathering   

Threat/risk   

Ambient/baseline statistical monitoring   

State of Environment   

Other   
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Further information on monitoring objectives 

Process understanding: validation 

When monitoring to understand process, objectives may concern the identification of driving 
variables, stressors, system components and interactions. This often leads to the 
development of causal relationships, identification of improved indicators and the 
optimisation of management and monitoring practices. Understanding process monitoring is 
sometimes referred to as validation monitoring. This is because the monitoring may 
provide information to “validate” the conceptual understanding of the system and the 
conceptual model used to represent this understanding. 

The monitoring of transient behaviour and response of hydrometeorological stimuli is an 
important aspect of validation based monitoring. In all flowing systems and to a lesser 
extent groundwater driven systems, rainfall and runoff events can lead to dramatic changes 
in condition and these short term events can have a significant impact on system condition 
if high levels of turbidity, nutrients or dissolved salts are delivered to the system. 

Management 
Sub-categories for management driven objectives include: 
• Intervention assessment. 

• Evidence gathering. 

• Compliance monitoring. 

• Threat/Risk assessment. 

Intervention assessment 

Intervention assessment evaluates the success, or otherwise, of a management action. In 
an intervention assessment, a measurement of the system state is made against a 
management plan baseline. This is a form of effectiveness monitoring, as it determines 
whether the management action is having the desired effect. Current State and 
Commonwealth natural resource management (NRM) frameworks are major drivers for this 
type of monitoring and evaluation. It requires monitoring and evaluation to assess 
performance against long-term resource condition targets (RCTs) and shorter term 
management action targets (MATs). Within an adaptive management framework, 
monitoring is designed to detect change and provide a basis for understanding the system, 
if desired improvements are not occurring. If monitoring does not provide the required or 
expected information then new questions and hypotheses need to be formulated and fed 
back into future monitoring. 

Management objectives may be driven by financial constraints and may result in the 
optimisation or reduction of monitoring to key indicators known to integrate system 
variability and provide a reliable measure of condition. This gives a prioritisation of key 
monitoring activities and elimination of monitoring that might at best be supplementary, or in 
the worst case not provide additional information of any value. 
Compliance monitoring 

Compliance monitoring measures the effectiveness of compliance to a management 
regime. It applies to questions such as: is a land manager undertaking required actions to 
reduce impact on an adjacent WDE? Choose a stress sensitive or predictive indicator and 
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monitor the stressor and system end-point. Is compliance leading to improved WDE 
condition? Are compliance measures effective? Are compliance actions being 
implemented? This is a form of implementation monitoring; it can be applied to WDE 
managers or land holders who have been served with a compliance order. 
Evidence gathering 

Where a system is degraded or suffering known stress and the cause is either suspected, 
but not proven, or unknown, monitoring may be required to provide supporting evidence, or 
to establish the cause of deterioration in order to take mitigating action (this may also 
coincide with understanding or validation based objectives). 

Management driven monitoring might also prioritise which systems or locations require the 
most urgent attention, i.e. those most at threat of serious deterioration in condition. This 
may arise from ambient monitoring or state-of-catchment monitoring activities, or may 
be based on prior knowledge of sites requiring specific monitoring or remedial action. This is 
a form of risk assessment, for example due to susceptibility to impacts from adjacent 
catchment activity, if the system health is near a threshold for rapid deterioration and 
consequent loss of species or other undesirable loss or damage. 
Threat/Risk assessment 

Threat/Risk assessment is most often used in systems known to be threatened; under 
stress; or fragile systems with high susceptibility to deterioration or loss of species. 
Threat/Risk assessment makes observations of anticipatory or predictive indicators, stress 
sensitive indicators as well as end-point bio-indicators. The detection of early warning signs 
can then prompt management intervention as required. 

Ambient monitoring objectives 

Some basic purposes of ambient monitoring are to evaluate or establish baseline system
condition, determine natural variability and to “keep an eye” on a system so that 
deterioration in condition can be detected. Ambient monitoring often monitors end-point 
condition; it would seem desirable to monitor stress sensitive or predictive indicators for 
perceived threats or risks. 

State of Environment 
In South Australia, a State of Environment (SOE) report must be published at least once 
every five years. The report must include an assessment of the condition of the major 
environmental resources of the state including: stream and river health, groundwater, 
wetlands, fisheries, and biodiversity. The report must also identify significant trends in 
environmental quality based on an analysis of indicators of environmental quality. South 
Australia’s SOE report sits under the national SOE reporting framework. The SOE adopts a 
condition – pressure – response framework so that attention is focussed on the condition of 
the environment rather than pressures, as in the OECD pressure-state-response model 
(DEHAA 1998). SOE reporting also occurs within the regions as NRM boards are required 
to report on the state and condition and related trends in natural resources in the region on 
a five-yearly basis, in line with the review of the regional NRM plans. 
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Existing Monitoring and Evaluation 
Now that you have set your objectives, determine where your objectives fit-in with existing 
M&E (Task 3.1). Ask, where there is local ownership, can new M&E objectives fit-in, or how 
can the existing M&E form the basis of an extended programme? 

Prioritise objectives 
Next, and only if possible, prioritise the objectives. Thomas (2001) suggests that one of the 
most difficult tasks is to prioritise monitoring objectives for the short-term and maintain vision 
to the future, and offers two approaches: 

• Start with a comprehensive consideration of all resources and issues – then follow a 
process of elimination. 

• Begin with core resources and issues and define an extension/building process as 
funding and partners become available. 

Spatial scale 
Summarise the spatial and temporal scales associated with each monitoring objective (Task 
2.2). 

SMART objectives 
Determine if your intervention monitoring objectives are SMART. Use Table 3 and refer to 
the following for further information on SMART targets. 

Further notes on SMART Targets 

For management intervention objectives consider whether they are specific, measurable, 
achievable, realistic and time-specific (SMART) and complete the following summary table 
(Table 3) below for each objective. If they cannot be found to meet at least some of the 
SMART criteria it may be necessary to re-evaluate the objectives.  

The SMART approach ensures that workable intervention management objectives are set, 
rather than some loose, woolly or nebulous objective that offers no clear target. For the 
Framework, the SMART acronym is taken to mean: 

S – specific (clear, well defined targets). 

M – measurable (allows assessment of effectiveness or otherwise against which the 
management action can be modified as needed). 

AR – achievable and realistic (reachable and feasible within the ability to manipulate the 
system drivers in terms of cost, logistics, resources, and physical, chemical and biological 
limitations). 

T – time-specific (a target is meaningless unless it has a time frame by which the specific 
measurable result is to be achieved). 

 
Once SMART objectives are set there is a basis against which to design management 
actions, and review, assess and update/adapt the programme. With active management, 
the adaptive cycle expands and becomes a true adaptive management cycle, and 
management actions require effectiveness monitoring for the purposes of testing. 
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Table 3. SMART objectives. 

SMART Objective 
Summary Yes/No Details 

Specific 

Some quantifiable 
outcome is specified in the 
objectives, rather than a 
vague suggestion like 
“water quality is to be 
improved” 

  

Measurable 

Having quantified the 
objective can the outcome 
be measured against the 
prior state or some parallel 
“control”? 

  

Achievable 

Can the objective be 
achieved? For example, if 
natural levels of heavy 
metals are high it does not 
make sense to set the 
objective below this level.  

  

Realistic 

Are the objectives realistic 
within budgetary and 
logistical constraints? 

  

Time-specific 

Is there a clear time frame 
for actions and expected 
outcomes against which 
progress can be 
measured? 
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Determine the level of monitoring required 

The monitoring objectives will determine the intensity and scope of the monitoring 
programme and, as suggested above, this may or may not be influenced by what we already 
know or don’t know about the system. Table 4 presents the groups of management 
objectives, proposes key questions which underlie the objectives and sets out the sub-
objectives within each group. The objectives are listed according to intensity of monitoring 
activity, with the most intensive monitoring at the top of the table and the least intensive 
monitoring at the bottom. In the current usage, “intensity” simply refers to the amount of 
information to gather or intensity of monitoring activity, and is not meant in a spatial or 
temporal context.  

Table 4. Questions associated with monitoring need. 

 Monitoring  
need Key underlying question Specific questions 

How does it work? What are the key: 

 components? 

H
ig

h 

 processes? 

 drivers/stressors? 

 vital signs/measures? 

Process understanding 
(validation) 

 How does the system function at different 
temporal or spatial scales? 

   

Is the system protected? 

Are risks/threats reduced? 

Management Is management effective? 

Are interventions achieving desired outcomes? 

   

What is: 

the risk of deterioration? 

the baseline condition? 

In
te

ns
ity

 o
f a

ct
iv

ity
 

the natural variability? 

Ambient monitoring 
(Statistical observation) 

Is the condition/status 
changing? 

the trend? 

   

Lo
w

 

State of Environment What is the condition 
(now)? 

What is the present condition (perhaps of 
numerous sites)? 
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Figure 5. A decision pathway for matching monitoring activities to needs. 



THE FRAMEWORK 

Report DWLBC 2007/12 
Best Practice Framework for the Monitoring and Evaluation of Water Dependant Ecosystems 1: Framework 

23

Figure 5 and Table 5 provide a flow diagram and table to assist with matching the level of 
monitoring activity to the monitoring need. For example, at the most intense level of 
monitoring activity (Path 1 in Fig. 5) all aspects of monitoring need to be undertaken. 
Adequate indicators may or may not exist and significant questions about ecosystem function 
still remain unanswered. Consequently, only a rudimentary conceptual model may be 
available. This is why, at the process understanding level, monitoring is sometimes referred 
to as validation monitoring, since the model is being developed, updated and validated by 
detailed investigation. 

For Path 2 in Figure 5, the system functioning is relatively well understood, or at least an 
adequate stressor model or stress/response relationship is known. In this case, the key 
monitoring activity will be in monitoring the end-point indicator and the stress indicator. 

TASK 1.3 – WDE SUMMARY TABLE AND PRIORITIES 

1: Rationale and priorities 

Answer key 
questions

Identify and rank 
risks and threats

Review M&E
objectives

WDE summary
table: rank
priorities

 

The WDE summary table (Table 5) is intended to provide a tick-box summary of the type and 
nature of the system, the driving influences, the threats and stressors, dynamic scales of 
functioning, and monitoring objectives. The aim of the exercise is to think in general terms 
about the system and area of interest and list it in one place. 

Run through the tables below for the system you want to monitor and tick everything that is 
applicable. In the details/comments column add further detail as required or relevant. The 
table is not intended to be exhaustive, but intends to provide the broad areas for 
consideration in the process of developing an M&E programme. So, if necessary, add extra 
categories or items that are not present. In addition, highlight the importance of particular 
features, mark those which are monitored already, and highlight whether the priority for 
attention is high or low. 
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Table 5. WDE summary table. 
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TASK 1.4 – IDENTIFY AND RANK RISKS AND THREATS 

1: Rationale and priorities 

Answer key 
questions

Identify and rank 
risks and threats

Review M&E
objectives

WDE summary
table: rank
priorities

 

The aim of this task is to summarise potential and known threats and rank them according to 
their seriousness. An overview of known stressors to WDE’s in South Australia is provided in 
the Technical Resource document. 

Please answer the questions in Table 6 and complete the threat summary (Table 7). The 
threat summary tables are intended as a memory mapping tool and reminder of possible 
threats. Rank the threats according to those known to be the most pressing or serious. 

Table 6. Summary of threats/risks and what is at risk. 

Question Response 

What water quantity/ 
level/flow/availability 
threats exist? 

 

What water quality 
threats exist? 

 

What invasive species 
threats exist? 

 

What susceptible/ 
threatened/ 
endangered 
species/communities 
exist? 

 

What other 
susceptible/fragile 
aspects to the WDE 
exist? 

 

Are there any pending 
developments or 
changes that might 
impact on the system? 
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Table 7. Threat summary table. 
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GROUP 2 – CONCEPTUAL UNDERSTANDING 
Having completed the Group 1 tasks, you should now be aware of why you need to monitor, 
what the drivers and ecosystem components are and the nature of the system. In addition, 
you should know the threats and risks and the components most under threat or susceptible 
to deterioration or loss. 

The next stage in the process is to formalise all of the information you have gathered into a 
conceptual understanding of WDE functioning, and an illustrated overview of the system. In 
addition, you will: examine issues of time and spatial scale; investigate event and seasonal 
issues; and build stressor or state-and-transition models. 

Constructing a realistic set of conceptual models is an important element of designing 
effective monitoring programmes and evaluating management strategies (Gross 2003). 
Monitoring programmes founded on solid conceptual models are more likely to identify key 
processes and indicators, and thereby contribute significantly to WDE management. Models 
should always be viewed as a work in progress and be subject to regular review as part of 
the adaptive management cycle. 

The tasks in Group 2 aim to help you produce the conceptual models needed to develop an 
effective monitoring programme. Importantly, these models are depicted using a common 
format that enables ease of communication between practitioners. Conceptual models come 
in a variety of forms.  

If you are unfamiliar with conceptual models (and even if you think you are) you must 
read the Conceptual Model section in the Technical Resource document before 
starting Group 2.  

The Framework aims to provide guidance on building conceptual models and suggest tools 
to assist in this process. The tasks and procedures are largely based on the work of Gross 
and co-workers (Gross 2003). 

On completion of Group 2 you will have built a conceptual model, or models, for the WDE of 
interest. Once complete you might expect to have one or more of the following (adapted from 
Gross 2003): 
• A highly aggregated, holistic overview model. 

• A set of Stommel diagrams that assist in recognising the spatial and temporal extent of 
drivers, ecosystem functions, objectives and management actions. 

• Tables summarising important drivers, responses, resources, etc. 

• Driver-stressor models focused on priority ecosystem health indicators. 

• A state-and-transition model (e.g. for phased wetting and drying, invasive plants etc.). 

• A mechanistic (process, control, etc.) model of key ecosystem processes, and perhaps 
species. 

• Detailed supporting narratives. 

• A set of tools that provide an overview of your system and highlight key threatening 
mechanisms/influences, such that management and observation of the status and 
condition of the system is facilitated, and informed choices can be made around 
monitoring and management interventions. 
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The glossary below defines common terms used in Group 2. Further information on WDE 
drivers, stressors, and ecosystem attributes is provided in Appendix 4 of the Technical 
Resource document. 
 

Conceptual Model Glossary 
• Drivers — exert major forcing influences on natural systems and are associated with 

large-scale processes. Examples include climate, landform, geology/soils and time. 

• Stressors — cause significant changes in ecological components, patterns and 
relationships. Barrett et al. (1976) give this definition: “Stress is defined here as a 
perturbation (stressor) applied to a system (a) which is foreign to that system or (b) 
which is natural to that system but applied at an excessive [or deficient] level.” 
Examples may include changes in: salinity and nutrients, groundwater level, flooding 
regime and invasion of exotic species. 

• Ecosystem process/response (attributes) — physical, chemical or biological factors 
that respond to the drivers and stressors. This response may be positive or negative. 
Examples include: community and population dynamics; water and sediment quality; 
flow regime; stream geomorphology; physiology; and organism health. 

• Vital sign/indicator — any “information rich” feature of an ecosystem that may be 
independent or integrative, and may be measured or estimated to provide insight into 
the condition of the ecosystem. Examples may include water quality and the 
macroinvertebrate community. 

• Measurements — measures of the vital sign/indicator. A measure of water quality may 
be electrical conductivity and a measure for the macroinvertebrate community may be 
structure and composition. 

 

TASK 2.1 – CREATING A CONCEPTUAL DIAGRAM 

2: Conceptual understanding

Wetting/drying
and event response?

Create conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and/or 
state-and-transition

model
 

The conceptual diagram is a visual tool for collecting and displaying a wide range of 
information about your system. It is a good way of getting this information out of your head 
and onto paper and helps to build the “bigger picture”, since it can be very easy to get 
focussed on a narrow area of concern and miss an important connection. 

For many purposes a simple conceptual diagram combined with sub-system “stressor” 
models will be adequate. The conceptual diagram (Figure 6) provides an “easy access for 
all” pictorial representation of the system of interest, combined with a narrative dialogue that 
describes the key drivers, stressors and system components (see the Technical Resource 
document for further information). A stressor model is a reduced flow diagram that links 
stresses and threats to a given indicator of health, this feeds directly into the choice of 
monitoring design (further notes on stressor models are provided in Task 2.4 and also refer 
to the Group 3 tasks). 
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By completing the WDE summary table (Table 5) most of the components that are needed to 
construct a conceptual model or diagram are listed. This will also be valuable if the more 
complex “control” type of model is to be constructed for research or process understanding 
purposes.  

Creating a conceptual diagram has six main stages: 
1. Sketch the landscape 

2. Add the ecosystem 

3. Draw-on the drivers 

4. Show the stressors 

5. Draw in the indicators 

6. Add the narrative 

 

 

Figure 6. A pictorial conceptual diagram showing major components and water movement in 
a coastal pool connected to the sea (source: Stephens & Daniel 2006). 
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TASK 2.2 – GENERATE A STOMMEL DIAGRAM FOR TEMPORAL 
AND SPATIAL BOUNDS 

2: Conceptual understanding

Wetting/drying
and event response?

Create conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and/or 
state-and-transition

model  

The use of Stommel diagrams at one or various scales can help match monitoring and 
management goals and help determine the scale at which spatial and temporal scale 
monitoring needs to be carried out (refer to the Technical Resource document for a detailed 
discussion of issues of scale). Management goals can be set out on a Stommel diagram with 
system drivers, stressors, processes and indicators (Fig. 7). The technique gives a rapid 
visual assessment of temporal and spatial scales and helps home-in on overlaps, so the 
monitoring programme can be devised to pick the variables and indicators that are 
appropriate to the monitoring objectives. The Stommel diagram also helps the user focus on 
how frequently they need to collect monitoring data and how long monitoring will be required. 
As with the other stages of the Framework, it may be necessary to return to this exercise 
having completed other tasks that may provide the necessary information. 

The Stommel diagram (developed by Stommel 1963) is a valuable tool for characterising the 
scales of complex ecosystem components in space and time, and has been applied in a wide 
range of eco-system fields. These diagrams provide an ‘at-a-glance’ impression of the time 
and space continuum (as seen by x and y axes, respectively), the associated range of 
process dynamics and how these relate to one-another. For example, thunderstorms may be 
spatially extensive, but are a short-term phenomenon, microbial processes are rapid and 
small-scale, lake mixing may be both long-term temporally and spatially extensive in a major 
system, and successions in vegetation may take hundreds of years and cover a small to 
large area. The diagrams are not intended to provide any mechanistic linkages of system 
functions. Examples of Stommel diagrams are provided in the Technical Resource 
document. 
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Figure 7. Example Stommel diagram for faecal indicator dynamics in creek systems. 
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Figure 8. Stream nitrate concentration (Afon Hore, Plynlimon, Wales) demonstrating 

response dynamics at three temporal scales (adapted from: Wilkinson et al, 1997). 

As an example of temporal scales, Figure 8 demonstrates processes occurring over three 
time-scales associated with the breakdown of conifer brash following clear-felling. It takes 
seven years for the brash to break-down sufficiently that nitrogen leaching falls below pre-
felling concentrations, each year during the winter months leaching is maximised by rainfall 
runoff, and individual rainfall-runoff events cause short-term spikes in nitrogen concentration 
of a few days duration. This example also demonstrates the value of long-term monitoring to 
capture the impact of major disruptive land management activities, and the value of simple 
visualisation of raw water quality data. 
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Prior to completing the Stommel diagrams refer to your summary tables from Group 1 as a 
reminder of what you want to display. Use Table 8 to list the key components you want to 
represent. 

Table 8. WDE attributes for inclusion in a Stommel diagram. 

WDE attributes to incorporate in your Stommel diagram(s) 

Drivers: 

 

 

 

 

 

 

Stresses/stressors, threats/risks: 

 

 

 

 

 

 

Ecosystem processes, attributes and indicators: 

 

 

 

 

 

 

Monitoring objectives, management actions/plans and funding cycles: 

 

 

 

 

 

 

Use the blank Stommel diagram (Fig. 9) to map-out the spatial and temporal extent of your 
ecosystem components, drivers, monitoring objectives and management actions. Make 
multiple copies for each category of features, or sub-system as necessary (to avoid cluttering 
and confusion – you can always re-draw them later).  
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Figure 9. Blank Stommel diagram to copy and complete for WDE drivers, stressors, attribute 
dynamics, monitoring objectives. 
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TASK 2.3 – DESCRIBE THE WETTING/DRYING AND EVENT 
RESPONSE 

2: Conceptual understanding

Wetting/drying
and event response?

Create conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and/or 
state-and-transition

model  

Answer these three questions about your WDE: 
• Is it necessary to adjust your monitoring to suit seasonal cycles of wetting and drying? 

• Is your system driven by a rainfall-runoff process? 

• Is it necessary to tailor your monitoring to capture storm-event responses, in order to 
characterise nutrient and sediment inputs, consequent ecosystem responses and other 
related effects (you may have a well defined set of indicators that do not require event 
monitoring, or you may need additional information to validate your indicators)? 

And then follow the decision tree below: 

Task 2.3 

Does
the system

respond rapidly to
storm

rainfall?

Does
the system 
wet/dry over

weeks or
months?

Yes 

No

Yes 

No

Complete
Event response

section of Table 10

Go to Task 2.4 

Create a state-and-
transition for model

phasing

Identify the phases
of the seasonal 

cycle and the key
processes and 

components

Complete Phasing
section of Table 10

Investigate the 
impact of storm-runoff
on the system, devise
an event monitoring

plan

If the WDE is 
constantly wet or 
hardly varying a 

single model may 
sufficient 

Are
the indicators 

associated with your 
objectives integrating?
(i.e. is it necessary to 

monitor events?)

Yes 

No

 



THE FRAMEWORK 

Report DWLBC 2007/12 
Best Practice Framework for the Monitoring and Evaluation of Water Dependant Ecosystems 1: Framework 

38

For seasonally wetting/drying WDEs, Seaman (2002a) presents a diagram indicating the 
typical changes in water chemistry and associated changes in invertebrate assemblages 
(Fig. 10). This diagram may provide a useful guide when thinking about the progression from 
dry to wet and back to dry for your WDE. 

 

Figure 10. Wetting/drying cycles and changes in water chemistry in temporary wetlands 
showing seasonal changes in invertebrate composition (source: Seaman 2002a).  
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Fill in Table 9 with information relating to the seasonal wetting and drying of your system, or 
the event response. Give a general overview; think about the dominant processes at each 
stage as the system transits through the response to complete the cycle, back to the dry 
season or dry-weather conditions (see the Technical Resource document for an example of 
a dry weather and rainfall-runoff event response model). 

Table 9. Summary of phased and event system response characteristics. 

Questions Yes/No Details 
(Refer to your conceptual diagram and summary tables as a reminder) 

Phasing 

Is this a wetting and 
drying system? 

 

Identify the phases and key mechanisms/processes as the system transits 
through a season. 

 

 

What date is the earliest the wetting-up season might be expected to start? 

 

When is the wet generally under way (later than the earliest start)? 

 

When, typically, will the WDE have reached full development and 
productivity (i.e. the height of the season)? 

 

Roughly when has the system tipped into its decline phase back towards the 
dry weather condition? 

 

Event response 

Is there a distinct 
rainfall-runoff 
response? 

 

Does the system go from dry to wet or still-water to flowing? Describe the 
sequence of events. (Note: phasing of creek systems occurs on a seasonal 
basis, so some of the answers to the questions on phasing are of relevance 
to event response, e.g. an event of a given magnitude will be soaked-up and 
evaporated off in summer, and will cause runoff in the middle of winter). 

 

 

How does the magnitude (size) of the feeder creeks compare to the WDE? 
(e.g. in a large wetland with small creeks, the runoff event may have 
negligible impact, whereas a small wetland inundated from a larger creek will 
be heavily disturbed.) 

 

 

How quickly does the hydrograph rise (e.g. several hours, half a day, 
anecdotal evidence is sufficient as an initial guide)? 

 

How quickly does the flow event decline back to dry weather conditions? 

 

Having considered the importance of phasing and event response in the WDE, you have 
taken a further step in assembling the information to contribute to planning your monitoring 
and helping choose whether you need to construct a conceptual model for stressor 
relationships and/or state-and-transition model (see Task 2.4 below). 
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TASK 2.4 – BUILD STRESSOR OR STATE-AND-TRANSITION 
MODEL 

2: Conceptual understanding

Wetting/drying
and event response?

Create conceptual
diagram

Stommel diagram for
temporal and 
spatial bounds

Build stressor and/or 
state-and-transition

model
 

Task 2.3 will help determine which type of model is necessary for the monitored WDE. This 
section describes how to construct two types of model; a stressor and a state-and-transition 
model. These are but two of a range of conceptual models and further examples are 
provided in the Technical Resource document. 

Fancy (2003) describes the components and symbols of a hierarchical conceptual model 
(Fig. 11). There are various terms used for the model components, in this document we 
attempt to adhere to the set of terms presented below, the alternative terms are included in 
the square brackets. From top to bottom, the components are: 
• Rectangles = Drivers [disturbances] – these 

exert a major forcing influence on natural 
systems and are associated with large-scale 
processes. 

• Ovals = Stressor [consequences] – these cause 
significant change in ecological components, 
patterns and relationships. Barrett et al. (1976) 
give this definition: “Stress is defined here as a 
perturbation (stressor) applied to a system (a) 
which is foreign to that system or (b) which is 
natural to that system but applied at an 
excessive [or deficient] level.” 

• Diamonds = Ecosystem attribute [process, 
ecological effect, response] – are the responses 
to the drivers and stressors. 

• Hexagons = Indicators [vital signs] – any 
“information rich” feature of an ecosystem that 
may be independent or integrative and may be 
measured or estimated and provide insight into 
the condition of the ecosystem. 

• Parallelograms = Measurements – measures 
of the attribute or indicator. 

The Technical Resource document provides further 
definitions of model components. 

Figure 11. A legend of symbols and basic structure for use in conceptual models, for 
distinguishing between the roles of model components. 

Driver

Stressor

Ecosystem
process /
attribute

Vital sign /
indicator

Measure

Stressor model for a single 
sub-system
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Building the stressor model 

Most systems will require at least a stressor model. This is the simplest of the conceptual 
models (see: Conceptual Model Glossary, page 31) and focuses on the key mechanisms and 
stress response relationships at the spatial and temporal scales, and the set of objectives for 
the system of interest. Advice and guidelines on model construction and examples of 
stressor models can be found in the Technical Resource document. 

Use the Stommel diagram and other tables of information already gathered to help you 
determine what you will present in the model. 

Use Table 10 to help summarise the range of information you want or need to present. Copy 
and use multiple tables if you are building stressor models for sub-systems with differing 
stressors, attributes and indicators. 

Complete the stressor model template presented in Figure 12, or construct your own model 
from scratch once you have a clear idea of the key process(es) or sub-system(s) you wish to 
represent. If you are unclear about what your indicators should be, please go to Task 3.2 and 
then return to Task 2.4. 

Table 10. WDE attributes to incorporate in your stressor model(s). 

WDE attributes 

Drivers: 

 

 

 

 

Stresses/stressors, threats/risks: 

 

 

 

 

Ecosystem processes, attributes, and indicators: 

 

 

 

 

Measures (that quantify the state of your indicators): 
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Figure 12. Blank stressor model template. 
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The state-and-transition-model 

If you have a phased system, i.e. it has a seasonal wetting/drying response, or it has a 
marked rainfall event response that you need to monitor or quantify, generate state-and-
transition models for the system. Refer to your Stommel diagram and the summary table 
(Table 9) in Task 2.3. 

If your WDE has seasonal phasing and you need to monitor or quantify rainfall event 
responses, two state-and-transition models will be beneficial for understanding how the 
system functions. In doing so, refer to Table 9 which provides your summary of the time-
scales and processes relevant to the seasonal and event system dynamics. Further 
information on, and examples of, state-and-transition models are presented in the Technical 
Resource document. 
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GROUP 3 – MONITORING PROGRAMME 
You will now have completed much of the groundwork for implementing your monitoring 
programme in terms of what you do, and do not, need to do and measure. Figure 4, the WDE 
Information Diagram provides a useful reference for WDE sub-systems. The next stage in 
the process is to devise the monitoring programme, to choose the methods and techniques, 
instrumentation and field techniques and data sources that will provide the information you 
need for your system. 

TASK 3.1 – REVIEW MONITORING 

3: Monitoring programme

Choose measures 
and frequencies

Consider 
resources

Review 
monitoring

Review/select
indicators

 

Review your required monitoring by answering the following questions and completing Table 
11.  

What is being monitored and when, what role do the measures take in indicating WDE 
health? 

Note: You may wish to complete a WDE information diagram (Fig. 13) for aspects of the existing 
monitoring of your ecosystem to assist in understanding what role the measures take (see Task 
1.2 and the Technical Resource document for information on types of monitoring). A blank WDE 
Information Diagram is provided in Figure 13, please copy this as you will need to use it again 
later for the new/modified monitoring programme. 

What existing monitoring is undertaken by other agencies and organisations, and is there 
potential for data sharing, or accessing this information in order to minimise duplication of 
effort? 

Note: Meteorological data for driving variables can be collected from the Bureau of Meteorology, 
and data for a nearby (e.g. <20 km) site is often adequate. Alternatively, kriged areal rainfall 
cover is available. 

In addition, examine the practical field monitoring: 
• Is the monitoring running smoothly (are event sampling runs completed successfully)? 

○ What difficulties/barriers were encountered (field, logistics, laboratory etc.)? 
○ What could be done differently? 
○ What additional training is required? 

• Are QC/QA results and protocols effective? 
○ How can practices be tightened to ensure QA/QC goals are met? 

• Is communication between managers, practitioners, land-owners and stakeholders clear 
and open? (Communication is important to every monitoring programme as problems 
and issues can only be addressed if they are discussed openly and without attachment) 

Refer to the objectives highlighted in Task 1.2. 
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Table 11. Monitoring review questions. 

Question Response 

How does this fit/answer 
objectives? 

 

Are the indicators 
appropriate to the 
objectives? 

Refer to Task 3.2 

 

Can anything be 
dropped? 

 

What needs to be 
added? 

Refer to Table 5 – Task 
1.3. 

 

Is there a conceptual 
diagram or stressor 
model? 

 

What type of monitoring 
is needed? 

Refer to Task 1.2 and the 
Technical Resource 
Document. 
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TASK 3.2 – REVIEW AND/OR SELECT INDICATORS 

3: Monitoring programme

Choose measures 
and frequencies

Consider 
resources

Review 
monitoring

Review/select
indicators

This task may, in part, have been answered already. However, as one of the Frameworks 
objectives is to provide a series of checks and balances to ensure that no information has 
been missed, it is recommended that you complete this task as you have for the other tasks. 

To assist you in this process it would now be of value to complete a WDE Information 
Diagram (Fig. 13). Figure 4 presents an example WDE Information Diagram including 
indicators and measures. Since you have stated your objectives for monitoring, you know 
which aspects of your system require indicators and the diagram helps in choosing these 
indicators. In addition, a further table of indicators is provided (Table 12) and demonstrates 
where a wide range of variables, attributes and system process indicators lie within a WDE 
system, the type of indicating role they can play and whether or not they are also a measure 
(can be suitably quantified in terms of system condition or status). This table refers to primary 
and secondary state variables. Primary state variables are driven directly by the drivers and 
stressors. Secondary state variables are lower down in the flow of causality within the system 
as they are dependent on the primary variables. For example, invertebrates are a secondary 
state variable and are dependent on various primary state variables associated with 
hydraulic conditions and water quality, which are usually driven by external factors. It may be 
useful to highlight in this table those variables, indicators and measures that are present in a 
currently monitored system, or that you intend to include them in a new monitoring 
programme. The table is not intended to present an exhaustive list of all possible WDE 
components and indicators, in fact, feedback from users to update and modify this 
Framework is welcomed; the aim is to provide a user-friendly tool that facilitates effective 
monitoring. The Technical Resource document provides some helpful definitions of vital sign 
and indicator along with a further discussion of indicators and their selection (note: the terms 
vital sign and indicator are used together in this report). 

We highly recommend that you read the accompanying section on indicators in the 
Technical Resource document before you proceed with indicator selection. 

In completing this Task the following questions need to be answered: 
• What kinds of vital signs/indicators are needed? 

○ End-point (retrospective, State of Environment). 
○ Driver/stressor sensitive (distinct response to natural/anthropogenic influences). 
○ Predictive (coal-mine canary – known response). 
○ Anticipatory (expected outcome). 

• Integrative (long-term health or instantaneous?) 
○ Are the indicators appropriate to the objectives? 

Are any surrogate measures that are cheaper to use available? 

The next procedure is to actually begin to devise the monitoring programme. 
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Table 12. WDE indicators and their attributes. 
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Figure 13. Blank WDE information diagram 
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TASK 3.3 – CHOOSE MEASURES AND FREQUENCIES 

3: Monitoring programme

Choose measures 
and frequencies

Consider 
resources

Review 
monitoring

Review/select
indicators

 

At this stage it may be worth returning to Task 1.2 and Figures 11 and 12 to refresh your 
memory about what your objectives for monitoring are, i.e. if you need a full range of 
monitoring from drivers through to end-points, including anticipatory indicators, or you simply 
need to monitor the end-point condition of an attribute. Also, it would help if you referred back 
to your Stommel diagram (Task 2.2) to revisit the spatial and temporal scale of your system. 

Refer to Task 3.1 where existing monitoring has been identified. Consider what you NEED to 
monitor that is not already collected for the WDE of interest. In addition, check that all of the 
existing monitored variables do serve a purpose. 

Figure 13 should outline what you need to monitor. You now need to choose your methods 
for quantifying your indicators and decide on the sampling or data interrogation frequencies 
(refer to the Technical Resource document for a list of references). 

• Choose a monitoring time-frame for each objective and complete a time-line: 
○ Use a long-term scale with sufficient detail to incorporate the short-term objective 

monitoring.  
○ Can the monitoring activities be overlapped to maximise efficiency? 

Record your reporting intervals (if known) for future reference. 

Refer to the material you have already gathered to guide you. 

Use Table 13 to compile the information, stating why you have chosen the measures listed. 
For each indicator or variable, summarise how it is or will be measured/monitored, e.g. direct 
observation, piezometer logging, vegetation condition survey, manual sampling, and the 
methods; field, remote, instrumented. List any sampling equipment that may be required e.g. 
electronic instrumentation, aerial photography or vegetation quadrat etc. Detail the sampling 
frequency or data capture interval. List who is, or will be, collecting the data. 



THE FRAMEWORK 

Report DWLBC 2007/12 
Best Practice Framework for the Monitoring and Evaluation of Water Dependant Ecosystems 1: Framework 

53

Table 13. Indicator/variable monitoring information table 

Indicator/variable Sampling 
method Equipment Survey frequency Collector 
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TASK 3.4 – CONSIDER RESOURCES 

3: Monitoring programme

Choose measures 
and frequencies

Consider 
resources

Review 
monitoring

Review/select
indicators

 

Task 3.3 sets out the intended indicators and variables, and how you might ideally monitor 
them. In this task, we summarise the resources available to conduct the monitoring, i.e. your 
budget, the logistics, personnel, laboratory and analysis facilities (for further information refer 
to the Technical Resource document). 

Answer the following questions as fully as possible and highlight any action points that arise 
(Use a separate sheet to write full answers): 
1. What is your annual budget for this programme, what is already allocated and how much 

is available for this specific monitoring project, is it desirable, or possible, to redirect  
financial resources, and what additional sources of funding could you pursue to support 
the programme? 

2. State the amount for the current programme:   $     

○ How much is allocated to staff or personnel? $ ____________  
○ Do you have to cover an institutional overhead? $ ____________  
○ What remains to cover all aspects of the monitoring? $ ____________  

3. Referring to Task 3.1 above, investigate and summarise the cost of monitoring each 
indicator or variable for a year (consider one-off equipment and installation costs for new 
monitoring programmes). Is it necessary to defer certain expenses or phase-in equipment 
over a number of years to establish the full monitoring programme? 

4. Consider staff time: allocate and cost the time to undertake routine field visits. 

5. Estimate the requirement for reusable sampling media and equipment. 

6. What laboratory facilities, personnel and time will you need to process your samples or 
material collected from the field? 

7. Estimate and allocate staff time and resources for data processing, analysis, 
interpretation and reporting. 

8. Consider any additional costs, such as personal protection equipment (to comply with 
occupational health and safety), vehicles, accommodation, flights, over-flights, remote 
sensing etc. 

9. Compile the costs and compare with your available budget; adjust and prioritise your 
programme accordingly. 

10. Can you still meet your monitoring objectives, if not what additional actions can be taken 
to address any short-fall in resources? 
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GROUP 4 – IMPLEMENT AND ASSESS 
The Group 4 tasks include implementation of the monitoring programme; data collection; 
evaluation and assessment; review results and feed the Framework back to the various start 
points to close the adaptive management cycle. 

TASK 4.1 – IMPLEMENTATION 

4: Implement and assess

Review results
against targets

Evaluate and
assessCollect dataImplement

 

This task in the Framework is all about being organised and prepared for your monitoring. 
The following points will help facilitate your field-work and the practical implementation of 
your programme: 
1. Ensure that actions to be carried out under your monitoring programme conform to all 

relevant legislation, i.e. permits are required to collect flora and fauna in National Parks 
and there may be restrictions or prohibitions placed on collecting threatened species. 

2. Organise the purchase of any new equipment or instrumentation for field 
implementation (take care to check specifications, to ensure quality). 

3. Schedule any works and contractors to install structures etc. 

4. Allocate staff, volunteer time or employ suitably qualified staff as required. 

5. Identify training needs and conduct training, briefing sessions and workshops for staff 
and volunteers involved in sampling. 

6. Compile a time-line or Gant chart setting-out the stages of implementation, regular field 
visits and times for data interrogation and reporting periods. 

7. Devise a thorough set of data and field record sheets (do not rely on individuals 
notebooks as individuals record information to different degrees of thoroughness) that 
include: 

○ Record sheet number, date, time, location (and unique site identifier) and staff names. 
○ Space to record weather and additional information about the area, anything unusual 

that might influence the results, e.g. tramping by cattle. 
○ Space to record all field variables such as water temperature, pH, conductivity, 

dissolved oxygen, turbidity and colour: include space for the instrument number of 
each hand-held meter etc. (see note below). 

○ Other field data for biotic indices and measures and observations. 
○ Telephone contact numbers for the laboratory, office, land-owner; EPA and other 

useful numbers should additional advice or notification need to be given. 
○ A list of instruments, tools and equipment to take to the field, especially if it is a remote 

site. 
Ensure the form is clear in layout and easy to use, so important information does 
not get missed. 
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8. Field instruction sheets (essential to ensure consistency and completeness): 
○ Provide a concise and clear list of each measure and check to be made, with 

procedures for each including instrument checking and calibration (record the 
calibration details). 

○ Check with staff that all instructions are clear and unambiguous. 
○ List the activities in an order that maximises efficiency. 
○ Provide a tick box as an additional cross-check for each action or stage in the field 

visit (this should be obvious from the field record sheet). 
○ Make sure that the instructions have clear advice on do’s and don’ts relating to sample 

handling and storage. 
○ Include details of where samples should be taken and the names of laboratory staff 

expected to receive the samples. 
○ Don’t assume anything – always clearly state the obvious. 

9. For systems with seasonal wetting-up and drying, you may want to consider how to 
remotely indicate the beginning of wetting-up, and hence when your season of 
observation commences. Low cost options include recruiting the assistance of a ranger 
or member of the public who visits the site regularly. 

10. For event response monitoring you will need a ready-to-use event response kit which 
should include: 

○ All field instruments and tools: lighting and head-torches; shelter; and spare batteries 
for all instruments. 

○ Blank record sheets and instructions to act as a reminder if late night sampling is 
undertaken. Instructions should be thorough and clear, with a time-line and list of all 
variables and instruments necessary for the job. Make sure all personnel understand 
the instructions and amend them as required. 

○ A roster of staff/volunteers available at short notice to assist with sampling and field-
work. 

○ Laboratory facilities and staff who are fully aware of your event monitoring intentions 
and capable of accommodating your samples at relatively short notice. 

11. Make sure all field kits are checked and replenished AFTER each field trip, so that it is 
ready for the next use, and no delays are encountered if parts, or media are not 
available at short notice. 

12. Weather watch for event sampling: regularly check the weather radar, synoptic charts 
and BOM forecasts in order to be prepared for an event, should one occur. 

13. With regard to site selection, location, access and logistics: 

○ Ensure your sites are representative of the system to be monitored, i.e. make sure you 
are monitoring the main body of water and that the depth is appropriate etc. 

○ Referring to your indicators: ensure site disturbance and potential disturbance of 
endangered species is minimal. 

○ When located on private land make sure you have full permission from the land owner 
to access the site on a regular basis.  Ensure the owner knows when you will visit and 
has contact details and mobile phone numbers so they can contact you should any 
queries arise, or if they wish to notify you of events that are out of the ordinary. 

○ Make sure that the sampling location is safe to access under all conditions and at 
night if event sampling is to be undertaken. 
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○ Choose sites that are accessible by road, unless access by foot is unavoidable or 
preferable. Consider the physical requirement to get instruments and equipment to 
sampling sites. 

○ Ensure that adequate personal protection is provided, including clean drinking water, 
sunscreen, a first aid kit, appropriate clothing and food. 

14. QA/QC, Quality assurance and control in the context of environmental monitoring and 
for WDEs is intended to provide a chain of evidence from field sampling, through 
laboratory analysis and data handling, intended to ensure consistency and repeatability 
of results, such that any change or deviation from expected results can be checked, to 
ensure that it is an actual change in the system being monitored and not a consequence 
of some change in monitoring practice. The information provided under Task 3.4 in the 
Technical Resource document provides useful notes in this respect. A few additional 
measures not already noted above include: 

○ Create a reference sheet which lists all field instruments, allocates a general use 
number (e.g. pH#1, this is the number to note on the record sheet), and the 
manufacturers serial number. By recording this number on the record sheet it is 
always known which instrument was in use and any faults can be adjusted for 
appropriately. 

○ Instruments should be checked, serviced and calibrated according to the 
manufacturers specifications (and by an accredited laboratory if required) and at the 
recommended intervals. 

○ Devise a unique sample code that includes a site/location mnemonic and sample 
number, label any samples or bottles with this information, including the date and time. 

○ Laboratory practices – ensure that a memorandum setting-out agreed laboratory 
standards and practices exists that sets-out exactly how samples are to be treated and 
what analyses are to be undertaken, as well as, what blanks, standards, calibrations 
and inter-laboratory calibrations are needed. This will ensure consistency and is part 
of any standard QA/QC agreement. 

15. A note on communication. Good, clear, open and non-defensive communication is 
often overlooked when devising a scientific programme, but it is a key aspect in the 
success of any monitoring programme. It is vital that staff at all levels have good 
communication skills. It is therefore recommended that any staff with identified 
communication blocks undertake additional workplace training to facilitate effective 
operation. This is likely to be challenging, but ultimately rewarding for the individual and 
for the programme as a whole. 
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TASK 4.2 – COLLECT DATA 

4: Implement and assess

Review results
against targets

Evaluate and
assessCollect dataImplement

 

Task 4.1 dealt with many logistical aspects associated with being prepared and collecting 
complete information while in the field. Task 2.5 covers issues regarding the data that is 
collected as listed below: 
1. Ensure that instruments are on the most sensitive range for conditions being measured, 

or set auto-range, allow sufficient time for instruments to stabilise. 

2. Record all digits displayed (usually no more than four on most field instruments). This 
helps to maintain the resolution of the data and if rounding is dealt with in a systematic 
fashion when the raw data is being analysed, rounding errors can be minimised. 

3. When entering data into your database or spreadsheet, be sure to enter the data exactly 
as it is written down, do not round. 

4. If using a logger, always check that data is safely downloaded and readable, before 
clearing field instrumentation memory. 

5. Only round laboratory data after any conversions to SI units have been made. Use 
standard rounding procedures. 

6. Maintain unedited, uncleaned, archive copies of all raw data. 

7. Collate and compile raw data for each site in a single table or spreadsheet. 

8. Check for data errors and clean (data errors often involve a decimal place in the wrong 
location, plotting time-series of the data is an easy way to view points that fall outside the 
observed range). Mark cleaned points with a comment which states the original value. 

9. Structure your spreadsheet or table to start with the site identifier, the sample number, 
date, sample time, analysis time, meteorological variables, hydrometric variables, 
physical-chemical water quality parameters, biotic indices, other information (this order 
associates with the ecosystem structure from drivers to primary state variables, 
secondary variables, indicators and end-points). 

A new database system for South Australian WDEs is under investigation. The prototype 
system developed by Recknagel et al. (2006) offers an excellent system and provides useful 
tools for data analysis (App. 2 in the Technical Resource document). 
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TASK 4.3 – EVALUATE AND ASSESS 

4: Implement and assess

Review results
against targets

Evaluate and
assessCollect dataImplement

 

Once you have collected a few months worth of data you will begin to get an indication of the 
values and scores the system exhibits. 
1. Visualisation of raw data is a key component of any analysis and interpretation, in that: 

systematic variations and relationships between variables can be discerned and 
contribute to the conceptual understanding of the system (and the conceptual model). 
This should be the first task prior to undertaking any statistical tests, comparisons, 
transformations or aggregations. 

○ Plot time-series of all variables, i.e. the x-axis is time, the y-axis is the variable and 
align each plot vertically so you can compare the variations in each. Organise the plots 
in ecosystem function order, so the driving variables are at the top of the page and the 
end-point indicator is at the bottom of the page. 

2. Some variables are log-normally distributed, this means that in a frequency distribution 
plot, they tend to be skewed towards the x-axis origin, or in other words they have 
predominantly low values, and high values tend to increase by orders of magnitude 
rather than in a linear fashion. Plotting log10(x) can aid visualisation of the data, a typical 
example is flow data and water quality variables. 

3. Some variables correlate negatively, i.e. they do the opposite to each other. When one 
goes-up the other goes down. This is often the case with flow and conductivity. 
Reversing the y-axis scale of either can be useful. 

4. Excessive variability can also cause problems when trying to make useful comparisons. 
Aggregating the data by taking a running mean can be a useful way of removing excess 
‘noise’ and revealing or enhancing a more gradual variation that was masked. 

5. Calculate means and standard deviations to quantify baseline conditions and variability, 
and for different periods or sites to compare conditions between sites or relative to other 
reporting periods or times of the year. Use the appropriate tests that can be found in all 
basic statistical geography textbooks (e.g. Green 1979). A list of useful statistical text 
books is listed in the Technical Resource document. 

6. Assess means against specific targets, control sites, literature values or expected values. 

7. Visualise aggregated data and means to present information to managers, policy 
makers, stakeholders and the public – display the message (Fig. 14). Annotated 
diagrams that clearly point out the message being portrayed are particularly effective. 
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Figure 14. The information and reporting pyramid: from sound science to effective 
communication (after Fancy 2003). 

Appendix 5 of the Technical Resource document contains a summary of the South-East 
Queensland EHMP reporting system. This is a scorecard system proving to be very popular. 
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TASK 4.4 – REVIEW RESULTS AGAINST TARGETS 

4: Implement and assess

Review results
against targets

Evaluate and
assessCollect dataImplement

 

This task is intended to investigate whether the results derived from Task 4.3 demonstrate an 
improvement in condition or whether monitoring is meeting the objectives and targets 
identified in Task 1.2. 

Are the indicators and measures capturing the information required to take appropriate 
management actions? 

Refer to Task 3.1, the review of existing monitoring. 

In addition, are existing management actions affecting the recovery or improvement in WDE 
condition that was intended? 

Update your WDE information diagram as required. 

Return to the Group 2 tasks and incorporate any new system understanding into your WDE 
conceptual models: 
• Do the results inform understanding? 

• Is the conceptual diagram a good clear representation of the key processes, and does it 
present the system in a clear way? 

• Are my stressor relationships valid? 

• Is my state-and-transition model realistic? 

You may also wish to review Task 1.2, which examines your M&E objectives – were they 
realistic? Have you exceeded expectations, or were your objectives wildly ambitious? 

Having reviewed all aspects of the monitoring programme, summarise points for action and 
set a time-frame for implementing any changes (e.g. instrumentation, lab practices, sampling 
regime, event response etc.) and continue monitoring, reviewing and adapting, making use 
of the tools, tables and charts provided here. Refer to Figure 3, which provides a 
diagrammatic representation of the return paths within the Framework. 
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GLOSSARY 
 
Adaptive management: A management approach, often used in natural resource management, 
where there is little information and/or a lot of complexity and there is a need to implement some 
management changes sooner rather than later. The approach is to use the best available information 
for the first actions, implement the changes, monitor the outcomes, investigate the assumptions and 
regularly evaluate and review the actions required. Consideration must be given to the temporal and 
spatial scale of monitoring and the evaluation processes appropriate to the ecosystem being 
managed. 

Ambient: The background level of an environmental parameter (e.g. a background water quality like 
salinity). 

Anabranch: A branch of a river that leaves the main stream and later rejoins. 

Aquifer: An underground layer of rock or sediment which holds water and allows water to percolate 
through. 

Baseflow: The water in a stream that results from groundwater discharge to the stream. This 
discharge often maintains flows during seasonal dry periods and has important ecological functions. 

Basin: The area drained by a major river and its tributaries. 

Biological diversity (biodiversity): The variety of life forms: the different life forms including plants, 
animals and micro-organisms, the genes they contain and the ecosystems (see below) they form. It is 
usually considered at three levels — genetic diversity, species diversity and ecosystem diversity. 

Biota: All of the organisms at a particular locality. 

BOD: Biochemical oxygen demand. 

BOM: Bureau of Meteorology. 

Buffer zone: A neutral area that separates and minimises interactions between zones, whose 
management objectives are significantly different or in conflict (e.g. a vegetated riparian zone can act 
as a buffer to protect the water quality and streams from adjacent land uses). 

Catchment: The area of land determined by topographic features within which rainfall will contribute 
to runoff at a particular point. 

Drivers: exert major forcing influences on natural systems and are associated with large-scale 
processes. Examples include: climate, landform, geology/soils and time. 

DWLBC: Department of Water, Land and Biodiversity Conservation. Government of South Australia. 

Electrical Conductivity (EC): 1 EC unit = 1 micro-Siemen per centimetre (µS/cm) measured at 25 
degrees Celsius, commonly used to indicate the salinity of water. 

Ecological processes: All biological, physical or chemical processes that maintain an ecosystem. 

Ecology: The study of the relationships between living organisms and their environment. 

Ecosystem: Any system in which there is interdependence upon and interaction between living 
organisms and their immediate physical, chemical and biological environment. 

Ecosystem process/response (attributes): are physical, chemical or biological factors that respond 
to the drivers and stressors. This response may either be positive or negative. Examples include: 
community and population dynamics, water and sediment quality; flow regime; stream 
geomorphology; physiology; and organism health. 

Ecosystem services: All biological, physical or chemical processes that maintain ecosystems and 
biodiversity and provide inputs and waste treatment services that support human activities. 

EHMP: Ecosystem Health Monitoring Programme. 

Environmental water requirements (EWR): The water regimes needed to sustain the ecological 
values of aquatic ecosystems, including their processes and biological diversity, at a low level of risk. 
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EPA: Environment Protection Agency. 

Ephemeral streams/wetlands: Those streams or wetlands that usually contain water only on an 
occasional basis after rainfall events. Many arid zone streams and wetlands are ephemeral. 

Erosion: Natural breakdown and movement of soil and rock by water, wind or ice. The process may 
be accelerated by human activities. 

Estuaries: Semi-enclosed waterbodies at the lower end of a freshwater stream that are subject to 
marine, freshwater and terrestrial influences, and experience periodic fluctuations and gradients in 
salinity. 

Eutrophication: Degradation of water quality due to enrichment by nutrients (primarily nitrogen and 
phosphorus), causing excessive plant growth and decay. (See algal bloom). 

Floodplain: Of a watercourse means: (a) the floodplain (if any) of the watercourse identified in a 
catchment water management plan or a local water management plan; adopted under Part 7 of the 
Water Resources Act 1997; or (b) where paragraph (a) does not apply — the floodplain (if any) of the 
watercourse identified in a development plan under the Development Act 1993, or (c) where neither 
paragraph (a) nor paragraph (b) applies — the land adjoining the watercourse that is periodically 
subject to flooding from the watercourse. 

GAB: Great Artesian Basin. 

GIS (geographic information system): Computer software that allows geographic data (for example 
land parcels) to be linked to textual data (soil type, land value, ownership). It allows for a range of 
features, from simple map production to complex data analysis. 

Greenhouse effect: The balance of incoming and outgoing solar radiation which regulates our 
climate. Changes to the composition of the atmosphere such as the addition of carbon dioxide through 
human activities, have the potential to alter the radiation balance and to effect changes to the climate. 
Scientists suggest that changes would include global warming, a rise in sea level and shifts in rainfall 
patterns. 

Groundwater: Water occurring naturally below ground level or water pumped, diverted or released 
into a well for storage underground. 

Groundwater Dependent Ecosystem (GDE): An ecosystem that derives a part of its water budget 
from groundwater. 

Habitat: The natural place or type of site in which an animal or plant, or communities of plants and 
animals, lives. 

Health: A measure of ecosystem integrity based on vigor, resilience and organisation. High levels of 
each of these factors indicate a healthy ecosystem. 

Heavy metal: Any metal with a high atomic weight (usually, although not exclusively, greater than 
100), for example: mercury, lead and chromium. Heavy metals have a widespread industrial use, and 
many are released into the biosphere via air, water and solids pollution. Usually these metals are toxic 
at low concentrations to most plant and animal life. 

Hydrology: The study of the characteristics, occurrence, movement and utilisation of water on and 
below the earth’s surface and within its atmosphere. (See hydrogeology.) 

Hyporheic zone: The wetted zone among sediments below and alongside rivers. It is a refuge for 
some aquatic fauna. 

Indigenous species: A species that occurs naturally in a region. 

Irrigation: Watering land by any means for the purpose of growing plants. 

Lake: A natural lake, pond, lagoon, wetland or spring (whether modified or not) and includes: part of a 
lake; and a body of water declared by regulation to be a lake; a reference to a lake is a reference to 
either the bed, banks and shores of the lake or the water for the time being held by the bed, banks and 
shores of the lake, or both, depending on the context. 

M&E: see Monitoring and Evaluation. 

MAT: Management Action Target. 
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Macroinvertebrates: Animals without backbones that are typically of a size that is visible to the naked 
eye. They are a major component of aquatic ecosystem biodiversity and fundamental in food webs. 

Measurements: Measures of the vital sign/indicator. A measure of water quality may be electrical 
conductivity and a measure for the macroinvertebrate community may be structure and composition. 

Model: A conceptual or mathematical means of understanding elements of the real world which allows 
for predictions of outcomes given certain conditions. Examples include, estimating storm runoff, 
assessing the impacts of dams or predicting ecological response to environmental change. 

Monitoring and Evaluation: The process of undertaking regular data collection, data that is then 
comprehensively analysed to determine if the programme aims and objectives are being met. 

Mount Lofty Ranges Watershed: The area prescribed by Schedule 1 of the regulations. 

NAP: National Action Plan for Salinity and Water Quality. 

NO3_N: aqueous nitrogen in the form of the highly mobile nitrate anion, and expressed as 
nitrate_nitrogen, i.e. 1mg/L NO3_N ≡ 4.429 mg/L NO3 (1xN [m.w. 14] + 3xO [m.w. 16]). 

Natural recharge: The infiltration of water into an aquifer from the surface (rainfall, streamflow, 
irrigation etc.) (See recharge area, artificial recharge.). 

NHT: Natural Heritage Trust. 

Natural Resources: Soil; water resources; geological features and landscapes; native vegetation, 
native animals and other native organisms; and ecosystems. 

Natural Resources Management (NRM): All activities that involve the use or development of natural 
resources and/or that impact on the state and condition of natural resources, whether positively or 
negatively. 

OECD: Organisation for Economic Co-operation and Development 

Owner of land: In relation to land alienated from the Crown by grant in fee simple — the holder of the 
fee simple; in relation to dedicated land within the meaning of the Crown Lands Act 1929 that has not 
been granted in fee simple but which is under the care, control and management of a Minister, body or 
other person — the Minister, body or other person; in relation to land held under Crown lease or 
licence — the lessee or licensee; in relation to land held under an agreement to purchase from the 
Crown — the person entitled to the benefit of the agreement; in relation to any other land — the 
Minister who is responsible for the care, control and management of the land or, if no Minister is 
responsible for the land, the Minister for Environment and Heritage. 

Phreaphytic vegetation: Vegetation that exists in a climate more arid than its normal range by virtue 
of its access to groundwater. 

Phytoplankton: The plant constituent of organisms inhabiting the surface layer of a lake; mainly 
single-cell algae. 

Pollution, diffuse (or non-point) source: Pollution from sources that are spread out and not easily 
identified or managed (e.g. an eroding paddock, urban or suburban lands and forests). 

Pollution, point source: A localised source of pollution. 

PP: Primary productivity. 

Ramsar Convention: This is an international treaty on wetlands titled The Convention on Wetlands of 
International Importance Especially as Waterfowl Habitat. It is administered by the International Union 
for Conservation of Nature and Natural Resources. It was signed in the town of Ramsar, Iran in 1971, 
hence its common name. The Convention includes a list of wetlands of international importance and 
protocols regarding the management of these wetlands. Australia became a signatory in 1974. 

RCT: Resource Condition Target. 

Rehabilitation (of waterbodies): Actions that improve the ecological health of a waterbody by 
reinstating important elements of the environment that existed prior to European settlement. 

Restoration (of waterbodies): Actions that reinstate the pre-European condition of a waterbody. 
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Riparian zone: That part of the landscape adjacent to a waterbody that influences and is influenced 
by watercourse processes. This can include landform, hydrological or vegetation definitions. It is 
commonly used to include the in-stream habitats, bed, banks and sometimes floodplains of 
watercourses. 

Seasonal watercourses or wetlands: Those watercourses and wetlands that contain water on a 
seasonal basis, usually over the winter/spring period, although there may be some flow or standing 
water at other times. 

SOE: State of Environment. 

Stressors: cause significant changes in ecological components, patterns and relationships. Barrett et 
al. (1976) give this definition: “Stress is defined here as a perturbation (stressor) applied to a system 
(a) which is foreign to that system or (b) which is natural to that system but applied at an excessive [or 
deficient] level.” Examples may include changes in: salinity and nutrients, groundwater level, flooding 
regime and invasion of exotic species. 

Surface water: (a) water flowing over land (except in a watercourse), (i) after having fallen as rain or 
hail or having precipitated in any another manner, (ii) or after rising to the surface naturally from 
underground; (b) water of the kind referred to in paragraph (a) that has been collected in a dam or 
reservoir. 

Taxa: General term for a group identified by taxonomy, which is the science of describing, naming and 
classifying organisms. 

Vital sign/indicator: Any “information rich” feature of an ecosystem that may be independent or 
integrative and may be measured or estimated to provide insight into the condition of the ecosystem. 
Examples may include water quality and the macroinvertebrate community. 

Waterbody: Waterbodies include watercourses, riparian zones, floodplains, wetlands, estuaries, lakes 
and groundwater aquifers. 

Water Dependent Ecosystems (WDE): Those parts of the environment, the species composition and 
natural ecological processes, which are determined by the permanent or temporary presence of 
flowing or standing water, above or below ground. The in-stream areas of rivers, riparian vegetation, 
springs, wetlands, floodplains, estuaries and lakes are all water-dependent ecosystems. 

Wetlands: Defined by the Act as a swamp or marsh and including any land that is seasonally 
inundated with water. This definition encompasses a number of concepts that are more specifically 
described in the definition used in the Ramsar Convention on Wetlands of International Importance. 
This describes wetlands as areas of permanent or periodic/intermittent inundation, whether natural or 
artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including 
areas of marine water the depth of which at low tides does not exceed six metres. 
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