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Executive summary
The Murray‐Darling Basin Authority requested CSIRO
to lead the development of a method, underpinned
by an evidence‐based conceptual framework, for
assessing the relative environmental benefits (and
dis‐benefits) of complementary measures in
supporting the achievement of the Basin Plan’s
environmental objectives. This report describes
progress to date, including the results of a worked
example undertaken to illustrate how the method
might work, and to test its utility.
The Basin Plan and the Basin‐wide environmental
watering strategy (MDBA 2014) define a series of
outcomes sought by the Plan through the return of
flows from consumptive users (often termed
environmental water) into the river systems. Non‐
flow based interventions, such as infrastructure
works to provide fish passage and/or mitigate
downstream effects of cold water releases from
storages, in‐stream snagging to provide fish habitat,
restoration of riparian vegetation and removing
barriers to floodplain connectivity, have been
proposed as contributing to achieving the overall
environmental outcomes and have been termed
‘complementary measures’ (Complementary
Measures). These interventions do not replace flow‐
based measures – however, they are recognised as
being important to the achievement of
environmental outcomes. Indeed, there are certain
to be benefits provided by Complementary
Measures that will not be achieved through flow‐
based measures alone, hence the term
‘complementary’.

Framework and method
development
The project used a preliminary list of
Complementary Measures proposed by
jurisdictions1. This list is not comprehensive when all
impacts on aquatic and terrestrial ecosystems in the
Basin are considered. Hence, we have assumed that
other Complementary Measures are likely to be

proposed in the future and approached the
development of the method to be adaptable.
This project approached the assessment of the
relative environmental effects of Complementary
Measures, applying it to representative criteria of
the Basin‐wide environmental watering strategy’s
four key themes of: (1) native fish; (2) waterbirds; (3)
native vegetation and (4) river flows and
connectivity. Acknowledging that a Complementary
Measure assessment method that required
collecting new data to assess effects within a site,
region or Basin would be time consuming and not
practical, the project chose to develop a method
that used existing data, skills and knowledge.
The method consists of three components (called
modules): (1) a potential benefit assessment
module, (2) a (biological) functional groups
assessment module that utilises conceptual models,
probability models and expert elicitation; and a (3)
cumulative relative benefit assessment module. The
project focussed on the functional groups
assessment module with the worked example using
one group of fish with the test Complementary
Measure of fishways.
The Potential Benefit Assessment module is used to
score the potential environmental outcomes of each
Complementary Measure based on whether it
contributes to the achievement of Basin Plan
objectives. It utilises a multi‐criteria decision analysis
of criteria derived from the Basin Plan objectives, to
provide an initial screening and provide a tool for
communicating effects and outcomes of
Complementary Measures. The module scores
individual Complementary Measures against Basin
Plan objectives based on three broad categories:
conservation significance, ecological processes and
physical processes (excluding flow‐dependent
outcomes). The module helps identify proposals that
warrant further investigation and assessment. We
suggest how it might work and have derived a set of

1
Complementary Measures were provided by NSW and Victoria but
noted that none were proposed by Queensland, ACT or South Australia
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questions from an analysis of the Basin Plan to
illustrate this.
It can be used in the short‐term to gauge the
potential of Complementary Measures to realise
environmental benefit, while the full assessment
method is being developed. The module has been
developed to testing stage, with hypothetical
Complementary Measures. The next step is to
workshop it with experts and the jurisdictions, using
actual Complementary Measures proposals. This
module is described in Chapter 3.
The Functional Groups Assessment module is the
main body of work for this project. It uses
conceptual models of life histories/ecosystem
processes – supported by scientific literature, where
possible – to develop cause‐and‐effect Conditional
Probability Models2 of how each theme (native fish,
waterbirds, vegetation) responds to a
Complementary Measure. These models provide an
estimate of response (as a likelihood).
For the three themes we grouped species into
functional groups (or guilds), which are groups of
species that are likely to respond similarly to
environmental changes, including Complementary
Measures. We selected guilds that: are sensitive to
environmental changes and have declined; are likely
to respond to Complementary Measures; and had a
significant amount of data available. Three
functional groups were identified for native fish, five
for waterbirds and two for vegetation.
For each functional group a conceptual model and
cause‐effect Conditional Probability Model were
developed (or is intended to be developed). These
models simplify how the real world will react to the
implementation of the Complementary Measure,
and were developed or adapted for the project,
based on scientific literature. Expert Elicitation was
applied to parameterise the models and provided an
estimate of the magnitude of environmental benefit
derived from implementing each Complementary
Measure.
The estimate of benefit is different depending upon
the goal for the functional group. For example, the
2

A Conditional Probability Model is a series of logical cause‐and‐effect
flow paths that have a common endpoint – in this case an objective of
the Basin Plan (e.g. increased fish abundance). At each connection, or
node, in the paths, literature review or Expert Elicitation can be

native fish and waterbird models reports change in
abundance, while the vegetation model reports
change in productivity and growth. These measures
need to be reviewed if the method progresses.
The full method requires that all models be run as a
Complementary Measure that is designed to benefit
one functional group may have dis‐benefits for
others. There is also a measure of the scientific
confidence in the result. The modelling is described
in Chapters 4 to 7.
The third component, the Cumulative Relative
Benefit Assessment module, provides a transparent,
repeatable method for reporting the scores of
different Complementary Measures and providing
values of relative benefit. It uses a multi‐criteria
decision analysis approach to measure each
Complementary Measure against a suite of criteria
not captured by the other components. These
criteria include: the contribution of the Measure to
the Basin Plan environmental outcome; spatial and
temporal scales; the level of certainty associated
with each outcome; and the dependence of each
Measure on flow or other Complementary Measures
to accrue the desired benefit. This module has been
developed to accommodate input from the Potential
Benefits and Functional Group Assessment modules.
The Conditional Probability Models (in the
Functional Groups Assessment module) and the
Potential Benefits Assessment module capture
different aspects of ecological benefit. The
Cumulative Relative Benefit Assessment (CRBA)
module encapsulates all relevant criteria and
provides the final step in the full assessment
method, which is to assign relative environmental
benefit with high confidence.
The benefit of this module is that it is able to
incorporate scores from a wide range of criteria, is
repeatable, transparent, easy to understand, and is
able to combine scores across criteria. A limitation is
that the results are responsive to the weighting of
inputs, so care is needed in setting up the matrix. An
example set of criteria for the Cumulative Relative

employed to evaluate different states of each nodes and the influence
on the endpoint.
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Benefits Assessment (CRBA) module are described in
Chapter 8.
The Cumulative Relative Benefits Assessment
module, with the Potential Benefits Assessment
module, provides a short‐term assessment pathway.
The three modules together form the full
assessment method.

Worked examples
Examples have been worked up to test the method.
Fourteen Complementary Measure scenarios were
run through the Potential Benefits Assessment and
results reported in Chapter 3.
A Complementary Measure of installing fishways in
the southern Basin has been run through the
Functional Groups Assessment module for one
group of fish (a group of channel specialists that
include Murray cod and trout cod). This included a
literature review, functional group selection,
development of conceptual life history and cause‐
and‐effect Conditional Probability models based on
Expert Elicitation. Results are reported in Chapter 5.
The Cumulative Relative Benefits Assessment
module was run for all Complementary Measures
and results are reported in Chapter 9.
The initial results of ranked Complementary
Measures from the Functional Groups Assessment
were surprising as they did not align with the
opinions of experts or with standard practices for
river rehabilitation. On review, the project team
considers that the transition from the life history
model to the Conditional Probability Model needs
further work as does the Expert Elicitation process;
or alternatively, that too much information is lost in
reducing complex ecological systems to simplified
logic systems. Our recommendation is to initially
refine the models and rerun the example to test the
method comprehensively, and if it generates
counter‐intuitive results, consider a simplified Expert
Elicitation process that directly targets the
Complementary Measures.

Next steps
Achievement of Basin Plan environmental objectives
may involve integration of water recovery efforts

and return of water to the environment with
Complementary Measures that address non‐flow
based threats that compromise the achievement of
objectives or thwart management achieving the full
potential of the environmental water recovered.
Investment by governments in Complementary
Measures should be founded on a scientifically
robust conceptual basis that synthesises our
understanding of how non‐flow related measures
could contribute to achievement of Basin Plan
objectives. To maximise the return on any
government investment, policy makers need tools
that inform choices between different possible
management interventions and investments.
The project team considers that the full assessment
method, as described in this report, has the greatest
potential to enable a comparative evaluation of
Complementary Measures, notwithstanding that
initial results from the worked example did not align
with the project team’s expectations. The method
provides a practical tool for use by policy makers
through providing information on which
Complementary Measures have greatest prospect of
achieving environmental benefits. The modular
design of the method provides two assessment
pathways: (1) a short pathway which bypasses the
Functional Groups Assessment, and (2) the full
assessment method pathway. As knowledge of the
role of Complementary Measures in contributing to
Basin Plan environmental objectives improves over
time this improved understanding can easily be
incorporated into the method as would be expected
in an adaptive management framework.
The final chapter of this report provides guidance
needed to provide a reliable means of assessing the
ecological efficacy of any Complementary Measure,
based on the scientific knowledge currently
available. The proposed method facilitates the
incorporation of new knowledge as it becomes
available. We are confident that, when the method
is refined as envisaged in Chapter 10, the method
will be capable of providing robust scientific
evaluations suitable for incorporation in the broader
social and economic judgements required to
manage the Murray Darling Basin’s resources in an
indefinitely sustainable and increasingly refined way.
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1

Background

Commonwealth and State/Territory jurisdictions are seeking to understand the relative contribution of
Complementary Measures on the environmental outcomes sought by the Murray‐Darling Basin Plan.
Complementary Measures are non‐flow based actions or measures such as infrastructure works, vegetation
management and pest control. Although flow restoration and environmental watering are necessary, they
will not be sufficient to achieve the environmental outcomes sought by the Basin Plan alone, particularly
where other factors limit the ecosystem response to hydrological change. There is a strategic need to better
understand the links between Complementary Measures and the Basin Plan environmental objectives.

1.1 The project brief
In early 2017, the Murray Darling Basin Authority engaged CSIRO to lead and convene, on behalf of the
Authority, the development of a science‐based assessment framework and method to evaluate the relative
environmental benefits of complementary measures to contribute to achievement of Basin Plan outcomes.
CSIRO were to work collaboratively with jurisdictions and other experts to develop the framework and
method.
The assessment method must be capable of assessing the relative benefits (and dis‐benefits) of
Complementary Measures for native fish, waterbirds, floodplain and riparian vegetation and connectivity (as
targeted by the Basin Plan), together with an understanding of the Complementary Measure effect relative
to flow. The method should be capable of informing the extent to which individual Complementary
Measures contribute to achievement of Basin Plan outcomes, the interactions and dependencies (positive or
negative) between individual Complementary Measures or packages and interactions and dependencies with
flow. More details of the scope and objectives of the project are contained in the Terms of Reference
document for this project (Appendix A).
The first phase of the project was to establish the team (CSIRO researchers and external experts) and to
develop an options paper that explored a range of approaches/techniques that lent themselves to meeting
the project brief. Both these tasks were completed in early February and are described in Appendix A . From
that point, method development started, with progress reported at the half way point, and at end of project.

1.2 Complementary Measures
It must be demonstrable that Complementary Measures can provide ongoing environmental benefit at a
scale relevant to the Basin Plan objectives. The Complementary Measures are not directly flow‐based, but
can have an interaction or dependency upon flow to achieve benefit (i.e. should not be currently considered
as part of the Sustainable Diversion Limits Adjustment mechanism or be represented through MDBA
hydrology or inundation modelling). A suite of potential Complementary Measures (Table 1) has been
proposed by jurisdictions for implementation in the southern connected Basin. This initial list has been
considered as part of method development. The list is not exhaustive and the method is designed to be
sufficiently flexible to be able to estimate benefit from measures not listed below (but which must exhibit a
known set of characteristics that ‘define’ a Complementary Measure).
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Table 1, List of potential Complementary Measures, list supplied by MDBA to the project team
CM

Carp bio‐control
Screening of irrigation off‐takes
Habitat restoration
Addressing cold water pollution
Fish stocking
Fishways
Control programs for exotic aquatic and terrestrial pests (to consolidate
benefits of environmental watering)

These potential Complementary Measures predominantly target native fish. This makes defining functional
groups and objectives challenging for vegetation and waterbirds, because to some extent the functional
groups that are selected depend on the Complementary Measures that are proposed. For example, it is likely
that the tree functional groups from the vegetation theme of Ecological Elements can be combined into one
group when assessing Complementary Measures. In Ecological Elements, these were separated to account
for different flow requirements, but there is no expectation that Complementary Measures will differentially
target individual tree species. Conversely, understorey species may need additional consideration should
Complementary Measures include actions such as removal or reduction of grazing pressure.
The project team identified a range of other potential Complementary Measures and these are listed in
Table 8 in the Discussion section of this report (Chapter 10).

1.3 Terms used in this report
Relative environmental benefit
The Basin Plan (MDBA 2012) recognises four key themes: native fish; waterbirds; native vegetation and river
flows and connectivity. The expected outcomes for these themes are:
 native fish: a diverse native fish community with sustainable populations occupying a greater proportion of
their historic distribution than is currently the case
 waterbirds: to increase abundance and maintain current species diversity
 native vegetation: (at a minimum) to maintain extent and improve the condition of water‐dependent
vegetation on parts of the Basin’s floodplain that can be actively managed
 river flows and connectivity: maintain or increase longitudinal and lateral connectivity, achieved through
maintaining or increasing flows at strategic locations, ensure a minimum barrage flow and frequency at
the river mouth, and maintain the water levels in the Lower Lakes (see environmental watering strategy
for specific details of these targets).
For the purpose of this project, we have adapted the wording of these expected outcomes to define relative
environmental benefit as:
an increase in diversity, population size, age classes, or distribution of native fish species; an
increase in waterbird abundance, an increase in native vegetation condition or extent; or an
increase in connectivity at given locations.
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whereby ‘relative’ benefit is assessed among the different Complementary Measures, with the
counterfactual (i.e. a scenario without the Complementary Measure in place) is used as a baseline for
assessment.

Assessment and evaluation
While these terms are often used inter‐changeably, the distinction that we have adopted in writing this
report was that assessments contribute to a decision‐making evaluation process which potentially involves a
very different group of people from those engaged in undertaking the assessments.
Evaluation of the relative merits of different Complementary Measures necessarily requires consideration of
many issues. In designing the method, we have been very conscious of this broader evaluation framework,
and have ensured that the method only addresses issues of direct relevance to assessing environmental
benefit as per the Terms of Reference for the project.

1.4 Structure of this report
Chapter 2 provides an overview of the method and how we envisage it being used.
It introduces the method components and shows how they are pieced together to form the full assessment
method pathway, and a short‐term assessment pathway. It identifies the development state of each
component part.
Chapter 2 also introduces the worked examples that were used to build parts of the method.
Whilst not dealing with the full range of complex issues, it is intended to provide sufficient background and
context to enable the reader to move onto the next set of chapters.
Chapter 3 to Chapter 8 describe the method components in detail – their rationale, their short‐comings and
their strengths. For those components that have worked examples, the chapter contains discussion of the
results and recommendations for next steps.
Chapter 9 draws together the worked examples and shows how we anticipate them being used to inform the
decision‐making process. This chapter draws on material presented in the earlier chapters.
Chapter 10 reflects on the lessons learnt in developing the method, and identifies a set of longer‐term
activities to complete the method and address knowledge gaps.
Additional details on the method development are contained in appendices.
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2

Introduction to the method

2.1 The method in context
Much of this report addresses the requirement to demonstrate that the proposed method is scientifically
robust and defensible and that the project made considerable progress in the development of the method.
What the project has not addressed, and thus is not well covered in this report, is how the method may be
used in a decision‐making context. We recognise that wisely managing the Basin’s resources requires
technical input beyond our collective expertise in the multiple facets of applied aquatic ecology.
The need to have a method that is scientifically credible, yet usable, has been a key design consideration. We
believe that the approach we have taken brings good science to the decision‐making process and allows
managers and policy makers to make informed judgements – it is an example of good science informing
planning and policy (and also policy guiding science). The proposed method contributes to understanding
the potential and likely relative environmental benefits of Complementary Measures, establishes a clear
conceptual framework for how Complementary Measures can contribute to Basin Plan outcomes, and is
flexible enough to build in new knowledge as it becomes available over time.
At this point in its development, the scope of the method development has been bounded by
 the objectives (desired outcomes) of the Basin Plan and Basin watering strategy
 the issues and proposed actions defined by the Complementary Measures suggested by the jurisdictions,
and
 the need for an integrated means of representing the components of the ecosystem under consideration,
preferably that could relate to output from the ecological elements method for assessing flow affects.
These potential constraints have been largely overcome by developing flexible methods which can be
adapted to accommodate issues outside this scope. So, for example, if a Complementary Measure was
expected to impact on frog communities on the floodplain, this could be factored in as part of benefits/dis‐
benefit.
The Complementary Measures proposed by the jurisdictions did not encompass all the types of ecosystems
represented in the Basin. For instance, estuarine systems, terminal lakes, saline systems, and low‐order
streams3 were not the subject of Complementary Measure proposals. It seems likely that environmental
management of some of these systems will need to compete for funding in the future and it is important to
ensure that the assessment processes under development here are capable of a fair and objective
comparison of their ecological outcomes with those of other measures competing for support.
Because we have used a mixture of techniques to build the method, different groups of users can engage
with different components – scientists and researchers can continue to build the underlying scientific
evidence base and undertake the necessary assessments; and they can bring the results of those
assessments to the evaluation process, supporting decision makers and communities. The method provides
a structured and transparent approach to the evaluation of Complementary measures proposals.

3
Most low order streams are not subject to the influence of flow management or diversions, but some are significantly modified by flow
management (e.g. Snowy, catchment dams, and riparian grazing which could potentially be the subject of a Complementary Measure).
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2.2 Overarching framework
In developing a framework for considering how the relative environmental benefit and dis‐benefit of
Complementary Measures may be assessed, the problem was broken down into three assessment
categories:
 Assessment against Basin Plan desired outcomes
 Assessment of ecological responses
 Assessment of influencing factors (e.g. spatial and temporal scale).

Figure 1, Logical view of the overarching assessment framework. Other assessment categories are included to
demonstrate the extensibility of the framework. The outputs from the assessments feed into the evaluation process. The
assessments derive information from, and contribute to, the building of the evidence base

2.3 Refining the benefits: functional groups and guilds
Within and across each biological theme (native fish, waterbirds and native vegetation), different organisms
will respond differently to complementary measures due to different life histories and environmental
requirements. Because of this variation in ecological response, it is difficult to assign benefits that apply
universally within and across each theme – nor is it ecologically sound – and further classification is required
to assign benefits in a scientifically defensible manner. There are different approaches to represent the
variation in responses within and across a theme. Some of these approaches include: functional groups,
guilds, umbrella, keystone or representative species. An important consideration was being able to include
and represent species that are likely to be targeted by, and respond differently to, the range of possible
complementary measures.
The method applies a functional groups approach for the purpose of estimating the benefits of
Complementary Measures. The functional group approach: 1) provides a framework to assess a broader
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community of species that are likely to respond in similar ways; 2) enables a knowledge base to be
established from across a broader range of sources by including multiple species; 3) increases the spatial
representation beyond that of individual species; 4) balances representativeness and parsimony by
considering a manageable number of targets for assessment; and 5) aligns with methods currently in use in
the Murray‐Darling Basin including, at a broad level, Ecological Elements method (Overton et al 2014). It
should be recognised that, whilst the members of a functional group might respond uniformly to one
environmental driver (e.g. hydrology) their responses to other drivers (e.g. competition with an introduced
species) can be expected to be quite disparate.
As a starting point, the project team considered each theme using the following functional groups:
 native fish: meso‐lotic channel specialists; macro‐lotic channel specialists; micro‐lentic wetland specialists;
ecohydraulic generalists (after Mallen‐Cooper and Zampatti, 2015)
 waterbirds: Bitterns, crakes and rails; general abundance and health (all waterbirds); colonial nesting
waterbirds (breeding); other waterbirds (breeding) (to align with Ecological Elements method, Overton et
al 2014)
 vegetation: Forests and woodlands (river red gum, black box); floodplain understorey, (including
shrublands, tall grasslands, sedgelands and rushlands); benthic herblands (in Ecological Elements method,,
these were split into six groups to reflect response to flow, from Overton et al 2014)
These were modified during the course of the project with three native fish, two vegetation and five
waterbird functional groups (10 in all) being identified. Final categorisations are described in the Functional
Groups Assessment chapters (Chapter 5 to Chapter 7).

2.4 Connectivity
The Basin Plan theme of connectivity (both hydrological and ecological) was considered by the project team.
Connectivity is overarching, with benefits that are broader than the objectives of the fish, waterbird and
vegetation themes. For example, connectivity is important for ecological processes such as nutrient
transport and hydrological processes (e.g. floodplain retention); the interrelationships between floodplain
and channel habitats (often temporally sequential); and the integrity of flow, longitudinally and laterally,
over different spatial scales.
However, connectivity is deeply embedded in each of the biological themes and explicitly considered in their
conceptualisations. Connectivity is also inextricably incorporated in the relationship between ecosystem
components and flow; an important articulation through which hydrology drives ecosystem processes. For
these reasons, and to avoid double‐accounting, connectivity was not included as a separate theme in the
method.

2.5 Spatial and temporal scales of benefits
The benefit received from a Complementary Measure depends on the spatial and temporal scales at which
the measure has ecological relevance and the benefit is expressed (and measured). Spatial benefits depend
on local, context‐specific conditions. For example, the benefits received from a fishway depend on the
extent (and quality) of habitat made available to fish by the fishway; whether fish can access the fishway
(that is, if the fishway is installed in a reach that is not connected to the fish population, it will provide no
benefit); and the fish species favoured by the structure. The project team deemed that the spatial scale of
benefits must be determined based on the specific measure that is being proposed and assessed; and
whether the Complementary Measure is in combination with other Complementary Measures, or in a ‘train’
(i.e. multiple instantiations of the ‘same’ Complementary Measure). The proposed method is designed to be
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sufficiently general to allow for location‐specific assessments of Complementary Measures. The spatial
domain of the method is to consider the benefits associated with Complementary Measures within the
southern connected Murray‐Darling Basin, with potential for later consideration and modification for use in
the northern Basin. The scale at which benefits are assessed is considered in both the Potential Benefits
Assessment (PBA) and Cumulative Relative Benefits Assessment (CRBA) modules.
The temporal scale of benefits is also influenced by the type of Complementary Measure. Although benefits
may vary over time initially, most of the proposed Complementary Measures will reach an equilibrium
benefit once the Measure is installed and operating as designed. The project team agreed that this
equilibrium benefit would be assumed for benefits estimation, so that temporal variation could be discarded
for the purposes of this method (beyond considering interactions between Complementary Measures and
flows). The benefits of the proposed carp bio‐control Complementary Measure may be challenging to
estimate in this way as a carp virus may not reach an equilibrium in a well‐defined time. The temporal scale
for benefits estimation of carp bio‐control will require further consideration in the next phase of the project.

2.6 The full assessment method
The framework has been implemented as a set of three modules (Figure 2), supported by an evaluation of
the knowledge base through a structured and systematic review of the literature.

Figure 2, Implementation of the framework as three assessment modules. The Other influences and Cumulative Relative
Benefit assessments are logically separate but have been physically merged as part of the method development. There is
nothing to prevent these being physically separate, with the Cumulative Relative Benefit Assessment becoming an
Assessment Integration module

1. Potential Benefit Assessment (PBA) module which seeks to use unambiguous criteria (Basin Plan desired
outcomes) to estimate potential benefit. It directly scores Complementary Measures for representative
biota (functional groups or guilds) within a theme (native fish, vegetation, waterbirds).
2. Functional Groups Assessment (FGA) module which is a detailed method that assesses multiple
Complementary Measures for a single functional group within a theme (fish, plants, birds). Multiple
groups could be assessed in parallel. This module incorporates functional group (guild) selection,
conceptual life history models, cause‐and‐effect models, and literature review and expert elicitation. It has
the benefit of incorporating uncertainty in the estimation of the magnitude of relative benefit; and is the
only module that considers dis‐benefits as it is intended that Complementary Measures are assessed
against all functional groups.
3. Cumulative Relative Benefit Assessment (CRBA) module which provides an integrative framework for
considering relative benefit, considers spatial and temporal scales and considers confidence in achieving
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benefits. As presently implemented, it includes the integrator component of the framework and receives
outputs from the other modules.
While the project worked on all three modules, it focussed on the complex parts of the Functional Groups
Assessment (FGA) module. Progress against each of the modules, and how they piece together is shown in
Figure 3. The modules are described in detail in the following chapters.
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Figure 3, Diagram of the modules (components) of the full assessment method and their linkages. The solid arrows
indicate a logical sequencing rather than a data flow. The short‐term assessment pathway links the Potential Benefit
Assessment (PBA) module with the Cumulative Relative Benefits Assessment (CRBA) module to provide a preliminary
assessment (without the benefits of the Functional Groups Assessment)
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An example, using data from the worked example, is given here (Figure 4 and in an enlarged format in Figure
14 in the CRBA chapter) to assist in navigating through the following chapters.

Figure 4, Overview of the full assessment method data flow

An evaluation of how well the full assessment method met project brief requirements is given in Table 25 in
Appendix A .

2.7 Estimation of ecological dis‐benefits
The estimation of dis‐benefits should follow the same scoring method as the estimation of ecological
benefits based on the CPM so as to avoid confounding factors among two different scoring methods. It is
envisaged that dis‐benefits would most frequently arise for non‐target functional groups for the
Complementary Measure in question (e.g. birds may experience a dis‐benefit from a Complementary
Measure designed to assist fish populations). Thus, the scoring should proceed as per the Conditional
Probability Models in the Functional Groups Assessment (FGA). As for benefits estimation, dis‐benefits
should be estimated for each functional group for each Complementary Measure. The format of the criteria
in the PBA mean that dis‐benefit assessment is very difficult using that module, and so that option is not
recommended by the development team.

2.8 Short‐term assessment pathway
The Potential Benefit Assessment (PBA) and the models in the Functional Groups Assessment (FGA) module
both populate the Cumulative Relative Benefit Assessment (CRBA) module.
The same CRBA method should be applied regardless of whether both modules for assessing benefits. The
only difference in method that may be needed is the potential down‐weighting of the spatial and uniqueness
criteria when the PBA is used because of the treatment of spatial scale that is inherent in that part of the
method and the inclusion of the criterion relating to representative populations and communities.
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In addition, there would be no estimate of dis‐benefits when the PBA is used in isolation (given the
difficulties associated with assessing dis‐benefits using that method). Thus the CRBA would provide a
measure of cumulative relative potential benefits only under that assessment pathway. As a result,
outcomes would not be able to be directly compared between assessments undertaken with the PBA only
and the CPM. Care is needed when using the rapid assessment pathway to acknowledge that the outcomes
is a measure of potential benefit only. There is the possibility that high potential benefits may also be
associated with high potential dis‐benefits for other groups in some instances, and this may lead to
differences in the final ranking of Complementary Measures. When this occurs, assessments conducted
using the CPMs should be considered to be more complete and thus more robust.

2.9 Worked examples
2.9.1 Literature review
Standardised methods are an essential part of arriving at evaluations that are comparable between
Complementary Measures. We undertook a rapid evidence synthesis review of the literature that used
documented search strings to answer questions such as ‘Do fishways have an effect on channel specialist
fishes?’. This served at least three purposes:
1. to underpin the development of the overarching conceptual models that describe the relationships
between Complementary Measures, biological processes, and Basin Plan objectives
2. to contribute to the parameterisation of models
3. to provide a measure of confidence in (1) and (2).
Good practice includes documenting hypotheses, assumptions, assertions, presumptions, and assignment of
confidence to findings. This improves significantly on the unstructured, undocumented and non‐repeatable
‘narrative’ reviews that are overwhelmingly common in environmental management studies.
The literature review for the meso‐lotic fish group with fishways as the Complementary Measure is
described in Section 9.3.

2.9.2 Expert elicitation
Not all the information required to build the conceptual models will be found in the literature. Collating and
synthesising expert knowledge, in both qualitative and quantitative form, is a well‐established practice. We
recommend using structured approaches for doing this in a robust, and defensible way. The Expert
Elicitation process that was undertaken to parameterise the Functional Groups Assessment (FGA) is
discussed in Section 5.7.2 and Section 5.7.3.

2.9.3 Potential Benefit Assessment (PBA) module
A set of six Complementary Measure scenarios (with variations giving 14 in total) were run through the
Potential Benefit Assessment (PBA) module, principally to test the sensitivity of the Assessment module to a
range of Complementary Measures. Five of these scenarios reflected Complementary Measures that had
been provided to the project team, and the sixth was included to link with the Vegetation modelling in the
Functional Groups Assessment (FGA) module.
 carp biocontrol
 screening of irrigation offtakes (3 variations)
Scoping the development of a method to assess the relative environmental benefits of Complementary Measures | 11

 habitat restoration (resnagging and stock exclusion) (2 variations)
 addressing coldwater pollution (3 variations)
 restocking native fish populations (3 variations)
 controlling floodplain grazing (2 variations).
The scenarios, results and descriptions are described in Section 3.4.

2.9.4

Functional Groups Assessment (FGA) module

As per the Terms of Reference, fishways were used as the test Complementary Measure. Fishways refer to
structures that are designed to facilitate fish movement around artificial or natural barriers by increasing
connectivity to facilitate movement. At this stage of the project, the specific types, number and location of
fishways were not defined‐‐ this may be done at a later stage if it becomes necessary for experts to make
more specific predictions about environmental benefits of particular types of fishways proposals.
Fishways raised a number of challenges for estimating relative environmental benefit and testing our
method. In general, fishways are used to increase longitudinal connectivity and allow fish to pass barriers.
With respect to the project’s objectives for fish (increase in population size and distribution), the expected
effect is that this can facilitate migration and provide access to additional resources and habitat and would
also result in increased distribution and an increase in population size (e.g. by increasing access to spawning
habitat). However, increasing habitat availability may not always increase population size; for example,
removing a barrier may simply mean that the same fish move into a larger area with no net increase in
abundance through breeding. Similarly, removing a barrier may have no impact if there is another
downstream barrier that prevents fish from reaching the location. As an alternative, reconnecting a
particular site may reconnect a key spawning area with adult populations. These issues highlight the
importance of local context and the spatial scale of application, which will be critical for all the
Complementary Measures. The effectiveness of Complementary Measures depends on factors such as
location, presence of other Complementary Measures, and interacting physical, hydrological and biological
factors. We will attempt to identify these interdependencies as the methods progresses.
An additional challenge for testing our method on fishways was that they have limited effect on vegetation
and waterbirds. Waterbird and vegetation experts from the project team were consulted to ensure that the
approach was sufficiently flexible to consider the other biological themes.
Given the short timelines of the project, the methodological steps were advanced to a sufficient level to
illustrate proof‐of‐concept. The worked example is reported in Chapter 5.

2.9.5 Cumulative Relative Benefits Assessment and Full Assessment Method
A worked example of the Cumulative Relative Benefits Assessment (CRBA) module was undertaken to
identify and refine the criteria and test their ability to discriminate between proposed Complementary
Measures.
This module has had limited focus by the project team; the version presented in this report is for illustrative
purposes only, to demonstrate how it brings together Other Influences criteria and results from the other
two assessment modules to provide a cumulative (not necessarily aggregated) scoring of relative
environmental benefit.
The results of this assessment are reported in Chapter 9.
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3

Potential Benefit Assessment (PBA) module

3.1 Role of the PBA
The Potential Benefit Assessment module (PBA) provides an initial assessment of the potential contribution
of proposed Complementary Measures to the Basin Plan objectives. Its purpose is to identify
Complementary Measures that are closely aligned with, and make a significant contribution to, the Basin
Plan objectives. These are Complementary Measures that are worthy of further investigation and
assessment. Complementary Measures that make a minor contribution to the Basin Plan objectives may be
dismissed or returned to proponents for further development.
The Potential Benefit Assessment (PBA) module evaluates potential benefit, so it only assesses the positive
aspects of Complementary Measures. It does not account for dis‐benefits and risk, which are evaluated later
in the more detailed Cumulative Relative Benefit Assessment (CRBA) module. The CRBA may in fact
determine that the potential benefits of a Complementary Measure are outweighed by its dis‐benefits and
the proposal should not proceed.
Nevertheless, the Potential Benefit Assessment (PBA) is an important assessment stage because it:
 ensures that Complementary Measures align with the Basin Plan environmental outcomes
 provides an early exit route for Complementary Measures that make little or no contribution to Basin Plan
objectives.
In the Short‐Term Assessment pathway (ref Figure 3) Complementary Measures that achieve a high Potential
Benefits Assessment (PBA) score will enter the Cumulative Relative Benefits Assessment (CRBA) where their
net benefit is scored (see Chapter 8). The PBA and CRBA are closely integrated, so that the benefits scored in
the PBA translate directly into relative benefit scores in the CRBA.
In the Full Assessment Method, Complementary Measures that achieve a high Potential Benefits Assessment
(PBA) score enter the Functional Groups Assessment (FGA) module where ecological models are used to
assess benefits to specific ecological guilds (categorised into functional groups) (Chapters 4 to 7). This
evaluation then provides inputs to the net benefit assessment in the CRBA.
The Potential Benefits Assessment module is written to be simple, transparent and readily applied to
Complementary Measures in a consistent and objective way. It provides a prima facie assessment that leads
to more detailed evaluation.
The process workflow for the Potential Benefit Assessment (PBA) module, from initial review through to test
and refine, is set out in Figure 5.
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Figure 5, Process workflow for the Potential Benefits Assessment (PBA) module

3.2 PBA development – review, classify and consolidate
The Potential Benefit Assessment (PBA) module assesses Complementary Measures by applying scoring
criteria that have been derived from the environmental outcomes and particular objectives of the Basin Plan.
The environmental outcomes are given in Chapter 5 Part 2 and are to:
“a) to protect and restore water‐dependent ecosystems of the Murray‐Darling Basin;
b) to protect and restore the ecosystem functions of water‐dependent ecosystems;
c) to ensure that water‐dependent ecosystems are resilient to climate change and other risks and threats;
and
d) to ensure that environmental watering is co‐ordinated between managers of planned environmental
water, owners and managers of environmental assets, and holders of held environmental water.”
While these outcomes provide strategic direction for environmental management, they do not identify
specific environmental attributes that the Basin Plan aims to achieve. The Basin Plan provides particular
objectives that relate to these environmental outcomes in Part 2 of Chapter 8. The particular objectives
itemise ecological and environmental attributes that the Basin Plan aims to achieve (Figure 6 and Table 2).

Figure 6, Logical framework used to derive criteria for the Potential Benefit Assessment module
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Table 2, Derivation of Potential Benefit Assessment (PBA) criteria from objectives relating to the Basin Plan environmental
outcomes. The table includes the Clause reference and the text of the objective
PARTICULAR OBJECTIVES RELATING TO THE BASIN PLAN ENVIRONMENTAL OUTCOMES

8.05 (2)

CATEGORY

CRITERION

To protect and restore a subset of all water‐dependent
ecosystems of the Murray‐Darling Basin, including by ensuring
that
(a)

declared Ramsar wetlands that depend on Basin water resources
maintain their ecological character

Conservation
significance

Ramsar

(b)

water‐dependent ecosystems that depend on Basin water
resources and support the life cycles of species listed under the
Bonn Convention, CAMBA, JAMBA or ROKAMBA continue to
support those species

Conservation
significance

Migratory
waterbirds

(c)

water‐dependent ecosystems are able to support episodically
high ecological productivity and its ecological dispersal.

Ecological processes

Productivity

8.05 (3)

(Dispersal is flow‐
dependent ‐ not
relevant to
Complementary
Measures)

To protect and restore biodiversity that is dependent on Basin
water resources by ensuring that
(a)

water‐dependent ecosystems that support the life cycles of a
Conservation
listed threatened species or listed threatened ecological
significance
community, or species treated as threatened or endangered
(however described) in State law, are protected and, if necessary,
restored so that they continue to support those life cycles

Threatened
species or
communities

(b)

To protect and restore biodiversity that is dependent on Basin
water resources by ensuring that representative populations and
communities of native biota are protected and, if necessary,
restored

Conservation
significance

Representative
populations
and
communities

8.06 (2)

The water quality of Basin water resources do not adversely
affect water‐dependent ecosystems and is consistent with the
water quality and salinity management plan

Physical functions

Water quality

8.06 (3)

To protect and restore connectivity with and between water‐
dependent ecosystems by ensuring that
Geomorphic
diversity and
dynamics

(a)

the diversity and dynamics of geomorphic structures, habitats,
species and genes are protected and restored

Physical functions

(b)

ecological processes dependent on hydrologic connectivity are
protected and restored including

Flow ‐ not relevant to
Complementary
Measures

‐ longitudinally along watercourses
‐ laterally between watercourses and floodplains
‐ vertically between surface and subsurface
(c)

(d)

the Murray Mouth remains open at frequencies, for durations,
and with passing flows, sufficient to enable the conveyance of
salt, nutrients and sediment from the Murray‐Darling Basin to
the ocean

Flow ‐ not relevant to
Complementary
Measures

the Murray Mouth remains open at frequencies, and for
durations, sufficient to ensure that the tidal exchanges maintain
the Coorong’s water quality (in particular salinity levels) within
the tolerance of the Coorong ecosystem’s resilience

Flow ‐ not relevant to
Complementary
Measures

(unless dredging is a
Complementary
Measure)
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PARTICULAR OBJECTIVES RELATING TO THE BASIN PLAN ENVIRONMENTAL OUTCOMES

(e)

the levels of the Lower Lakes are managed to ensure sufficient
discharge to the Coorong and Murray Mouth and help prevent
river bank collapse and acidification of wetlands below Lock 1,
and to avoid acidification and allow connection between Lakes
Alexandrina and Albert by

CATEGORY

CRITERION

Flow ‐ not relevant to
Complementary
Measures

‐ maintaining levels above 0.4 metres Australian Height Datum
for 95% of the time, as far as practicable
‐ maintaining levels above 0.0 metres Australian Height Datum all
of the time
(f)

barriers to the passage of biological resources (including biota,
carbon and nutrients) through the Murray‐Darling Basin are
overcome or mitigated

Ecological Processes

Floodplain and
riparian habitat
connectivity
and continuity
Range,
migration and
diseprsal of
aquatic fauna

8.06 (4)

That natural in‐stream and floodplain processes that shape
landforms are protected and restored

Physical functions

Geomorphic
diversity and
dynamics

8.06 (5)

To support habitat diversity for biota at a range of scales

Ecological Processes

Floodplain and
riparian habitat
connectivity
and continuity

8.06 (6)

To protect and restore ecosystem functions of water‐dependent
ecosystems that maintain populations (for example recruitment,
regeneration, dispersal, immigration and emigration) by ensuring
that
(a)

flow sequences, inundation and recession events, meet
ecological requirements is maintained

Flow ‐ not relevant to
Complementary
Measures

(b)

habitat diversity, extent, condition and connectivity that
supports the life cycles of biota of water‐dependent ecosystems
is maintained.

Ecological Processes

Floodplain and
riparian habitat
connectivity
and continuity

To protect and restore ecological community structure, species
interactions and food webs that sustain water‐dependent
ecosystems, including by protecting and restoring energy, carbon
and nutrient dynamics, primary production and respiration.

Ecological processes

Ecosystem
productivity

8.07 (2)

That water‐dependent ecosystems are resilient to climate
change, climate variability and disturbances

Addressed by other
criteria

8.07 (3)

To protect refugia in order to support the long‐term survival and
resilience of water‐dependent populations of native flora and
fauna, including during drought, to allow for subsequent re‐
colonisation beyond the refugia.

Addressed by other
criteria

8.07 (4)

To provide wetting and drying cycles and inundation intervals
that do not exceed the tolerance of ecosystem resilience or the
threshold of irreversible change.

Flow ‐ not relevant to
Complementary
Measures

8.07 (5)

To mitigate human‐induced threats (for example, the impact of
alien species, water management activities and degraded water
quality)

Addressed by other
criteria

8.06 (7)

Dispersal of
carbon and
nutrients
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PARTICULAR OBJECTIVES RELATING TO THE BASIN PLAN ENVIRONMENTAL OUTCOMES

CATEGORY

CRITERION

8.07 (6)

Ecological Processes

Floodplain and
riparian habitat
connectivity
and continuity

To minimise habitat fragmentation

The Refugia objective (8.07(3)) was not addressed specifically by the criteria. The nature and extent of a
refuge depends on the species/community and the local circumstances, making it difficult to define. To some
extent the evaluation of refugia is address by the habitat connectivity and habitat quality criteria.
An unambiguous definition of 'representative populations and communities' was not developed by the
project team and further work is required to incorporate this criterion.

3.3 PBA development ‐ parameterise
A scoring scale was developed to evaluate the contribution of Complementary Measures to each criterion.
The environmental benefits of Complementary Measures are scored between zero and one on the basis of:
 their spatial extent; and/or
 the degree of improvement (major/minor); and/or
 their conservation significance.
Spatial scale is defined as follows:
 Basin Scale. More than two catchments, up to the entire basin.
 Catchment Scale. Throughout a catchment, such as the Murrumbidgee, the Goulburn or the River Murray
below Wentworth.
 Floodplain, Complex or Watercourse Scale. Throughout a floodplain such as Barmah‐Millewa, Gunbower,
Chowilla, Katarapko. Throughout a complex such as Kerang Lakes, Lowbidgee. Throughout a watercourse
such as the Lower Goulburn River, Edward River, Lower Darling
 Site or Reach Scale. Sites are individual wetlands, lakes or watercourse reaches. Examples include Chowilla
Creek, Mullaroo Creek, Nyah Forest, Euston Lakes.
Table 3, PBA criteria with possible scores that may be used; criteria are grouped by category
CRITERION

THRESHOLD

SCORE

Category – conservation significance
Ramsar site

Migratory birds protected under
international agreements

Threatened species or
ecological community

Major improvement to the ecological character in one or more Ramsar sites

1

Minor improvement to the ecological character in one or more Ramsar sites

0.66

Consistent with ecological objectives of a Ramsar site

0.33

No effect

0

Significantly reduces a primary threat to a principal IMWB *site

1

Moderately reduces a primary threat to a principal IMWB* site

0.66

Significantly reduces a primary threat to a minor IMWB* site

0.33

No effect

0

Directly increases the viability, size or range of a population of several
endangered or critically endangered species/communities

1

Directly increases the viability, size or range of a population of one endangered
or critically endangered species/community

0.66

Directly increases the viability, size or range of a population of one or more
vulnerable species/community

0.33

No effect

0
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CRITERION

THRESHOLD

Representative populations and
communities

SCORE

Increases viability, size or extent:
Population or community is significant at the Basin scale

1

Population or community is significant at the Catchment scale

0.75

Population or community is significant at the Floodplain or Complex scale

0.5

Population or community is significant at the Site or Reach scale

0.25

No effect

0

Category – ecological processes
Productivity

Primary and microbial productivity:
Major improvement at the Basin scale
Major improvement at the Catchment scale

0.75

Major improvement at the Floodplain, Complex or Reach scale; or
Minor improvement at the Basin scale

0.5

Major improvement at the at the Site scale; or
Minor improvement at the Catchment scale

0.25

Any improvement is minor and occurs at a scale smaller than a Catchment
Range, migration, dispersal
aquatic fauna

0

Range, migration or dispersal of aquatic fauna:
Increases at the Basin scale

1

Increases at the Catchment scale

0.75

Increases at the Floodplain or Complex or Reach scale

0.5

Increases at the Site or Reach scale

0.25

Does not affect range, migration or dispersal of aquatic fauna
Floodplain and riparian habitat
connectivity and continuity

1

0

Improves floodplain or riparian continuity :
Improvements are major and occur over thousands of square kilometres

1

Improvement are major and occur over hundreds of square kilometres

0.75

Improvements are major and occur over tens of square kilometres; or
Improvements are minor and occur over thousands of square kilometres

0.50

Improvements are major and occur over less than ten square kilometres; or
Improvements are minor and occur over tens of square kilometres

0.25

Any improvement are minor and occur over less than ten square kilometres

0

Category – physical processes
Water quality to support
ecological processes

Improvement to water quality
Major improvement at the Basin scale
Major improvement at the Catchment scale

0.75

Major improvement at the Floodplain or Complex scale; or
Minor improvement at the Basin scale

0.5

Major improvement at the Site or Reach scale; or
Minor improvement at the Catchment scale

0.25

Any improvement is minor and occurs at a scale smaller than a Catchment
Geomorphic diversity and
dynamics

1

0

Restores natural geomorphic forms or processes
Major improvement at the Basin scale

1

Major improvement at the Catchment scale

0.75

Major improvement at the Floodplain or Complex scale; or
Minor improvement at the Basin Scale

0.5

Major improvement at the Site or Reach scale; or
Minor improvement at the Catchment scale

0.25

Any improvement is minor and occurs at a scale smaller than a Catchment
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0

*International Migratory Waterbirds
Notes

1. Ecological character is documented in the Ecological Character Descriptions of Ramsar sites. They set out
ecological and physical attributes of Ramsar sites and are used to evaluate threats under the Environment
Protection and Biodiversity Conservation Act (EPBC Act, 1999). Biodiversity values of Ramsar Sites are
documented in Ramsar Management Plans and are more general and have a lower priority than ecological
character.
2. The principal sites for international migratory waterbirds (IMWB) are those that make a significant
contribution to habitat requirements, by supporting critical life stages or significant populations. Relevant
species are listed under the Bonn Convention, CAMBA, JAMBA or ROKAMBA4. The definition of 'principal
sites' could be informed by criteria in the Significant Impact Criteria for the EBPC Act.
3. Threatened species and ecological communities have a Critically Endangered, Endangered and Vulnerable
status under the EPBC Act. State conservation listings could be incorporated in this scoring scale.
4. Low primary and microbial productivity is a significant threat in many Basin ecosystems. This criteria
recognises that Complementary Measures will provide different degrees of productivity increase.
Productivity improvement can be scored as major or minor, but further work is required to establish
objective guidelines to distinguish them.
5. The range of a species is increased when it is introduced to an area where it is not currently present.
Migration or dispersal is increased when the movement of existing populations of aquatic fauna is
promoted. These three attributes are grouped together because they are grouped in the Particular
Objectives. It would be reasonable to create a separate criterion for range.
6. Floodplain and riparian habitat continuity and connectivity relate to the threat of habitat fragmentation
and degradation. This threat can be measured linearly, e.g. for stock exclusion and revegetation along
watercourses, or spatially, e.g. for grazing controls and revegetation. The threshold to achieve the highest
score (thousands of square kilometres or thousands of linear kilometres) may be unachievable and this
scoring scale may need to be recalibrated.
7. The threats addressed by the Water Quality and Salinity Management Plan include toxins, salinity,
nutrients, turbidity and dissolved oxygen. For the purpose of evaluating Complementary Measures, only
water quality outcomes that support ecological processes are considered. Salinity mitigation to support
irrigation or potable water supply would not be considered.
8. Natural geomorphic forms and processes may be addressed through Complementary Measures such as
stock exclusion, pest plant control and pest animal control.

3.4 PBA development – test and refine
3.4.1 Complementary Measure scenarios
Sensitivity testing was undertaken to determine the Complementary Measure attributes that most strongly
influence PBA scores. The PBA was tested on hypothetical Complementary Measure scenarios that were
based on the broad Complementary Measure concepts provided to the project team:
 carp biocontrol

4
Bilateral migratory bird agreement with Japan (JAMBA), China (CAMBA), Republic of Korea (ROKAMBA), the Convention on the Conservation of
Migratory Species of Wild Animals (Bonn Convention)
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 screening of irrigation offtakes
 habitat restoration (resnagging and stock exclusion)
 addressing coldwater pollution
 restocking native fish populations.
One additional Complementary Measure concepts was explored:
 controlling floodplain grazing.
The Complementary Measure scenarios are examples of possible future Complementary Measure proposals,
and address these concepts with specific on‐ground measures at a particular location and at a particular
scale. The scenarios were chosen to emphasise and explore differences between Complementary Measure
attributes to highlight sensitivities in the scoring process. The full scoring is available in Appendix B .
Summaries of the assessments for the six scenarios are given below.

Scenario 1. Carp biocontrol
This scenario involves the introduction of the Carp herpes virus into the Murray‐Darling Basin with the
objective of reducing carp abundance to the extent where they have a minor environmental impact. The
measure is basin‐wide and affects conservation values, ecological processes and physical processes.
Carp biocontrol will reduce a major threat to the ecological character of several Ramsar sites. It will benefit
international migratory waterbirds by promoting the growth of submerged aquatic vegetation and improving
water quality at major waterbird breeding sites. These benefits, as well as reducing sediment disturbance,
improve habitat for threatened species such as Freshwater Catfish. Biological productivity would increase
due to reduced turbidity and physical disturbance to aquatic vegetation. Bed stability and water quality
would improve in wetlands, but probably to only a minor extent in watercourses.

Scenario 2. Screening of irrigation off‐takes
This Complementary Measure involves installing and maintaining fish screens on irrigation offtakes to
prevent the diversion of fish from rivers and wetlands into irrigation systems. The extraction of fish by
irrigation pumps or regulators reduces the size of the fish population, the reproductive potential of the fish
population and reduces biomass in the foodweb.
The scenarios to evaluate this measure are based on a reach, such as the River Murray between Lock 10 and
Lock 11. This was considered to be a realistic and achievable scale. Three scenarios were tested.
Fish screens that do not benefit threatened species (Scenario 2a) provide no significant benefits to the Basin
Plan objectives as assessed by the PBA. In Scenario 2b the presence of one threatened species, Murray Cod
increases the overall score to 0.3. There is conceivably a benefit to productivity at the reach scale because
the screens reduce the loss of biomass, but this is below the scoring threshold.
In Scenario 2c the Measure is implemented in a Ramsar Site such as Gunbower Creek. The benefits to the
Ramsar site and the presence of a critically endangered fish elevates the score for this measure to 1.66.

Scenario 3. Habitat restoration (resnagging)
This Complementary Measure involves reintroducing snags to a watercourse to improve hydrodynamic
diversity and to provide physical habitat. The principal beneficiary of this measure is native fish. The most
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likely implementation of this measure is at the reach scale, such as along Eckerts Creek or Upper Yanco
Creek.
The presence of threatened fish species is important to the PBA score for this Measure. The potential benefit
to geomorphic processes is minor and insufficient to contribute to the score.

Scenario 4. Addressing cold water pollution
Scenarios 4a and 4b for cold water pollution mitigation have benefits at the reach scale. If the affected reach
is important to the movement or reproduction of aquatic fauna in connected waterways it could have
catchment scale benefits, which is illustrated in Scenario 4c.
Eliminating cold water pollution has benefits to aquatic productivity, to the movement of aquatic fauna and
to water quality. In Scenario 4b the score is increased by the presence of a threatened species. In Scenario 4c
the score is improved further when the Complementary Measure improves the migration and dispersal of
aquatic fauna throughout the catchment.

Scenario 5. Fish stocking
Fish stocking re‐introducing native fish species to suitable habitat. If non‐threatened species are stocked to
increase abundance within their existing distribution, the PBA does not score significant benefit to the Basin
Plan objectives (Scenario 5a). Scenario 5b evaluates the stocking of a threatened species within a catchment
where the distribution of the fish is increased. Scenario 5c involves restocking a threatened species (Murray
Hardyhead) where the abundance of the fish is directly related to the ecological character of a Ramsar Site,
in this case Kerang Lakes.

Scenario 6. Remove grazing from floodplain
The project team was not asked to evaluate the removal of grazing from floodplains as a potential
Complementary Measure, but this was explored as a reasonable scenario the PBA would need to assess.
Scenario 6a involves the removal of horse grazing from the Barmah Forest. A reduction in grazing pressure
directly addresses a threat to the ecological character of the Ramsar site and increases understorey
vegetation cover, contributing to biological productivity and the viability of threatened plant populations.
There is conceivably a benefit to understorey habitat continuity, but in this case this is considered to be
minor. There is also conceivably a benefit to bank stability if horses are trampling stream banks and
contributing to erosion.
Scenario 6b involves the removal of cattle from a state forest such as Guttrum Benwell, a floodplain on the
River Murray near Kerang. In this scenario there is no benefit to threatened plant species and plant
productivity is improved at the site scale. There is potential for grazing control to improve habitat
connectivity at sites where grazing has degraded the understorey near areas of where the understorey is
intact.

3.4.2 Conclusions
It is important to emphasise that the Potential Benefit Assessment (PBA) module only evaluates potential
benefits. The Complementary Measure with the highest potential benefit, carp biocontrol, arguably also has
the highest risks and dis‐benefits. These include short term impacts on water quality and an increase in the
abundance of other pest species as carp abundance declines. The high PBA score only indicates that this
Measure warrants further evaluation. Other modules may determine that the net benefit is negative.
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The PBA assumes that the Complementary Measure is applied in the best possible way and that
Complementary Measure objectives will be achieved. It does not consider whether the design of the
Complementary Measure (such as fish screens, fishways or cold water pollution mitigation) is effective and
appropriate. The PBA does not consider implementation risks, such as the failure to mitigate the short‐term
water quality impacts of Carp herpes virus.
The Complementary Measures which generate the highest scores have widespread effects and address
multiple criteria with a high degree of effectiveness. Complementary Measures that have minor effects at
the local scale can score zero.
All of the criteria contributed to scores in the Complementary Measures scenarios, demonstrating that they
are all useful in evaluating Complementary Measures contributions to the Basin Plan. Threatened species
and communities contributed to the scores of the most Complementary Measures. International migratory
waterbirds and habitat continuity contributed to the fewest.
The criteria and scoring process is generally simple to apply. Determining the spatial scale of benefits is
straightforward, but determining the degree of benefit may require judgement and be more difficult. It may
be necessary to define clearer terms for the degree of benefit when the PBA is applied.
The scoring process is transparent and easy to follow. It potentially influences the design of Complementary
Measures by revealing the attributes that should be incorporated in Complementary Measure proposals in
order to achieve a high PBA score.

3.5 Discussion
The product of the Potential Benefit Assessment module is a score of potential benefit. Those
Complementary Measure proposals that score higher have greater merit for consideration. However, the
real practical information in the module lies in the LOW scores because they identify Complementary
Measures that can provide a LOW return. If used as a first‐step (screening) tool, HIGH scores move the
Complementary Measures to the next decision point that addresses reliability, confidence, anticipated
ecological response, and so on, with the knowledge that if the Complementary Measures are well designed
and implemented, they should produce high yields amongst the Basin Plan objectives.
As it stands, the Potential Benefit Assessment (PBA) module is based only on the Basin Plan environmental
objectives. It could be adapted to incorporate the expected outcomes of the Basin‐wide Environmental
Watering Strategy or other Basin policy documents.
Complementary Measures proposals have not been available to test and evaluate the PBA. Applying genuine
proposals may identify where the PBA requires refinement to ensure that the questions and scoring scales
faithfully reflect the objectives and outcomes of the Basin Plan.
The module has been developed to the testing stage. The next step is to workshop the method with experts
and jurisdictions using actual Complementary Measures proposals.
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4

Functional Groups Assessment (FGA)

The Functional Groups Assessment (FGA) module uses: i) conceptual models of life histories/ecosystem
processes ‐ that are supported by scientific literature, where possible ‐ to develop ii) cause‐and‐effect
models, which are used to develop iii) Conditional Probability Models (CPM5) of how each theme (native fish,
waterbirds, vegetation) responds to a Complementary Measure, which are used for iv) Expert Elicitation that
results in Complementary Measures ranked by relative benefit.
The derivation of the assessment of environmental benefit was more complex and was framed around
addressing three questions (Figure 7) for each biological theme (native fish, waterbirds and native
vegetation). This component is implemented as the Functional Groups Assessment (FGA) module in the
method.

Figure 7, Framing questions for the assessment of ecological response

4.1 Developing the conceptual model
Conceptual models play a central support role in the development of the method by:
 developing an understanding of the likely pathways under which Complementary Measures could provide
benefit (or dis‐benefits) to each of the themes
 providing a framework for developing the evidence base to support the estimation of benefits
 providing a framework for considering the uncertainty and confidence associated within each causal
pathway.
The conceptual models also provide a tool for communicating and reviewing the science and knowledge that
underpins the estimation of benefits through theme‐related cause and effect pathways, and a basis for
future adaptive management of the proposed intervention (Complementary Measure).
Many types of conceptual models exist including habitat‐based conceptual models (e.g. migration pathways
and habitat requirements), life‐history models and box‐and‐arrow (e.g. causative effects) models. Each type
of conceptual model provides different features and requires different effort and knowledge to support it.

5

A CPM is a series of logical cause‐and‐effect flow paths that have a common endpoint – in this case an objective of the Basin Plan (e.g. increased fish
abundance). At each connection, or node, in the paths Expert Elicitation can be employed to evaluate different states of each nodes and the influence
on the endpoint.
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For the purpose of this project and the worked example (meso‐lotic fish and fishways), the project team
explored a range of conceptual models and established a multi‐tiered conceptual modelling framework:
starting with a complex life‐history model, and simplifying down to a cause‐effect model that could be
implemented as a conditional probability model. Having a suite of conceptual models provides a range of
benefits and features greater than a single conceptual model by illustrating the process involved in moving
from the best‐available understanding of life‐histories to the critical causal links likely to be influenced by
Complementary Measures.

4.1.1 Developing a detailed life‐history conceptual model
A detailed life‐history model is the first step in the conceptual modelling approach and the starting point
within a theme. It provides a framework for establishing and documenting a comprehensive understanding
of different threats affecting different stages within the life‐cycle or ecology of a functional group. This
model documents the detailed life‐cycle processes that are required to maintain population size, distribution
or condition in the functional group and how specific threatening process may limit the functional group. The
goal of this conceptual modelling step is to comprehensively list the processes and threats that may limit the
effectiveness of the Basin Plan in enhancing outcomes associated with the Basin watering strategy objectives
through flow‐based measures alone and how Complementary Measures may provide benefit (as well as
identify any potential dis‐benefits).
The life‐history conceptual model establishes how key requirements and processes occur within different
habitats and across the life history of the functional group. This can be used to identify where specific threats
can affect life‐history processes and thereby limit the ability of the functional group to achieve Basin Plan
objectives within different habitat types. The complex life‐history conceptual model provides a broad
overview of the processes associated with the functional group and represents the current best‐available
scientific knowledge. Building the highly complex model allowed fish experts to freely articulate the
complexity of the ecosystem without being constrained by the need to simplify or build a parsimonious
model. For this reason, building the complex model is useful for ensuring that all relevant processes of
significance have been considered and for communicating what is ‘left out’ of a simpler conceptual model.

4.1.2 Developing a cause‐effect model
However such detailed life‐history models are too complex to be used to assess the relative benefits of
Complementary Measures based on literature searches or expert elicitation, and need to be simplified to a
cause‐and‐effect model that can be used to develop an expert‐elicited benefits estimation procedure.
A basis for simplification is to select the key processes and causal links under which Complementary
Measures can enhance (or reduce) outcomes associated with achieving objectives under the Basin Plan.
For each functional group a conceptual model and cause‐effect Conditional Probability Model were
developed (or intended to be developed) 6. These models simplify how the real world will react to the
implementation of the Complementary Measure, and were developed or adapted for the project, informed
by scientific literature. These types of models capture the variability (uncertainty) in the relationships
between each node in the model as discrete states7.

6

Conceptual models for some of the theme functional groups are included in later chapters.

7

An example of how conditions are propagated through a conditional probability model is given in Appendix C .
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4.2 Developing the conditional probability model
A conditional probability model is then constructed from the simplified cause‐effect model, and
parameterised8 to provide an estimate of the magnitude of environmental response (and associated
uncertainty) by the functional groups that is expected to be derived from implementing each
Complementary Measure.
These models consist of hierarchical nodes and links, where the parent nodes of any given node correspond
to causal factors that are used to predict the state of the node. Each model variable is assigned states, and
each state is assigned with a precise definition (from the literature or by experts) with the probabilities of a
node state defined, given the states of its parents. The predicted conditional probabilities are propagated
through the Conditional Probability Model9. The output of the Conditional Probability Model is a probability
distribution that describes the likelihood of receiving an environmental benefit given the presence or
absence of the Complementary Measure and the state of other local factors that influence the expected
benefit. A high confidence in the level of outcomes likely to be achieved is expressed by narrow probability
ranges.
The conceptual models allow experts to make conditional estimates, where the state of a factor depends on
its causal factors. This conditional dependence allows experts to consider local factors and interactions when
making judgements. Probabilities for each state in each step of the causal conceptual model are elicited
using this scenario‐based approach.
Estimate of benefit varies depending on the goal for the functional group. For example, the native fish and
waterbird Conditional Probability Models give measures of abundance, while for vegetation the Conditional
Probability Model gives a measure of diversity, condition (productivity and growth) and extent. These
measures need to be reviewed if the method progresses. There is also a measure of the scientific confidence
in the result. The modelling is described in Chapters 5, 6 and 7.
The Conditional Probability Model itself is not spatially explicit, however it includes locational context as part
of the assessment (e.g. the pre‐existing level of connectivity)
Conditional Probability Model structures have been developed for one fish, one vegetation and one
waterbird functional group, with detailed quantification for one fish model10.

4.3

Context

Incorporating ‘context’ is important. The intent is that the conceptual models are site independent.
Specificity of site is included through setting of driver variables. Model parameterisation is also context
dependent, given that some places may elicit different magnitudes of response to particular drivers. We
have designed the form of the model to be as generalised as possible, with setting of parameter states
available to describe the context. The generality of this approach follows the approach adopted by Young et
al (2003) in parameterising the Murray Flow Assessment Tool to compare ecological responses to a range of
flow scenarios, for multiple themes at multiple sites. It is yet to be tested in the context of Complementary
Measures.

8

In this project, expert elicitation was used for model parameterisation. A longer‐term project would use both literature review and expert
knowledge.

9

An example of how conditions are propagated through the network is in Appendix D .

10

These CPMs are fully described in later chapters.
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4.4 Building the evidence base
All Assessment modules rely on mining the existing knowledge base, through literature review and expert
elicitation. In this project, we have promoted a systematic practice for literature review (based on rapid
synthesis review) and workshops and questionnaires for expert elicitation. While we have found these
practices valuable, it is up to the assessment team to determine which evidence collection and
documentation practices to adopt, given expertise, time and resources.
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5

Functional Groups Assessment (FGA) – Native
Fish and worked example

5.1 Introduction
The aim of this module is to use expert opinion objectively to rank Complementary Measures in order of
their potential contribution to the Basin Plan objectives. To do this we followed seven steps:
1. Literature review
2. Functional group selection
3. Conceptual life history model
4. Cause‐and‐effect model
5. Conditional Probability Model
6. Expert Elicitation
7. Ranking of Complementary Measures.

5.2 Literature review
A small, literature review was conducted and is described in Section 9.3 of the Worked Examples chapter. As
this happened in parallel with the development of the meso‐lotic fish Functional Groups Assessment (FGA), it
did not directly contribute to the FGA development (except through the Expert Elicitation process with
experts who were very knowledgeable about the available literature and its findings).

5.3 Selecting the native fish functional groups
Functional groups (or guilds) of species are groups with common characteristics or traits. In ecology this
generally refers to life history characteristics and is independent of taxonomy. For the present project
functional groups were selected to achieve two main objectives:
1. to include species which represent the outcomes sought by the Basin Plan and the Basin‐wide
environmental watering strategy
2. to include species that cover the range of ecological responses that are expected from the
implementation of the proposed Complementary Measures.
The functional groups that appear most suitable for these objectives in the southern Basin are ecohydraulic
recruitment guilds (Mallen‐Cooper and Zampatti 2015), which use hydraulics and spatial scale. They
differentiate between species that use flowing water (lotic) and stillwater (lentic) habitats, and the spatial
scale of recruitment (micro: metres‐10s m; meso 100s m–10s km; macro: 100s km).
Within the ecohydraulic recruitment guilds in the southern Basin, three groups have declined in distribution
and abundance and hence are sensitive to environmental threats and can potentially benefit from
Complementary Measures. These three functional groups (Table 4) were selected to represent the native
fish theme:
 meso‐lotic channel specialists
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 macro‐lotic channel specialists
 micro‐lentic wetland specialists.
Table 4, Native fish functional groups selected for this project based upon species life history and recruitment ecology
(after Mallen‐Cooper and Zampatti, 2015).● iden ﬁes the group used in the worked example
Functional group

Description

Examples

Macro‐lotic channel
specialists

Spawning and recruitment occurs in continuous lotic
habitats with a minimum scale of 100s km (e.g. an in‐
channel flow pulse)

golden perch, silver perch, lampreys

● Meso‐lotic channel
specialists

Spawning and recruitment occurs in continuous lotic
habitats with a minimum scale of 100s metres to 10s km

Murray cod, trout cod, river blackfish,
Macquarie perch

Micro‐lentic wetland
specialists

Spawning and recruitment occurs in lentic habitats with a
minimum scale of metres (e.g. small wetlands)

flatheaded galaxias, southern pygmy
perch

This classification acknowledges that population processes such as dispersal and recovery from drought also
operate at catchment and basin scales, but that spawning and recruitment is a critical part of the life cycle.
For the purpose of developing the first stage of Pilot #1, the fish functional group of meso‐lotic channel
specialists was selected. This group contains eight species including threatened or declining species (listed
above). Species within this group require a minimum spatial scale of continuous flowing water (lotic) habitats
for spawning and recruitment of 100s metres to 10s of kilometres (Mallen‐Cooper & Zampatti 2015).
Although the spatial scale is the minimum required for the life cycle of individuals to be completed, the
population dynamics of some species in the group, including Murray cod, are likely to be dependent on
macro‐scale (100s kilometres) recruitment events (Mallen‐Cooper & Zampatti 2015). This variation in the
scale of population dynamics across a functional group was one of the challenges generated by the
functional groups approach; these challenges are discussed later in the chapter.

5.4 Meso‐lotic channel specialists: life history conceptual model
Project fish experts generated a simplified life history model (Figure 8) to document the processes and
driving factors that influence the life‐cycle of meso‐lotic fish. The goal of this conceptual model is to describe
the processes and threats that may limit the ability of the Basin Plan to enhance the outcomes identified for
fish, namely increased diversity, population size and distribution. In this model we considered a guild of eight
species simultaneously.
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HIGH
recruitment

Lentic
floodplain
(ephemeral)
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Autochthonous
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Figure 8, The simplified life‐cycle conceptual model for meso‐lotic specialists provides an overview of the processes that
are likely to be important for recruitment (and therefore regional abundance) based on a life‐history understanding of the
functional group and different habitat (After Zampatti, B. (in prep.) ‘Use of eco‐hydraulic life history models in river
management’). Solid arrows are fish movements, with arrow thickness depicting the strength of movement, while dotted
arrows are as dependencies between model components

In the conceptual model (Figure 8) there are two possible hydraulic habitat types where meso‐lotic
specialists can be found: lotic (red labelled box) or lentic (green labelled box). Fish that spawn in the lotic
channel undergo movement according to the life cycle processes in the red labelled box. By spawning and
completing their early life stages in the lotic habitat, these fish are likely to achieve high recruitment. Fish
that return to spawn in the lotic channel are likely to repeat the process and have successful recruitment.
However, fish that disperse into lentic channel habitat (green box) are likely to achieve negligible
recruitment.

5.5 Creating the cause‐and‐effect and conditional probability model
The detailed life‐history model was translated to a simplified cause‐and‐effect model. This cause‐and effect
model was converted into a conditional probability model by adding states and conditional probability
relationships between the connected nodes (Figure 9). In this model, nodes representing processes or
outcomes are connected by causal links. Parent nodes (grey nodes on the left‐hand side) can be interpreted
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as causal factors that influence the states of child nodes (orange [ecosystem processes], green [life history
processes] and yellow [final outcome]). Complementary measures influence the model at different points—
the location where the proposed Complementary Measures ‘plug in’ to the model is indicated by the text
above relevant nodes in Figure 9. Creating a pure causal model articulates the pathways by which
Complementary Measures can influence population outcomes. For example, cold water pollution can restrict
the population via the Water Temperature node; a measure to mitigate cold water pollution could influence
the model at this node, and the influence of this change can be followed through the sequence of processes
that lead to changes in population.
Note that flow is not explicitly included in Figure 9, although the ‘hydrodynamic suitability’ node will include
some aspects of flow. For the present modelling we assumed flow regimes as per the Basin Plan. Although
we did not explicitly consider flow it could be easily added into the model by adding a separate node that
would likely be linked to hydrodynamic suitability.
Because the meso‐lotic channel specialists group includes eight species it was necessary to use a proxy
indicator that could represent abundance and diversity together. We targeted regional abundance of the
functional group (via recruitment) as an indicator of diversity and population size. This assumes that if the
processes and habitat are sufficient to deliver high regional abundance, then each species will be present
(i.e. diversity objectives will be achieved) and abundant (population size objective will be achieved). Spatial
scale of recruitment is part of the life cycle model and hence is inherent in the cause‐and‐effect model (e.g.
hydrodynamic suitability assumes a minimum spatial scale that is relevant for the guild being considered);
however, broader population processes on a catchment and Basin scale are considered separately through
the multi‐criteria decision analysis in the Cumulative Relative Benefit Assessment (CRBA) module (Chapter 8).
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Figure 9, Expert‐derived conditional probability model (CPM) generated from the life history model. Bars adjacent to each
node state represent the probability of the state given the conditions of the other nodes. Text above nodes identifies
proposed Complementary Measures and where they are likely to influence the network

5.6 Results: rankings of Complementary Measures
Ranking the Complementary Measures for their relative importance in shaping regional abundance was
achieved by evaluating the sensitivity of the regional abundance node to changes in the nodes influenced by
Complementary Measures (Table 5). This was done by generating the mutual information11 between two
nodes, and determining the proportion of the information shared between each complementary measure
and the regional abundance node.
After the Conditional Probability Model was developed and populated from the experts’ answers to
questions about each node, the experts were asked for their expected rankings of Complementary
Measures. These were relatively consistent among experts – however they differed significantly from the
Conditional Probability Model results (Table 5), which is discussed in the next section.

11

The mutual information of two random variables is a measure of the shared information between two variables. In this context it is used to
determine the proportion of the information shared between each CM measure and the regional abundance node. A pair of nodes with high mutual
information scores will be highly sensitive to changes in each other. If a CM causes a change to a causal variable that shares high mutual information
with the regional abundance node, the CM will cause a large change in regional abundance.
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Table 5, Sensitivity of regional abundance node to nodes directly influenced by Complementary Measures from the
Conditional Probability Model (CPM), compared with Post‐CPM direct rankings from experts. Red ovals and bold
characters indicate discrepancies with CPM rankings
Conditional Probability Method (CPM)

Post‐CPM review by Experts
– Expected Rankings (non‐CPM)

Complementary Measure

Rank

Expert 1

Expert2

Expert 3

Fish stocking

1

5

5

1

Install fishways

2

4

4

4

Screening of irrigation offtakes

3

3

2

5

Habitat restoration (physical
template)

4

2

3

3

Mitigate cold water pollution

5

1

1

2

Carp biocontrol

6

6

6

5

Control of aquatic pests

6

6

6

5

5.7 Discussion
The seven step methodology as outlined in the introduction of this chapter, including the use of a
Conditional Probability Model to elicit expert opinion objectively, had agreement among the project team as
the most likely method to deliver scientific, objective, defensible, robust outcomes. The initial rankings of
Complementary Measures, however, were very different from the expectations from the experts. The
rankings are surprising since a Complementary Measure such as habitat restoration (in combination with
flow) is the basis of river rehabilitation and freshwater fish recovery throughout the world. The following
discussion considers five aspects that are likely to have influenced these results and assesses the potential of
the method, with revisions, for evaluating Complementary Measures in the Murray‐Darling Basin.

5.7.1 Definitions
Experts differed in their interpretation of words used in the expert elicitations, nodes, and states. This is
particularly noticeable in the interpretation of Regional Abundance; two experts regarded this as a result of
natural recruitment, which implies restoring riverine processes and retaining natural genetic heterogeneity,
while one regarded it as numbers of fish. The effects of this ambiguity were most noticeable in the ranking of
fish stocking: two experts expected stocking to rank very poorly while one expected it to score well.
Regional Abundance was chosen as a simple proxy to capture the twin objectives of abundance and diversity
within a functional group (interpreted as species richness). However, after completing the model and
elicitation processes, it was clear that a wider definition of Regional Abundance should be adopted.
Abundance is not consistently a surrogate for species richness across guilds, and there are other aspects that
are not captured by this proxy objective as described in the following paragraph.
The objective, or endpoint of the model, was intended to be consistent with Basin Plan Objectives and
expected outcomes of the Basin Watering Strategy, but this was not explicit in the Conditional Probability
Model (Figure 9). Regional Abundance, therefore, should include outcomes such as “improved population
structure ... through regular recruitment” and “ecological integrity” which incorporates riverine processes
(MDBA 2014). Because fish are toward the top of food webs, their populations generally reflect river health
and ecological integrity, especially if all life stages are accommodated, as inferred by ‘regular recruitment’.
Adopting this more inclusive definition of regional abundance is likely to affect the relative benefits of the
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Complementary Measures. For example, in the case of stocking, if stocking leads to natural recruitment ‐
that is, the factors that reduced the populations previously have been mitigated and dispersal from core
populations is limiting – then it is likely to rank highly as a Complementary Measure; otherwise stocking may
contribute little to ecological integrity or restoration of riverine processes. Reviewing the endpoint of the
model, which defines the benefit of a Complementary Measure, and the terms used would resolve these
issues.
Another issue raised was that the Conditional Probability Model (by itself, i.e. not in combination with other
Conditional Probability Models) did not provide an opportunity to capture dis‐benefits of a Complementary
Measure. One potential dis‐benefit of stocking, for example, is the impact on genetics. Fish stocking from
hatcheries is known to reduce the genetic diversity of some freshwater fish species overseas which could
reduce the resilience of those populations; but there is scant evidence for this occurring in Australian
freshwater fishes (e.g. Rourke et al 2010). This may be a significant issue and the project fish experts
recommend that the definition of Regional Abundance – or the endpoint of the model ‐ should include
consideration of genetic heterogeneity on a case‐by‐case basis, as this would better reflect the Basin Plan
Objectives and the relative benefits of the Complementary Measures.

Recommendation
Prior to Expert Elicitation have a face‐to‐face workshop that reviews all definitions and considers broadening
the outputs of the model to include multiple objectives.

5.7.2 Expert Elicitation questions
These could be interpreted differently based on the spatial and temporal scale that the expert considered
the question, and on the expert’s geographic knowledge and experience.
Temporal scale: It is important to consider whether Complementary Measures require ongoing maintenance
or are one‐off measures that will have long‐lasting or permanent impacts. This criteria is particularly
noticeable with the apparent importance of fish stocking. This importance is driven by the fact that fish
stocking directly impacts the state of the regional abundance node in the Conditional Probability Model
(CPM). While this means that the objective of increasing abundance can be easily achieved – albeit, requiring
consideration of genetic diversity ‐ it is unlikely to address the underlying cause of low abundance. This may
mean that the abundance can be artificially increased, but will not be maintained over time unless stocking is
maintained every year or the causes of low abundance can also be addressed. This is supported by
simulation modelling research on the relative benefits of stocking for Murray cod (Rogers et al 2010).
Another issue relating to temporal scale is the time lag between implementation of the Complementary
Measure and the benefits received. The time scale for the benefits should be discussed and agreed with the
experts prior to estimation. This may also require detail about the planned temporal scale of the particular
Complementary Measure and also information from the decision makers about how long they are prepared
to wait for benefits to be received.
Spatial scale: The spatial scale of benefits is likely to have a major impact on the rank order of the
Complementary Measures, but is not captured by the results in Table 5. Spatial scale was difficult to define
because the Complementary Measures were loosely defined (e.g. fishways can affect different spatial scales
depending on the type of fishway and where it is located). For this elicitation we were unable to explicitly
define a spatial scale for the Complementary Measures, but experts were asked to use their judgement
about how a Complementary Measure would likely affect the species in the guild based on their
understanding of the species life cycle (100s of metres‐10s of kilometres). For example, it is possible for
meso‐lotic fish to complete their lifecycle in short lengths (~5km) of the river channel, so it is possible to
have viable populations that are abundant between disconnected sections of the river with little fish passage
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but with high‐quality habitat. It should be noted, however, that Complementary Measures that improve
conditions over small spatial scales for these meso‐lotic guild populations, are unlikely to improve conditions
at large scale unless they are coordinated, which will ultimately be important to meet the Basin Plan
objectives.
The consensus of the experts, post‐elicitation, was that a face‐to‐face workshop was needed to discuss
spatial and temporal scale, and ensure the questions are clear and unambiguous.

Recommendation
In assessing each Complementary Measure, and prior to Expert Elicitation, conduct a face‐to‐face workshop
that develops/reviews all questions and defines temporal and spatial scale explicitly.

5.7.3 Variation in answers in Expert Elicitation
One cause of the unexpected results of the Complementary Measure ranking from the Conditional
Probability Model could have been variation in the experts’ answers. To test this, we re‐ran a sensitivity
analysis, multiple times, removing the input from one expert each time. The variability in the results provides
an idea of the variability between expert predictions and is a rough measure of consistency.
The analysis (Table 6) showed that the most variability between expert results was in the habitat restoration
Complementary Measure, and discussion with the experts, post‐elicitation, suggested that this node was
difficult to interpret. Despite this, the rank order of the Complementary Measures remained the same when
any one expert was removed, suggesting that the rank of the relative ecological benefit of Complementary
Measures was robust to uncertainty caused by differences in interpretation among experts. Therefore, the
unexpected and unrealistic results in Complementary Measure rankings are more likely a result of the
transition from the conceptual model to the cause‐and‐effect model, or a function of the logic paths, which
are discussed below.
Table 6, Sensitivity of Complementary Measure nodes to removal of one expert's input, and root mean‐squared deviation
(RMSD) of these scores from the full mutual information score (all experts). Scores without each expert are reported as
deviations from the mutual information calculated from all expert scores. RMSD scores were normalised by dividing by
the full mutual information score to allow comparison of relative uncertainty in each complementary measure.
Complementary measure nodes with higher normalised RMSD scores have more between‐expert variability
RANK

COMPLEMENTARY MEASURE

WITHOUT
EXPERT 1

WITHOUT
EXPERT 2

WITHOUT
EXPERT 3

RMSD

NORMALISED
RMSD

1

Fish stocking

0

0

0

0

0

2

Install fishways

‐1.63

‐0.59

0.68

1.07

0.35

3

Screening of irrigation offtakes

‐1.02

‐0.49

1.75

1.20

0.63

4

Habitat restoration (physical template)*

‐0.30

‐0.38

1.99

1.18

1.81

5

Mitigate cold water pollution

‐0.10

0.03

0.02

0.06

0.32

6

Carp biocontrol

‐0.04

0.01

0.01

0.02

0.19

6

Control of aquatic pests

‐0.04

0.01

0.01

0.02

0.19

*Physical template means the pattern of physical habitat (complexity, hydrodynamic variability, velocity variability etc) and I
interpreted this as a Complementary Measure restoring such a physical template could include: resnagging, engineering riffles,
boulder‐seeding, creating pool‐run‐riffle sequences, manipulating depths and velocities etc)

5.7.4 Conditional Probability Model
The transition from the life history conceptual model to the Conditional Probability Model (CPM) loses, by
necessity, detail, sensitivity, and nuance.
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Critically, two aspects of the structure of the Conditional Probability Model influence the endpoint (regional
abundance) in the model and the impact of a Complementary Measure.
The first aspect is the number of nodes between a complementary measure and the endpoint. In this case
fewer nodes between the Complementary Measure and the endpoint tends to result in greater influence on
the endpoint, which is largely why stocking scores highly. The ranking of Complementary Measures in Table
5 are also a direct inverse rank of the number of nodes between a Complementary Measure and the
endpoint: the lowest‐ranked Complementary Measures have the greatest number of nodes. This aspect of
the Conditional Probability Model (CPM) structure suggests that life history processes and habitat variables
leading more directly (i.e. less nodes) to regional abundance have a greater influence than the underlying
causes of regional abundance, the driving variables (Figure 9), which is unlikely to always be the case. Further
refinement of the model is expected to accommodate these aspects.
The logic of the conditional probability modelling approach is consistent and transparent but it is likely that
the transition from the life history conceptual model to the Conditional Probability Model (CPM) needs
further work. In particular, the relationships between nodes should be documented to ensure that they are
transparent for all experts and reviewers. Where there is more knowledge of a component of the life cycle,
more steps or nodes are created which has the effect of diluting the influence of a Complementary Measure
on nodes in that component.
A second aspect that will influence the results is that the Conditional Probability Model (CPM) does not
consider how effective a Complementary Measure is at changing the state of the node where it is assumed
to enter the CPM network. For example, the habitat restoration Complementary Measure is assumed to
change the state of the ’Hydrodynamic_suitability’ node to ‘suitable’ with 100% efficiency. In reality the
effectiveness of Complementary Measures is likely to vary, but the effectiveness was difficult to estimate
without further details of the Complementary Measures being proposed. However this is an important issue
that will affect the relative benefits obtained from different Complementary Measures.
Ultimately, the Conditional Probability Model is also presently limited by addressing only three of the criteria
required to rank ecological importance of Complementary Measures (i.e. regional abundance as a surrogate
for diversity and population size, and expert confidence in results; see the Definitions section for further
discussion of this issue). However, this can be addressed by adding additional output nodes to the
Conditional Probability Model in future modelling.

Recommendation
Review and document logic paths of the Conditional Probability Model with the life history model being
mindful of the influence of multiple nodes.

5.7.5 Reducing complex ecological systems
The comments above also raise the issue of the risks entailed in reducing complex ecological systems to
simplified cause‐and‐effect models. Logically, if an expert can deliver an opinion on the relative ecological
benefits of a Complementary Measure, the same set of experience and knowledge should be able to be
reflected by the Conditional Probability Model (CPM). However, the present study has shown that
transferring that knowledge to quantifiable nodes in a logic path is not simple. Adding more complexity to
the CPM also may not necessarily improve accuracy as it may also add more scope for error.
The initial rankings of Complementary Measures and the discussion points above show that the method
cannot yet be considered proof‐of‐concept, and it strongly suggests that the Conditional Probability Model
(CPM) and the Expert Elicitation need to be revised and rerun. The project team presently considers that a
CPM, based on conceptual models and a literature review, has the greatest potential to utilise expert opinion
objectively and enable a comparative evaluation of Complementary Measures. However, revising the model
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to meet expert’s expectations potentially compromises objectivity and independence. If experts continue to
revisit the CPM to get an expected outcome (i.e. rank of Complementary Measures) it is possibly more
effective and objective doing an Expert Elicitation that directly ranks Complementary Measures.

Recommendation
Our recommendation is to firstly revise the present Conditional Probability Model and run the Expert
Elicitation once more. If all experts consider that the results do not reflect reality, then a simpler method
that uses Expert Elicitation to rank Complementary Measures directly may be more appropriate.
Acknowledging the present results and limitations discussed above, the experts agreed that the Expert
Elicitation from the Conditional Probability Model (CPM) provided a structured and potentially objective
process (independent answers followed by a collaborative review) to elicit and articulate their knowledge.
Clearly the CPM needs to capture additional criteria like spatial and temporal scale of the benefits. In the
present approach we propose to address this by using the Cumulative Relative Benefit Assessment (CRBA)
module discussed in Chapter 8; however, it could also be addressed by framing the questions in the Expert
Elicitation in a spatial and temporal context.
Independently of the results, we also have three recommendations for improving the Expert Elicitation
process:
1. Use face‐to‐face workshops with a facilitator familiar with the process. Our process was necessarily
carried out using email and video chat. Having face‐to‐face workshops would better facilitate the
resolution of uncertainties between experts. In particular, it is important to ensure that the simplification
from the life cycle model to the Conditional Probability Model reflects joint understanding; state
definitions of each node have unambiguous definitions; and the questions for the Expert Elicitation
clarify spatial and temporal context, which are all simpler to resolve in face‐to‐face workshops (noting
that care must be taken to avoid ‘group think’ in a face‐to‐face situation where experts have varying
communication styles and levels of confidence).
2. Employ rapid prototyping to generate networks quickly. Generating life cycle models that were suitable
for the Conditional Probability Model took a month, partly due to experts being engaged on a part‐time
basis and partly due to familiarising experts with the Conditional Probability Model logic and modelling
processes. For future Conditional Probability Model development, there would be great value in a 1‐2
day rapid prototyping workshop to produce a preliminary model that could then be refined. This
approach would familiarise experts with how the model works, how their estimates are used, identify
key nodes that warrant additional scrutiny, and also give experts more opportunity to interact with the
results to obtain a more robust model. It would also reduce the resources required to generate CPMs,
increasing the feasibility of this approach to be rolled out across all functional groups and
Complementary Measures. It would be critical to hold these workshops early in the project timeline so
that sufficient time could be allocated to improving the models based on expert feedback.
3. Consider multiple criteria and how to incorporate them: For most Complementary Measures there are
likely to be multiple objectives that need to be met. In this approach we trialled a single proxy (regional
abundance) to represent all objectives for the meso‐lotic guild. This has the advantage of providing a
simple, single metric for benefit, however it needs to be representative of all objectives and therefore
needs to be carefully defined. Criteria such as spatial scale, temporal scale, interactions with flow and
other Complementary Measures, and responses (benefits or dis‐benefits) of Complementary Measures
all need to be considered by the process. Adding all of these into the Conditional Probability Model is
challenging; we used the CRBA to incorporate these additional values. Although the CPM may not need
to capture all of these criteria, they need to be discussed by the experts and there needs to be a
common understanding of where these criteria will be captured, so that experts are clear which criteria
must be included in their elicited values. It is also feasible that some of these criteria could be added as
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additional child nodes to the CPM to provide a more transparent and robust estimation of the benefit
against those criteria for incorporation into the Cumulative Relative Benefit Assessment (CRBA) module.
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6

Functional Groups Assessment (FGA) –
Vegetation

The Basin Plan and the Basin environmental watering strategy (MDBA 2014) seeks to improve the health and
resilience of water‐dependent vegetation communities within the Basin through delivery of environmental
water. It is anticipated that an appropriate flow regime, coupled with non‐flow based Complementary
Measure activities, can provide additional benefit towards the Basin Plan vegetation objectives compared to
watering actions alone. To assist in achieving Basin Plan objectives, an understanding of how vegetation
response can be modified by Complementary Measures is required. For the vegetation component, the
method considers benefit and dis‐benefit to vegetation communities by Complementary Measures, where
the Complementary Measures address specific threats that are acting upon the vegetation community.
Aquatic and floodplain plants provide refuge, breeding habitat and an important food source for a wide
range of organisms (Boulton and Brock 1999, Bornette and Puijalon 2011), contribute to ecosystem services
(Boulton and Brock 1999), and have an intrinsic biodiversity value within themselves. Habitat and food
resources are provided through both the wet and dry cycles for foraging animals and birds (Boulton and
Brock 1999, McGinness et al. 2010, Bornette and Puijalon 2011).
The distribution and abundance of riparian and aquatic plants is influenced by the availability of water (Brock
and Casanova 1997, Boulton and Brock 1999, Rogers 2011). The use of environmental water is a means to
maintain appropriate water regimes and is expected to have positive benefits on the condition of water
dependent vegetation communities. However, the predicted response may be modified by external threats
such as changes to patterns of connectivity by barriers, introduced plants and animals and harvesting.
Effective understanding of how external stressors will influence the response of riparian and aquatic plants
requires a conceptual understanding of how these stressors will influence the condition (growth and
productivity) and diversity of vegetation. A clear conceptual framework can be used to directly inform
management on the factors that will influence improved achievement of vegetation Basin objectives (linking
to Schedule 7 targets of condition, diversity and extent). Five key threats have been identified that will
directly influence the achievement of Basin objectives that Complementary Measures are likely to be able to
provide benefit (i) connectivity, (ii) floodplain development, (iii) salinity, (iv) introduced plants and animals,
(iv) harvesting.

6.1 FGA vegetation development
The development process followed that used for each theme: select functional groups; develop conceptual
and then cause‐effect conditional probability models; parameterise; test and refine. The team progressed
the development of the conceptual and cause‐effect modelling. A worked example for the Complementary
Measure of removing (unwanted) grazing from Barmah Forest was partially implemented but not progressed
sufficiently to be able to judge the performance of the model and its ability to discriminate the relative
environmental benefits of Complementary Measures.

6.1.1 Selecting functional groups
The vegetation theme is represented by two functional groups in the Complementary Measures method
(Table 7). These are the riparian communities and the understorey communities. The riparian communities
functional group consists of the floodplain forests, woodlands and shrubland communities including River
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red gum, blackbox and lignum. The understorey communities functional group includes non‐woody
grasslands, sedgelands and herblands (Table 7). The two functional groups are influenced by a range of
threatening processes within the Basin and will respond to Complementary Measures interventions that
seek to address these threatening processes.
These two functional groups were selected to broadly include communities that are targeted by Basin Plan
objectives and are likely to be considered for possible Complementary Measures given the threatening
processes operating in the Basin; and have the ability to differentiate responses to potential Complementary
Measures. While it is considered that the magnitude of benefits will differ between the vegetation functional
groups and sites, these two functional groups are considered to represent the types of benefits that are
likely to be sought through Complementary Measures.
Table 7, Riparian vegetation functional groups (after Capon et al. 2009, Johns et al. 2009, Roberts and Marston 2011,
Overton et al. 2014) ‐ their description, examples and potential threats
FUNCTIONAL GROUP AND THEIR DESCRIPTION

EXAMPLES

POTENTIAL THREATS

River Red Gum,
Blackbox, Lignum

Invasive plants and animals,
Salinity, Connectivity and
Harvesting

Cane grass, Giant
rush,
Ribbonweed

Invasive plants and animals,
Salinity, Connectivity,
Floodplain connectivity, Lake
bed cropping.

Riparian communities
Floodplain forests, woodlands and shrubland communities are
dominated by woody plants dependent on flooding to maintain growth
and to maintain soil moisture. Capable of persisting during dry periods
between flooding. Growth and reproduction linked to flooding
Understorey communities
Grasslands, sedgelands and herblands are non‐woody plants that vary in
their flooding requirements and response to flooding. Duration, timing,
frequency and depth of flooding are important

6.1.2 Developing the overarching conceptual model
The two functional groups include a broad and diverse range of community compositions that vary in their
watering requirements, the type of threatening processes and their responses to management intervention.
The timing, depth, duration and frequency of inundation are broadly important in maintaining vegetation
condition for both functional groups.
The conceptual model for riparian and understorey vegetation (Figure 10) relies on the assumption that for
all vegetation communities the underlying hydrological needs (frequency, timing, duration, depth) of the
community have been met before the implementation of any Complementary Measure. Failure to address
this assumption will reduce the effectiveness of any Complementary Measure implemented.
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Figure 10, Overarching conceptual model for the vegetation theme. Blue circles indicate threats that can be targeted by
Complementary Measures. White boxes represent the key life‐history processes and grey boxes indicate ecological end
points for assessing the environmental benefit of Complementary Measures. Harvesting as a threat only applies to the
riparian communities functional group

The conceptual model for the vegetation theme is based upon a generic structure suitable for both the
riparian and understorey functional groups with minor modification (consideration of harvesting). The
conceptual model is based upon key vegetation life‐history processes including germination, establishment,
growth and population connectivity. The threatening processes that can limit these life‐history processes are
included in the model as mechanisms that may limit achieving objectives for the vegetation community
(Table 8). In a vegetation community that is impacted by a threatening process, Complementary Measures
can alleviate the impacts of the threatening process and enhance outcomes.

Threatening processes
Connectivity (barriers to dispersal)
Construction of barriers that physically impede dispersal (e.g. dams and regulators) or the creation of
artificial connections (e.g. pumps), has occurred throughout the Murray‐Darling Basin. These barriers may
favour the dispersal of some groups of plants over others (Jansson et al. 2000), possibly resulting in a loss of
diversity. Research globally has indicated that provision of pathways for the dispersal of seeds and
propagules is important in the restoration and rehabilitation of wetlands (Bischoff et al. 2009).
Floodplain developments
Floodplain development (e.g. cropping) often occurs opportunistically on floodplain wetlands/lakes while soil
moisture is still high and before native vegetation has re‐established and are often kept bare between
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cropping (Seddon and Briggs 1998). These conditions influence seed and propagule survival and germination
(Wienhold and Valk 1989, Middleton 2003, Luzuriaga et al. 2005).
Salinity
Salt is a natural component of the Australian landscape. A number of biota inhabiting rivers and wetlands are
adapted to elevated salinity levels. Freshwater biota are likely to be adversely affected as salinity exceeds
1500 EC. In general wetland and riparian plants are not tolerant of increasing salinity which will influence
germination, establishment and growth (Hart et al. 1991, Nielsen et al. 2003).
Invasive plants
Wetland and riparian zones are areas of natural disturbance which means they are vulnerable to invasions.
Invasive plants alter habitat structure, decrease biodiversity and change processes such as nutrient cycling
leading to a modification of foodwebs (Zedler and Kercher 2004). Invasive species compete for resources
and often produce dense rhizomes and roots that prevent native species from establishing (Zedler and
Kercher 2005) which results in a loss of productivity of native species (Brinson and Malvárez 2002).
Invasive animals
Invasive animals have significant impacts on riparian and wetland plant communities. Terrestrial grazers
depress successful seed production, remove seedlings and saplings and reduce the biomass of groundcover
and wetland plants (Robertson and Rowling 2000) leading to a loss in condition of plant communities (Amy
and Robertson 2001, Lunt et al. 2007).
Aquatic animals such as carp increase the nutrient concentrations and turbidity of wetlands preventing the
establishment and growth of aquatic plants (Lougheed et al. 1998, Vilizzi et al. 2014). Establishment is also
prevented by disturbance of the sediment which dislodges plants from the sediment (Vilizzi et al. 2014).
Harvesting
Harvesting of floodplain riparian trees for timber causes a significant loss of productivity and cover on the
floodplain (Brinson and Malvárez 2002). This threat is only used in the riparian community functional group.
Table 8, Possible Complementary Measures for the vegetation theme to address the threatening/impacting processes
THREATENING PROCESS

LIFE‐HISTORY IMPACT

POSSIBLE COMPLEMENTARY MEASURE/S

Barriers to dispersal

Reduced exchange of seed and vegetative
propagules influencing diversity

Removal of barriers to enhance exchange
Small scale habitat restoration including replanting
Screening of pumps

Cropping and floodplain
developments

Germination and establishment

Removal of cropping

Salinity

Germination, establishment and growth

Pumping of saline groundwater, e.g. through salt
interception schemes

Invasive plants

Establishment

Weed control

Invasive animals

Establishment

Pest removal
Stock removal and/or changed grazing practices

Harvesting

Condition (growth and productivity)

Prevent harvesting
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6.1.3 Developing the cause‐effect conditional probability model (CPM)
The Conditional Probability Model (CPM) for the vegetation theme (Figure 11) is a generic network suitable
for assessing relative environmental benefits of Complementary Measures for the two vegetation functional
groups with respect to their ability to address identified threats to achievement of Basin environmental
watering strategy objectives for vegetation. The identified threats will either influence the germination,
establishment, diversity or condition of vegetation. The primary ecological end points for assessing
environmental benefit are diversity, condition (growth and production) and extent of vegetation.
The overarching conceptual model (Figure 10) was used to inform the structure of the Conditional
Probability Model (Figure 11). This was undertaken by defining the cause‐effect relationships between the
threatening processes, the Complementary Measures that may address these and the key life‐history
components of the vegetation functional groups. This was achieved by linking each of the life‐history stages
and ecological endpoints of the vegetation functional groups (the green nodes) to reflect life‐cycle
progression within the vegetation functional group (from germination through establishment to condition,
growth and productivity, including a diversity attribute). The benefit or dis‐benefit of the different
Complementary Measures is influenced by driver nodes (grey nodes). Driver nodes provide influence on the
conditional probabilities of the life‐history nodes such that life‐history processes can be modified by
changing the values of the driving processes. Each of the identified threatening processes can be modified
using a driver node representing a Complementary Measure as per Table 8.

Figure 11, Conditional probability model for riparian and understorey vegetation communities functional groups.
Harvesting only applies to the riparian communities functional group. The direction of arrows shows the direction of the
cause‐effect relationship

The structure of the Conditional Probability Model is similar for both vegetation functional groups with the
exception of the harvesting node, which is only applied in the riparian community functional group (Figure
11). However, the Conditional Probability Model for each functional group requires separate
parameterisation through the expert elicitation processes to represent the differences between the
functional groups. State definitions for both the driver and life‐history nodes are shown in Appendix F .
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6.2 Discussion
Questions used in the expert elicitation process are shown in Table 35 in Appendix F . The elicitation
questions were provided to a vegetation expert for answering with regards to the understorey functional
group. The context of the questions focused on Moira grass wetlands in Barmah‐Millewa forest. The results
in Table 34 are preliminary for the purpose of method illustration only.
Outputs of the Conditional Probability Model quantify the relative environmental benefit of the different
Complementary Measures given the context of the Complementary Measures at a specific site. Different
sites within the Basin can be assessed by establishing the baseline habitat conditions to which the
Complementary Measures are being applied. For example, grazing is likely to be considered a threatening
process at the pilot site (Barmah‐Millewa Forest), thereby having the initial state of the ‘invasive animals’
node set to ‘Yes’. Removal of this threatening process will change the node state to ‘No’. Other sites within
the Basin may not be impacted by grazing pressure or other invasive animal impacts and hence have the
initial state set to ‘No’. Benefits of a Complementary Measure to remove invasive animal impacts are only
received when the threatening processes are currently acting. Attributes including the spatial scale of the
benefit, temporal interactions and feasibility are not represented by the outputs of the Conditional
Probability Model but are explicitly considered in the Cumulative Relative Benefit Assessment module.
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7

Functional Groups Assessment (FGA) –
Waterbirds

A range of threats and stressors such as habitat change and habitat loss affect the availability and quality of
both breeding and foraging sites for waterbirds at multiple scales. Complementary measures have the
potential to ameliorate or exacerbate the impacts of some of these threats. However there are very few data
describing the effects of threats and stressors other than flow changes on Australian waterbirds – and even
fewer describing the effects of Complementary Measures.

7.1 Literature review
Following an extensive international literature search (McGinness 2016) of over 900 references identified as
being directly relevant to waterbird responses to stressors and threats other than changes in flow/flood
regime, only 40 (< 5%) were from Australia. Many of the latter were short anecdotal records in small bird
club journals regarding one or two species or single events. Threats and stressors for waterbirds other than
changes in flows/flooding are mentioned in some Australian reviews, but usually only briefly or as factors
complicating results and requiring consideration. No comprehensive or integrative studies were located of
major stressors and threats for Australia’s waterbirds, or how these interact with each other or flows and
flooding – except for migratory shorebirds whose populations are of international concern.

7.2 Functional Group Assessment (FGA) development
7.2.1 Select and categorise
Waterbirds functional groups have been defined based on combinations of habitat and feeding preferences
(Table 9). These groups were selected because they are likely to respond differently to various flow and
Complementary Measure interventions.
Table 9, Waterbird functional groups selected based on combined habitat and feeding preferences. These groups were
selected because they are likely to respond differently to various flow and Complementary Measure interventions
GROUP

DESCRIPTION

EXAMPLES

All waterbirds

All waterbirds

All waterbirds

Large waders

Large waterbird species that forage by wading in shallow
water on large and small prey including: fish, frogs, reptiles,
small mammals, invertebrates

Ibis, spoonbills, herons, egrets
etc.

Small waders and
shorebirds

Small waterbird species that forage by wading in shallow
water and on mudflats / shores on small prey including fish,
frogs and invertebrates

Dotterels, plovers, stilts etc.

Open water piscivores

Waterbird species that forage in open and relatively deep
waterbodies and consume mostly fish (but also consume other
small to large prey including frogs and invertebrates)

Pelicans, cormorants, darters etc.

Open water herbivores
and omnivores

Waterbird species that forage in open waterbodies and
surrounding vegetation and consume plants and small prey
including small fish, frogs and invertebrates

Ducks, grebes, swans and geese
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GROUP

DESCRIPTION

EXAMPLES

Vegetated wetland
cryptics

Waterbird species that forage in heavily vegetated wetlands or
parts of wetlands, are difficult to detect and consume small
prey including fish, frogs and invertebrates

Crakes, rails, snipe and bitterns

7.2.2 Developing the conceptual model
Conceptual models have been developed for 'All waterbirds', beginning with an overarching conceptual
model including all variables (Figure 12), and potential Complementary Measures (Table 10).

Figure 12, Overarching conceptual model for ‘All waterbirds’, all drivers, all outcomes (an enlarged image is at Figure 18 in
Appendix G )
Table 10, Threats, stressors and pressures for waterbirds and potential Complementary Measures
THREATS, STRESSORS AND
PRESSURES

EXAMPLES

POTENTIAL COMPLEMENTARY MEASURES

Grazing

Cattle, sheep, goats, horses, natives

Changes to grazing management (frequency,
intensity, type) or grazing removal

Clearing

Trees, understorey

Clearing management or prevention, revegetation

Harvesting

Water, wood, vegetation

Harvesting management or prevention,
revegetation, resnagging

Barriers

Levees, roads, gaps in vegetation
preventing functional connectivity

Removal of barriers or installation of passing
structures, revegetation
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THREATS, STRESSORS AND
PRESSURES

EXAMPLES

POTENTIAL COMPLEMENTARY MEASURES

Predation by ferals

Foxes, pigs, dogs, cats

Feral predator control (shooting, trapping,
poisoning, restrictions)

Climate change impacts

Temperature extremes, changes in
weather patterns (spatial and temporal)

Vegetation and water management to ameliorate
impacts

Diseases and parasites

Botulism, ticks, lice

Disease transmission management procedures

Water quality and/or
temperature changes

Pollution, salinity, anoxic blackwater,
acidity, dam releases, shading

Prevention and/or amelioration of changes

Poisons

Herbicides, insecticides, mammal baits

Prevention or restriction of poison use,
particularly in foraging and breeding sites

Sudden and/or large‐scale
changes in food availability

Carp virus release

Management of the timing and extent of release
to avoid critical times

Human disturbance

Hunting, fishing, gathering, recreation

Restrictions on disturbance frequency and
intensity

Competition

Intra‐specific, inter‐specific

Maximising habitat and food availability

7.2.3 Developing the Conditional Probability models
This conceptual model was then simplified to produce a Conditional Probably Model for ‘All waterbirds’
incorporating the primary threats and stressors for which management levers exist (Figure 13).

Figure 13, Conditional probability model (CPM) for 'All waterbirds'. The orange nodes are threats and stressors; the green
nodes are proximal drivers; the white nodes are intermediate drivers; and the red nodes are outcomes (an enlarged
image is at Figure 20 in Appendix G )

States and definitions for each node used in the Conditional Probability Model are presented in Table 36 in
Appendix G .The Conditional Probability Models assume that flow‐related variables that affect waterbird
outcomes are optimal, including:
 in‐channel flow regime – local to basin scales
46 | Scoping the development of a method to assess the relative environmental benefits of Complementary Measures

–

Location, frequency, volume, duration, timing

 flood regime – local to basin scales
–

Location, frequency, extent, duration, timing, depth, rate of change in depth, inter‐flood period (dry
duration)

 local and catchment rainfall.
These flow‐related variables interact with threats, stressors and pressures, as well as with potential
Complementary Measures (Table 10). Future modelling will need to explicitly state what the flow regime
context is for each group and Conditional Probability Model, so that it is clear how flow might interact with
or affect outcomes.
At different spatial and temporal scales, these interactions affect proximal drivers including:
 food abundance or availability (in both the short‐term – e.g. within a breeding event; and the long‐term –
e.g. the lifetime of a waterbird)
 habitat availability, distribution and quality (breeding, foraging, roosting, movement and refuge habitats)
 movements between habitats/sites and within the population.
The proximal drivers above affect immediate outcomes including: individual condition or health; survival and
mortality rates of eggs, chicks, juveniles, sub‐adults, and adults; counts and abundances at site to basin
scales; movements including foraging, nomadism, migration, and abandonment; and the initiation of
reproduction.
Together, these outcomes drive the ultimate outcomes targeted by the Basin Plan objectives (to increase
abundance and maintain current species diversity), including waterbird species population size, health,
demographics and persistence, and finally waterbird species diversity.
Alternate configurations for the conceptual model are provided in Appendix G .
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8

Cumulative Relative Benefit Assessment
(CRBA)

The Potential Benefit Assessment (PBA) and Functional Groups Assessment (FGA) each assess the (potential)
environmental benefits associated with Complementary Measures. These are then assessed as a part of the
Cumulative Relative Benefit Assessment (CRBA) module to provide an assessment of relative benefit. The
CRBA considers potential benefits as well as dis‐benefits and places the Complementary Measures in context
– evaluating interactions among Complementary Measures, with flow and any dependencies on other
factors such as ongoing maintenance. In addition, the CRBA combines the results from the Functional Groups
Assessment (all 10 of them across the three themes of native fish, vegetation and waterbirds) into a
common framework to enable assessment of relative benefit at the appropriate spatial scale and domain.
We used a multi‐criteria decision analysis to produce the CRBA. The benefit of this approach is that it is able
to incorporate scores from a wide range of criteria, is repeatable, transparent, easy to understand, and is
able to combine scores across criteria.
The CRBA is applied to each Functional Group by independently assessing against each criterion for each
Complementary Measure. The Potential Benefit Assessment (PBA) and Functional Groups Assessment (FGA)
modules provide measures of ecological benefit for each functional group, scaled to be consistent across the
functional groups. The Conditional Probability Models in the FGA also provide estimates of dis‐benefits
(noting that these are omitted when using the short‐term assessment pathway). The inclusion of both
benefits and dis‐benefits in the CRBA (when using the FGA), including criteria assessing the spatial and
temporal scales of each, enable any interactions among benefits and dis‐benefits to be explicitly included,
even when they may occur at very different spatial and temporal scales. For example, the long‐term benefit
associated with carp bio‐control may occur over years at the Basin scale, but a resultant blackwater event
may occur within weeks or months at the reach scale. The impact of each would be captured and assessed
as a part of the estimation of cumulative net relative benefit.

8.1 CRBA development
The process workflow for the CRBA module is given in Figure 14.
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Figure 14, Process workflow for development and implementation of the Cumulative Relative Benefit Assessment (CRBA) module. In the Functional Groups Assessment, the Conditional
Probability Model provides estimates of the benefits (or dis‐benefits) of each functional group. The most likely state in the Conditional Probability Model is used as the ecological benefit
in the CRBA, and the probability of this state is used as the measure of scientific confidence. In the Potential Benefits Assessment, the score is used as a direct measure of the ecological
benefit in the CBRA. Only Complementary Measures with a sufficiently high potential ecological benefit would be considered for the full Functional Groups Assessment process, and
thus application of the full assessment method. The remaining criteria in the CBRA must be estimated directly using the criteria in Table 11.
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8.1.1 Classify and categorise
The 11 criteria included in the CRBA, detailed in Table 11, are:
 ecological benefit
 spatial scale of benefit
 temporal scale to equilibrium of benefit
 ecological dis‐benefit
 spatial scale of dis‐benefit
 temporal scale of dis‐benefit
 scientific confidence
 uniqueness of population targeted
 dependence on flow
 dependence on other Complementary Measures
 dependency on ongoing maintenance.

8.1.2 Consolidate and parameterise
Table 11, Criteria included in the CRBA for assessing relative environmental benefits of Complementary Measures
CRITERION AND DEFINITION

SCORING SCALE

SCORE

Ecological benefit ‐
An assessment of the level of relative ecological benefit of the
proposed Complementary Measure based on the ecological
objectives of the Basin Plan, derived either from the FGA
and/or from the PBA

Very high
High
Medium
Low
Very low

5
4
3
2
1

Basin
Region
Reach
Site
Sub‐site

5
4
3
2
1

Very rapid benefit accrual: < 1 year

5

Rapid benefit accrual: 1‐2 years

4

Moderate rate of benefit accrual: 2‐3 years

3

Slow benefit accrual: 3‐5 years

2

Very slow benefit accrual: > 5 years

1

Very low/None
Low
Medium
High
Very high

5
4
3
2
1

Spatial scale of benefit
A measure of the relative spatial scale of the benefit accrued
from the proposed Complementary Measure, based on the
assumption that larger spatial scales will be equivalent to a
greater benefit under the Basin Plan

Temporal scale to achieve long‐term benefit
A measure of the length of time likely to be needed before
the full benefit from a Complementary Measure is apparent,
assuming that effects that are derived more quickly may
accrue more benefit through time (if all else is equal). The
rationale for inclusion is that benefits that accrue more
rapidly are more likely to be achieved, and that benefits that
accrue quickly are likely to prevent any additional decline in
Basin populations, or to begin recovery more quickly and so
are of greater benefit in the long term
Ecological dis‐benefits
An assessment of any unintended consequences or ecological
risks associated with the proposed Complementary Measure,
derived from the CPMs. This is omitted in the rapid
assessment pathway, providing a measure of relative
potential benefit only, given the lack of consideration of dis‐
benefits
Spatial scale of dis‐benefit
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CRITERION AND DEFINITION

SCORING SCALE

A measure of the relative spatial scale of the dis‐benefit
accrued from the proposed Complementary Measure, based
on the assumption that larger spatial scales will be equivalent
to a greater benefit under the Basin Plan. This is also omitted
under the rapid assessment pathway

Basin
Region
Reach
Site
Sub‐site

SCORE

5
4
3
2
1

Temporal scale of dis‐benefit
A measure of the length of time required for dis‐benefits to
accrue. This is omitted under the rapid assessment pathway.

Very slow benefit accrual: > 5 years

5

Slow benefit accrual: 3‐5 years

4

Moderate rate of benefit accrual: 2‐3 years

3

Rapid benefit accrual: 1‐2 years

2

Very rapid dis‐benefit accrual: Less than one year

1

Almost certain: benefits and dis‐benefits backed
by experimental results at the Complementary
Measure location, proven causal models, or
widely applicable reviews in the scientific
literature

5

High confidence: benefits and dis‐benefits
backed by multiple experimental studies in
similar locations likely to be relevant to the
Complementary Measure location or
empirical/correlation‐based models (such as
system dynamics models); expert knowledge
with high certainty (>80%)

4

Moderate confidence: benefits and dis‐benefits
backed by one or two multiple experimental
studies in similar locations likely to be relevant to
the CM location; elicited expert knowledge with
moderate uncertainty (60‐80%)

3

Low confidence: expert evidence with low
confidence (50‐60%)

2

Uncertain: no credible relevant evidence; 50‐50
guess

1

Assemblages targeted by the Complementary
Measure are unique within the Basin or are in
excellent condition and are thus critical to
protect

5

Assemblages targeted by the Complementary
Measure are rare within the Basin or are in very
good condition and are thus important to protect

4

Assemblages targeted are uncommon within the
Basin or are in good condition and are thus
reasonably important to protect

3

Assemblages targeted are common within the
Basin or are in fair condition and are not of high
value to protect

2

Assemblages targeted are very common within
the Basin or are in poor condition and are not of
high value to protect

1

Complementary Measure benefits are
independent of flow

5

Scientific confidence
A measure of the scientific certainty associated with the
estimated benefits and dis‐benefits. This includes both an
assessment of the amount of evidence for the benefits and
dis‐benefits associated with the Complementary Measure
(e.g. is there good experimental evidence documenting the
benefits) and/or the uncertainty inherent in the system that
may affect the delivery of the expected benefits and dis‐
benefits (e.g. is the benefit reliant on weather patterns or
other external factors that are inherently variable and outside
management control).

Uniqueness of populations targeted
The Basin Plan objectives include discussion of representative
communities and assemblages. This broadens the focus of the
objectives from threatened species and species targeted by
international agreements (e.g. Ramsar, JAMBA, CAMBA),
which are often biased towards bird, fish and tree species.
Including a criterion relating to the uniqueness of the
populations targeted seeks to ensure that stable populations
of other species (e.g. frogs) in high‐quality habitat are not
unintentionally down‐weighted in the scoring system. This
criterion can be omitted (or down‐weighted) when using the
PBA, given the inclusion of the criterion relating to
representative populations and communities in that module.

Dependence on flow
A measure of the dependence of the proposed
Complementary Measure on receiving an appropriate
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CRITERION AND DEFINITION

SCORING SCALE

flow/flooding regime for the benefits to be realised. Assumes
that lower dependence on a particular flow regime means a
higher likelihood that the full benefits would be realised. For
example, carp biocontrol may be entirely independent of
flows, while a particular fishway may depend on receiving
appropriate flows to operate it. Water availability scenarios
used for scoring are outlined in the Basin Plan Annual
Environmental Watering Priorities document published by the
MDBA annually. This criterion includes an implicit assumption
that as water becomes available in wetter availability
scenarios it will be delivered at the right time, place, duration
etc. to maximise the benefit of the proposed Complementary
Measure.
Note that this criterion captures an element of risk: decision
makers can use this criterion in combination with the benefit
criterion to select Complementary Measures according to
their risk appetite (i.e. they could choose to gamble on the
occurrence of high‐flow conditions to obtain high benefit, or
accept a more moderate benefit in exchange for more likely
flow conditions).

Complementary Measure benefits can be
achieved in extreme dry water availability
scenario or require very common flow
characteristics to be achieved

SCORE

4

Complementary Measure benefits can only be
achieved in dry water availability scenario or
require common flow regime characteristics to
be achieved

3

Complementary Measure benefits can only be
achieved in median water availability scenario or
require uncommon flow characteristics to be
achieved

2

Complementary Measure benefits can only be
achieved in wet water availability scenario or
require very uncommon flow characteristics to
be achieved

1

Complementary Measure benefits are
independent of other Complementary Measures

5

Complementary Measure benefits can be
partially achieved without other Complementary
Measures

4

Complementary Measure benefits will not be
achieved unless one other Complementary
Measure implemented

3

Complementary Measure benefits will not be
achieved unless more than one other
Complementary Measure implemented

2

Complementary Measure benefits are reliant on
a complex suite of other Complementary
Measures

1

Complementary Measure benefits are
independent of ongoing maintenance, or accrue
from a once‐off Complementary Measure action
(or repeated less often than every 5 years)

5

Ongoing maintenance requirements are low and
within the current scope of works or
Complementary Measure will need to be
repeated infrequently (e.g. every 3‐5 years)

4

Ongoing maintenance requirements are
moderate and require ongoing investment of
some resources or Complementary Measure will
need to be repeated every 2‐3 years

3

Ongoing maintenance requirements are high and
require ongoing investment of resources or
Complementary Measure will need to be
repeated every 1‐2 years

2

Ongoing maintenance requirements are extreme
and require substantial ongoing investment of
resources or Complementary Measure will need
to be repeated more than once per year

1

Dependence on other Complementary Measures
A measure of the dependence of the proposed
Complementary Measure on the application of other
Complementary Measures (outside any proposed package of
Complementary Measures) for the benefits to be realised.
Assumes that lower dependence on any other
Complementary Measures that may or may not be
implemented means a higher likelihood that the full benefits
would be realised. For example, habitat restoration such as
replanting may be reliant on feral animal control for grazing
before the full benefits may be realised. A suite of proposed
Complementary Measures may be independent of the need
to apply any other Complementary Measures and should be
scored relative to other Complementary Measures that are
not included within that suite.

Dependence on ongoing maintenance
A measure of the need to continue to invest time and
resources into the upkeep of a particular Complementary
Measure (e.g. maintenance of a fishway) and/or the need to
repeat Complementary Measure actions to continue to accrue
benefits (e.g. repeated removal of feral animals).
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8.1.3 Reporting
Scores against each criterion can be weighted and/or combined, if this is desired. The method of
combination is best undertaken in consultation with end‐users as the CRBA is designed and intended to
reflect the values of those end‐users, rather than the development team. The composition of this group of
end‐users is up to MDBA – it could comprise the MDBA Complementary Measure assessment team or
include representatives from the jurisdictions, given the inherent value decisions that are involved.
The CRBA is presented here as recommended by the project team – however more criteria can be added if
they are of importance to end‐users, or criteria can be removed if they are not considered important to
those stakeholders.
Once the criteria have been agreed, a number of other decisions also need to be taken in consultation with
end‐users. There is the opportunity to differentially weight individual criteria. As a starting point, we suggest
even weighting among the criteria, however there may be unintended bias (e.g. as a result of the emphasis
on spatial scale in the PBA, the spatial scale of benefit and the uniqueness criteria in the CRBA may be down‐
weighted relative to other criteria) or some criteria may be considered by end‐users to be more important
than others (e.g. the temporal scale to achieve long‐term benefit may be less important than the need for
ongoing maintenance).

Aggregating scores
While it may appear desirable to combine scores into a single aggregate score for each Complementary
Measure, there is a danger that this would over‐simplify assessments and that the detail and trade‐offs
within assessments would be lost. It is important for the evaluation process that the ‘raw’ scores are made
available to explore the components within each, as a method to stimulate discussion on the relative
importance of particular trade‐offs and outcomes. In this way, the module is more likely to aid robust
decision‐making.
Should users decide to combine scores, the method is important. An arithmetic mean assumes that each
criterion is able to compensate for other criteria while a geometric mean assumes that there is no ability to
compensate across criteria. In the case of a geometric mean, for example, a score of 0 on any criteria would
result in a combined score of 0 in total. Maximum and minimum values are also possible choices that take
the lack of compensation to an extreme. As a starting point, we suggest using a geometric mean, averaged
across the functional groups within each theme, and then summed across those functional groups. This will
ensure that differences in the number of functional groups within each theme do not bias the eventual
outcomes.

8.2 Discussion
One approach for making these decisions relating to weightings and combinations is to run through a
synthetic set of Complementary Measures proposals where end‐users agree on the overall ranking of the
proposals. Testing the ability of the criteria, the weighting and the method of combining scores to replicate
that ranking can then create confidence in the method. Furthermore, a sensitivity analysis could be
undertaken to explore the interactions among criteria and across the different assessment modules to
ensure that no unintended consequences arise as a result of the scoring method. For example, the current
emphasis in the Basin Plan on international agreements and threatened species may mean that bird‐focused
Complementary Measures score more highly. Similarly, the focus on spatial scale in the PBA may mean that
small‐scale Complementary Measures focused on high‐value sites and/or species or Complementary
Measures that target widespread species may score poorly. This assessment is best done at the same time as
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any weightings or combination methods are explored, as those choices will affect the sensitivities of the
method. Such an analysis would ensure that the method can be applied with greater confidence.
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9

Testing the proposed method – worked
examples

This chapter describes fully or partially worked examples that were undertaken to test the components of
the proposed method.

9.1 Potential Benefit Assessment
Fourteen Complementary Measures scenarios were described and run through this assessment module. The
test and results are reported in Section 3.4.1 and Appendix B .

9.2 Functional Groups Assessment
This worked example considered installation of fishways along the Murrumbidgee River as the
Complementary Measure; and the meso‐lotic channel specialist functional group. This functional group
comprises channel specialist fish species that spawn and recruit in continuously flowing fresh water with a
minimum scale of 100s metres to 10s kilometres.
The following components were undertaken (in part or in full):
 Conceptual model
 Literature review
 Conditional probability model (CPM)
 Expert elicitation.
This worked example is fully described in Chapter 5, with supporting material in Appendix E .

9.2.1 The conditional probability model (CPM)
The conceptual modelling involved identifying linkages between different CMs with the driving variables. For
fishways which have been used in the pilot, ‘Install fishways’ were associated with the ‘Fish_passage’ driving
variable. The CPM is generalised in the sense that its structure and parameterisation (i.e. assignment of
states within the model) are independent of site. Specifics of sites and CMs are captured through setting the
states of the Driving Variables and the relationships among variables captured in the conditional probability
tables.
For fishways CM, the Fish_passage driving variable would be set at 100% (or at least greater than No
passage), resulting in a higher likelihood of regional abundance improving (Figure 15). Confidence has been
assigned to this result. Under No Passage, and conditional on the settings of the other driving variables,
Medium Regional Abundance becomes the most likely outcome.
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…
Figure 15, Setting of the Fish_passage condition node to 100% in the CPM and the resulting probability of
Regional_Abundance after the condition has been propagated through the model

9.3 Literature review
Conceptual models are essentially hypotheses about how Complementary Measures lead to environmental
effects (benefits or dis‐benefits). Testing these hypotheses requires determining the strength of the
evidence that supports the causal links in the conceptual model. We adapted the simplified conceptual
model to pose a manageable number of key questions for a rapid evidence synthesis literature search
(Figure 16). The model attention was restricted to the interaction of fishways with different life history
stages of meso‐lotic species.
This model demonstrates how the complex model can be reduced to a series of hypotheses to form the basis
of a literature review and elicitation process. These hypotheses can focus on mechanistic performance or
other aspects of ecology that are of interest to assess benefit associated with the Complementary Measure.
Fish passage
structure

Dispersing fish
populations

Access adult
habitat

Access spawning
site

Access larval
habitat

Access 0+ / sub‐
adult habitat

Adult survival

Spawning

Larval survival

Recruitment

Figure 16, Conceptual model for the rapid evidence assessment of the effect of fishways on meso‐lotic species. This
model articulates the causal agent (fishways at the upper most level, habitat access at intermediate levels), with the
effects being seen at the different life history stages. The ultimate ecological responses (dark blue) are recruitment into
the adult population, and ability for populations to disperse

In this model, fishways are assumed to influence environmental benefits via two pathways. In Pathway 1,
fishways directly increase dispersal capacity, which leads directly to improved population condition. In
Pathway 2, the causal pathway has multiple parts: fishways lead to improved habitat or access for different
life history stages (Part 2a), which drives changes in population processes and improves population condition
(Part 2b). These pathways can be posed as 6 research questions for a rapid evidence synthesis:
1. Does the installation or improvement of fish passage structures improve the ability of fish to disperse?
[Pathway 1];
2.

Does the installation or improvement of fish passage structures improve the ability to fish to access
habitat? [Pathway 2a];
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3.

Does habitat accessibility affect adult survival? [Pathway 2b‐1]

4.

Does habitat accessibility affect spawning? [Pathway 2b‐2]

5.

Does habitat accessibility affect larval survival? [Pathway 2b‐3]

6.

Does habitat accessibility affect recruitment? [Pathway 2b‐4]

The geographic context was the lowland regulated rivers of the southern Murray‐Darling Basin.
We developed several keyword strings (Table 12) for searches. The first (#1) identified the species of fish in
the meso‐lotic guild, 8 species in total, including their scientific and common names. The second (#2) was a
series of terms related to fishways or other river connectivity infrastructure. The third (#3) was related to the
simplified conceptual model (Figure 16). We used the Eco‐Evidence software and process (Norris et al. 2012)
which only considers evidence with primary data (Norris et al. 2012).
Table 12, Literature search strings for meso‐lotic fish functional group for fishways Complementary Measure
# 1 ‐ ("Murray cod" or "Maccullochella peelii" or "Trout cod" or "Maccullochella macquariensis" or "Macquarie perch" or
"Macquaria australasica" or "River blackfish" or "Gadopsis marmoratus" or "Two‐spined blackfish" or "Gadopsis bispinosus" or
"Broad‐finned galaxias" or "Galaxias brevipinnis" or "Spotted galaxias" or "Galaxias truttaceus" or "Mountain galaxias" or "Galaxias
olidus"or "M. peelii" or "M. macquariensis" or "M. australasica" or "G. marmoratus" or "G. bispinosus" or "G. brevipinnis" or "G.
truttaceus" or "G. olidus")
#2 ‐ (Fishway or “fish way” or “vertical slot” or denil or “nature like” or “rock ramp” or “fish ladder” or “pool and weir” or “pool‐
and‐weir”or connect* or passage or dispers*)
#3 ‐ (Spawn* or reproduc* or surviv* or recruit* or population or larva*, or juvenile or adult or migrat* or “young of year” or
“young‐of‐year” or adult)

Using these search terms, we conducted two searches:
 Search #1 combined the Guild string with the Fishway string – to locate any research looking at these
species and fishways. This search combination located studies relevant to the causal links from fishways
through to the second layer of the simplified conceptual model (Figure 16)
 Search #2 combined the Guild string with the Life history stages and processes string, thus locating any
research on the life history stages of the relevant species. This search returned many irrelevant references,
as there was no attempt to screen for research that looks at effects of habitat accessibility, connectivity, or
fishways specifically.
However, with limited research available, we reduced specificity to capture more relevant research at the
expense of increased time assessing search results, all relevant references found in the second search had
already been captured in the first search. The search was conducted using Thomson ISI’s Web of Science on
April 17, 2017, the titles and abstracts were screened and relevant papers were read in entirety. Results
were cross‐checked against searches on Scopus, the differences were insignificant. A search of government
library databases was also conducted in conjunction with fish experts. The number of studies that were
retrieved, and the number and citations of those that were relevant are listed in Table 13 and Table 14.
Table 13, Search and screening results for questions #1 and #2, and questions #1 and #3
#1 AND #2

#1 AND #3

Number of studies returned

53

259

Number of relevant evidence items

5

NA

Relevance rate (%)

11%

NA
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Table 14, Reference details of the five relevant articles retrieved using the search terms in Table 12
Barrett, J. (2008). The Sea to Hume Dam: Restoring fish passage in the Murray River. Murray‐Darling Basin Commission, Canberra.
Mallen‐Cooper, M. and Brand, D. (2007). Non‐salmonids in a salmonid fishway: what do 50 years of data tell us about past and
future fish passage? Fisheries Management and Ecology 14, 319‐332.
Berghuis, A. (2008) Performance of a single frequency split beam hydroacoustic system: an innovative fish counting technology.
Arthur Rylah Institute for Environmental Research Technical Report Series No. 177. Department of Sustainability and Environment,
Heidelberg, Victoria
Baumgartner L. J. and Harris J. H. (2007) Passage of non‐salmonid fish through a Deelder Lock on a lowland river. River Research
and Applications 23, 1058–1069
Baumgartner L. J., Boys C. A., Stuart I. G. and Zampatti B. P. (2010) Evaluating migratory fish behaviour and fishway performance:
testing a combined assessment methodology. Australian Journal of Zoology 58, 154–164.

Evidence extracted from the articles included a classification of the experimental design used and level of
replication, used to assess the strength of the study and weight the evidence; and a classification of whether
the study supported the specific hypothesis (e.g. link in the conceptual model) being tested. These are
automatically catalogued and weighted in the Eco Evidence software.
There was sufficient evidence in the retrieved articles to support the hypothesis. Results are reported in
Table 15.
Five relevant items of evidence were found from the literature review. Results for links between fishways
and outcomes for native fish are summarised in Table 15. The most basic hypothesised linkage – that
fishways lead to increased dispersal – was supported. Though insufficient evidence was available for the
other links, initial results indicate support for the broader hypothesis that fishways support population level
outcomes for meso‐lotic fish.
Table 15, Eco Evidence Analysis Report summarising results of the literature review of evidence supporting links between
fishway complementary measures and outcomes for native fish. The numbers in the Item Counts column indicate the
number of articles supporting the hypothesis
LINKAGE

CONCLUSION REGARDING THE LEVEL OF
SUPPORT FOR THE HYPOTHESISED LINKAGE

LEVEL OF SUPPORT FOR EACH CRITERION
(SUM OF STUDY WEIGHTS)

ITEM
COUNTS

Fishway installation → ↑
Recruitment

Insufficient evidence

Low (4)

No evidence
(0)

High
(0)

1

1

Fishway installation → ↑ ﬁsh
(dispersal)

Support for hypothesis

High (21)

Low (4)

High
(0)

5

5

Fishway installation → ↑
physical habitat

Insufficient evidence

No evidence
(0)

No evidence
(0)

High
(0)

0

0

Fishway installation → ↑ ﬁsh
(0+ / sub‐adult abundance)

Insufficient evidence

Low (8)

No evidence
(0)

High
(0)

2

2

Total number of evidence items and citations contributing to causal analysis

8

The literature review provides a measure of our overall confidence in the effectiveness of the
Complementary Measure, independent of estimates of magnitude of effect provided by the expert
elicitation. Although the elicitation process did gather measures of uncertainty, this is uncertainty as
expressed by a group of experts, rather than as assessed through the literature. The alternate perspective is
valuable.
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9.4 Cumulative Relative Benefit Assessment
The worked example for this module is hypothetical and for illustrative purposes only. Its development is
described in Chapter 8.
Table 16, Illustration of fishways Complementary Measure relative environmental benefit using the MCDA. Relative
environmental benefit has been computed for each functional group using the geometric mean

The full criteria scoring table is in Chapter 8, with those describing the meso‐lotic channel specialists scores
extracted and presented in Table 17.
Table 17, Interpretation of scores for meso‐lotic channel fish specialists function group for fishways Complementary
Measure

Legend
Score Description
C1 Benefit
4 High
C2 Spatial scale of benefit
3 Reach
C3 Temporal scale
4 Rapid benefit accrual: 1‐2 years
C4 Dis‐benefit
5 Very low
C5 Spatial scale of dis‐benefit
NA No dis‐benefit
C6 Temporal scale of dis‐benefit
NA No dis‐benefit
C7 Scientific confidence
2 Low
C8 Uniqueness
2 Assemblages common
C9 Dependence on flow
2 Benefits achieved in median water availability scenario
C10 Dependence on other CMs
4 Benefits are independent of other CMs
C11 Dependence on ongoing maintenance
4 Ongoing maintenance requirements low

In the hypothetical example, the three fish functional groups benefit rapidly from the fishway at the reach
scale, while waterbirds and vegetation are unaffected (C1‐C3). There are no dis‐benefits to any functional
group, so the spatial and temporal dis‐benefits are not applicable.
Scientific confidence for the end point for the meso‐lotic functional group from the Conditional Probability
Model is low (i.e. the likelihood of the most likely benefit state [‘High’] is 46.8% [Figure 15], which results in
‘low’ scientific confidence using the criterion from Table 11). However we assume that the likelihood of
receiving no benefit for waterbirds and vegetation is high. None of the functional groups are assumed to be
unique. Fishways achieve the expected benefits if a median water availability scenario occurs, do not depend
on other Complementary Measures, and have low ongoing maintenance requirements.
The outcomes of the Cumulative Relative Benefits Assessment (CRBA) can be aggregated to give a relative
benefit score using the geometric mean; in this hypothetical example, this suggests that the fish functional
groups would benefit most from a fishway Complementary Measure. However aggregation masks some of
the nuances of the assessment. In this example, there is relatively low sensitivity amongst functional groups
because waterbirds and vegetation are not affected by fishways. However even in this simple example we
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can see one confounding effect: while the fish functional groups receive a high score for benefit, this is
partially offset by the low scientific confidence that this benefit will be achieved. In contrast, although
fishways have no real benefit to the waterbird and vegetation functional groups in this example, their scores
are boosted by the high scientific confidence (i.e. confidence that no benefit will be received). This issue
does not seriously alter the rank order of benefits to the functional groups in this hypothetical example, but
it illustrates the risks of aggregation—we recommend that decision‐makers look across all criteria to
understand the potential impacts of a proposed Complementary Measure on all functional groups.

60 | Scoping the development of a method to assess the relative environmental benefits of Complementary Measures

10 Discussion: Next steps

This chapter provides recommendations for future work to build on the initial development of the
Complementary Measure assessment method undertaken as part of this project. Our recommendations
build on discussions between the Science Leadership Team (SLT) and with the Authority, seeking to address a
range of caveats and limitations that have arisen from this initial assessment of the benefits and dis‐benefits
of Complementary Measures. Should full implementation of the proposed method be pursued, a significant
body of further work would be required to ensure scientific rigour, defensibility, transparency, coverage and
repeatability of our initial assessments, and from there to rolling out the method at the basin scale. This
proposed body of work is designed to be strategic and comprehensive in order to ensure any assessments of
relative environmental benefit of Complementary Measures are reliable.

10.1 Designing spatially and temporally relevant and explicit
Complementary Measures
The effectiveness of any Complementary Measure will depend upon context‐specific factors in each location,
such as presence of other Complementary Measures, and the suite of physical, hydrological and biological
variables present at the site. In addition to those proposed Complementary Measures that were provided to
the project team, we have identified a wider range (see Table 18). To be compared under the proposed
methods, all Measures require specific knowledge of the spatial and temporal scaling over which these
would be considered for application.
Table 18, List of potential types of Complementary Measure tabled by jurisdictions and during project team discussions.
This list is not in any particular order
COMPLEMENTARY MEASURE TYPE

VARIABLES AND CONSIDERATIONS

In‐channel barrier management/removal

Vegetation, water, roads, levees

Floodplain barrier management/removal

Vegetation, water, roads, levees

Fishways

Installation, modification

Carp virus release

Closed catchment vs. open catchment, timing

Screening of irrigation offtakes

Type / design, species

Fish stocking

Species, location, numbers

Feral predator control

Method, species (fish, pigs, foxes, cats)

Feral competitor control

Method, species (fish, rabbits, rodents, birds)

Pollution management

Chemical, nutrient, faecal etc.

Poisons management

Insecticides, herbicides, baits, methods (rabbit, fox, cat, pig)

Water quality management

Salinity, anoxic black water, acidity

Water temperature management

Dam releases, shading

Human disturbance management

Hunting, fishing, gathering, access restrictions

Grazing management

Frequency, intensity, type (cattle, sheep, goats, horses, natives etc.)

Vegetation clearing management

Location, area, type, method, spatial and temporal patterns

Harvesting management

Method, spatial and temporal patterns (vegetation, wood, water)

Revegetation

Method (watering, seed, tubestock etc.)
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COMPLEMENTARY MEASURE TYPE

VARIABLES AND CONSIDERATIONS

Artificial hollow installation

Number, species target, type, design

Re‐snagging

In channel and floodplain

Fire management

Frequency, intensity, type

It is worth noting that Complementary Measures may have benefits or impacts for ecological groups that do
not fall into these themes (e.g. aquatic biota such as biofilms, snails, mussels, crustaceans and other
invertebrates and water‐dependent fauna such as frogs, mammals and reptiles). Whilst these groups are not
considered in this report, the proposed method has the capacity to be extended to include other biota.
The next phase of work will introduce greater consistency of spatial and temporal scaling. Currently the
method works on four spatial levels:
 Basin scale refers to the entire Murray‐Darling Basin
 Sub‐Basin scale refers to the Northern Basin or the Southern Connected Basin
 Catchment (region) scale refers to the catchments within the Basin
 Local scale (reach, site, or sub‐site) refers to the area in the vicinity of the site.
Temporal scale is considered separately in the CRBA and the other components. In the FGA and the PBA,
benefit is estimated assuming that sufficient time has passed to accrue the full benefit of the complementary
measure. In the CRBA, this benefit is adjusted by accounting for the expected time to receive the long term
benefit. The assumption is that benefits that are accrued more rapidly are more likely to be achieved with
certainty.
The next phase will test the method at the proposed spatial and temporal scales and further define the
impact of scale and context on the assessment of the relative benefit on an agreed suite of Complementary
Measures. Scale is currently incorporated in two places in the full assessment method: inherently in the FGA
(which accounts for the spatial and temporal scales of the life history processes of each functional group),
and in the CRBA (which has explicit spatial and temporal scale criteria that evaluate the scale that is
influenced by the complementary measure). Clearly, estimations of such scale issues as time for maximum
benefit to occur (and frequency of repeat treatment), duration of benefit, and spatial scale of benefit, are
part of the data requirements for developing quantified estimates of ecological benefit that can be
incorporated into future benefit/cost assessments which should guide the selection of Complementary
Measures for future funding and development. Overton et al (2014) incorporated consideration of spatial
scale in their ‘ecological elements’ estimates and similar methods may be relevant here.
In its simplest form, the impact of scale could be evaluated by sensitivity analysis (i.e. changing the extent of
the expected scale of influence of the Complementary Measures to determine whether the rank order of
environmental benefits of Complementary Measures are altered by uncertainty in scale effects). An
alternative or complementary approach would be to formally evaluate the scale of influence of
Complementary Measures by researching past projects to provide a more empirical estimate of these
Cumulative Relative Benefit Assessment (CRBA) criteria. This latter approach would provide a set of criteria
that would provide more guidance to users of the CRBA, but would be more research‐intensive and would be
reliant on the existence of Complementary Measure data that could be evaluated; this may not be possible
without substantial new information/estimates for some Complementary Measures such as the carp virus,
but may be possible for other Complementary Measures like fishways or cold water pollution mitigation.
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10.2 Development of a scientifically rigorous evidence base for each
complementary measure and ecological response combination
It is essential that assessment, ranking and prioritisation of Complementary Measures be based on the best
available data and science. In Australia, datasets describing the effectiveness of management interventions
that could be classed as Complementary Measures are uncommon, and it is even rarer that interactions,
multi‐scalar effects or unintended effects are measured or documented. Scientific data collection and
analysis is required to fill specific knowledge gaps, particularly in relation to providing an information base to
determine unexpected outcomes, such as ecological ‘dis‐benefits’, so that these can be adequately taken
into account in the assessment of Complementary Measures effect. A multi‐pronged approach to gathering,
making available and using all available information and expertise is required. This should build on the
approaches commenced in this project, including literature reviews, expert elicitation, and modelling (both
conceptual and numerical). Data collection including monitoring and evaluation will be necessary to go
beyond what is achievable with existing limited knowledge; and adaptive management of complementary
measures roll out and maintenance will be appropriate. Where multiple approaches are used to develop a
scientifically rigorous evidence base, the links among these approaches and their relative weights or roles
within the evidence base will be made explicit. Areas of disagreement amongst expert opinion or conflicting
conclusions in the literature will require accommodation in the models and investigation as part of the
ongoing process.

10.2.1 Literature reviews
Literature reviews may vary in depth and rigour depending upon the methods used, ranging from full
systematic literature reviews, to rapid evidence syntheses, to narrative literature reviews that provide
context and understanding. In this project we trialled the use of the EcoEvidence tool (Norris et al, 2012) to
conduct a rapid evidence synthesis on the impact of fishways on the meso‐lotic fish functional group. While
we found broad support for the hypothesis that fishways support population level outcomes for meso‐lotic
fish, there was relatively little supporting literature for our hypothesis. This finding may not reflect the full
picture, as we were unable to review the grey literature, and there may be benefit in reviewing the personal
literature repositories or Endnote databases of domain experts to expose additional research and improve
the evidence synthesis.
Despite the possibility of finding more studies in the grey literature, the lack of peer‐reviewed primary
literature justified our use of experts to elicit ecological responses to Complementary Measures in the short‐
term. However this lack of available science also highlights the considerable uncertainty that exists in the
scientific literature regarding the impacts of Complementary Measures in the Murray‐Darling Basin. There is
a clear need for further studies to better understand the key hypotheses behind the ecological impacts of
Complementary Measures, but practicality demands that these studies are well‐targeted to address the
uncertainties that most impact the expected outcomes of Complementary Measures. To inform this kind of
prioritisation, a logical next step would be to develop the necessary Conditional Probability Models for each
functional group, then use a structured process (either rapid evidence synthesis or another expert‐driven
process, such as Value of Information (Runge et al, 2011; Nicol et al 2017) to rapidly evaluate which areas of
uncertainty justify targeted monitoring studies before investing in costly and time‐consuming monitoring.
Developing a structured prioritisation process for future monitoring studies should be a key aspect of the
next phase of the project.
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10.2.2 Targeted scientific data collection and analysis to fill knowledge gaps
Once the key uncertainties regarding the ecological benefits of Complementary Measures have been
identified, scientific data collection and analysis to fill cause‐and‐effect knowledge gaps can be implemented.
Data collection is required in the long‐term for construction of accurate and precise models and associated
predictions of the effects of Complementary Measures.
Targeted data collection and analysis for Complementary Measures would be designed with a priori scientific
principles in place (e.g. hypotheses, representativeness, replication, scale‐appropriate). For example, where
multiple Complementary Measures of the same type are planned, these may be incorporated into a scientific
design that includes before‐after control‐impact measurements, increasing the reliability of the results and
the ability of managers and scientists to infer mechanisms. These are components of a rigorous adaptive
management framework.
Where replicated before‐after control‐impact type studies are not possible, targeted on‐ground monitoring
could be established that provides data to test that the desired outcomes in both the short‐term and the
long‐term, and at the appropriate scales, are achieved. Short‐term outcomes may relate more to the
ecosystem process (e.g. recruitment) that is driving the ultimate ecosystem response (e.g. abundance). Key
considerations in the monitoring plan should include the expected impact of the monitoring (both in terms
of knowledge gained and potential impact of the Complementary Measure being studied); the cost of
monitoring; and how long until results are expected to inform management. The data from such monitoring
would then be analysed by independent experts to elucidate what conclusions can be drawn regarding the
relationship between a Complementary Measure intervention and environmental effects taking into account
the exogenous factors that are also likely to influence observed ecological responses.

10.2.3 Expert elicitation
Expert elicitation will remain a key part of the process of evaluating the ecological benefits of
Complementary Measures. Experts can identify promising areas for monitoring, as well as fill the gaps in
formal knowledge until monitoring can provide empirical evidence in key areas. Although the expert
elicitation procedure was generally considered the most promising approach for evaluating the relative
ecological benefits of Complementary Measures, the results obtained from the meso‐lotic fish example did
not match the expectations of the experts who undertook the elicitation (Chapter 5). This suggests that
further work is required to refine the expert elicitation method and process.
As outlined in Section 5.7 and despite our efforts to reduce it, there was considerable ambiguity in the
expert elicitation process. Some of this was unavoidable (for example, simplifying multiple species’ needs
into an aggregated functional guild), but the variation in responses could be reduced by developing an
agreed understanding of what was being estimated by the experts. Other sources of ambiguity could be
more easily removed. In particular, it was very difficult for the experts to assess the benefit of
complementary measures without knowing the location and nature of the proposed Complementary
Measure. Although it is understood that the approach is designed to give a general estimate of relative
ecological benefit, the nature of the problem is that Complementary Measures are context‐dependent, so it
would be much easier to reach agreement if more details of the locations, spatial scale, timing and other
details of the Complementary Measures could be provided prior to expert elicitation taking place.
There are a number of practical steps that could be taken to improve the expert elicitation, and these are
outlined in Section 5.7. Perhaps most critical are: (i) that the structure of the cause‐and‐effect models be
refined and agreed by the experts, in particular the linkages between the nodes, so that there is more
confidence in the model and a stronger relationship between the environmental variables influenced by
Complementary Measures and the output; and (ii) that the definition of the output node (in our case relative
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abundance, but this may need to be expanded to include others) be agreed and more tightly defined.
Although steps were taken to deal with these issues in the first instance (e.g. experts were given
opportunities to review the model structure prior to elicitation commencing, and all states were defined
prior to elicitation, see Appendix E ), it is likely that by undertaking the process, the experts now have a
better understanding of the modelling and elicitation processes and could provide the input necessary to
shape the model in a way that matches their system knowledge. To aid this process, we recommend that
elicitation is undertaken in a face‐to‐face setting (time restrictions prevented this during our project), as this
would likely help to resolve many of the ambiguities in definitions.
As noted in Chapter 5, the experts felt that the elicitation process is a promising approach and worthy of
further investigation. However if the results continue to differ from expert expectations after further
refinements, then an alternative approach that does not require the translation step of reducing complex
systems to simple cause‐and‐effect modelling (e.g. a direct benefits estimation, where experts are asked to
rank Complementary Measures directly) may need to be investigated.

10.2.4 Conceptual modelling
The use of multiple conceptual models with varying levels of details and complexity provides a path from
highly detailed, specific process knowledge through to simplified conceptual models that can then be used to
determine conditional probabilities, as described above. The use of conceptual models that are suitable for
eliciting evidence, and are operable within a more generic framework is a key component to ensuring
assessment of relative benefits from Complementary Measures are applied consistently across BWS
ecological themes and between Complementary Measures. The models are also the framework by which
new knowledge is captured and put to work as part of the refinement process of adaptive management, i.e.
learning by doing.
A next step is to develop and refine conceptual models for the remaining functional groups in each theme.
This should be done using a rapid prototyping approach, where models are created and parameterised
quickly, then reviewed and refined in a series of iterations once results have been generated. This approach
allows experts to rapidly become familiar with the whole modelling process, as well as quickly see the results
and refine the models to reflect their knowledge of the system. The key initial output of the conceptual
models should be to quickly identify promising Complementary Measures and the key uncertainties that
limit our understanding of their ecological impacts. These initial models can then be used to inform
monitoring or literature reviews that seek to resolve important uncertainties and develop the necessary
evidence base to evaluate Complementary Measures.
The next phase requires the development of a sufficient evidence base to allow further conceptual models
to be built with sufficient veracity and to then be reported and used appropriately. The expert elicitation
process used to populate conceptual models, combined with literature review and analysis and
determination of overall confidence in the model “links” needs to be made explicit. In particular, when there
is no evidence or contested/conflicting evidence in the literature for hypothesised links, this should be
reflected in the models, reported in the outcomes, and used to inform future monitoring studies.
At a minimum, two levels of modelling are required to ensure that the predicted effects of Complementary
Measures on ecological responses are realistic:
 an overarching conceptual model that demonstrates our understanding of the system as a whole at the
relevant spatial and temporal scales; and includes all critical interactions and critical processes. This is a
model at the level of the ecological endpoint.
 implementation model(s) (CPMs) for use in predicting specific benefits and dis‐benefits of Complementary
Measures using a limited number of ‘nodes’.
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Intermediate models representing simplified cause‐and‐effect models as a stepping stone between these
two levels may be required and/or desirable for some functional groups.
There are two further important considerations for future model development:
1. Implementation models (CPMs) should be connected to each other and interact for better whole‐of‐
system predictions.
2. The facility to predict dis‐benefits as part of future modelling in order to avoid unintended
consequences and associated costs.
It is important to acknowledge that key information can be lost in simplifying a conceptual model. The next
phase will ensure explicit statements of what information may be lost in each step and the relative impact of
information loss on likely outcomes are documented, and the potential impact from that loss of information
incorporated into any assessment of environmental benefit as a caveat.

10.3 Testing and refinement of describing Complementary Measures
10.3.1 Inclusion of all relevant spatial and temporal scales in functional group CPMs
Assessment of the plausibility of outcomes at all relevant spatial and temporal scales of both the
Complementary Measure and its effects is important for assessing environmental benefits and exploring
interactions between complementary measures and ecological outcomes. In particular, the effects of natural
temporal variability and the longevity of the effects of complementary measures needs to be documented
and taken into account in the assessment (as a part of the CRBA).
Following construction and testing, CPMs would be reviewed in light of the evidence used to build them (e.g.
re‐running expert elicitation processes) to refine and check outcomes and expectations and specify
relationships rigorously. Once complete, it may become apparent that there is overlap among the different
functional groups and a smaller subset of CPMs may prove sufficient.

10.3.2 Potential interactions among Complementary measures and modules
Complementary measures may have multiple potential benefits and/or dis‐benefits and may also interact
with one another. The ability of the method to capture these multiple (dis‐)benefits and interactions needs
to be fully explored. This should ideally be done with a synthetic set of complementary measures or with
complementary measures for which the benefits and dis‐benefits are well understood to assess how the
method responds under a known set of parameters.
Anticipated ecological benefits from a Complementary Measure may only apply to particular BWS ecological
theme (or potentially specific species within a theme) and only in situations where the reasons for the
previous declines have been addressed. For example, fish stocking could be a benefit for those species that
have severely declined (e.g. trout cod, Southern pygmy perch, olive perchlet or Macquarie perch), but
stocking alone without addressing the root cause of decline may not lead to sustained benefit e.g. other
habitat values such as hydraulic diversity have not been restored. While it is necessary in the current method
to simplify whole groups of species into functional groups there will always be differences among species,
which may not be teased out in simplified approaches.
It is recommended the next phase to also explore the potential benefits or dis‐benefits of Complementary
Measures in terms of ecological groups that do not fall into the primary BWS ecological themes (e.g. aquatic
invertebrates and other water‐dependent fauna such as frogs, mammals and reptiles). Existing conceptual
and conditional probability modelling approaches proposed in the method can be used to include additional
ecological themes and the positive and negative interactions among Complementary Measures. In addition,
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the method could be expanded to begin to address issues of expert knowledge bias (unconscious or
conscious) with any species or group of species and/or a particular geographic area. The CRBA is based on
multi‐criteria decision analysis, and so provides a basis for objectively deciding between a complementary
measure that has benefits for one theme or species but would have a negative impact on another theme or
species.
Finally, in the next phase, modules and their linking pathways will also need to be tested and/or extended to
incorporate further additional outcomes and interactions. For example, differences associated with the use
of the PBA only compared with the full CRBA using the FGA should be carefully explored. The ability of the
CRBA to adequately weight values associated with the attributes of various complementary measures also
requires assessment. Where complexity, insufficient evidence or expert disagreement prevent a robust
assessment, the chosen resolution should be carefully reported to ensure transparency. This will include
accounting for perverse outcomes and accounting for those Complementary Measures of benefit for one
ecological theme (e.g. fish) but have limited or no benefits for other themes – and/or may result in ecological
dis‐benefits.

10.3.3 Understanding interactions of Complementary Measures with flow and climate
The potential environmental effects of many, if not all, Complementary Measures in rivers, floodplains and
wetlands are likely to be highly dependent on flow and/or flooding characteristics including volume, velocity,
timing, duration, depth, frequency and extent. Consequently, the overall usefulness of Complementary
Measures needs to be modelled and understood in the context of a range of different flow scenarios,
including both natural and environmental flows. Similarly, the effects of both flow and Complementary
Measures is dependent on climatic or weather conditions, in both the short and long term. To account for
interactions with flow and climate, it is recommended that in the next phase, conceptual and conditional
probability models be upgraded to specify the impact of critical flow conditions, long‐term climatic
conditions and short‐term weather conditions in order to better predict the effects of Complementary
Measures on target and non‐target outcomes.
Complementary Measure interactions with flow and climate are particularly relevant to Basin plan objectives
for maintaining or increasing longitudinal and lateral connectivity (hydrological and ecological). Connectivity
is an overarching objective across all the other objectives, with benefits that are broader than the theme‐
specific objectives for fish, waterbirds and vegetation. For example, connectivity is important for ecological
processes such as nutrient transport and hydrological processes (e.g. floodplain retention); the
interrelationships between floodplain and channel habitats; and the integrity of flow, longitudinally and
laterally, over different spatial scales. The impact of the Complementary Measure on connectivity and other
relevant aspects of the flow regime can be included as additional criteria within the framework of the
existing CRBA. The next phase will further elucidate the interactions of Complementary Measures in terms of
those criteria to improve assessments of the interactions with flow, climate, other Complementary Measures
and other ecological targets.

10.3.4 Feasibility of extending Complementary Measures to include other domains in the
future
In the first instance, the initial phase of assessing the relative benefit of Complementary Measure has been
restricted to the biophysical domain. However the current models could potentially be extended in the
future to include other domains (beyond relative environmental benefit) such as value for money, social
acceptability and social benefit. This would require extensive additional testing and refinement of the
current ‘environmental’ models prior to including the assessment of parameters from other domains such as
social values and economic benefit.
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10.4 Measurement and communication of sensitivity and uncertainty
Any modelling and prediction process requires testing and refinement of various types and sources of
sensitivity and uncertainty. The reduction of real world complexity through the development of conditional
probability or multi‐criterion decision analysis models is a necessary part of evaluation, but the sensitivity of
any model and the uncertainties within it need to be presented and communicated effectively. Models such
as Conditional Probability models (here used for the FGA) typically combine or ‘repackage’ complex sets of
multidimensional factors and relationships and deliver them as a few simple numbers. The sensitivity of the
model can significantly affect modelled outcomes. Complexity, including multiple links in a model, dilutes the
effect of an impact or action, while direct links to a final outcome can exaggerate the influence of an impact
or action. Definitions and language/wording also have a significant influence on results. The effects and
implications of this repackaging process (here both in the FGA and in the CRBA) must be communicated
effectively to users in a way that ensures limitations and caveats are made clear.
For example, explicit representation is required of uncertainty driven by expert disagreement compared with
that uncertainty remaining through lack of knowledge/data or due to stochasticity in the system (e.g. the
realised flow regime which cannot be known in advance). In the next phase, the testing and refinement of
the FGA and CRBA models will include checking and documenting the influence of individual experts and
variation in perspectives. Thought processes will vary among experts and there may be significant
differences in opinion on whether certain factors should or should not be included or on the relative
influence of individual factors. Further research is required to better define the influence of these
differences. Several approaches are proposed in phase two including bootstrapping analyses; confidence
estimates that propagate error through the method; measurements of consensus; standard deviations of
distribution of average expert ratings; pairwise probabilities (between experts); and sensitivity analyses
focusing on a range of attributes in the method (e.g. the structure of the FGA and the criteria and/or
weightings/combinations [if applied] in the CRBA). At minimum, phase two will require further qualitative
elaboration and some testing of the effects of differences in expert opinion (e.g. in the structure of FGA
models or in the effect of individual Complementary Measures) on the resulting assessment of relative
ecological benefit and whether those differences lie within an acceptable range.
In the next phase, the use of multiple experts to parameterise the models (i.e. ideally six) means that one
individual who has a divergent opinion will not overly influence the ensemble model, but further analyses
would be recommended to identify who is more likely to be correct. This, in combination with the literature
reviews recommended above, will provide the most robust evidence base for assessing Complementary
Measures.
Given that models can be considered to represent untested hypotheses, it is strongly recommended these
are implemented in an adaptive management framework such that these hypotheses can be tested via
management expertise and updated iteratively as more is learned. Throughout this process, method
limitations, risks and caveats need to be communicated effectively, with necessary caveats to ensure that
the approaches developed are not misapplied. For example, there may be an underlying assumption that
Complementary Measures lead to an ‘equilibrium benefit’ – the conceptual models are generally not aimed
at generating long‐term trajectories or assessing dynamic responses to stochastic events like droughts etc.
While this is beyond what can be addressed currently, these limitations can be appropriately acknowledged
and qualitative or semi‐quantitative assessments added via criteria within the CRBA. Future development of
approaches for more advanced models will seek to inform understanding of cumulative long‐term responses
and systemic properties such as resilience to shocks (e.g. fires, drought).
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10.5 Development of a work plan for the next phase
The initial phase of the Complementary Measure relative environmental benefit assessment conceptual
framework and method has produced credible results that the project team consider worthy of further
investigation and refinement. The project team worked to the following high level tasking (Table 19):
Table 19 ,High level tasks, by module, completed within project and those identified for beyond
Method module

Within Project

Beyond (further research programme)

Literature review synthesis

Completed for fishways and meso‐lotic
fish functional group

Completed for all functional groups for all
given CM types

Detailed conceptual models
that link CMs with benefits
(cause‐effect models), tiered
approach

Tiers completed for one functional group
in each theme (fish, waterbirds,
vegetation)

Completed for all functional groups for all
given CM types

Expert elicitation for one
conceptual model (to
demonstrate method –
extent dependent on
undertaking of literature
review module

Completed for at least one pilot study
(fishways and meso‐lotic fish)

May be required for other functional
groups and given CM types, depending on
undertaking and results of Literature
Review synthesis module

Develop CRBA module that
supports multiple sources of
input and allows for CMs to
be considered in relation to
each other – provides for
shorter‐term assessment

Completed and tested on a few CMs and
themes (to be determined) – may lack
genericity across temporal and spatial
scales

Method tested on wider range of CMs for
multiple instantiations.

Cause‐effect model
implemented as a working
CPM – part of longer term
approach

Model built in Netica for meso‐lotic fish
for fishways CM and one other
combination of functional group and CM

All functional group models built and
operational

The list below sets out the key tasks to be undertaken to define the relative environmental benefit of
Complementary Measures in the broader goal of achieving Basin Plan objectives.
Key tasks include:
1. Development of a full suite of spatially and temporally relevant and explicit complementary measure
proposals
2. Development of a scientifically rigorous evidence base for each potential complementary measure and
ecological response combination, including:
a.

Undertaking literature reviews

b.

Designing targeted scientific data collection and analysis

c.

Conducting expert elicitation

d.

Development and refinement of complete conceptual and conditional probability models

e.

Integrative modelling of multiple complementary measures and ecological responses (positive and
negative)

f.

Measurement and communication of sensitivity and uncertainty

The use of a Science Leadership Team (expert panel) in the development of the Complementary Measure
method has provided a useful mechanism for testing and validation of Complementary Measure
assessments. The Science Leadership Team has worked under intense time restrictions to produce a credible
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result that is proof of concept. The diversity of experience and geographic understanding has been useful to
improve the rigour of the approach and this should be continued in any future work. The results indicate that
further investment could provide a new useful tool for management that has previously not existed. Building
a robust tool that provides objective assessment of the relative benefit of additional measures to achieve
environmental outcomes will strengthen management actions to meet Basin Plan objectives. Having
developed significant parts of the approach, the project team is confident that it can accelerate
implementation of the full assessment method or one or more of its components if this was pursued.
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Appendix A Project details

A.1

Scope as set out in Terms of Reference12

“A method will be developed, in conjunction with jurisdictions and other experts, to assess the relative
environmental benefits of Complementary Measures in supporting the achievement of Basin Plan outcomes.
The method must be underpinned by an evidence based conceptual framework that identifies linkages
between the Complementary Measures and environmental objectives/outcomes sought under the
Basin Plan / Basin‐wide Environmental Watering Strategy / Long‐term Watering Plans.
The assessment method must be capable of assessing the potential effect (benefits and dis‐benefits) of
Complementary Measures on native fish, waterbirds, floodplain and riparian vegetation and connectivity (as
targeted by the Basin Plan) taking into account different spatial and temporal scales. The method must also
be capable of assessing the relative effect of flow on native fish, waterbirds, floodplain and riparian
vegetation and connectivity (as targeted by the Basin Plan). The method should be capable of informing the
extent that individual Complementary Measures contribute to achievement of Basin Plan outcomes, the
interactions and dependencies (positively or negatively) between individual Complementary Measures or
packages of Complementary Measures and the interactions and dependencies with flow.
The Authority acknowledges that it will likely take a number of years for the science to be developed and
mature into a robust and defensible framework that can be used to build a comprehensive understanding of
the contribution that Complementary Measures can make to achieving Basin Plan outcomes. However, there
are some short term deliverables to be met, including to provide timely advice to Ministerial Council on the
feasibility of such a method. Accordingly, a staged approach to development of a Complementary Measure
assessment method is required that progressively works towards achieving a method and advice consistent
with the principles agreed by BOC at meeting 44 on 20 October 2016 for method development13.
Key characteristics:
 will use evidence‐based science including expert judgement / elicitation where empirical evidence does
not exist
 may include a mix of qualitative assessments, semi‐quantitative and quantitative assessments, depending
on the availability and quality of existing information
 will need to provide outputs that are relative (can be compared between Complementary Measure
scenarios) and in the form of environmental benefit scores and/or ratings. This will include the need to
consider how scores or ratings would be aggregated across ecological themes and temporal and spatial
scales
 will need to consider multiple spatial and temporal scales of effects ( i.e. benefits and dis‐benefits)
 will need to assess environmental effects with respect to the environmental objectives and outcomes
sought by the Basin Plan – at a minimum this relates to the themes of the Basin Watering Strategy being
fish, vegetation, waterbirds and connectivity‐ as articulated in the Watering Strategy and Long Term
Watering Plans (where available)
 will need to take into account the expected magnitude, timing, permanency, certainty and likelihood of
environmental effects

12

Extract from project Terms of Reference and subsequent Contract for Services

13

These are captured in the Functional Evaluation criteria in Error! Reference source not found..

74 | Scoping the development of a method to assess the relative environmental benefits of Complementary Measures

 will need to be capable of assessing the net effect on environmental outcomes, for example between
positive and negative effects on ecological outcomes at different spatial and temporal scales
 will need to consider dependencies and interactions, including between Complementary Measures and
with flow that will influence outcomes e.g. a certain flow regime will be necessary for a fishway to be
effective and/or to fulfil other lifecycle needs and different Complementary Measures may have a
synergistic effect meaning the benefits of a package of measures may be greater than the sum of its parts
 will need to be capable of assessing and considering risk
 the level of confidence in information used to assess the effects of complementary measures will be
clearly documented
 any limitations in the assessment framework and method and all assumptions and underlying
evidence/justification/rationale for methodological choices will be clearly documented.”
Deliverables were set out in the Contract for Services and are listed in Table 20.
Table 20, Project deliverables and corresponding due dates
TIMEFRAME

DELIVERABLE

PRODUCT

Early
February

Comparison of a range of candidate methods and recommending preferred
approach

Report

February

Science leadership team established

March

Preliminary development of conceptual model/framework (informed by a pilot
study using fishways) including recommendations for application in short and
longer terms

Report

June

Application of the method in short‐term and progress with longer term method
development, application to other Complementary Measures, as agreed

Report

A.2

The project team

The Authority requested CSIRO to contract up to eight (8) external expert. CSIRO prepared a Services
Requirements document for this Science Leadership Team (SLT) that was distributed to jurisdictions, who
then nominated experts. The Authority, with CSIRO, interviewed all nominees in early February with
membership confirmed in late February. The team worked closely with the Authority and acknowledges the
positive and productive nature of this relationship. The external experts, the Science Leadership Team (SLT),
in alphabetical order, were:
 Dr Angus Webb, University of Melbourne
 Dr Lee Baumgartner, Charles Sturt University
 Dr Marcus Cooling, Ecological Associates
 Dr Martin Mallen‐Cooper, Fishway Consulting Services
 Prof Nick Bond, Murray‐Darling Freshwater Research Centre (MDFRC, La Trobe University)
 A Prof Rebecca Lester, Deakin University
 Prof Richard Kingsford, UNSW
 Dr Terry Hillman
CSIRO team members were:
Dr Ian Cresswell, Dr Heather McGinness, Dr Danial Stratford, Dr Sam Nicol, Dr Daryl Nielsen (MDFRC), Dr Paul
Brown (MDFRC), Dr Barbara Robson, Dr Nicky Grigg, Susan Cuddy, Sean Tashi Chua.
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A.3

Timeline

Table 21, Timeline of activities undertaken by the project team, ordered by month
Month

Key event

2016

 Pre‐project. Several meetings with Complementary Measures Working Group; bilateral meetings; preparation of
Preparation of Terms of Reference for project by MDBA

January

 Preparation of high level project plan and budget, in response to Terms of Reference
 Establishment of project governance arrangements and working together principles
 Preparation of Terms of Reference (Service Requirements) for Science Leadership team (SLT)
 Exploration of possible approaches to assessing relative benefit

February  2/2 CMWG meeting
 6/2 Discussion paper ‐ ‘Options for assessing relative environmental benefits of Complementary Measures,
Stratford and Nicol) – submitted to MDBA
 17/2 Revised Options paper resubmitted, and distributed to CMWG for comment
 Interviews with SLT candidates (nominated by jurisdictions)
 23/2 ‐ SLT membership confirmed
 Conceptual modelling component commenced, leading to proposal of multi‐tiered modelling approach
March

 9/3 – Project Inception workshop #1 – team‐forming, possible approaches, etc.
 9/3 ‐ Decision point – agreed to pursue conditional probability modelling (CPM) approach
 Progressed fish conceptual model and their conditional probability instantiations
 Writing of progress report

April
(hold
point)

 4/4 Progress report submitted to MDBA
 6/4 Team workshop #2 to decide on conceptual modelling approach & conditional probability approach,
extension to waterbirds and vegetation, refresh on evidence base steps (literature review and expert elicitation),
planning for April‐June
 13/4 Revised progress report submitted to MDBA (revised to reflect review comments from MDBA & from
workshop)
 13/4 Progress report distributed to CMWG for comment by 21/4
 19/4 Verbal presentation of work‐to‐date and workplan to CMWG telemeeting
 23/4 Workplan for April‐June re‐ submitted to MDBA
From this point onwards, the team split into sub‐teams with specific tasks assigned – set out in April‐June workplan.
Sub‐teams met, mostly by phone, many times during the month to progress the conditional probability models, the
development of the Initial Assessment Module (IAM), the MCDA, the literature review

May

 8/5 Comments from South Australia on Progress report
 31/5 Final team workshop #3 – discussed (new) MCDA modules and way forward
 31/5 Concluded development work to move onto writing

June

 16/6 Draft of final report submitted to MDBA and circulated to CMWG and within MDBA for comment
 30/6 Revised draft submitted to MDBA

July

 8/7 Final report submitted to MDBA, together with response to review comments
 Finalising project paperwork

A.4

Outputs

Three reports have been produced during the course of the project. The first (Stratford and Nicol 2017) – an
Options paper in late January 2017 – identified a range of methods that could be considered for assessing
the relative environmental effects of Complementary Measures and made a judgement as to which
method(s) to progress. The contents of this report are described in more detail in Appendix A ; the second
(Nicol et al. 2017) – a progress report in late March 2017 – reported on progress with development of a
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conceptual framework and method including how the method was being trialled (via a worked example).
Material from this report has been incorporated into this report.
This report fulfils the requirements for the third deliverable to describe the application of the method to
other Complementary Measures, report on trial of the method in the short term and progress with longer‐
term method development, including next steps should further method development be pursued.

A.4.1

‘Options for assessing the relative environmental benefits of Complementary
Measures’ report #1

This report, submitted to MDBA in early February 2017, was written by CSIRO, prior to formation of the SLT
to provide rigour around the selection of appropriate techniques for method development. It identified
candidate approaches for developing the knowledge base, and for benefits estimation, and assessed these
against standard usability criteria, and principles provided by the Basin Officials Committee.
For developing the knowledge base, the authors explored three methods:
 KB1 ‐ Empirical relationships derived from quantitative observational data to support estimation of
benefits (no conceptual modelling of cause‐effect relationships)
 KB2 ‐ Expert‐elicited conceptual models
 KB3 ‐ Conceptual models informed by literature review, documenting strength of knowledge and
magnitude of benefits.
They explored five benefits estimation methods:
 BE1 ‐ Multi‐criteria decision analysis (MCDA)
 BE2 ‐ Modification of Ecological Elements flow response curves and/or weightings
 BE3 ‐ Preference curve (habitat suitability) modelling
 BE4 ‐ Bayesian belief (conditional probability) networks
 BE5 ‐ Bayesian belief (conditional probability) network and dynamic population models.
Two sets of criteria – 13 functionality (Table 22) and 4 feasibility (Table 23) ‐ were established to assess the
relative merit of each of the candidate methods. These criteria were adapted from the principles for method
development and key method characteristics outlined in Appendices to the Terms of Reference for the
project.
Table 22, Functionality criteria used to evaluate candidate methods
#

CRITERION

DESCRIPTION

1

Transparent

Methods and assumptions should be well documented and clear to understand

2

Facilitates communication

The method should be simple to understand and easy to communicate to a non‐
technical audience

3

Rigorous and evidence‐based
(including robust and
defensible)

The method should be scientific and evidence‐based, and be robust and defensible. The
method should be suitable for the purpose, with parameters informed by the current
scientific knowledge base

4

Repeatable

All methods and assumptions should be documented to ensure that the process can be
repeated in future if required. Outputs from models should be able to be reproduced in
future exercises and by other modellers to obtain the same or comparable results

5

Handles spatial scales

The method should be able to consider benefits across multiple spatial scales

6

Handles temporal scales

The method should be able to consider benefits across multiple temporal scales. The
method should be able to consider benefits under multiple temporal dynamics (e.g.
account for antecedent conditions and time lags)
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#

CRITERION

DESCRIPTION

7

Handles generality / specificity

The method should be able to estimate the benefits of a complementary measure in a
specific case, but should be sufficiently general to be able to be applied in different cases
across the Basin. The method should balance the need for adequate representation with
limitations in local knowledge. The method should be sufficiently general that it can be
applied consistently across different locations

8

Incorporates / assesses
uncertainty in achieving
objectives

The method should take into account the level of confidence in being able to achieve the
environmental benefits or outcomes. The level of confidence in the information used to
assess the benefits of complementary measures should be clearly documented

9

Handles multiple criteria across
the Basin Plan themes

The method should assess environmental benefits with respect to the environmental
objectives and outcomes sought by the Basin Plan – at a minimum this relates to themes
of the Basin Watering Strategy being fish, vegetation, waterbirds and connectivity ‐ as
articulated in the Watering Strategy and Long Term Watering Plans (where available)

10 Handles interactions between
Complementary Measures and
Complementary Measures and
flow

The method should consider dependencies and interactions, including between
Complementary Measures and with flow, e.g. fishways and fish habitat and flow are
likely to have a synergistic effect meaning the benefits of a package of measures will be
greater than the sum of its parts

11 Supports Triple Bottom Line
assessments

The method should support the assessment of complementary measures against triple
bottom line (environmental, economic and social) outcomes

12 Maintains integrity of existing
methods used in the Basin

The method should not undermine the scientific integrity of existing methods used in
the basin

13 Considers benefits (including
relative benefits)

The method should provide outputs that are relative (enable comparisons between
Complementary Measure scenarios and Basin Plan themes) and in the form of
environmental benefit scores and /or ratings

Table 23, Feasibility criteria used to evaluate candidate methods
#

CRITERION

DESCRIPTION

14

Achievable within timeframes &
resources

The method should be achievable within the designated timeframe set for the project
using the resources assigned to the project. The method should be able to be
supported by knowledge and data available to the project team

15

Data availability and maturity of
methods

The method should be able to be implemented with available data and knowledge.
The method should be based upon similar established methods that have a
demonstrated suitability for similar applications

16

Usability

The method should be able to be used by people outside of the method development
team and in other comparable applications beyond the case study

17

Flexibility of input data types
(qualitative & quantitative)

The method should be able to include a mix of qualitative, semi‐quantitative and
quantitative data, depending on the availability and type of existing information. The
method should be able to combine evidence‐based science and expert judgement

Each option was assessed by the report authors, both with broad familiarity with decision analysis and
ecosystem modelling approaches, against a criterion using a categorical scale (low, medium or high). ‘Low’
was assigned where the option was judged to be unlikely to meet the criterion, ‘medium’ where the method
met the criterion with certain limitations, and ‘high’ where the method met the criterion well. Points were
then assigned to each criteria (Low= 1 point; Medium= 2 points; High= 3 points). The evaluation was
completed independently by the report authors and the aggregate scores were averaged. Methods with
higher average scores were preferred for that criterion. Total scores were used as an indicator of overall
suitability of each method and were computed separately for overall functionality (how well does the
method meet the performance and technical requirements?) and feasibility (how achievable is the method
given available data, resources and required timelines?). Results of the assessment are in Table 24.
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Table 24, Author judged suitability of each knowledge base (KB1‐KB3) and benefit evaluation (EB1‐EB5) method option
relative to the evaluation criteria. Higher scores indicate that the method was judged to better meet the criterion
KNOWLEDGE BASE METHOD
OPTONS
#

CRITERION

KB1

KB2

BENEFITS ESTIMATION METHOD
OPTIONS

KB3

BE1

BE2

BE3

BE4

BE5

2.5

2.5

2

1.5

1.5

1.5

3

2.5

Facilitates communication

1

2.5

3

2.5

2.5

3

1.5

1.5

3

Rigorous and evidence‐based (including robust and
defensible)

2

1.5

3

2

2

2

2.5

3

4

Repeatable

2

2

3

2.5

2.5

2.5

2.5

2.5

5

Handles spatial scales

1

2

2

2.5

2.5

2.5

2.5

2.5

2

1.5

1

3

1

Transparent

2

1

2

2

1

1.5

2.5

2

3

1.5

2.5

2.5

2

Incorporates / assesses uncertainty in achieving
objectives

1

2.5

1.5

2

1.5

1

3

3

9

Handles multiple criteria across the Basin Plan themes

1

3

2.5

3

2.5

3

3

1.5

10

Handles interactions between Complementary Measures
and Complementary Measures and flow

1

2

1.5

1.5

2

2

2

2.5

11

Supports Triple Bottom Line assessments

n/a

n/a

n/a

2.5

3

2.5

2.5

3

12

Maintains integrity of existing methods used in the Basin

3

3

3

2.5

2.5

2.5

2.5

2.5

13

Considers benefits (including relative benefits)

2

2

3

3

3

2.5

3

3

30

30

30.5

31.5

2

2

2

1

6

Handles temporal scales

7

Handles generality / specificity

8

TOTAL OF FUNCTIONALITY CRITERIA

18

26.5

29.5

30.5

14

Achievable within timeframes & resources

1

3

2

3

15

Data availability and maturity of methods

1

2

2.5

3

2

2.5

2.5

1

2.5

3

2.5

1.5

16

Usability

17

Flexibility of input data types (qualitative & quantitative)
TOTAL OF FEASIBILITY CRITERIA

1.5

2.5

3

2.5

1

3

2.5

3

2.5

2.5

2.5

1

4.5

10.5

10

11.5

9

10

9.5

4.5

Recommended methods
The authors recommended knowledge base Option 3, ‘conceptual models informed by literature review,
documenting strength of knowledge and magnitude of benefits’ because of their ability to provide a
transparent and robust evidence trail that would provide confidence in benefits estimation. The
disadvantage of this approach is that it is very time‐consuming.
For the benefits estimation component of the project, the authors recommended Option 1, ‘multi‐criteria
decision analysis’ for its flexibility and ability to rank relative benefit across all Basin Plan themes. [As the
project developed, this approach was combined with Bayesian belief network models (implemented as
cause‐effect conditional probability network models) to fulfil the requirements.]

A.4.2

‘A method to assess the relative environmental benefit of complementary
measures: a scoping report and proof‐of‐concept’ report #2

This progress report was delivered to MDBA in early April 2017. It detailed progress on the framework for
assessing the relative environmental benefits of Complementary Measures, including the decision to include
Bayesian belief networks (implemented as cause‐effect conditional probability network models) as part of
the relative benefit assessment. It also described progress on the fishways (fish passage) pilot study14.

14

‘Pilot study’ is an earlier term. It has been replaced with ‘worked example’ for the purposes of final reporting.
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A method framework was proposed and underpins the further development of the method.

A.5

Tools

Microsoft Excel, Netica15 and EcoEvidence16 were used to support method development. The components
described in this report can be developed without the use of specialised software; however, their use
enabled rapid development and testing of components, which would have been difficult to do otherwise.

A.6

Evaluation of full assessment method against requirements

Together, the components of the FAM meet the majority of the requirements of the method (listed in
Column 1 in Table 25), noting that there may be situations where the combination of components (e.g.
bringing multiple CPMs together) could reduce perceived transparency due to increased complexity.
Table 25, The FAM evaluated against method requirements. ● iden ﬁes the components that contribute to the FAM
meeting the evaluation criteria (identified by )
CRITERIA

FAM PBA

FGA CRBA COMMENT

Transparent



●

●

●

Method providence including literature searches and elicitation values
and assumptions are documented. Model structure and distributions
communicated with CPM models

Facilitates communication



●

●

●

Conceptual models communicate cause‐and‐effect relationships that
underpin the evaluation model as well as documenting necessary
simplifications from a full understanding of the processes involved to a
simplified set of questions for benefits estimation. Quantified CPMs are
also great for communications and live scenario testing

Rigorous & evidence‐based
(including robust &
defensible)



‐

●

‐

Literature review and confidence assessment support the conceptual
models and evaluation method

Repeatable



●

●

●

Method can be applied at different locations within the Basin, for the
three BWS ecological themes and can be used for different
Complementary Measures

Handles spatial scale



‐

‐

●

The method considers the scale that is ecologically relevant for each
Complementary Measure

Handles temporal scale



‐

●

‐

Implicit ‐ assumes that benefits have had time to reach an equilibrium
Explicit as a criterion in the CRBA

Handles generality/specificity 

‐

‐

●

Approach is flexible enough to incorporate site‐specific input

Incorporates / assesses
uncertainty in achieving
objectives



‐

●

●

Explicit in elicitation and CPM, and RCBA


Handles multiple criteria
across the Basin Plan themes

‐

‐

●

Model structured to incorporate multiple Complementary Measures in
evaluation outcomes including potential interactions


Handles interactions
between Complementary
Measures; & Complementary
Measures & flow

‐

●

●

Model structured to incorporate interactions among Complementary
Measures and between Complementary Measures and flow and explicitly
captured in the MCDA



‐

‐

‐

The approach will support, but does not undertake, TBL assessment. The
framework can be extended to include social, cultural and economic
assessment

Supports triple bottom line
(TBL) assessments

Review of literature to identify where information/knowledge may be
lacking

15

Bayesian network development software, downloadable from <https://www.norsys.com/download.html>

16

A literature cataloguing and analysis tool, downloadable from <https://toolkit.ewater.org.au/Tools/Eco‐Evidence>
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CRITERIA

FAM PBA

Maintains integrity of existing 
methods used in the Basin
Considers benefits (including
relative benefits)

‐



FGA CRBA COMMENT

●

‐

Aligns with existing methods such as using functional groups similar to
Ecological Elements method.

●

●

Estimates the relative environmental benefits achieved ‘with’ and
‘without’ Complementary Measures, and among different
Complementary Measures

Achievable within
timeframes & resources

Method is scalable, but ultimately depends upon how many
Complementary Measures are to be considered. The time invested into
literature review and expert elicitation increases rigour

Data availability and maturity 
of methods

●

●

●

The framework and method employs approaches that have been widely
used and are robust



●

●

●

Expert elicitation supported by literature provides inputs suitable for
evaluation within the method

Usability, flexibility of input
data types (qualitative &
quantitative)
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Appendix B PBA scenarios sensitivity testing results

The potential benefit scores (summed across criterion) are given in Table 26, and repeated with textual
descriptions for scores for each scenario in Table 27 to Table 32.
Table 26, PBA scores for Complementary Measures scenarios described in sub‐section 3.4.1
CRITERION

1

2A

2B

2C

3B

4A

4B

4C

5A

5B

5C

6A

6B

Ramsar Site

1

0

0

0.66 0

3A

0

0

0

0

0

0

1

1

0

International Migratory Waterbirds

1

0

0

0

0

0

0

0

0

0

0

0

0

0

Threatened species or communities

1

0

0.3

1

0.3

0.6

0

0.3

0.3

0

0.3

0.3

1

0.3

Productivity

0.5

0

0

0

0

0

0.25 0.25 0.25 0

0

0

0.5

0.25

Range, migration and dispersal of
aquatic fauna

0

0

0

0

0

0

0.25 0.25 0.75 0

0.75 0.75 0

0

Floodplain/riparian habitat
connectivity/continuity

0

0

0

0

0

0

0

0

0

0

0

0.25

Water quality

0.5

0

0

0

0

0

0.25 0.25 0.25 0

0

0

0

0

Geomorphic diversity and dynamics

0.5

0

0

0

0

0

0

0

0

0

0

TOTAL SCORE

4.50 0.00 0.30 1.66 0.30 0.60 0.75 1.05 1.55 0.00 1.05 2.05 2.50 0.80

0

0

0

0

0

Table 27, PBA scores and score descriptions for Scenario 1 Complementary Measure
CRITERION

1

CARP BIOCONTROL

Ramsar Site

1

Major improvement to multiple Ramsar sites

International Migratory Waterbirds

1

Improves aquatic vegetation, water quality and invertebrate productivity
at major IMWB sites

Threatened species or communities

1

Directly increase viability of threatened species populations e.g.
Freshwater Catfish

Productivity

0.5

Would increase aquatic vegetation productivity at the Basin scale in
wetlands but not so much in watercourses

Range, migration and dispersal of aquatic fauna

0

No benefit

Floodplain/riparian habitat connectivity/continuity 0

No benefit

Water quality

0.5

Would reduce turbidity at the Basin scale in wetlands but to a minor
extent in watercourses

Geomorphic diversity and dynamics

0.5

Would reduce bank instability and sediment resuspension at the Basin
scale in wetlands but to a minor extent in watercourses

TOTAL SCORE

4.50
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Table 28, PBA scores and score descriptions for Scenario 2 Screening of irrigation off‐takes Complementary Measures
Criterion

2a No threated species

2b

Murray Cod (V)

2c

Gunbower Creek with Murray
Cod (V) and Trout Cod (E)

Ramsar Site

0

Major irrigation
offtake not located in
or near Ramsar site

0

Major irrigation
offtake not located in
or near Ramsar site

0.66

Contributes to increased fish
abundance in Gunbower
Creek and Gunbower Forest
wetlands

International Migratory Waterbirds

0

No benefit

0

No benefit

0

No benefit

Threatened species or communities

0

No threatened species

0.3

Murray Cod (V)

1

Trout Cod (e)

Productivity

0

Minor benefit to
productivity at the
reach scale

0

Minor benefit to
productivity at the
reach scale

0

Minor benefit to productivity
at the reach scale

Range, migration and dispersal of
aquatic fauna

0

No benefit

0

No benefit

0

No benefit

Floodplain/riparian habitat
connectivity/continuity

0

No benefit

0

No benefit

0

No benefit

Water quality

0

No benefit

0

No benefit

0

No benefit

Geomorphic diversity and dynamics

0

No benefit

0

No benefit

0

No benefit

TOTAL SCORE

0

0.3

1.66

Table 29, PBA scores and score descriptions for Scenario 3 Habitat restoration Complementary Measures
Criterion

a)

No threatened species, reach scale
benefits

b)

Threatened species (Murray Cod V),
reach scale benefits

Ramsar Site

0

Not relevant

0

Not relevant

International Migratory Waterbirds

0

No benefit

0

No benefit

Threatened species or communities

0.3

Murray Cod (V)

0.6

Trout Cod (E)

Productivity

0

No benefit

0

No benefit

Range, migration and dispersal of aquatic
fauna

0

No benefit

0

No benefit

Floodplain/riparian habitat
connectivity/continuity

0

No benefit

0

No benefit

Water quality

0

No benefit

0

No benefit

Geomorphic diversity and dynamics

0

May be a minor benefit to
geomorphic processes at the reach
scale

0

May be a minor benefit to geomorphic
processes at the reach scale

TOTAL SCORE

0.30

0.60
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Table 30, PBA scores and score descriptions for Scenario 4 Addressing cold water pollution Complementary Measures
Criterion

a) No threatened species,
reach scale benefits

b)

Threatened species
(Murray Cod V), reach
scale benefits

c)

Threatened species (Murray
Cod V) catchment scale
benefits

Ramsar Site

0

Not relevant

0

Not relevant

0

Not relevant

International Migratory Waterbirds

0

No benefit

0

No benefit

0

No benefit

Threatened species or communities

0

No threatened species 0.3

Murray Cod (V)

0.3

Murray Cod (V)

Productivity

0.25 Major improvement
to productivity at the
reach scale

0.25 Major improvement
to productivity at the
reach scale

0.25

Major improvement to
productivity at the reach
scale

Range, migration and dispersal of
aquatic fauna

0.25 Affects range,
dispersal or migration
at reach scale

0.25 Affects range,
dispersal or migration
at reach scale

0.75

Affects range, dispersal or
migration at catchment scale

Floodplain/riparian habitat
connectivity/continuity

0

0

0

No benefit

Water quality

0.25 Major improvement
to water quality at
reach scale

0.25 Major improvement
to water quality at
reach scale

0.25

Major improvement to water
quality at reach scale

Geomorphic diversity and dynamics

0

0

0

No benefit

TOTAL SCORE

0.75

No benefit

No benefit

No benefit

No benefit

1.05

1.55

Table 31, PBA scores and score descriptions for Scenario 5 Fish restocking Complementary Measures
Criterion

a) Non‐threatened species

b)

Murray Hardyhead (E)
at Brickworks
(Mildura)

c)

Murray Hardyhead in Kerang
Lakes Ramsar site

Ramsar Site

0

Not relevant

0

Not relevant

1

Directly addresses ecological
character of a Ramsar site

International Migratory Waterbirds

0

No benefit

0

No benefit

0

No benefit

Threatened species or communities

0

No threatened species 0.3

Murray Cod (V)

0.3

Murray Hardyhead (V)

Productivity

0

No benefit

0

No effect on
productivity

0

No effect on productivity

Range, migration and dispersal of
aquatic fauna

0

No benefit

0.75 Improves distribution
of this species within
the catchment

0.75

Improves distribution of this
species within the catchment

Floodplain/riparian habitat
connectivity/continuity

0

No benefit

0

No benefit

0

No benefit

Water quality

0

No benefit

0

No benefit

0

No benefit

Geomorphic diversity and dynamics

0

No benefit

0

No benefit

0

No benefit

TOTAL SCORE

0.00

1.05

2.05
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Table 32, PBA scores and score descriptions for Scenario 6 Remove grazing from floodplain Complementary Measures
Criterion

a)

Horses in Barmah Forest

b)

Cattle in state forest (e.g. Guttrum
Benwell)

Ramsar Site

1

Directly addresses ecological
character of a Ramsar site

0

Not relevant

International Migratory Waterbirds

0

No benefit

0

No benefit

Threatened species or communities

1

Improves viability of several
threatened plant populations

0.3

Improves viability of threatened plant
population

Productivity

0.5

Improves plant productivity at the
floodplain scale

0.25

Improves plant productivity at the site
scale

Range, migration and dispersal of aquatic
fauna

0

No benefit

0

No benefit

Floodplain/riparian habitat
connectivity/continuity

0

No significant effect

0.25

Improves understorey connectivity

Water quality

0

No benefit

0

No effect

Geomorphic diversity and dynamics

0

No effect unless there is a
reduction in erosion

0

No effect unless there is a reduction in
erosion

TOTAL SCORE

2.50

0.80
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Appendix C Additional information on literature
review process

The preliminary search to ascertain the number of articles that need to be reviewed for each of the 6
research questions for the impacts of fishways on meso‐lotic specialist fish returned 312 articles in total for
further review.
It was clear that only a small proportion of the identified articles was likely to contain evidence that directly
addressed the six hypotheses; these can be fairly rapidly identified from the article abstracts. If we assumed
two minutes to rapidly review an abstract for relevance (~11 hours), and that only 10% of papers are
relevant but require 1 hour to review (~31 hours), then this review would be expected to take one person
approximately 6 working days to complete (assuming 7.25 h/day). Although the time required to assess the
knowledge base for each thematic group will vary greatly (e.g. fishways are likely to have little or no impact
on waterbird and vegetation thematic groups, so they will require very little time), in general assessing the
full range of benefits of a Complementary Measure across all 10 proposed biological thematic groups using
this method is likely to require a significant time investment. The time may be reduced by refining the search
terms to reduce the number of articles identified or restricting the search to selected relevant journals.
Another way to reduce the time required is to reduce the number of questions that are investigated. This
requires identifying the critical causal links that have the greatest influence or are most uncertain; experts
may be able to help identify these links.
After screening the articles, the ideal approach would be to conduct a detailed review of the evidence base
to quantify the strength of the evidence for the research question(s) (Webb et al, 2011). During this step,
reviewers of the article would record the nature of evidence for/against the research question hypothesis
(e.g. change, no change, increase, decrease). The strength of the study could then be judged and weighted
based on the robustness of the study design, number of controls/locations, or other factors. The total
weighted evidence base could then be used to judge the level of support for the research hypothesis (see
Appendix A for further details).
For the purposes of the project, we undertook a small scale review using Eco Evidence, conducted by a
person who had no previous experience of the process or the software. The results of this review are
reported in the body of the report.
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Appendix D Conditional probability modelling

We have used conditional probability network modelling to underpin the development of the models in the
Functional Groups Assessment (FGA) module. Models that fall into this category (of model structure) include
Bayesian Belief Networks. The project’s Options paper (Stratford and Nicol, 2017) gives a good overview of
the strengths and weaknesses of this style of model. This appendix is to provide a reminder as to how
conditional probabilities are constructed and propagated through the model to give a measure of the
uncertainty in the expected benefits as a distribution.
In the example in Figure 17 (from the medium‐sized body channel specialist fish CPM described in pilot #1),
spawning habitat quality is affected by abundance of carp and hydrodynamic suitability, both of which have
two states, meaning that spawning habitat quality has four possible states. The uncertainties in the
ecological outcomes from different combinations of states are captured in the conditional probability table,
which also then translates to the probabilities of outcome states. Here, experts have indicated that the
combination of Abundant carp and Unsuitable Hydrodynamics results in 95% likelihood of ‘Poor’, and 5%
likelihood of ‘Average, spawning habitat quality. These values are read off the row for the combination of
‘Abundant’ and ‘Unsuitable’ in the child conditional probability table.
Parent nodes
Carp_abundance
Tolerable
Abundant

Child node



Hydrodynamic_suitability
Suitable

Unsuitable

Spawning_habitat_quality
Poor
95
Average
5
Good
0

Conditional probability table (CPT) for Child node
Parent node
Parent node
Spawning_habitat_quality
Carp_abundance Hydrodynamic_suitability Poor
Average Good
Tolerable
Suitable
0
1
99
Tolerable
Unsuitable
70
30
0
Abundant
Suitable
0
40
60
Abundant
Unsuitable
95
5
0

Figure 17, Example of the construction of a conditional probability model
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Appendix E Additional information for meso‐lotic
fish functional group

Included species: Murray cod, trout cod, Macquarie perch, river blackfish, two‐spined blackfish, mountain
galaxias, broad‐finned galaxias, spotted galaxias
For the purposes of elicitation, we predominantly focussed on the lowland MDB species in italics to capture
(i) our belief that most Complementary Measures will target these species; and (ii) these species are
declining (more likely to be threatened) and are more likely to require intervention via Complementary
Measures.

E.1

CPM nodes and their states

Table 33, Meso‐lotic fish CPM state variables and references
State

State definition

Ref (if available)

Node – water temperature
High

Water temperature >20 C

Moderate

Water temperature 16‐20 C

Low

Water temperature <16 C

Temperature ranges are defined for Murray Cod because it’s the best
documented.
Rowland SJ (1983) Spawning of the Australian freshwater fish Murray cod,
Maccullochella peelii (Mitchell), in earthen ponds. J. Fish Biol. 23:525‐534
Rowland SJ (2004) Overview of the history, fishery, biology and aquaculture of
Murray cod (Maccullochella peelii peelii). Working paper for Management of
Murray Cod in the Murray‐Darling Basin—Canberra workshop, June 2004. pp.
38‐61. Available:
https://www.mdba.gov.au/sites/default/files/archived/native‐fish/Overview‐
of‐the‐history‐fishery‐biology.pdf
Astles KL, Wistanley RK, Harris JH, Gehrke PC (2003) Regulated rivers and
fisheries restoration project—experimental study of the effects of cold water
pollution on native fish. NSW Fisheries Final Report Series 44. NSW Fisheries
Office of Conservation, Cronulla NSW.

Node – carp abundance
Carp abundant

>200 kg/ha

Carp tolerable

<200 kg/ha

Wilson GG (2005) Impact of invasive exotic fishes on wetland ecosystems in
the Murray‐Darling Basin. Working paper for Native Fish and Wetlands in the
Murray‐Darling Basin—Canberra Workshop, 7‐8 June 2005. Pp 45‐60.
King AJ, Robertson AI, Healey MR (1997) Experimental manipulations of the
biomass of introduced carp (Cyprinus carpio) in billabongs. I. Impacts on
water‐column properties. Marine Freshwater Research 48: 435‐43
Also see citations in:
Brown P, Gilligan D (2014) Optimising an integrated pest‐management
strategy for a spatially structured population of common carp (Cyprinus
carpio) using meta‐population modelling. Marine and Freshwater Research 65,
538‐550.
“Several studies have provided estimates of the threshold densities below
which carp impacts on the environment are reduced, as follows: 100 kg ha_1
(Bajer et al. 2009),120 kg ha_1 (Haas et al. 2007), ,161 kg ha_1 (Matsuzaki et
al.2009), 174 kg ha_1 (Parkos et al. 2003), 450 kg ha_1 (Fletcher et al. 1985)
and 500 kg ha_1 (Miller and Crowl 2006).”

88 | Scoping the development of a method to assess the relative environmental benefits of Complementary Measures

State

State definition

Ref (if available)

Node ‐ Hydrodynamic suitability (combination of hydrology and physical template/habitat)
Suitable

Lotic [flowing streams with pool‐riffle structure, hydraulic
variability and habitat complexity (rocks and logs)];
suitable hydrological flow regime

Unsuitable

Not lotic

Mallen‐Cooper M, Zampatti B (2015).
Background paper: use of life history conceptual
models of fish in flow management in the
Murray‐Darling Basin. Report prepared for the
Murray‐Darling Basin Authority. 31p.

Node – fish passage
Passage

Passage to spawning site is not impeded by barrier(s) at
meso‐lotic scale (10‐100km)

No passage

Passage to spawning site is impeded by barrier(s) at meso‐
lotic scale (10‐100km)

Unlikely to require a citation

Node – spawning habitat quality
Good

Natural densities of snags, rocks and vegetation cover required for
species spawning habitat.

Medium

Depleted densities of some of above

Poor

Depleted densities of all of above

Node – Productivity
Allochthonous

Organic matter predominantly imported from external sources

Allo‐ and
Autochthonous

Combination of allo‐ and autocthonous

Autochthonous

Organic matter predominantly produced locally (e.g. algae and
aquatic plants dominate production)

Node – nursery juvenile habitat
Good

Natural densities of snags, rocks and vegetation cover required
for species spawning habitat.

Medium

Depleted densities of some of above

Poor

Depleted densities of all of above

Node – gonad development
Good

Gonads fully develop to preovulation condition,
fecundity higher than average (many ova) and
ova large and of high quality.

Poor

Gonads only partially develop before resorption,
fecundity lower than average (few ova) and ova
small or of poor quality

Gooley, G.J., Anderson, T.A. and Appleford, P., 1995.
Aspects of the reproductive cycle and gonadal
development of Murray cod, Maccullochella peelii peelii
(Mitchell)(Percicthidae), in Lake Charlegrark and adjacent
farm ponds, Victoria, Australia. Marine and freshwater
research, 46(4), pp.723‐728.

Node – migration adult to spawn site
Migration

Mature fish move > 10km upstream to suitable
freshwater spawning sites

No migration

Fish do not move, move downstream or move
<10km upstream

Reynolds, L.F., 1983. Migration patterns of five fish species
in the Murray‐Darling River system. Marine and
Freshwater Research, 34(6), pp.857‐871.
Koehn, J. D., McKenzie, J. A., O’Mahony, D. J., Nicol, S. J.,
O’Connor, J. P. and O’Connor, W. G. (2009), Movements of
Murray cod (Maccullochella peelii peelii) in a large
Australian lowland river. Ecology of Freshwater Fish, 18:
594–602. doi:10.1111/j.1600‐0633.2009.00375.x

Node – larval abundance and drift
Good

Fish spawn successfully; sufficient larvae drift to
suitable nursery area to increase existing juvenile
population

No literature specifying the quality of spawning and larval
drift found that is generally applicable for all meso‐lotic
fish (papers on embryo density, duration of drift,
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State

State definition

Ref (if available)

Moderate

Fish spawn successfully; sufficient larvae drift to
suitable nursery area to maintain existing
juvenile population

temperature and habitat characteristics of spawning exist
for Murray Cod; this isn’t likely to be generally applicable
for the whole guild:

Low

Fish spawning poor and/or so few larvae drift to
suitable nursery area that existing juvenile
population likely to decline

Koehn John D., Harrington D. J. (2005) Collection and
distribution of the early life stages of the Murray cod
(Maccullochella peelii peelii) in a regulated river.
Australian Journal of Zoology 53, 137‐144.
Humphries P (2005) Spawning time and early life history of
Murray Cod Maccullochella peelii peelii (Mitchell) in an
Australian River. Env. Biol. of Fishes 72: 393‐407)

Node – juvenile recruitment
Good

Number of recruits sufficient to significantly
increase adult population in the following year

Medium

Number of recruits sufficient to maintain adult
population in the following year

Poor

Number of recruits insufficient to maintain adult
population in the following year

Difficult to find hard numbers on recruitment. Trout cod
mean 1‐year survival is about 0.001 (see Todd CR, Nicol SJ,
Koehn JD (2004). Density‐dependence uncertainty in
population models for the conservation management of
trout cod, Maccullochella macquariensis, Ecological
Modelling, 171:359‐380)

Node – dispersal
High

High dispersal range (10‐100km) and low
mortality due to dispersal

Medium

Medium dispersal range (~10km) and/or medium
mortality due to dispersal

Low

Limited dispersal range (<10km) or high mortality
due to dispersal

Baumgartner Lee J., Reynoldson Nathan, Gilligan Dean M.
(2006) Mortality of larval Murray cod (Maccullochella
peelii peelii) and golden perch (Macquaria ambigua)
associated with passage through two types of low‐head
weirs. Marine and Freshwater Research 57, 187‐191.
https://doi.org/10.1071/MF05098

Node – regional abundance
High

High regional abundance (approximately >5 fish
per 100m of streambank electrofished with a
single pass)

Medium

Medium regional abundance (approximately 2‐5
fish per 100m electrofished with a single pass)

Low

Low regional abundance (approximately <2 fish
per 100m electrofished with a single pass)

CPUE for Murray and Trout cod is reported in:
King, A.J., Tonkin, Z. and Mahoney, J. (2009),
Environmental flow enhances native fish spawning and
recruitment in the Murray River, Australia. River Res.
Applic., 25: 1205–1218. doi:10.1002/rra.1209
(Table 2)
King A. J., Tonkin Z., Lieshcke J. (2012) Short‐term effects
of a prolonged blackwater event on aquatic fauna in the
Murray River, Australia: considerations for future events.
Marine and Freshwater Research 63, 576‐586.
https://doi.org/10.1071/MF11275 (Table 2)
Brown P (2012) Comparing survey methods for assessing
abundance of riverine Murray cod (Maccullochella peelii)
populations. Fisheries Victoria research report series No.
63

E.2

Expert elicitation process

E.2.1

Justification for expert elicitation

Where there are limited published (or unpublished) data describing responses to actions, elicitation of
expert knowledge is a useful tool to estimate relative impacts in terms of probabilities. Eliciting information
from a group of experts can be challenging. Human judgement is subject to many known biases (Tversky and
Kahneman 1974; Kynn 2008), and can be fraught with challenges such as under or overconfidence in the
response (Speirs‐Bridge et al, 2010). While it is important to acknowledge the challenges inherent in expert
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knowledge, there is sufficient science around eliciting knowledge from experts that, if followed, can minimise
the impacts of bias and overconfidence on outputs.
In this project, structured expert elicitation involved experts being asked to make conditional estimates of
impacts where the state of a factor depends on a group of causal factors. Conditional dependence allows
experts to consider local factors and interactions when making judgements. Eliciting probabilities from
experts is best done (as here) in a structured way to reduce biases and overconfidence in responses as far as
possible. After viewing the group responses, experts were given the opportunity to revise their estimations
before results are finalised (de Little et al. in review). This practice is considered to be best‐practice for
obtaining reliable consensus from groups of experts (Burgman et al. 2011).
There are a number of techniques to reduce bias during elicitation that were used in this approach. These
include:
 using a 4‐point estimation method (i.e. asking experts to specify their lowest, highest, best guess, and the
probability that the true value lies between the lowest and highest estimates) (Speirs‐Bridge et al 2010)
 following a Delphi method, in which experts make judgements individually, observe the responses of a
larger group, then are given the opportunity to revise their initial judgement (Burgman et al 2011)
 including a range of expertise in the expert panel (Burgman et al 2011).

E.2.2

Elicitation question selection

A set of questions were prepared based upon the format used in the expert elicitation protocol of de Little et
al. (in review). Rather than ask experts to provide probabilities for specific outcomes within a table (e.g. what
is the probability of obtaining ‘poor’ habitat quality), answers are given on a 0‐100 point scale. This allows
each scenario of driving variables to be covered by a single question rather than having ask the question
separately for (e.g.) ‘poor’, ‘moderate’ and ‘good’ outcomes, thereby greatly reducing the number of
questions that need to be asked.
Just as importantly, by using the 4‐point elicitation method of Speirs‐Bridge et al. (2010), where experts are
asked to specify a lowest estimate, highest estimate, best estimate, and estimate of confidence, the 0‐100
point answers can be expressed as a probability distribution of the expert’s opinion for that combination of
driving variables. This would not be possible if outputs states were elicited as ‘low’, ‘medium’, etc.
This approach provides a realistic estimate of expert uncertainty in the opinions, especially when
distributions are combined from multiple experts, reducing the effects of expert overconfidence that often
impact upon expert‐based assessments.

E.2.3

Reducing the number of questions

The conceptual model and node states as currently specified result in a large number of combinations of
driving variables. For the Biological nodes covered here, there are over 100 combinations of driving variables
(parent node states). This is too many combinations for the results to be elicited manually. Expert fatigue
(Burgman et al. 2011) would begin to affect the quality of responses.
We used the methods of Cain (2001) to identify combinations of driving variables for which conditional
probability table entries can be interpolated, reducing the number of questions that need to be asked. For
the meso‐lotic fish guild, this reduced the number of questions to 39 – still a large number, but one that is
feasible to elicit.
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E.2.4

Elicitation approach

Ideally, these questions would be asked in a workshop format, with experts first providing independent
responses followed by an opportunity for discussion and revision (de Little et al. in review). For the purpose
of the worked example, there was insufficient time and budget to undertake such a process. To overcome
this issue, we elicited information from experts via email after an expert orientation session at the second
SLT workshop. This maintains the independence of the first set of opinions. The full set of opinions
(translated to probability distributions) were then circulated among the experts to allow them to provide an
updated estimate (although the first estimate is not discarded), in a further online elicitation exercise done
via video conference. While not as personal as a workshop‐based elicitation, this approach allowed more
rapid population of the conditional probability networks.

E.2.5

Translation to conditional probability tables

A series of steps is used to translate the expert opinions gathered as described above to fully populated
conditional probability tables, and hence a functioning CPM. These steps are fully described in de Little et al.
(in review).
1. Each four‐point estimate (Low, High, Best, Confidence) is translated to a common scale of confidence –
usually an 80% confidence interval
2. Initial and Revised estimates (for a single expert) are averaged
3. These averages are averaged among experts to generate a group‐level probability distribution
4. The probability mass for the distribution is divided among the states in the conditional probability table
(e.g. Low, Medium, High) using any thresholds previously defined
5. Scenarios for which responses were not elicited were interpolated using the methods described in Cain
(2001)
The result is a fully functional Conditional Probability model (implemented as a Bayesian Belief Network
model) that can be used to assess the relative benefits of the Complementary Measures included in the
model, including how these interact with each other and with flow provision.
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Appendix F Additional information for vegetation

F.1

CPM nodes and their states

Table 34, Table of state variables (nodes) for the vegetation Conditional Probability Model (CPM) which includes the
threatening processes and life‐history states as used in the model
THREAT

STATE

STATE DEFINITION

LOWER
BOUND
OF STATE

UPPER
BOUND
OF STATE

Low

<1600um

50

100

High

>1600um

0

50

No

Floodplain development absent
from floodplains and wetlands
resulting in persistence of viable
dormant propagules

50

100

Yes

Floodplain development occurring
resulting in decreased persistence
and viability of dormant
propagules

0

50

Where invasive plants are occurring at levels resulting in
No
reduced establishment of native vegetation through
competition for resources and habitat;
or where no or low levels of invasive plants occur resulting
in establishment of native plants as good as can be
expected given other pressures

No or low levels of invasive plants
occurring resulting in good
establishment for native
vegetation

50

100

Yes

Invasive plants occurring resulting
in decreases or loss of
establishment of native plants

0

50

No

No disturbance of habitat or loss
of material

50

100

Yes

Disturbance of habitat and
material lost affecting
establishment

0

50

Good

High connectivity provides the
opportunity for viable propagules
(seeds and vegetative material) to
move within the landscape aiding
in the:
1. Re‐establishment and
persistence of communities
2. Maintaining genetic and biotic
diversity within seedbank

50

100

Node – Salinity
Salinity influences the ability of plants to germinate,
establish and grow

Node – Floodplain development
Cropping of floodplains or wetland basins results in
disturbance of habitat and disturbance of dormant
propagules

Node – Invasive plants

Node – Invasive animals (terrestrial and aquatic)
Introduced animals (terrestrial and aquatic) cause damage
to habitat and loss of plant material. Where present,
disturbance by introduced animals resulting in a high
impact on vegetation habitat and material; where absent
no or minimal disturbance or loss of vegetative material
caused by introduced animals
Node – Connectivity (barriers to dispersal)
Connectivity influences the ability of seeds and vegetative
material to disperse between locations. Where
connectivity is poor, there is no or limited exchange of
material; where connectivity is good, exchange is as good
as can be expected given other pressures
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THREAT

STATE

STATE DEFINITION

LOWER
BOUND
OF STATE

UPPER
BOUND
OF STATE

Poor

Connectivity below levels to
provide exchange of viable
propagules (seeds or vegetative
reproductive material) sufficient
to provide ecological function.

0

50

No

No or low harvesting resulting in
good growth for native vegetation

50

100

Yes

Harvesting occurring resulting in
no net growth of native
vegetation

0

50

Good

High germination resulting in high
numbers of seedlings entering the
establishment phase

50

100

Poor

Low germination resulting in few
or no seedlings entering the
establishment phase

0

50

High establishment resulting in an
increase in the standing
vegetation

66

100

Medium Medium establishment levels
resulting in turnover levels being
insufficient for increasing the
standing vegetation

33

66

Low

Low establishment resulting in a
decrease in the standing
vegetation

0

33

High

High diversity of vegetation in the
functional group resulting in a
complex community

66

100

Medium Moderate diversity of vegetation
in the functional group

33

66

Low

0

33

Community in good condition with
a complex age and physical
structure and a full and healthy
canopy

66

100

Medium Community in moderate condition
with some variability in age and
physical structure. Canopy not full

33

66

Low

0

33

Node – Harvesting
Harvesting resulting in the loss of biomass; or no or low
harvesting resulting in minimal loss of biomass

Node – GerminationNative (germination of native species
0 is no germination of native species
100 is high germination of native species

Node – EstablishmentNative (establishment of native species)
0 is no or minimal establishment of native species
100 is high establishment of native species

High

Node – Diversity
0 represents a community with few or no native species
100 represents a community with high diversity of native
species

Low diversity of vegetation within
the functional group

Node – Condition (Growth and Productivity) and extent (growth//productivity of native species
0 represents a community with poor or minimal growth of
native species with few age classes and low complexity in
physical structure
100 represents a community with good growth and with
complex age and physical structure with a full and healthy
canopy

High

Community in poor condition with
a community with low age and
physical structure. Canopy in poor
condition
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F.2

Expert elicitation

Table 35, Example of expert elicitation questions to parameterise the nodes of the CPM
PARENT NODES

LOW EST.

HIGH EST.

BEST EST.

% CONFIDENCE

Child node – GerminationNative (germination of native species)
For the following set of conditions, please rate from 0‐100 the likely Germination of native wetland vegetation, where 0 is
extremely poor, and 100 is as good as can be hoped for given other pressures on the system
Cropping

Salinity

No

Low

No

High

Yes

Low

Yes

High

Low est.

High est.

Best est.

% Conf

Child node – EstablishmentNative (establishment of native species)
For the following set of conditions, please rate from 0‐100 the likelihood of Establishment of native wetland vegetation, where
0 is no to little establishment that the existing population is likely to decline, and 100 implies sufficient establishment to increase
the existing population
GerminationNative

Invasive_plants

Invasive_animals Salinity

Good

No

No

Low

Good

No

No

High

Good

No

Yes

Low

Good

Yes

No

Low

Poor

No

No

Low

Poor

No

No

Low

Poor

Yes

Yes

High

Low est.

High est.

Best est.

% Conf

Child node – Diversity
For the following set of conditions, please rate from 0‐100 the likely Diversity of native wetland vegetation, where 0 is very low
diversity, and 100 is very high diversity for the vegetation community
Establishment
native

Barriers to
dispersal

High

Good

High

Poor

Medium

Good

Low

Good

Low

Poor

Low est.

High est.

Best est.

% Conf

Child node – GrowthProductivity
For the following set of conditions, please rate from 0‐100 the likely Growth and Productivity of wetland native vegetation,
where 0 is extremely poor growth, and 100 is as good growth and productivity as can be hoped for given other pressures on the
system
Establishment
native

Salinity

High

Low

High

High

Medium

Low

Low est.

High est.

Best est.

% Conf
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PARENT NODES

LOW EST.

Low

Low

Low

High

HIGH EST.

BEST EST.
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% CONFIDENCE

Appendix G Additional information for waterbirds

The process of developing the ‘All waterbirds’ Conditional Probability Model (CPM) from the overarching
conceptual model is provided in Figure 18 to Figure 23:
 base conceptual model (Figure 18)
 with threats that have no feasible management levers removed (Figure 21)
 with manageable threats and stressors made individually explicit (Figure 22)
 simplified for conditional probability modelling (Figure 23).

G.1

Conceptual models

Figure 18, 'Base' for development of waterbirds conceptual model
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Figure 19, Overarching waterbirds conceptual model; all waterbirds, all drivers, all outcomes (enlarged version of Figure 12)
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Figure 20, Conditional Probability Model for 'All Waterbirds' (enlarged version of Figure 13)
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Figure 21, All waterbirds conceptual model, with threats that have no feasible management levers removed
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Figure 22, All waterbirds conceptual model, with manageable threats and stressors made individually explicit
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Figure 23, All waterbirds conceptual model, simplified for conditional probability modelling (CPM)
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G.2

CPM nodes and their states

Table 36, Nodes and their states in the Conditional Probability Model (CPM) for ‘All waterbirds’ functional group
NODE DEFINITION

STATE

STATE DEFINITION

Node ‐ HabitatLossFragChange
Habitat loss,
fragmentation and
change. E.g. grazing
(intensity, frequency),
clearing, harvesting
(vegetation, wood,
water), barriers (levees,
roads, gaps) etc

High

High extent, intensity, frequency and/or duration of habitat loss,
fragmentation and change

Medium

Medium extent, intensity frequency and/or duration of habitat loss,
fragmentation and change

Low

Low extent, intensity, frequency and/or duration of habitat loss,
fragmentation and change

High

High intensity of predation by feral animals

Medium

Medium intensity of predation by feral animals

Low

Low intensity of predation by feral animals

Excellent

Water quality and temperature are excellent

Tolerable

Water quality and temperature are tolerable

Intolerable

Water quality and temperature are intolerable and induce poor
condition, death or departure

ClosedCatchmentGoodTiming

Release of the carp virus occurs in a limited area of a catchment
unconnected to others, at a time when impacts of carp death on
water quality and food webs (e.g. food availability for waterbirds) is
minimised (e.g. avoiding large waterbird breeding events)

ClosedCatchmentBadTiming

Release of the carp virus occurs in a limited area of a catchment
unconnected to others, at a time when impacts of carp death on
water quality and food webs (e.g. food availability for waterbirds) are
high (e.g. during large waterbird breeding events)

OpenCatchmentGoodTiming

Release of the carp virus occurs in one or more open catchments
connected to others, at a time when impacts of carp death on water
quality and food webs (e.g. food availability for waterbirds) is
minimised (e.g. avoiding large waterbird breeding events)

OpenCatchmentBadTiming

Release of the carp virus occurs in one or more open catchments
connected to others, at a time when impacts of carp death on water
quality and food webs (e.g. food availability for waterbirds) are high
(e.g. during large waterbird breeding events)

AbsentOrUndetectable

Ingestible poisons are absent or undetectable

PresentOrDetectable

Ingestible poisons are present or detectable

AbundantOrExtreme

Ingestible poisons are abundant or present in extreme
concentrations

High

Human disturbances are frequent or high impact

Medium

Human disturbances are moderately frequent and of medium impact

Low

Human disturbances are infrequent and low impact

Node ‐ PredationByFerals
Predation by
introduced/exotic/feral
animals, e.g. foxes, pigs,
cats
Node WaterQualityTemp
Water quality and
temperature changes,
e.g. pollution, anoxic
blackwater, salinity,
acidity
Node ‐ CarpVirusRelease
Release of the carp
virus

Node Poisons
Ingestible poisons, e.g.
insecticides, herbicides,
baits used for rabbits,
foxes, dogs, cats, pigs

Node ‐ HumanDisturbance
Human disturbances,
e.g. hunting, fishing,
gathering, noise, access
to sites of significance
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NODE DEFINITION

STATE

STATE DEFINITION

Excellent

Breeding habitat availability, extent, composition, structure,
condition and/or productivity are all excellent

Good

Breeding habitat availability, extent, composition, structure,
condition and/or productivity are mostly good

Poor

Breeding habitat availability, extent, composition, structure,
condition and/or productivity are mostly poor

Absent

Breeding habitat is effectively absent

High

Food abundance is high in both the short‐term and the long‐term

Medium

Food abundance is moderate in both the short‐term and the long‐
term, or high in one and low in the other

Low

Food abundance is low in both the short‐term and the long‐term

Excellent

Foraging habitat availability, extent, composition, structure,
condition and/or productivity are all excellent

Good

Foraging habitat availability, extent, composition, structure,
condition and/or productivity are mostly good

Poor

Foraging habitat availability, extent, composition, structure,
condition and/or productivity are mostly poor

Absent

Foraging habitat is effectively absent

Node ‐ BreedingHabitat
Breeding habitat
availability, extent,
composition, structure,
condition and/or
productivity

Node ‐ FoodAbundance
Food abundance in the
short‐term (e.g. within a
breeding season) and in
the long‐term (e.g.
among years)
Node ‐ ForagingHabitat
Foraging habitat
availability, extent,
composition, structure,
condition and/or
productivity

Node ‐ SurvivalRatesAllAgeGroups
Survival rates of adults,
sub‐adults, juveniles,
chicks and eggs

High

Survival rates of adults, sub‐adults, juveniles, chicks and eggs are all
high

Medium

Survival rates of adults, sub‐adults and juveniles are moderate

Low

Survival rates of adults, sub‐adults and juveniles are low

Node ‐ AbundanceSiteToBasinScales
Abundance at site scale
to abundance at Basin
scale

High

Abundances at site scale and abundances at Basin scale are both
high

Medium

Abundances at site scale and abundances at Basin scale are both
medium, or Basin scale abundance is high and the site scale
abundance is low

Low

Abundances at site scale and abundances at Basin scale are both low

Normal

Movements between sites are normal ‐ e.g. foraging, nomadism

Abnormal

Movements between sites are abnormal ‐ e.g. abandonment of a site
due to disturbance or changing habitat

Node ‐ Movements
Movements, e.g.
foraging, selection of
breeding sites, site
abandonment, dispersal
from breeding site,
nomadism, migration,
emigration, immigration
etc.

Node ‐ ReproductionInitiation
NaturalFrequencySize

The frequency of reproduction initiation and the size of breeding
events are both natural
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NODE DEFINITION

STATE

STATE DEFINITION

The initiation of
reproduction, e.g. nest‐
building and egg‐laying

PartialReductionFreqSize

The frequency of reproduction initiation and the size of breeding
events are both partially reduced; or one is natural and the other is
significantly reduced

LargeReductionFreqSize

The frequency of reproduction initiation and the size of breeding
events are both significantly reduced

PopulationCondnDemographics
Population condition,
health and
demographics

Good

Population condition, health and demographics are good

Average

Population condition, health and demographics are average

Poor

Population condition, health and demographics are poor

Increasing

Population size and persistence are increasing

Steady

Population size and persistence are steady

Decreasing

Population size and persistence are decreasing

PopulationSizePersistence
Population size and
persistence
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improve today – for our customers, all
Australians and the world.
Our innovations contribute billions of
dollars to the Australian economy
every year. As the largest patent holder
in the nation, our vast wealth of
intellectual property has led to more
than 150 spin‐off companies.
With more than 5,000 experts and a
burning desire to get things done, we are
Australia’s catalyst for innovation.
CSIRO. WE IMAGINE. WE COLLABORATE.
WE INNOVATE.
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