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Executive Summary

MakinG ManaGeMent More eFFeCtiVe

Australia invests significantly in trying to improve the environment. From grazing management to 
revegetation to controlling exotic invasive species, there are many actions or ‘interventions’ taken 
that are intended to improve or restore native ecosystems and the diverse species they sustain. 
Funding is not limitless, so it is important to target investments in on-ground action toward the 
interventions that are most likely to be effective, and to target monitoring and research to improve 
our understanding of effectiveness where it may be lacking.

In practice, it has been challenging to understand the effectiveness of interventions aimed 
at improving degraded environments. Society is well-practised at extracting benefit from the 
environment, and expert at quantifying and measuring the success of extractive activities, 
for example in amounts of raw materials produced. By contrast, benefits to the environment 
gained through human activity (i.e. natural resource management interventions) and the flow-on 
services that improved environments provide to society are relatively under-measured and poorly 
understood, in part because of the complexity and variety of desired outcomes and resulting 
under-investment in developing measurement systems to understand drivers of success. 

Yet in order to support a secure and prosperous society, particularly under global climate change, 
there is a need to significantly improve our understanding and measurement of the effectiveness 
of different natural resource management interventions. Without this, we will not know how to 
adaptively manage the critical ecosystem services on which our future prosperity relies. Thus, 
the time is ripe to synthesise the evidence currently available on the effectiveness of natural 
resource management (NRM) interventions in Australia, and use such a synthesis to guide adaptive 
management, and secure more effective and efficient outcomes for society. 

An initiative of the Australian Government’s Department of the Environment and Energy (DoEE) and 
the Commonwealth Scientific and Industrial Research Organisation (CSIRO), the Knowledge Bank of 
Management Effectiveness for NRM aims to fulfil that purpose. The Knowledge Bank project sourced 
direct studies of the effectiveness of NRM interventions across Australia produced through to 2016, 
collected them in an updatable repository, and drew initial insights into what we have learnt thus 
far and where key knowledge gaps remain. The Bank itself – currently a Microsoft Excel database 
and associated reference library – will remain a living resource that can receive ‘deposits’ as more 
sources of evidence become available and facilitate ‘withdrawals’ as governments, planners and 
land managers seek to explore the evidence overall or for their individual regions and interests.

This report provides a short overview of the development of the Bank and the volume of and 
patterns in the sources discovered. Its main aim is to explore the insights drawn from the total 
evidence available to date. Key questions about some of the methodological details are included in 
pull-out boxes, but full explanations of the methods used and the results obtained can be found in 
the companion technical guide (Doerr et al. 2018).
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MeaSurinG eFFeCtiVeneSS

To assess effectiveness, the aim of the intervention must be clear – there must be a desired outcome 
to measure. While high-level goals are often clear, like maintaining or improving the viability or 
persistence of species, species’ adaptive capacity, or the ability of ecosystems to provide critical 
services, these high-level goals may be virtually impossible to measure directly. Instead, they must 
be associated with lower-level measurable outcomes that are expected to lead to higher-order goals, 
either over time or with additional intervention. Thus, before building the Bank, the relationships 
between high-level goals and a wide range of potential lower-level outcomes that might be actually 
measured needed to be constructed.

Even when desired measurable outcomes are clear, evidence for effectiveness can come from a 
variety of sources. Before building the Bank, it was important to decide which types of evidence 
to include. Evidence can come from ecological theory, modelling to predict effectiveness (a more 
structured form of using ecological theory), controlled experiments in the laboratory or at smaller 
scales, and direct measurement in the field (either through monitoring or more formal scientific 
research). Theory, models and experiments help reveal which interventions should work, but direct 
measurement at scale in the field confirms which interventions actually do work. While the latter 
evidence can be harder to obtain, it best reflects the aim of the Knowledge Bank. Thus, the Bank 
focused on collating and synthesising direct empirical evidence of effectiveness from monitoring 
and research in the field, at the scale of on-ground management intervention.

BuiLdinG tHe Bank

The Bank was built using a technique called ‘systematic mapping’, which is related to ‘systematic 
reviewing’ and is derived from medical research, where rigorous, transparent, repeatable synthesis 
about the effectiveness of interventions is critical. Following formal guidelines for the conduct of 
systematic maps and reviews in environmental science and management, specific search techniques 
and search terms were developed and tested to cast a broad net and find all relevant sources 
of information, including in the ‘grey literature’ (unpublished theses, brochures, websites, etc.). 
Thousands of potential sources were then filtered using predetermined inclusion and exclusion 
criteria until only sources that actually report on NRM intervention effectiveness in Australia 
remained. Data were extracted from those sources, including information on whether the authors 
concluded that the intervention studied was effective or not, or was partially effective. Partial 
effectiveness included situations in which desired outcomes were only partially achieved (e.g. 
managing livestock grazing led to an increase in the number of native plant species but not fully 
back to desired reference condition numbers). It also included situations in which the effectiveness 
of the intervention was context-dependent – in which the intervention studied sometimes achieved 
desired outcomes and sometimes did not (e.g. controlling weeds led to increased nativeness at some 
sites but not others).
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initiaL inSiGHtS FroM tHe knowLedGe Bank

Limited Evidence Exists

The key result from the initial building of the Knowledge Bank was that relatively little direct, 
empirical evidence has been documented and is available about NRM management effectiveness 
in Australia. Interventions were grouped into ten Themes based on the type of threat or damage 
they are intended to reverse, and fewer than 20 sources of evidence were available for six of 
those Themes (Proliferation of Weeds, Predation/Damage by Feral Vertebrates, Damage by 
Pest Invertebrates, Excessive Nutrients and Pollutants, Loss of Keystone Species, and Loss of 
Key Structures and Functions). For the remaining four Themes (Excessive Grazing, Clearing of 
Native Vegetation, Changed Hydrological Conditions, and Changed Fire Regimes), evidence came 
from between 37 and 78 studies and presented a mixed picture of effectiveness, though partial 
effectiveness was the most common conclusion. In these four Themes where greater evidence was 
available, studies were so diverse in terms of the details of the interventions, the types of outcomes 
measured, and the other interventions employed at the same time that more nuanced insights could 
not be discerned.

Partial Effectiveness is Common

Aside from an overall lack of evidence, another clear pattern was that interventions were most 
commonly reported to be only partially effective. In the cases of managing excessive grazing and 
revegetation, there was some evidence to suggest that full recovery to a ‘reference’ or ‘benchmark’ 
state or condition only rarely occurs, even following many decades of investment in conservation 
management. This may reflect the challenge of restoring Australia’s fragile environment. The degree 
and permanency of ecosystem modification that has occurred to date, including the legacy effects of 
anthropogenic land uses, poses a challenge if desired outcomes focus on restoration. Restoration to 
full ecosystem health may require significant time and resources which are rarely available. 

More Novel Interventions & Systems Approaches May Be Needed

The results suggested that systems approaches, which identify and manage key drivers, as well as 
more novel ‘engineering’ approaches that focus on restoring key processes rather than specific 
ecosystem compositions and structures may be a more effective approach to management, and 
more capable of creating significant change rather than just incremental improvement. Though more 
rarely applied, the more novel ‘engineering’ approaches to NRM intervention were more likely to be 
considered effective.
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BarrierS to LearninG FroM on‑Ground aCtionS

Overwhelmingly, the main insight from the Knowledge Bank is actually that we aren’t currently 
learning enough about effectiveness from on-ground actions. Given the large number of on-ground 
interventions, the extreme paucity of direct studies of effectiveness was surprising. Combined with 
the insight that partial effectiveness is common and thus desired outcomes are not being achieved, 
it suggests that the most important action to take is to make some fundamental changes in how we 
learn to be more effective. 

To develop a set of options or ‘building blocks’ that could be employed to accelerate learning and 
innovation in environmental management, we gathered expert opinion from our project staff, staff 
involved in various programs within the Department of the Environment and Energy, and other 
researchers and NRM practitioners (the managers and implementers who negotiate with private land 
managers to implement interventions on the ground). We also qualitatively analysed patterns in the 
sources that were excluded from the Knowledge Bank as well as those that were included. 

Drawing on these diverse sources of input, we first articulated what appeared to be the most critical 
barriers to effective learning from on-ground actions. These were: •

•	 Lack of meaningful articulation of desired, measurable outcomes, including

 − current approaches used to set NRM targets, which tend to be either highly generalised or 
focused on outputs, neither of which lend themselves to clarity about desired outcomes

 − desired outcomes based on incremental improvement rather than focusing on the drivers of 
substantial change in the system

 − lack of long-haul investment plans which would make it more worthwhile to articulate more 
substantial systems outcomes 

•	 Different drivers of success for program designers, researchers, and land managers/implementers 
which tend to inadvertently prevent effective collaboration for learning

•	 The flow-on consequences of the above for program design, which thus tends to focus on single 
practice rather than learning itself as a goal

•	 Recent emphasis on activity reporting and trend or surveillance monitoring, each of which have 
important purposes but neither of which help answer questions about effectiveness

•	 Lack of consistent discoverability and accessibility of information in part because of the preferred 
channels and the types of communications resourced (e.g. web-based)
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CreatinG a CuLture and MeCHaniSMS oF adaPtiVe LearninG

We worked with our broad group of experts to explore building blocks for learning and developed 
options for each building block that could be implemented in different programs and contexts over 
time to overcome these barriers and build a coherent system for learning about the effectiveness of 
on-ground management interventions. This report provides short descriptions of potential options 
to serve as conversation-starters. Options may need to be implemented for all five building blocks, 
which address both structural change and increased collaborative relationships and governance:

Structural Changes in NRM

•	 Build physical research infrastructure to support learning

•	 Build information infrastructure to support learning

•	 Improve NRM program design

Relationships and Collaborative Governance

•	 Develop the structural changes above collaboratively with program designers, researchers, and 
practitioners

•	 Manage the disparate drivers of program designers, researchers, and practitioners/implementers 
through structures for long-term collaborative governance 

For example in terms of structural change, NRM program design may need to allow for the 
comparison of multiple interventions intended to achieve the same outcomes to facilitate more rapid 
learning. A national set of sentinel sites (an option for building physical research infrastructure) 
could provide dynamic reference or benchmark comparisons for these multiple interventions. 
Additionally, a consistent categorisation of desired outcomes (an option for building information 
infrastructure) could allow multiple practitioners and researchers to monitor outcomes in 
comparable ways, facilitating national scale learning. These pieces of infrastructure would then 
make it possible for program designers to build programs that can implement, monitor and compare 
interventions in terms of their effectiveness. 

To design such structural change, deliberate collaboration between program designers, researchers 
and practitioners would be essential – collaboration that extends beyond advice, consultation or 
serving on steering committees. For example, the disparate drivers of these three different disciplines 
mean that unless the categorisation of desired outcomes noted above was built with their diverse 
needs specifically in mind, researchers would not use it consistently and practitioners might not 
strive to achieve the outcomes if they didn’t align with values of regional land managers. Specific 
collaborative projects, more formal partnerships or possibly brokered relationships between these 
different disciplinary cultures would also help in the long term to deliberatively counter the drivers 
that may push program designers, researchers and practitioners apart. This collaborative governance 
would help to ensure that many of the other building blocks for improving learning can fulfil their 
potential for significant and long-lasting reform.

Without any change in the environment management and restoration sector in Australia, we 
are likely to continue to learn very slowly. Without change, the Knowledge Bank will only grow 
incrementally and remained constrained by limited evidence to help build confidence and better 
target environmental investment. Yet there are clear options to accelerate and innovate. We hope 
the synthesis and ideas presented here can serve as a catalyst to stimulate that positive change.
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Introduction to the Knowledge Bank

Natural Resource Management (NRM) and Landcare 
activities are fundamental to the ongoing health 
and prosperity of Australia’s environment. Over 
the past three decades, many on-ground actions 
have been implemented to reduce threats to our 
environment, improve the condition of native 
systems, and even re-establish native ecosystems 
where they have been heavily modified.

Ideally, this investment in on-ground interventions 
would have been accompanied by systematic 
monitoring and research in order to build a body of 
evidence regarding the observed effectiveness of 
these on-ground management activities. Yet this is 
not the case. Of the evidence that does exist, much 
of it is published in scientific journals to which 
government and management practitioners do not 
have direct access. Internal government reports, 
public research summaries and factsheets, and 
unpublished student work are valuable sources of 
information on effectiveness that can be difficult to 
find as they are not systematically documented and 
often not securely stored or accessible. As a result, 
there is a lack of understanding about how much 
direct evidence exists. Most importantly, the lack 
of synthesis means that the question still remains: 

How much have we learned about 
what works best to achieve our goals?
It was this question that motivated the 
development of the Knowledge Bank of NRM 
Management Effectiveness – an initiative of 
the Australian Government’s Department of 
the Environment and Energy (DoEE) and the 
Commonwealth Scientific and Industrial Research 
Organisation (CSIRO). The initiative aimed to 
discover existing direct studies of the effectiveness 
of NRM interventions (activities to improve the 
environment) across Australia, collect them in an 
updatable repository, draw initial insights and 
identify where key knowledge gaps remain. These 
insights were intended to help direct and lend 
confidence to investment in NRM, particularly 
through development of confidence ratings for 
different on-ground actions based on a rigorously 
framed system of inference, taking into account 
volume, consistency and quality of evidence as well 
as transferability of inference across ecosystem 
types. Results were also intended to help focus 
future monitoring and research efforts toward the 
most critical knowledge gaps, to ensure learning 
is most cost-effective and can more rapidly 
contribute to improved outcomes. 

This report provides a brief overview of the 
methods used to find evidence of management 
effectiveness and a summary of the immediate 
insights that can be drawn. Effectiveness was 
defined based on achievement of high-level 
desired outcomes articulated throughout 
Australian environmental planning and, more 
commonly, achievement of more directly 
measurable short-term or intermediate outcomes 
that are expected to lead to those high-level 
desired outcomes. The Bank focused on collating 
and synthesising direct empirical measurement 
of effectiveness at scales relevant to real-world 
on-ground application, rather than controlled 
experiments at smaller scales or modelling 
studies, as the latter enrich our understanding 
of which interventions should be effective 
rather than confirm actual effectiveness on 
ground. Throughout this report, pull-out boxes 
are provided as optional reading where more 
explanation may be required, and full details 
are available in the companion technical report 
(Doerr et al. 2018). The Bank itself is a Microsoft 
Excel database and associated reference library 
held by DoEE.

In the process of producing the Bank, it became 
clear that the volume and comparability of the 
evidence were both relatively low, suggesting that 
learning about management effectiveness is still at 
an early stage. Thus, the original intent to provide 
confidence ratings was unachievable and focus 
was shifted to maximising insights about how best 
to focus monitoring, research, and learning more 
broadly. Patterns were explored in the studies 
available and broad consultation was undertaken 
to identify key barriers to learning from on-ground 
actions. Experts were also consulted on options for 
how to accelerate efforts to learn and thus more 
quickly improve on-ground investment – reducing 
investment risks and increasing cost-effectiveness. 
Implementing some of these options to build 
an adaptive learning infrastructure into NRM 
activities is likely to provide the most effective way 
to reduce investment risk and build confidence 
in Australia’s actions to protect and improve our 
environment for the benefit of society.
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Overview of How the Bank was Developed

The approach used to construct the Bank – 
to find direct empirical studies of the effects 
of on-ground NRM interventions and extract 
consistent, comparable data from them – is known 
as ‘systematic mapping’ (James et al. 2016). 
Systematic maps use transparent, consistent and 
repeatable methods to search for relevant studies 
and describe the total volume and nature of the 
evidence available across a suite of interventions. 
Systematic maps are thus particularly suitable for 
the initial stages of addressing broad questions 
(like the effectiveness of NRM interventions). 
They frequently lead on to ‘systematic reviews’ 
of specific interventions where sufficient volume 
of evidence exists to permit more detailed analyses 
and quantitative synthesis. The Knowledge Bank 
provides a systematic map of NRM intervention 
evaluations in Australia with the intent to support 
future development of systematic reviews 
where possible.

Following international guidelines for systematic 
review and mapping (Collaboration for 
Environmental Evidence 2013), a detailed protocol 
was developed and executed. The value of a 
protocol is that it provides a process to identify as 
many existing sources of information as possible 
(given the time and resources available) in an 
unbiased way. It also provides a specific written 
methodology that can be followed again in the 
future to update the Bank. The process involved 
the following main steps:

1. develop a draft search strategy specifying 
exactly which databases to search (Web of 
Science, Google, Trove, and NRM Knowledge 
Online), which search strings to use, and any 
other approaches needed to search the grey 
literature (unpublished theses, brochures, 
booklets, factsheets, etc.)

2. test the search strategy to see if it identifies 
papers the research team already knew about 
that report on effectiveness to test whether the 
searches are adequate

3. Modify the search strategy to ensure test papers 
are identified and that the first 50 sources 
identified appear moderately relevant

4. Filter sources to exclude those that aren’t 
relevant based first on title, then abstract, 
then full text

5. extract basic data from each remaining relevant 
study into the Knowledge Bank database

Interventions
Interventions included in the Bank were drawn from 
Management Recommendations contained in the 
profiles of Conservation Management Zones (CMZs) 
within Australia, supplemented with project team 
knowledge of on-ground work currently occurring. 
The CMZ Management Recommendations were 
derived from Environment Protection and Biodiversity 
Conservation Act 1999 threatened species and 
ecological community recovery plans, conservation 
advices, scientific literature, biodiversity and 
vegetation management policies, local government 
environmental planning documents, environmental 
Non-Governmental Organisations planning and 
restoration literature (e.g. Greening Australia), 
as well as Natural Resource Management (NRM) 
regional plans and national, state and local NRM 
programs. They are therefore representative 
(though not necessarily comprehensively exhaustive) 
of the suite of actions currently invested in or 
recommended by governments and organisations 
across Australia (Table 1).

To target our searches more effectively, these 
NRM interventions were grouped into 10 Themes 
based on the type of damage or threat to natural 
ecosystems each intervention is intended to halt or 
reverse (Table 1). Thus, the five broad steps involved 
in systematic mapping noted above were followed 
separately for each of the 10 Themes.

http://www.environment.gov.au/biodiversity/conservation-management-zones
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table 1. Management interventions included in the Knowledge Bank, organised according to 10 Themes, 
expressed as types of damage done to natural ecosystems in Australia which interventions are intended to 
halt or reverse. Further information and clarification on some interventions are available in the box ‘Advantages 
and disadvantages of classifying interventions and outcomes’. 

theme interventions

excessive Grazing •	 Manage timing of grazing

•	 Reduce total grazing pressure (livestock, feral herbivores, natives)

Clearing of native Vegetation 
(whether recent or legacy)

•	 Encourage natural regeneration

•	 Revegetate, matching local composition & structure 

•	 Revegetate, engineering new composition

•	 Revegetate, engineering new structure

•	 Manage fire regimes to restore native system

Changed Hydrological Conditions •	 Create structures that reduce erosion

•	 Manage release of water from dams & weirs

•	 Manage water for floodplains & wetlands via regulators

•	 Reduce extraction of surface and ground waters

•	 Reduce populations of predatory, parasitic & competing pests (fish)

Changed Fire regimes •	 Change fire extent and/or intensity

•	 Change fire intervals and/or seasonality

•	 Protect sensitive habitats from fire

Proliferation of weeds •	 Control weeds in revegetation & remnants 

•	 Control outlying populations of weeds

•	 Reduce weeds next to native vegetation and waterways

•	 Control transformer weed species (including flammable grasses)

•	 Clean vehicles & footwear between sites

Predation/direct damage by 
Feral Vertebrates

•	 Kill introduced predators/other vertebrates that cause direct damage

•	 Remove habitat for introduced predators/other vertebrates that cause 
direct damage

•	 Control access by introduced predators/other vertebrates that cause 
direct damage

•	 Support natives that compete with introduced predators/other vertebrates 
that cause direct damage

damage by Pest invertebrates •	 Reduce populations of plant-feeding pests 

•	 Reduce populations of predatory, parasitic & competing pest invertebrates

excessive nutrients and Pollutants •	 Avoid chemical application in and next to native vegetation

•	 Plant or maintain densely rooted vegetation next to native vegetation 
and waterways

•	 Plant or maintain scattered trees next to wooded native vegetation

•	 Reduce movement of livestock into native vegetation

Loss of keystone Species •	 Reintroduce keystone species (animals, plants, micro-organisms) 
(captive breed if necessary)

•	 Revegetate, engineering composition to cater for a keystone sp.

•	 Revegetate, engineering structure to cater for a keystone sp.

Loss of key Structures  
and Functions

•	 Create and/or manage movement ‘corridors’

•	 Protect and manage refugia

•	 Protect, manage & restore keystone habitat structures (mature trees, 
logs, snags in water, etc.)

•	 Control overabundant native species
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Outcomes
To design the search strings to identify sources 
that assess outcomes, not just report on actions, 
and to specify outcomes in a consistent way in 
order to evaluate effectiveness, we developed a 
‘Program Logic’ (Roughley 2009) for each Theme. 
Program Logics trace the relationships between 
interventions and their expected immediate 
outcomes, as well as which intermediate and 
ultimate outcomes might be expected to follow-on 
over time due to ongoing ecological processes. 
We focused on the high-level ultimate outcomes 
commonly articulated in Australia across 
governmental and non-governmental programs:

•	 maintaining native species diversity

•	 maintaining or improving the long-term 
persistence of species and reducing extinction

•	 maintaining representative diversity of 
healthy ecosystems

•	 maintaining or improving long-term 
adaptation potential

•	 maintaining or improving ecosystem services 

We then traced how interventions might be 
expected to deliver those outcomes – which 
immediate and intermediate outcomes need 
to be achieved first, like improved ecosystem 
condition or the recovery of threatened species. 
For example, reducing total grazing pressure 
may be used as an intervention to maintain or 
increase native species diversity, but the process 
by which that outcome could be achieved needs 
to be more explicit. To be able to achieve such a 
long-term outcome, reducing grazing pressure 
(the intervention) might first need to result in 
an increase in ground cover through allowing 
existing plants to grow bigger (and immediate 
outcome), which may then lead to improved soil 
conditions for seedling establishment through the 
creation of more protected inter-tussock spaces 
(and intermediate outcome). This in turn might 
result in better germination rates for a greater 
diversity of seeds in the seedbank, particularly 
forbs (a long-term outcome), resulting in increased 
plant diversity (an ultimate outcome). Any or all 
of these outcomes could be measured and could 
constitute evidence of effectiveness. 

Note that we used this Program Logic approach 
specifically to define a broad suite of measurable 
desirable outcomes from NRM interventions which 
then allowed us to construct search strings that 
would more precisely target studies that actually 
measured outcomes while still casting the net 
wide in terms of the types of outcomes measured. 
The Program Logics thus served a specific 
methodological purpose and were not intended 
to be definitive national management and 
outcomes typologies, which could only be usefully 
developed with more broad-based input.

Assessing effectiveness
Data extracted from sources in systematic maps 
do not generally include information about 
effectiveness – the map is purely intended to 
assess the relative volume of evidence available 
for different interventions or other conditions. 
Effectiveness is then assessed through more 
detailed systematic reviews where evidence is 
of a sufficient volume. However, we wanted to 
draw some initial inference from the Bank as 
a whole. So we took it one step further than a 
traditional systematic map and extracted data on 
effectiveness using a ‘vote counting’ procedure. 
This means we simply classified each source based 
on whether the authors concluded the intervention 
was effective or not, or whether it was ‘partly’ 
effective (i.e. only under some conditions, or 
outcomes were only partially achieved). We were 
then able to assess broad patterns in effectiveness 
across Themes, across interventions, or within 
interventions based on other sources of variation 
(like type of outcome measured, geographic 
location, etc.).

Common questions about these methods are 
addressed in the following pull-out boxes, and 
more complete information can be found in the 
companion technical guide (Doerr et al. 2018).
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Advantages and disadvantages of classifying interventions and outcomes

In reality, no two interventions or outcomes assessments are exactly the same. Because of this, some 
degree of classification is required. But there will always be some limitations with classifications like 
Table 1 and the Program Logics developed to consider outcomes (see the technical guide, Doerr et al. 
2017). For example, the interventions described may be too broad for some uses, it may be unclear 
where some specific approaches fit, rarer interventions may seem to be absent, and/or classifications 
won’t include the combinations of interventions that are common on the ground (e.g. controlling 
foxes alongside rabbits).

However, classifications also permit broad comparisons to be made, trends to be identified, and 
general principles to be extracted. Thus, classifications will never be perfect but as long as they 
are sufficiently robust given their intended purpose, and representative (rather than necessarily 
fully comprehensive), they can be a valuable aid in learning about effectiveness. In this case, 
the purpose of the classifications was to assist with developing effective strategies to search for 
evidence of effectiveness. Further work would be required to generate classifications or typologies 
of interventions and outcomes that could be used cross-jurisdictionally to support a system of 
national learning.

Some points of clarification about the classifications we used may help illustrate their 
representativeness and robustness (and inform interpretation of the results):

•	 Many specific actions are possible under each of the interventions (e.g. controlling weeds can be 
done in many different ways) so the focus here is on the higher-level effort, not the fine details.

•	 Control of feral herbivores does not specifically appear because it is part of ‘Reduce total grazing 
pressure’ – it has the same intended outcomes as managing livestock grazing.

•	 ‘Managing release of water from dams & weirs’ can include details of dam and weir construction 
like the provision of fishways.

•	 Seemingly similar interventions like ‘Control weeds in revegetation & remnants’ and ‘Reduce 
weeds next to native vegetation and waterways’ are separate because the desired immediate 
outcomes are different (i.e. controlling a resident weed vs. preventing invasion in the first place).

•	 Fire can be used as an action under a variety of interventions (like ‘Control weeds in revegetation 
& remnants’ as well as ‘Encourage natural regeneration’). Changed Fire Regimes as a Theme thus 
involves managing fire with the aim of restoring natural regimes of fire frequency and intensity, 
not using fire as a specific management tool to achieve other aims.

•	 One key class of interventions not included at this stage were those under the Theme of 
Proliferation of Disease. Because of the diverse nature of diseases for both plants and animals, 
and thus the special challenge of designing search terms that would be comprehensive enough 
without picking up far too many irrelevant sources, this Theme was beyond the scope of this 
project. However, this remains an important category for further analysis. 

•	 Some interventions may have co-benefits. For example, ‘Revegetate, engineering new structure’ 
could involve mixed environmental plantings with high densities of shrubs aimed at achieving 
carbon sequestration which may also contribute to reversing problems associated with vegetation 
clearing albeit with an ‘engineered’ vegetation structure.
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What about novel interventions?

Some of the interventions we assessed included novel approaches to environmental management 
and restoration. For example, ‘Protect and manage refugia’ and ‘Revegetate, engineering new 
composition’ are both frequently suggested as ways to support nature conservation under climate 
change but may not yet be commonly applied let alone assessed for actual on-ground effectiveness. 

These types of interventions were included in the Knowledge Bank for two reasons. First, they 
emerged from the standard process used to determine which interventions to include in the Bank. 
They are mentioned in recovery plans, conservation advices, scientific literature, policies, and/
or planning documents. Even if these interventions aren’t commonly applied, they are at least 
recommended, and including them ensured our methods were transparent and repeatable.

Second, it seemed worthwhile to gain some data on whether novel interventions are actually being 
applied and assessed. Trialling a diversity of approaches at once is arguably one of the best and 
fastest ways to learn about effectiveness (rather than trialling approaches one at a time, only testing 
novel ones once existing ones are proven ineffective). So even if we anticipated a relative lack of 
evidence associated with these interventions, quantifying that lack provides information about 
important gaps in our ability to learn about effectiveness.

The inclusion of these novel interventions means we need to be cautious about interpretation of 
a lack of evidence about their effectiveness. Lack of evidence could be due to a lack of monitoring, 
a lack of reporting in discoverable and accessible ways, or a lack of trialling the interventions to 
begin with. Distinguishing between these causes required more qualitative interpretation across 
the studies included and excluded from the Bank as well as the gathering of expert opinion, 
performed to identify key barriers to learning.

Parks and Wildlife Ranger alongside the predator fence in the Venus Bay Conservation Reserve that was erected to keep out foxes and 
rabbits. Copyright Department of the Environment (taken by staff). Markovic, Dragi. 
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Summary of Results

Overall Evidence
We initially identified 15,653 peer-reviewed and grey 
literature sources across the 10 Themes through 
our searches. However, relatively few sources of 
information about effectiveness remained after 
these thousands were examined for relevance 
(Table 2). Six of the Themes ended up with just 20 
or fewer sources for the whole Theme and fewer 
than 10 sources for almost all of the interventions 
within these Themes. This included Themes where 
interventions are commonly applied on-ground such 
as ‘Proliferation of Weeds’.

Even where more substantial numbers of sources 
were identified (Excessive Grazing, regeneration 
and revegetation to combat Clearing of Native 
Vegetation, Changed Hydrological Conditions, 
and potentially Changed Fire Regimes), the ability 
to draw insights about effectiveness was limited 
by high levels of diversity among the sources. For 
example, 71 sources examined the outcomes of 
reducing total grazing pressure. Overall, reducing 
total grazing pressure was generally found to be 
partially effective – it partially but not fully restored 
sites to reference or benchmark condition. Seventy-
one sources would normally be sufficient to explore 
in detail and conduct a systematic review. However, 
these studies varied widely in the outcomes 
measured, the details of the interventions applied 
(including the combination of interventions used), 
and the starting conditions of the sites. This meant 
that of 71 sources, no more than four were similar 
enough to be roughly comparable (i.e., similar 
intervention, outcomes measured, and historical 
management of sites). This diversity means that 
many more sources would be required to draw 
clearer conclusions about what influences or limits 
the effectiveness of reducing total grazing pressure.

Thus, results from the construction of the 
Knowledge Bank indicate that: 

•	 Sources of evidence about on-ground 
management effectiveness are lacking across 
all types of interventions. This is despite the 
large opportunity to evaluate effectiveness that 
exists as a result of numerous interventions being 
applied on the ground. 

•	 Even where more sources of evidence are 
available, there is so much diversity in the 
application of interventions as well as the 
assessment of effectiveness that few general 
conclusions can be drawn.

•	 We found no evidence to assess effectiveness 
for approximately one-third of all interventions. 
This lack of evidence may have a variety of causes 
but it appears that many of the more novel 
interventions are not being formally trialled and 
evaluated (e.g. supporting native species that 
compete with introduced predators, managing 
livestock movements into native vegetation 
to limit nutrient transfer, and protecting and 
managing refugia). Many others are perhaps 
assumed to be useful and virtually never assessed 
or assessments aren’t shared in a discoverable 
way (e.g. cleaning vehicles between sites to 
minimise transfer of weed seeds, and reducing 
carp populations). 
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table 2. Number of sources of evidence about effectiveness identified for each intervention under each Theme.

theme interventions # Sources

excessive Grazing •	 Manage timing of grazing

•	 Reduce total grazing pressure (livestock, feral herbivores, natives)

16

71

Clearing of native Vegetation 
(whether recent or legacy)

•	 Encourage natural regeneration

•	 Revegetate, matching local composition & structure 

•	 Revegetate, engineering new composition

•	 Revegetate, engineering new structure

•	 Manage fire regimes to restore native system

16

46

4

4

2

Changed Hydrological 
Conditions

•	 Create structures that reduce erosion

•	 Manage release of water from dams & weirs

•	 Manage water for floodplains & wetlands via regulators

•	 Reduce extraction of surface and ground waters

•	 Reduce populations of predatory, parasitic & competing 
pests (fish)

1

40

13

0

0

Changed Fire regimes •	 Change fire extent and/or intensity

•	 Change fire intervals and/or seasonality

•	 Protect sensitive habitats from fire

7

29

0

Proliferation of weeds •	 Control weeds in revegetation & remnants 

•	 Control outlying populations of weeds

•	 Reduce weeds next to native vegetation and waterways

•	 Control transformer weed species (including flammable grasses)

•	 Clean vehicles & footwear between sites

4

0

9

2

0

Predation/direct damage 
by Feral Vertebrates

•	 Kill introduced predators/other vertebrates that cause direct 
damage

•	 Remove habitat for introduced predators/other vertebrates 
that cause direct damage

•	 Control access by introduced predators/other vertebrates that 
cause direct damage

•	 Support natives that compete with introduced predators/other 
vertebrates that cause direct damage

10 

0 

2 

0

damage by Pest invertebrates •	 Reduce populations of plant-feeding pests 

•	 Reduce populations of predatory, parasitic & competing pest 
invertebrates

0

3

excessive nutrients and 
Pollutants

•	 Avoid chemical application in and next to native vegetation

•	 Plant or maintain densely rooted vegetation next to native 
vegetation and waterways

•	 Plant or maintain scattered trees next to wooded native 
vegetation

•	 Reduce movement of livestock into native vegetation

0

7 

0 

0

Loss of keystone Species •	 Reintroduce keystone species (animals, plants, micro-organisms) 
(captive breed if necessary)

•	 Revegetate, engineering composition to cater for a keystone sp.

•	 Revegetate, engineering structure to cater for a keystone sp.

4 

2

0

Loss of key Structures 
and Functions

•	 Create and/or manage movement ‘corridors’

•	 Protect and manage refugia

•	 Protect, manage & restore keystone habitat structures 
(mature trees, logs, snags in water, etc.)

•	 Control overabundant native species

1

0

15 

0
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Insights by Theme
The original aim of drawing inference or insights 
from the initial development of the Knowledge 
Bank was to be able to articulate for each Theme 
which interventions we can most confidently invest 
in, how generalised their effectiveness is and 
thus how widely we could confidently apply them 
across landscapes, and which still require some 
monitoring or research to have full confidence 
in implementing. However, the paucity and 
diversity of sources discovered meant that such 
detailed insights are not yet possible to derive. 
As a result, most of the remainder of this report 
is devoted to understanding broader cross-Theme 

patterns, particularly some additional qualitative 
analysis about why so little evidence is available 
(or discoverable) as well as what could be done to 
more rapidly and cost-effectively build confidence 
in management interventions.

However, these broader strategic and 
programmatic insights and options will not be 
relevant for all audiences. Some people interested 
in this work will largely have influence at more 
detailed levels and will still want some Theme-
based recommendations. Thus, the following box 
provides the most robust suggestions we can offer 
from the evidence currently available about what 
to invest in and how to monitor.

Recommendations for implementing and monitoring by Theme

Excessive Grazing
Grazing management is usually partially effective at restoring ecosystems to reference or benchmark 
condition. However, the degree to which grazing management is successful is likely to depend on 
many different local and historical factors as well as other interventions it is combined with. Active 
experimentation at local scales – trialling a few different approaches and comparing them – is 
recommended, as it is likely to lead to rapid learning and improvement at the most relevant scales.

Clearing of Native Vegetation
Regeneration and revegetation to combat past or current clearing are also usually only partially 
effective at restoring reference or benchmark condition, even after long time periods of recovery. 
Both on-ground actions and monitoring efforts could be switched from restoration of local 
composition to exploring more ‘engineering’ or process-driven restoration options, where 
specific elements of the system are restored because they are thought to encourage key processes 
of recovery. Conceptual models of ecosystem dynamics would help to identify components of 
ecosystems that can drive process-based recovery and enable this approach.

Changed Hydrological Conditions
Research and monitoring effort may be best applied to deliberate testing of broader conceptual 
systems models rather than studying effectiveness of specific management events as management in 
these situations is more focused on shifting a regime over the long term than once-off management 
intervention. Interventions can then be planned based on the conceptual models but not individually 
empirically tested.

Changed Fire Regimes
Research and monitoring effort may be best applied to deliberate building and testing of broader 
systems models, including taking advantage of data collection from burns conducted for reasons 
other than nature conservation. Interventions can then be planned to manipulate key drivers in 
rigorous, empirically tested systems models and not individually monitored.

Proliferation of Weeds
Shift away from monitoring the removal of weeds themselves and toward monitoring the broader 
environmental benefits of controlling weeds as these impacts are still not well-established. A special 
focus on transformer weeds, preventing weed spread/dispersal, and the conditions under which 
interventions may not need to be on-going would be useful.

Predation/Direct Damage by Feral Vertebrates
Immediate biodiversity outcomes are beginning to be established for controlling these species but 
the outcomes assessed are usually quite limited and often involve benefits to only a single species. 
Some monitoring resources could be effectively re-directed toward assessing broader environmental 
outcomes rather than simply reductions in the feral predators themselves. Long-term studies of 
predator-prey dynamics could also be used more effectively by introducing control interventions.
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Damage by Pest Invertebrates
Virtually no evidence exists of the environmental benefits of interventions to reduce damage by 
pest invertebrates, so investment in the interventions should always be coupled with investment 
in monitoring the resulting outcomes. Cross-sector research that assesses both the agricultural and 
environmental benefits of interventions to reduce the damage done by pest invertebrates would 
dramatically increase the knowledge base as interventions are performed much more frequently 
for agricultural benefit.

Excessive Nutrients & Pollutants
Grassy riparian buffers are effective at reducing nutrient transfer and sedimentation in many 
circumstances and may not need further monitoring. However, monitoring of other types of 
buffers should happen more frequently. Terrestrial buffers (e.g. those adjacent to terrestrial native 
vegetation that may reduce ‘edge effects’ and wind and water transfer of nutrients) should be 
implemented and monitored more frequently to assess their effectiveness.

Loss of Keystone Species
Reintroductions of keystone species or ‘ecosystem engineers’ may be particularly likely to 
generate broader ecological benefits but these are new and relatively rare interventions. It may 
be worth concentrating on keystone plants, rather than charismatic fauna, and pairing on-ground 
interventions quite tightly with research. Most monitoring will be fairly complex if it aims to assess 
the broader environmental benefits and not just the establishment of the species itself.

Loss of Key Structure & Functions
Restoration of important habitat structures is likely to benefit wildlife species, including some 
threatened species. However, more novel interventions like protecting refugia remain to be 
evaluated. Monitoring of effectiveness should move away from simple immediate measures of 
success such as ‘use’ or ‘occupancy’ and focus instead on whether or not proper ecological function 
(e.g. dispersal) is restored as well as evaluation of more novel approaches.

Inspecting monitoring site for Bridal Creeper control near Kingscote on Kangaroo Island. Copyright shared (Department of the 
Environment and the creator) for unlimited time. Baker, John.
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Cross‑Theme Patterns

Partial Effectiveness

Systems Drivers vs. Interventions

For several of the Themes, one of the conclusions 
that emerged was that individual interventions 
may not be the most appropriate way to design 
management or monitoring, particularly in 
ecosystems that depend on natural disruptive 
processes like fire or flooding. Instead, 
management that focuses on changing key 
systems drivers – changing the disturbance regime 
– through multiple interventions over time may 
be more likely to succeed. This is partly because 
in these systems, single interventions create 
change but it may be varied and temporary, and 
only multiple interventions are capable of driving 
significant change in desired directions. 

For example, a single application of environmental 
water will create immediate change in floodplain 
ecosystems, but that change may only be 
temporary and the nature of the change will 
differ substantially in systems with previous 
watering histories (and a range of other variables). 
Achieving desired outcomes like improvements in 
the health of floodplain ecosystems requires a plan 
to shift the watering regime over time, not just 
the application of individual watering events. As 
such, the ‘intervention’ is actually about long-term 
regime change and assessing effectiveness through 
monitoring and research needs to be done by 
assessing the consequences of that regime change, 
not the effects of individual watering events.

Six of the ten Themes involved interventions 
that were most commonly reported to be only 
partially effective (Figure 1). These included the 
most commonly applied interventions of managing 
grazing, regeneration and revegetation, managing 
environmental water, and controlling weeds. These 
were also the Themes in which interventions tend 
to be targeted at broad ecosystem benefits. In 
contrast, restoring key habitat structures for specific 
fauna species or species groups was more likely 
to be reported as definitely effective, though not 
necessarily at generating ecosystem-wide benefits 
beyond the specific species involved. 

Although this demonstrates we can be successful 
at putting back some specific elements of 
ecosystems that have been lost, there are challenges 
in restoring whole systems. We currently do not 
know how to do it. Given that many of the studies 
reporting partial effectiveness measured outcomes 
at sites many decades after initial intervention, 
achieving effectiveness is not simply a matter of 
allowing sufficient time. This is not necessarily 
unexpected, but a strong pattern and thus an overall 
striking result, particularly given increasing reliance 
on restoration to offset impacts of clearing.

Loss of Key Structures and Functions

Loss of Keystone Species

Excessive Nutrients and Pollutants

Damage by Pest Invertebrates

Predation by Feral Vertebrates

Proliferation of Weeds

Changed Fire Regimes

Changed Hydrological Conditions

Changed Native Vegetation

Excessive Grazing

0 5 10 15 20 25 30 35 40 45

# of studies reporting effectiveness

  yes          partially          no

Figure 1. Cross-theme patterns in effectiveness – number of studies reporting that interventions were definitely 
effective (yes), partially effective (partially), or not effective (no) across each of the 10 Themes.
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This approach thus also requires us to be clear 
about the desired state (or set of dynamic states) 
we want an ecosystem to be in. Disturbance 
regimes drive ecosystems into different states 
which may not inherently be ‘good’ or ‘bad’, just 
different. For example, reduced fire frequency can 
lead dry sub-tropical sclerophyll woodlands to 
transition toward sub-tropical rainforest. In this 
case, fire management is only ‘effective’ if we have 
explicitly decided that rainforest is preferred in 
that location over dry woodland. 

This need to define the desired state or states 
(not just the direction of improvement) is most 
obviously true for interventions that focus on 
shifting disturbance regimes, like ecological 
management of fire and environmental water. 
Yet it is worth considering whether this approach 
is more generally applicable. All ecosystems 
are dynamic to some degree and thus can be 
conceptualised as existing in multiple different 
states, with key drivers that govern shifts between 
states. Interventions that target those key drivers 
may be capable of creating a step-change 
in desired outcomes, instead of just gradual 
incremental improvement. With limited funds to 
invest in environmental recovery, it could make 
sense to preferentially invest in interventions that 
can create these threshold changes, thus creating 
a more cost-effective outcome.

This cross-Theme pattern thus suggests that 
an important alternative way to think about 
confidence in investment and learning about 
effectiveness may not necessarily involve 
monitoring or empirical research on specific 
interventions and their consequences. Instead, 
it may be more productive to construct dynamic 
systems models that articulate key drivers of 
system change and the different system states 
they produce, and base on-ground investment 
decisions on these models. Empirical research 
could then focus on testing elements of the models 
(rather than specifically monitoring individual 
interventions). As the models improve, so too will 
confidence in on-ground investment decisions 
based on them even if ‘effectiveness’ is never 
directly assessed.

The Australian Ecosystem Models Framework 
is progressing development of a national set 
of dynamic ecosystem models which describe 
ecosystems in multiple natural and non-natural 
condition states, and the natural and non-natural 
drivers which transition ecosystems between 
states. These models may provide the conceptual 
underpinning for taking the systems drivers 
approach described above to defining desired 
outcomes, planning interventions, and monitoring 
and reporting on effectiveness.

Engineering Restoration?

One more cross-Theme pattern worth highlighting 
was the potential value of increasing investment 
in more novel, ‘engineering’-type approaches 
to restoration. Note that in Figure 1, restoring 
keystone species to engineer follow-on changes 
in the ecosystem and restoring key structures 
and functions were both considered effective 
by the majority of studies available. In contrast, 
interventions in most other Themes were most 
commonly considered to be only partially 
effective. In addition, revegetation techniques 
that engineered a particular composition or 
structure to boost key ecosystem processes were 
more likely to be effective, though the number of 
studies was small. These interventions were often 
designed to use plantings to stimulate a particular 
ecological process that may be critical for recovery, 
rather than necessarily replace the species that 
might be expected to be there in the absence of 
clearing/modification. For example, revegetating 
using essentially a monoculture of Themeda grass 
(an ‘engineered’ composition) could be used as 
part of a process to reduce artificially-elevated 
soil nutrients (Prober and Lunt 2009). Similarly, 
Colloff et al. (2010) found that certain vegetation 
structures created through revegetation were 
particularly useful at improving water infiltration 
in the soil because they encouraged greater soil 
invertebrate diversity. Engineering structure or 
composition to stimulate certain soil processes 
and/or recruitment of other plant species may 
be particularly effective. 

These results suggest that refocusing restoration 
on reinstating key processes rather than specific 
ecosystems per se, including through more 
interventionist ‘engineering’ approaches, could 
be worthy of much deeper exploration and 
experimentation. Trialling these more novel 
interventions, not just in controlled experiments 
but as real on-ground NRM interventions at scale 
may provide an important way to move beyond 
the trend toward only partial effectiveness.

In summary, we are regularly intervening in 
the environment, but we do not yet have the 
appropriately structured mechanisms, and the 
culture of testing and experimentation, that 
supports building a knowledge base about which 
interventions are actually working to deliver 
desired outcomes. This result meant that some 
of our aims in the Knowledge Bank project were 
not achievable – we cannot yet derive nuanced 
insights about which interventions are reliably 
effective in which circumstances. 
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Key Barriers to Learning

Perhaps the best way to improve confidence in 
the effectiveness of NRM is through a much more 
systematic, programmatic approach which embeds 
a culture of adaptive learning into environmental 
management. This must also include developing 
the necessary mechanisms to support such a 
learning culture. The Knowledge Bank results 
suggest that a lack of learning is pervasive across 
NRM interventions, particularly given the scale and 
frequency with which on-ground interventions are 
applied compared to the scale and frequency with 
which effectiveness is assessed. Such pervasiveness 
suggests that a lack of learning results at least in 
part from key, potentially systemic barriers.

To explore what systemic changes might be 
needed to create a culture of adaptive learning and 
its associated mechanisms, we thus first articulated 
what we found to be the current key barriers to 
learning. These were developed by:

•	 qualitatively examining the types of studies 
that both were and were not included in the 
Knowledge Bank

•	 drawing on the project team’s own experiences 
working with environmental management 
programs in Australia (from the program 
development side as well as the practitioner 
and monitoring sides)

•	 gathering expert opinion from staff involved 
in various programs within the Department 
of Environment and Energy

•	 gathering expert opinion from other 
researchers and NRM practitioners

Informal processes were used, but there was 
generally widespread consensus about the barriers 
noted below as well as suggestions for how 
to overcome them (presented in the following 
section). Barriers most commonly related to:

•	 the way we specify targets and outcomes desired

•	 different drivers of success for program 
designers, researchers, and land managers/
implementers

•	 flow-on consequences for NRM program 
design, and

•	 disproportionate emphasis on only certain 
aspects of monitoring, reporting, and 
information sharing.

Approaches used to set NRM 
program targets 
National NRM program targets have tended to 
oscillate between two modalities of target setting 
– a high level of generalisation versus fairly specific 
output (rather than outcome) targets. Both of 
these modalities make it difficult to identify the 
intended outcomes of the interventions and to 
achieve adequate replication of interventions 
within the landscape – both of which are critical 
for learning about effectiveness. Output targets 
tend to aim at the short-term with a focus on 
activities more than what they are intended to 
achieve. Over-generalised targets may be aimed at 
longer-time frame delivery but are rarely directly 
measurable. These two modes of target-setting 
are rarely presented within a coherent program 
logic that articulates the step-by-step pathway 
to the achievement of the higher-order, longer-
time frame objectives. Yet it is the intermediate 
stages in this pathway where achievement can 
be measured and effectiveness can be evaluated. 
Thus, the lack of contextualisation of these target-
setting modalities poses a higher level barrier for 
assessing the effectiveness of NRM. Changes in 
focus on the different modalities over time and 
across programs also provide a barrier to learning 
about effectiveness. Cross-program effort is 
likely to be crucial to building enough volume of 
comparable evidence but when different programs 
articulate targets quite differently, it can be very 
difficult if not possible to monitor effectiveness 
across them. It is worth considering the slightly 
different nature of the barriers posed by each of 
these modalities, as well as the overall barrier 
presented by the lack of consistent approach. 
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Highly generalised targets

Often the objectives and desired outcomes of NRM 
programs are expressed at a very high level, such 
as ‘conserving the environment’ or ‘improving 
biodiversity’, not as things that are directly 
measurable. Targets that are highly generalised do 
not provide adequate guidance to practitioners 
or decision-makers as to where, what and why 
NRM investment is necessary. Lack of consistent 
statements about the where, what and why 
(including measurable outcomes desired) mean 
that interventions to achieve the objective can 
be overly diverse and uncoordinated, and people 
doing monitoring and research are free to decide 
which outcomes they assess. It then becomes 
difficult or even impossible to draw consistent 
insights across interventions/studies because so 
many different interventions are used and so many 
different outcomes are measured.

For example, the Caring for our Country 
Biodiversity and Natural Icons target was 
to “Increase by at least [400,000 / 600,000 
/1,000,000] hectares... the area of native habitat 
and vegetation that is managed to reduce critical 
threats to biodiversity…by 2013”. This target did 
not link the number of hectares chosen to any 
specific ecological need, and the ‘where’, ‘why’, 
‘how’ and ‘when’ was unidentified. In particular, 
not describing what was meant by “managed” in 
the Biodiversity and Natural Icons target resulted 
in varying interpretation by stakeholders on 
the ground, and thus a wide variety of bespoke 
interventions (including even public-awareness 
campaigns and data modelling). The knock-on 
impact is that the interventions employed to 
achieve this target may be too diverse to assess 
effectiveness in anything but an anecdotal 
way. Even if they could be grouped into similar 
categories to assess effectiveness, the lack of 
consistent reporting on the approaches used 
meant there was no way to identify proposals 
that used similar interventions, and to strategically 
invest to achieve coordination, consistency and 
sufficient replication of efforts in the landscape 
to enable subsequent learning. 

Output-focused targets

Output targets are intended to be short-term ways 
to work toward more significant outcomes. They 
have a tendency to focus on the volume of activity, 
but often fail to logically link how a particular 
volume (or sometimes even a particular activity) 
contributes to the achievement of higher order 
environmental outcomes. Thus, they too pose a 
barrier to monitoring and evaluating effectiveness. 

Output targets can also have a tendency to focus 
on restoring the most ‘visible’ elements of a 

system – rather than prioritising interventions 
that remedy some of the most challenging but 
necessary aspects of an ecosystem. For example, 
the long-term modification of native soils through 
agricultural land uses may limit the success of 
revegetation efforts unless significant investment 
is first applied to restoring soil function. Currently, 
such investment is rarely the focus of government 
NRM programs, which have a tendency to aim for 
generation of above-ground visible change, and 
thus measure success in terms of the volume of 
immediately visible output (e.g. number of trees 
planted) rather than the realised benefit. 

For example, the Caring for Our Country 
Biodiversity and Natural Icons target, “to undertake 
1500 days of volunteer cane toad control” resulted 
in approximately 8360 volunteer days of activity 
between 2008 and 2013. At face value, the target 
was more than exceeded and thus success was 
achieved. However, was an actual environmental 
outcome truly achieved? Assuming that a single 
volunteer can clear up to 2 hectares of cane toads 
in a single day, over the entire five year effort, this 
may have equated to approximately 167 square 
kilometres of ‘volunteer cane toad control’. 
However, only 1433 days were targeted at the 
cane toad ‘front line’ near the Western Australian 
border, and this subset of effort may have resulted 
in approximately 30 square kilometres of cane toad 
control, if targeted all at the same time. As cane 
toads occupy over 1 million square kilometres and 
their populations are expanding by > 55 square 
kilometres per annum, this output-focused target 
could not be effective at delivering an outcome 
for “biodiversity and natural icons” beyond 
perhaps slightly temporarily slowing the expansion 
of cane toads. 

While this didn’t come up regularly in our informal 
data collection on barriers to learning, it is worth 
noting that another issue with output focussed 
targets is that they often create an administrative 
burden for governments and practitioners without 
the commensurate environmental benefit. The 
volume of effort put into administrating these sorts 
of targets within government (communication 
materials, grant assessment, contracting, contract 
management) and for grantees and practitioners 
(grant application, marshalling volunteers, 
on-ground activity, reporting to government) 
may significantly sap resources from other projects. 
Thus, the value proposition of output targets 
without a clear link to intended immediate and 
intermediate outcomes intended is worthy of close 
examination, not just in terms of whether they 
support learning about effectiveness but in terms 
of whether they support efficient resourcing of 
environmental improvement. 
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Lack of measurable desired 
outcomes in a systems context
Under the Knowledge Bank Themes of Changed 
Hydrological Conditions, Changed Fire Regimes, 
and potentially also Excessive Grazing, a lack of 
articulation of whole-of-system impacts posed a 
barrier to learning Water (floods and flows), fire 
and grazing are often key drivers in ecosystem 
dynamics. The aim of interventions is often not 
just to intervene and have an immediate effect 
but rather to intervene many times to change the 
overall regime of the driver and thereby create a 
step change in the whole system. In this case, if 
most studies focus on the immediate outcomes 
of a single intervention, they may be missing 
the opportunity to learn about how a regime of 
intervention can create outcomes for the whole 
system. For example, many studies of the effects 
of environmental watering events suggested that 
environmental water is only partially effective 
because some species benefited whereas others 
did not. But that’s not a surprising conclusion – 
that’s how systems drivers work, through repeated 
changes that create winners and losers and shift 
the ecosystem into a different state. Until desired 
outcomes are articulated as major shifts in the 
system, not just incremental change, there may be 
many outcomes measured without any clear sense 
of whether they constitute improvements or not.

Given ongoing global declines in biodiversity 
(Butchart et al. 2010, Johnson et al. 2017), it is 
important to learn more about these major 
ecosystem levers which may have potential to drive 
step changes in the restoration of the environment. 

Different motivations for program 
designers, researchers, and 
implementers
Assessing the outcomes of interventions – 
effectiveness monitoring – is what Lindenmayer 
and Likens (2010) refer to as ‘question-driven 
monitoring’ – something that deliberately extends 
beyond trend monitoring toward more formal 
scientific comparisons but using real-world 
interventions as the ‘treatments’. We found 
some evidence that this kind of approach may 
consistently fall through the cracks between the 
three disciplines involved in making it work – NRM 
program design, research, and the implementers 
of land management actions. There is no doubt 
that some individuals have the capability to look 
across these domains. The barrier may be that the 
key drivers of success in these professions – the 
way people are judged, rewarded and promoted 
– inadvertently work at cross purposes, resulting 

in systemic barriers to a shared adaptive learning 
system despite individuals’ capabilities.

For example, we found that even among the 
studies included in the Knowledge Bank, probably 
less than half of them were actually studies of on-
ground interventions and what they had achieved 
in terms of environmental outcomes. Instead, 
researchers were often applying the interventions 
themselves, in more controlled experimental 
conditions and at smaller scales, rather than 
in partnership with land managers at scale. In 
addition, many researchers focused on exploring 
the ‘natural’ ecosystem dynamics rather than the 
consequences of management interventions in 
the system. For example, there were impressive 
long-term studies by researchers of the population 
dynamics of feral predators linked with their prey 
species, but these did not involve assessing the 
outcomes of interventions to limit feral predator 
populations (e.g., Hone 2002). In contrast, many 
managers monitored their own interventions of 
controlling feral predators like foxes, but only by 
assessing the number of baits taken or foxes killed, 
not the broader ecological benefits achieved by 
doing so (e.g., Dexter and Meek 1998, Carter et al. 
2011). While both of these approaches are valid and 
useful, they are each limited in and of themselves 
and the separation of activities and approaches 
between managers and researchers means they 
cannot leverage each other’s strengths.

We explored some of the reasons for this 
separation of approaches and found a number 
of drivers of success in these different disciplines 
that may actively work to keep them apart 
(Figure 2). This includes NRM program design 
as a discipline, as well as the disciplines of research 
and management implementation. Many of these 
particular barriers to learning may be difficult 
to address, but acknowledging them is likely to 
be helpful:

•	 To study effectiveness of interventions in 
the real world, researchers often need to 
collaborate with multiple practitioners to gain 
sufficient sample size for research. This can 
be a complex brokering challenge with many 
transaction costs not normally factored into 
research funding. Thus, researchers who pursue 
this approach may accomplish less research and 
publish less per project or dollar of funding, 
limiting their visibility and career progress.

•	 Researchers are under pressure to always do 
novel research (apply new methods, measure 
new outcomes not measured by anyone else, 
etc.) in order to publish in high-impact journals, 
which makes it difficult to do research in ways 
that build understanding across multiple 
similar studies. 
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•	 Implementers often feel they need to 
demonstrate best-practice and continual 
success as those that appear more successful 
gain further funding. This no-fail culture makes 
it difficult for implementers to experiment 
with multiple approaches, which is what 
researchers fundamentally require in order 
to make effective comparisons.

•	 Implementers often work for implementing 
agencies or organisations which often do not 
have stable long-term funding. Individuals 
must therefore build their careers by moving 
frequently between different employers, 
creating relatively high turnover and making 
it difficult to form longer-term relationships 
with researchers.

•	 Implementing organisations frequently 
work with individual land managers to apply 
interventions on private properties, and the 
more work done, the better (both in terms of 
outcomes and reputation for the organisation 
and thus more funding – drivers created by 
the world of program design and funding). 
As a result, implementers often negotiate 
bespoke interventions on each property to 
fit in with what the private manager wants 
to do. While this helps to create a sufficient 
volume of activity, it make it virtually 
impossible to have the replication of relatively 
consistent interventions required for assessing 
effectiveness in anything but an anecdotal sense.

•	 NRM program designers may wish for outcomes 
to be assessed, but are fundamentally only 
directly responsible for overseeing monitoring 
and reporting during the life cycle of a 
program, which is usually too short to allow 
any meaningful environmental outcomes to 
accrue. And there has been a lack of in-built 
contractual and management mechanisms 
track the post-investment life of sites and thus 
to counter this driver to focus short term. For 
example, programs such as the Biodiversity 
Fund favourably treated grant applicants 
who committed to 10-year management and 
maintenance of their revegetation sites (post 
their six-year investment), but upon receiving 
these grants, recipients were not contractually 
bound to demonstrate this ongoing 
management and the government had no way 
in which to determine compliance or evaluate 
the outcomes. Even if program designers 

form collaborative links with researchers and 
research funders, the mismatch in time scales 
means that it is very difficult to link investment 
in on-ground actions with investment in 
research/monitoring on effectiveness, which 
may need to be completed by researchers or 
implementers decades into the future.

•	 NRM program designers are also under 
pressure to produce ‘new’ approaches from 
one investment cycle to the next, in part driven 
by the need to respond to different interests 
and priorities of ministers and/or senior public 
servants. However, this driver for program 
designers also means that implementers are 
forced to focus on different environmental 
challenges from one short-term funding 
cycle to another and cannot effectively build 
a portfolio of consistent, repeated actions 
which is what would be needed for learning 
about effectiveness.

Greg and Matthew Johnson’s property near Yeoval, NSW is part 
of the Environmental stewardship program to protect box gum 
grassy woodland. Copyright Department of the Environment 
(taken by staff). Tatnell, Andrew.
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It has certainly been recognised that better links 
across these disciplines (especially between 
research and land management) would be useful. 
Yet to date, that has largely been tackled not by 
addressing the disparate drivers keeping them 
from effective collaboration, but rather by simply 
trying to provide opportunities for them to talk 
with each other. For example, federal funds 
increasingly preferentially go to cross-discipline 
partnerships (including via the current NESP 
model) and new types of conferences are emerging 
that focus on shared approaches to solutions 
rather than disciplines (e.g. Restore, Regenerate, 
Revegetate 2017 in Armidale, New South Wales). 
These structured opportunities for shared 
discussion are certainly valuable, but will have 
limited success unless the underlying drivers that 
continually push the disciplines apart (or at least 
limit collaboration) are also addressed.

Program design which does not 
include learning and building 
evidence as an integral objective
Even if researchers were widely connected with 
practitioners and attempting to research the 
outcomes of real on-ground interventions, there 
would still be limited opportunities to do so 

because of the way programs that fund on-ground 
interventions are often structured. Those program 
structures may have arisen in part because of 
the disparate drivers among program designers, 
practitioners/implementers and researchers, but 
it means that structurally, programs themselves 
currently serve as barriers to learning. Learning 
about outcomes involves making comparisons, 
preferably using statistical analysis, which provides 
the potential to reveal general principles as well 
as the specific contexts in which actions are more 
vs. less effective, and fundamentally requires the 
following:

•	 Comparing the outcomes of interventions to 
some sort of control or benchmark

•	 Replication (or many applications of the same 
intervention) within similar local/regional 
contexts (e.g. within the same vegetation 
type and catchment)

•	 Replication is also desirable across local/
regional contexts but not at the expense 
of replication within local contexts

Thus, when program designs include targets that 
are highly generalised and desired measurable 
outcomes are not articulated, the drivers for 
implementers to apply bespoke interventions 

• ‘Best-practice’, no fail

• Focus on short-term monitoring  
(within investment life rather than after)

• Outcomes from every investment

• Lack of long-term funding drives high turnover

• Bespoke plans for each land manager to  
maximise volume of interventions

• Demonstrate ‘success’ rather than learning

• Consistent treatments & controls

• Do something no one has done before

• Study & publish natural system dynamics 
more than effects of interventions

Program 
designers

Implementers/
Practitioners

Researchers

Effective learning 
from on-ground 

actions

Figure 2. Schematic illustrating some of the different drivers for program designers, implementers/practitioners 
and researchers that actively work to pull them away from effective collaboration to learn about effectiveness 
when implementing on-ground actions.
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on individual properties and for researchers to 
measure new and different outcomes in new 
and different ways will dominate. As a result, 
the inability to have replication and to assess 
effectiveness across many applications of an 
intervention will essentially be structurally 
entrained by the program design.

At the other end of the targets spectrum, learning 
will be particularly slow if we only trial one 
intervention (or set of interventions) at a time. 
When program designs are based on output-
focused targets, there is usually a pre-determined 
single intervention applied. (This could include a 
single consistent set of interventions, like excluding 
livestock grazing with weed and rabbit control, 
applied everywhere.) Even if that consistency 
can be achieved by implementers, assessing 
effectiveness requires comparison to control sites, 
particularly in the absence of measurable, desired 
outcomes. Unfortunately, control sites can be 
difficult to find and there is often an unwillingness 
to spend monitoring funds on monitoring control 
sites. Outcomes may not be assessable for a 
long time to come, meaning we don’t get the 
opportunity to learn about effectiveness and try 
a different approach until well into the future.

Similarly, replication within a local/regional 
context can be severely limited not just because 
of the individual tailoring of interventions to 
each site (including to land manager preferences) 
but also because there may be a desire to spread 
funding across many regions for ’equity’. This 
in itself wouldn’t be a problem if funding were 
consistently available each year for the same types 
of interventions (as part of a long-term investment 
strategy), and thus multiple sites with the same 
interventions could build up in a region over 
years. But drivers of success for program designers 
mean there has been a tendency to shift priorities 
every few years rather than take this long view. 
This combination of spreading investment over 
larger geographic areas and lack of a long-term 
investment strategy means that appropriate 
replication is not only not planned but may be 
structurally constrained from ever developing. 

We emphasise that this is a particularly important 
barrier to consider ways to overcome, in part 
because it is a complex problem. Programs need 
to be designed to minimise risk when spending 
public funds, federal programs need to provide 
benefit across Australia not just in particular 
regions, tailoring interventions to each site is often 
critical to gain the support of private land owners 
to undertake the interventions, and actively 
experimenting with multiple interventions and 

learning for future benefit is sorely lacking and 
desperately needed. It is challenging to design 
programs that can sufficiently satisfy these diverse 
needs and that don’t inadvertently create perverse 
incentives and outcomes, particularly given the 
diverse drivers for the many people and disciplines 
involved. Current program designs prioritise 
some if these needs at the expense of learning 
about effectiveness, and it may be challenging 
but ultimately highly beneficial to wrestle with 
the complexity and reform approaches to 
program design.

Emphasis on activity reporting 
and trend monitoring which 
do not address effectiveness

Activity reporting

Much ‘monitoring’ and reporting on interventions 
in the environment in Australia currently involves 
the most immediate type – essentially just 
reporting on activity and outputs. For example, 
program designers often require reporting on 
how many kilometres of fencing were constructed, 
how many fox baits were laid, how many land 
managers were reached through workshops, 
etc. Activity reporting is essential as without it 
we would lack even the most basic data on what 
we have done where. As such, it forms a critical 
foundation for assessing effectiveness, particularly 
where outcomes may not be anticipated for many 
decades and thus assessment of effectiveness may 
have to occur well into the future. However, as 
discussed above, activity reporting in and of itself 
is inadequate to build a picture of the effectiveness 
of NRM interventions. 

Changes in NRM program design over multiple 
investment cycles may have inadvertently 
placed greater emphasis on activity reporting 
than monitoring effectiveness. For example, 
in the former Caring for our Country program, 
approximately 10% of total project budgets 
could be allocated to monitoring (including of 
effectiveness) and administration. However, in the 
subsequent Biodiversity Fund, it was stipulated 
that no more than 5% of the project budget could 
be used for administration, monitoring and activity 
reporting – a value that for most projects restricted 
the work to activity reporting alone and precluded 
any meaningful effectiveness monitoring. While it 
is certainly reasonable to expect that basic activity 
reporting should be part of all on-ground projects, 
structured assessments of effectiveness to learn 
most efficiently are also required. The arbitrary 
% maximum allocation of budget to monitoring 
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may not always be appropriate. A well designed, 
small-scale project that has explicitly built in 
experimental design and substantial effectiveness 
monitoring may deliver more public benefit and 
value for money than a broader-scale project 
without effectiveness monitoring. 

Emphasis on activity reporting may have also 
driven changes in capability in different sectors, 
creating a self-reinforcing loop in which only 
some types of monitoring and reporting are 
achieved and thus learning is limited. The last 
two decades have seen a shift in stable financial 
support and governance arrangements for many 
practitioner/implementer organisations (such as 
regional natural resource management groups) 
such that their ability to retain capability fluctuates 
depending on the results of competitive funding 
rounds – rounds in which activity reporting 
has been emphasised. As a result, many NRM 
regions only have the ability to undertake activity 
reporting, and the capability and capacity to assess 
ecological outcomes has often been lost.

Trend or surveillance monitoring

The other common type of monitoring is ‘trend’ 
monitoring – noting overall changes at a variety 
of scales in things like tree cover, population 
estimates, etc. without directly assessing whether 
or not interventions were responsible for driving 
the changes. In most trend monitoring, the scales 
involved (usually regional to national) and the 
general lack of comparisons (e.g. not deliberately 
comparing areas where interventions are and 
are not applied) generally preclude learning 
about effectiveness of specific interventions and 
are intended more as an overall status check. 
Particularly where trend monitoring suggests we 
are not reversing overall declines in environmental 
condition, complementary approaches more 
specifically targeted at assessing effectiveness 
of interventions (even at just a subset of sites/
scales) are crucial for learning how to change 
those trends. 

However, the two approaches are sometimes 
confused as interchangeable with apparently 
more emphasis on trend monitoring because of 
the larger scales over which it can be applied. 
Again, the intent may not be to actually emphasise 
trend monitoring, but it is often funded 
and administered quite separately from the 
research streams that are more likely to produce 
effectiveness monitoring, so there may be little 
line-of-sight across the whole integrated system of 
investment in different types of monitoring. There 
is certainly a perception that concerted efforts 

have been made to improve our approaches to 
both activity reporting and trend monitoring over 
the past decade, but this hasn’t been matched with 
equal investment in effectiveness monitoring. 

For example, consistent ‘typologies’ or categories 
of management activities and their immediate 
outputs have been developed to collect useful 
national-scale data on activities. In addition, 
investments in surveillance monitoring, through 
new technologies such as remote sensing, have 
taken precedence over on-ground monitoring 
investment. This is because such products offer the 
promise of an efficient way of building national 
scale insight into the environment (to satisfy 
regulatory reporting responsibilities, such as State 
of the Environment reporting) that could not 
realistically be achieved through on-ground effort. 
But on-ground effectiveness monitoring is different 
than on-ground trend/surveillance monitoring 
and serves a different purpose. Remote techniques 
may indeed be the most efficient way to report on 
trends, but they don’t help us learn how to shift 
those trends, and thus are limited in policy and 
programmatic application. Emphasising just one 
or two aspects of an overall monitoring system 
thus serves as a barrier to our ability to learn.

Information not discoverable 
or accessible
Lastly, while it is clear that we are not learning 
about the effectiveness of our interventions mostly 
because of a lack of information generation, 
the process of developing the Knowledge Bank 
also suggested that more information has been 
generated than we are currently able to discover 
and access. In the last decade or so, there has been 
a substantial shift in the way scientific information 
is shared. Managers and policy-makers have 
extremely limited (if any) access to the formal 
published scientific literature. So factsheets, 
brochures, booklets, videos and webpages (the 
‘grey literature’) are being used much more to 
convey research results that may be relevant to 
managers and policy-makers. The intent is usually 
for research to produce both types of outputs. But 
with increasingly limited research funding, it is 
often the manager-friendly grey literature that is 
produced first, and the intention to publish later 
may not be fully realised, particularly given that it 
may take significantly more than a year to progress 
a manuscript through the publication process. 
Much work is also undertaken via honours theses 
which also often remain unpublished. 
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So additional information on effectiveness of 
interventions is likely to lie only in the grey 
literature. The problem is that as the grey literature 
burgeons in sheer volume, it becomes increasingly 
difficult to discover electronically and much of it 
has never been easily accessible particularly in 
electronic form. Standard protocols for systematic 
maps and reviews suggest using search engines 
for the grey literature like Google, but because 
the search functionality is much more limited 
compared to databases of journal articles like 
Web of Science, the suggestion is usually to scan 
just the first 100 hits for relevance. Given that 
the material available is growing at something 
close to an exponential rate, this approach is 
clearly going to miss relevant sources. But search 
strings cannot be further refined given the limited 
functionality of these engines (like Trove), and it is 
simply not cost-effective to attempt to screen many 
thousands of grey literature sources which often 
must be tracked to the source to allow examination 
beyond a simple title.

For example, one of our Google searches revealed 
an excellent brochure that provided a summary 
of multiple research projects undertaken by the 
Cooperative Research Centre (CRC) for Catchment 
Hydrology examining the effectiveness of riparian 
buffers, particularly at limiting sedimentation and 
nutrient transfer (Hairsine 1997). The work was 
included in the Knowledge Bank based on this grey 
literature source because no journal articles were 
found that presented the results of these multiple 
studies. This source was also not considered highly 
relevant according to the Google search algorithms 
as it appeared more than halfway through the first 
100 hits that were screened. We were left with 
the distinct impression that it was almost luck that 
led us to discover this source, that there are likely 
others in the grey literature like this one, and that 
the researchers (many of who continue to have 
distinguished careers to this day) simply ran out 
of time during the course of the CRC funding to 
complete journal publications. Unfortunately, these 
excellent grey literature sources are likely to be 
mostly lost to future science.

Erosion control methods that have been undertaken as part of the Matthews Creek Restoration project at Deans Marsh. Copyright 
shared (Department of the Environment and the creator) for unlimited time. Baker, John.
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Building Blocks for Accelerating 
Learning and Innovation

The barriers discussed above were explored in some detail specifically so we could begin to develop a 
set of building blocks that could be implemented over time to better embed a culture of adaptive learning 
into on-ground environmental management and associated applied science in Australia. If we treated 
the barriers too simplistically, the options we might suggest to achieve each building block could be 
too simplistic or naïve to actually help accelerate learning and innovation.

Thus, to develop ideas for solutions, we drew on the same broad set of expertise that we used to elucidate 
the barriers (our experienced project team, expert opinion of program staff within the Department of 
Environment and Energy, and expert opinion from other researchers and NRM practitioners). We paid 
particular attention to developing options that could link with or build on existing Australian initiatives 
like the Atlas of Living Australia (ALA) or the Terrestrial Ecosystem Research Network (TERN) to make these 
solutions easier to implement. However, it was well beyond the scope of this project to develop a full set 
of solutions. So each suggested option is described only briefly, as they are intended to be conversation 
starters, and there could be many possible ways to implement them. They are grouped under five building 
blocks which in turn fall under two main themes. Each building block is required for an effective learning 
system based on on-ground actions. In other words, we believe that some positive action is likely to 
be needed for all five building blocks – pursuing only one or two may lead to a perpetuation or even 
intensification of some of the barriers to learning currently experienced. The building blocks are:

Structural Changes in NRM

•	 Build physical research infrastructure to 
support learning

•	 Build information infrastructure to 
support learning

•	 Improve NRM program design

Relationships and Collaborative Governance

•	 Develop the structural changes above 
collaboratively with program designers, 
researchers, and practitioners

•	 Manage the disparate drivers of program 
designers, researchers, and practitioners/
implementers through structures for long-term 
collaborative governance 

The following sections describe options for how to create positive change in each of these areas.

Structural Changes in NRM

Options for Building Physical Research Infrastructure to Support Learning

Create a national system of reference/sentinel sites for comparisons, building off tern infrastructure 

Fundamental to learning is the ability to compare interventions not just to each other but also to sites 
where no interventions are occurring. These ‘control’ sites (in the language of researchers) also need to 
be replicated as the purpose is to be able to distinguish change as a result of intervention from background 
seasonal or regional change. While this is ideally done by having roughly matched local control sites 
in a similar number to intervention sites, in practice this can be difficult to achieve both logistically 
and financially. 

To overcome this and support an integrated intervention monitoring system, a national network of 
monitoring sites could be set up across Australia, potentially building off existing TERN infrastructure. 
The challenge would be to choose the most appropriate sites from a ‘control’ vs. intervention perspective. 
The Australian Ecosystems Model Framework, a collaborative project between the Australian Government 
and the CSIRO, may provide a conceptually consistent way of designing the system and choosing sites to 
represent a range of ecosystem types (see below). 

https://research.csiro.au/biodiversity-knowledge/projects/models-framework/
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Such a system would include ‘reference’ sites – sites that are representative of ecosystems in their 
most natural states (i.e. ecosystems in a range of growth stages, and pre- and post- natural disturbance 
states). It would also include ‘sentinel’ sites which would be representative of ecosystems in the range of 
anthropogenically disturbed condition states that are indicative of the sites where NRM interventions are 
likely to be applied.

The sentinel sites would represent where an intervention is required, but not occurring, and the reference 
sites would represent an ideal outcome state. This would allow projects that are monitoring actual 
interventions to make comparisons against these national ‘book ends’, without having to resource 
monitoring at control sites separately for every intervention program. 

develop a set of national experimental sites for exploring novel interventions

In the Knowledge Bank, novel interventions showed some particular promise to achieve full rather than 
partial recovery but were rarely tested. One way to test novel interventions more commonly without 
increasing risk would be to create specific experimental sites as part of our national physical research 
infrastructure. This would take novel interventions partially or completely out of NRM programs, at least at 
the early stages of exploration, but could provide a better test-bed for new ideas. Those that appear to have 
promise of effectiveness based on early data could then be incorporated into direct on-ground intervention 
programs. While this would take some significant effort and resourcing, it is worth mentioning in part 
because it focuses on much-needed innovation and because it too could build off our existing national 
research infrastructure like TERN and thus could be more cost-effective to develop than might appear at 
first glance.

It also may be possible to partner with other organisations to set aside some of their intervention sites 
to experiment and build the evidence-base. For example, the Ecological Engineering for Biodiversity 
Adaptation to Climate Change project has begun to set up low-cost efficient research infrastructure 
in collaboration with restoration practitioners in order to test the success of different plant material 
provenancing strategies under climate change. With good information and design, such an approach 
can potentially be replicated for other intervention types.

Options for Building Information Infrastructure to Support Learning

Continue to build and test dynamic conceptual systems models under the australian 
ecosystem Models Framework

One of the most critical pieces of underpinning information infrastructure is a set of systems models 
that articulate the science community’s understanding and assumptions about the key drivers and varying 
states of ecosystems. Australian ecosystems are dynamic and can exist in many different states before 
even considering issues of degradation. For example, savanna woodlands can still be high-quality savanna 
woodlands both before and after fire – what’s critical to their health is the nature and timing of that shifting 
dynamic. Thus, there are ‘natural’ drivers of major system fluctuation (as well as anthropogenic ones) 
and change itself isn’t necessarily a threat. In NRM intervention, we want to ensure we are intervening 
to ameliorate the major anthropogenic drivers of change, and to assess the effectiveness of that. NRM 
interventions should not unwittingly limit natural processes or change. Conceptual systems models (like 
state-and-transition models) can bring together our current knowledge and help us focus on key drivers 
and the more significant outcomes that might be expected from intervening in ecosystems. They therefore 
provide a conceptual underpinning for effectiveness monitoring. 

In addition, for many types of intervention, assessing effectiveness from individual interventions may not 
be appropriate as the intent of intervening is to create a certain regime of a key driver to manage overall and 
long-term systems dynamics (e.g. when applying environmental water to restore key flood regimes or when 
managing fire in fire-dependent ecosystems). In these situations, the best way to learn about effectiveness 
is likely to involve more controlled, experimental tests of dynamic systems models rather than direct 
assessment of the outcomes of individual on-ground interventions.

Thus, a set of dynamic conceptual systems models of Australian ecosystems would fill multiple roles in 
accelerating learning and innovation in environmental management. The process of developing such a set 
of conceptual models has commenced. The Australian Ecosystem Models Framework is providing Australia 
with its first nationally consistently set of dynamic ecosystem models which can be deployed to support 
monitoring and reporting of NRM investments. These models will characterise and classify ecosystems 
based on their ‘natural dynamics’. The models will describe the dynamics and attributes of Australian 

https://research.csiro.au/biodiversity-knowledge/projects/ecological-engineering-biodiversity/
https://research.csiro.au/biodiversity-knowledge/projects/ecological-engineering-biodiversity/
https://research.csiro.au/biodiversity-knowledge/projects/models-framework/
https://research.csiro.au/biodiversity-knowledge/projects/models-framework/
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ecosystems in ‘unmodified’ states, as well as the attributes of ecosystems in modified condition states, 
and the anthropogenic disturbances and management interventions that we currently believe/assume can 
transition ecosystems between condition states. Ongoing monitoring and research will be required to test 
if the assumptions articulated in the models about ecosystem drivers and interventions hold true in situ, 
as well as how these dynamics alter and adapt under rapid climate change. 

agree on consistent typologies or classifications of interventions and outcomes desired over 
different time scales

As noted by the new National Restoration Standards produced by the Society for Ecological Restoration 
Australasia, restoration depends on clear targets, goals and objectives (Standards Reference Group SERA 
2016). While Australia has several different ways to classify management actions, it does not have an agreed 
national set nor is there an agreed set of desired outcomes except at the very highest, unmeasurable level. 
Yet consistent typologies or classifications of both interventions and desired outcomes would facilitate 
consistent monitoring, layered monitoring over time, and comparison across studies to learn general 
principles of effectiveness. The Program Logics developed in this project could represent a start, but would 
need further elaboration and workshopping to enable their integration and acceptance by NRM program 
managers, researchers, and practitioners. The reality is that there will be no such thing as a ‘perfect’ set of 
classifications because the specific needs of all three of these groups differ. The aim here is rather to put 
learning as the purpose at the forefront and ensure the classifications are sufficient to allow all three of 
these stakeholder groups to participate in learning – in gathering and organising information that can be 
consistently redeployed to build our evidence-base. 

use classifications to help pool monitoring data by building them into Merit and resources from state, 
territory, regional and local jurisdictions

Once consistent typologies or classifications are built and agreed collaboratively with multiple jurisdictions, 
researchers and practitioners, they could be incorporated into multiple NRM data capture systems to make 
it useful and relatively easy to pool monitoring information captured by those different systems to maximise 
re-use for learning. For example, building the classifications into the Monitoring Evaluation Reporting 
and Improvement Tool (MERIT) would enable it to extend to outcomes assessment. To avoid substantial 
increases in reporting requirements, data capture processes could be further streamlined at the same time, 
and the classifications should be developed with that use (and the ability to streamline) in mind. If the same 
classifications were also used by state, territory, regional NRM and local monitoring programs, the ability to 
aggregate data would dramatically increase, making it possible to test effectiveness in a way that is simply 
not currently possible. 

ensure that research funding resources both journal publication and grey literature production, 
storage, and metadata

Grey literature has become critical for connecting science with those who might use it, but we are still far 
from any reliable mechanism to store and, most importantly, adequately search the grey literature so that 
it can remain discoverable and accessible in perpetuity. Thus, for the moment, it is critical for all studies 
of management effectiveness to be communicated through both grey literature and journal publications 
(which are readily discoverable and accessible via Web of Knowledge). At the moment, resourcing is often 
only adequate to focus on one of these forms of communication. Extra time should also be devoted to 
considering where to store grey literature electronically and how to specify appropriate metadata to 
maximise its discoverability. One way to help ensure this happens would be to make it part of research 
funding contracts and deliverables and ensure the time to communicate in these multiple forms is 
adequately resourced.
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Grow the knowledge Bank as a ‘self-service’ platform for participatory learning, and mandate inclusion 
of relevant government-funded research in the Bank

The Knowledge Bank was always intended to be permanent information infrastructure, available for a 
wide diversity of users to contribute to and ask questions of, and it is arguably imperative to establish it 
as permanent infrastructure in order to build our understanding and knowledge base. Public accessibility 
for self-service ‘withdrawals’ of information and insights from the Bank will be important in the long term. 
In the near term, priorities could include:

•	 Formalising long-term ownership and governance of the Bank, including how new entries will be vetted 
and included

•	 Establishing processes to ensure that all relevant government-funded research (e.g. through the National 
Environmental Science Programme (NESP) and similar initiatives) is included in the Bank

•	 Commencing a broader initiative to source existing grey literature from a wide set of stakeholders 
(including practitioners as well as researchers) and evaluate it for inclusion into the Bank. Note that the 
Knowledge Bank included an effort to source grey literature from researchers, but a more involved social 
process may be required to gain sufficient levels of participation.

Once more information is actually available in the Bank on studies of effectiveness, future work to ensure 
the optimal value of the Knowledge Bank would be to develop confidence ratings around evidence and 
build a system of extrapolation to identify how ‘generalised’ the management approaches identified in 
the Knowledge Bank can be applied within Australia’s diverse geographies.

Options for Improving NRM Program Design

Build long-term, adequate replication of interventions both within and across investment cycles 
through strategic target setting

As clearly seen in the work we did to elucidate barriers to learning, variability as a result of targets and 
priorities being highly generalised or too focused on outputs (as well as current levels of investment 
within a given investment cycle) limits the degree to which sufficient replication is occurring to permit 
comparisons and analyses of effectiveness. In other words, the resulting ‘thin’ spread of specific interventions 
across the landscape substantially limits the ability to learn about their effectiveness. In some ways, the most 
straightforward way to address this barrier is to design longer-term (perhaps decadal or more) NRM objectives 
and targets, focused on measurable outcomes, both within and especially across investment cycles. Such 
strategic objectives would provide essential architecture for the development of long-term monitoring and 
evaluation frameworks and allow monitoring efforts to be coordinated across projects. In practical terms, 
the same interventions would be funded over at least a few investment cycles rather than redeveloping 
investment priorities each cycle, building greater replication of sites with approximately the same 
interventions over the right time scales to assess effectiveness. 

Potential objections to or perverse consequences from this approach include various constraints that may 
arise from longer-term nationally-driven priorities as well as the possibility that new priorities will be needed 
frequently as conditions change. To overcome those potential issues, the Australian Government developed 
the Conservation Management Zones of Australia (CMZs). This project was designed to provide long-term, 
stable planning architecture for national NRM programs by identifying regional boundaries within which 
threats, management needs, and even patterns of change as a result of climate change might be expected 
to be largely consistent. These boundaries and the resources that have been and might yet be developed 
to support planning within them, could allow longer-term strategic outcomes and targets to be developed 
and acted on collaboratively, providing sufficient consistency while still allowing for regional variation. 
Progressing toward implementation of the CMZs (or similar long-term planning architecture) would provide 
sufficient consistency and replication of interventions over the time scales needed to assess effectiveness 
without being too constraining or top-down.

Coordinate program interventions with the implementation of other policy, regulatory and financial 
instruments across landscapes to achieve more consistency (replication) across sites

Strategic, coordinated delivery of interventions, as well as the mix of financial, policy and regulatory 
mechanisms being applied across NRM and resource use domains is essential in order to ensure that on-
ground activities do not cancel each other out. Although this seems axiomatic, within Australia’s complex 
environment and mixed land use contexts, the potential for on-ground land and resource use activities to 
counteract the effectiveness of management interventions (and thus cloud the ability to assess if individual 

http://www.environment.gov.au/biodiversity/conservation-management-zones
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interventions are effective) is high. For example, protecting and managing a remnant patch of grassland 
to improve habitat for grassland fauna which is adjacent to a grassland remnant that has been approved 
for clearing may result in population declines even if interventions in the protected remnant were actually 
effective. At present, many additional uncoordinated actions may occur that impact any given intervention. 
This presents a significant challenge for the design and implementation of management effectiveness 
monitoring, as it makes it difficult to identify which additional factors need to be monitored to unpick 
effectiveness and demands even larger numbers of sites monitored to allow for analysis of those additional 
variables. Coordination of existing mechanisms would go some way toward alleviating these sources of 
variability across sites. Important for learning, the resulting increase in consistency would help to counteract 
some of the drivers of high variability in interventions and outcome assessment that were identified as 
barriers to learning but which may be difficult to address because they arise from differing drivers for 
researchers and practitioners/implementers. 

design and deliver programs which deliberately compare interventions, including novel ones, 
and compare them to sentinel and reference sites

As noted in the discussion of barriers above, rapid learning is hampered when we only examine one 
intervention at a time, particularly given the length of time that might need to pass before we can expect 
outcomes to be achieved and measurable. More effective learning can occur if we actively compare a few 
different interventions that are designed to achieve the same outcome, making it more likely that more 
effective approaches will be found within one round of application and assessment (Figure 3). More rapid 
learning would result, quickly increasing the cost-effectiveness of NRM investment and minimising risk of 
investment in the future. This approach requires a fundamentally different program structure – one that 
does not accord with current approaches to setting targets, specifying desired outcomes, and satisfying 
some of the current drivers around program design.
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Figure 3. Benefit of trialling multiple interventions intended to achieve the same outcome simultaneously within 
a single program rather than sequentially. In this schematic, imagine that A, B and C are all different grazing 
regimes intended to assist recovery of native grasslands, and that effectiveness can only be reasonably assessed 
after 10 years of management. If C is the one that is fully effective but only a single intervention is trialled per 
on-ground funding program, it may not be discovered and more widely implemented until 2050. In contrast, 
if multiple interventions are trialled and compared in a single program, C could be identified as the most 
effective and more widely implemented 20 years sooner.

To facilitate this, NRM programs could be designed such that instead of either specifying one fully 
prescribed intervention (or set of interventions) or specifying a general type of intervention and allowing 
complete local tailoring (common approaches at the moment), it may be possible to design programs 
where two or more specific interventions intended to achieve the same outcome are both applied so their 
outcomes can be compared. For example, riparian buffering programs intended to improve water quality 
by reducing transfer of nutrients and sediments into waterways could deliberately restore grassy vegetation 
along some stretches of a river and mixed woody/grassy vegetation along other stretches of the same river 
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to see which type of restoration planting is more effective at buffering. Both interventions would still need 
to be applied consistently to develop replication, but comparing their effectiveness within the same NRM 
program allows learning to occur much faster. 

Another potential learning benefit from implementing this kind of comparative intervention testing is that it 
could provide the framework for more frequent trialling of novel interventions. One of the clear conclusions 
from the Knowledge Bank was that our current interventions are not sufficient to fully restore ecosystems, 
so there is an imperative to still be trialling fundamentally new and different approaches. Yet as revealed in 
our exploration of barriers, novel interventions are rarely trialled at scale, perhaps because of a perception 
of high risk. Incorporating just a few sites with really novel interventions into a broader program in which 
multiple interventions are being compared can both minimise the risk and maximise the learning. 

Finally, particularly where cost-effectiveness is important, programs must also be designed so that 
comparisons can be made with ‘control’ sites (reference and sentinel sites, as above) to unpick the influence 
of interventions versus other drivers within a system (e.g. weather). This is important because interventions 
can appear effective even if the outcomes would have been achieved anyway, without an investment. For 
example, weediness of many sites in a region may decline (and nativeness increase) due to climate change 
or changes in regional land uses, regardless of costly weed management. Monitoring only the intervention 
sites would suggest the costly intervention was effective, leading to further unnecessary investment. 
Monitoring additional control sites would identify that the change was occurring regionally, regardless of 
investment. Yet the inclusion of controls within NRM program monitoring is currently rare. If a national 
system of reference/sentinel sites is not available or suitable to provide comparisons (see Options for 
Building Physical Research Infrastructure above), they need to be built into NRM program monitoring. 

To some extent, this may require a cultural / focus shift within government. Most NRM program success 
is still quantified by outputs (e.g. x hectares of management, x kilometres of fencing, x number of trees 
planted). These statistics can provide media headlines and a sense of program achievement which can 
be useful for government in the short-term (i.e. within their term of government). However, as we do not 
know whether such outputs are achieving environmental outcomes, measuring control sites is more likely 
to beneficial over the longer-term, particularly with respect to understanding the true value of investment. 
However, it is a less palatable approach as it requires governments to sacrifice some direct investment into 
interventions and the resulting ‘volume’ of output in media-friendly statistics, in favour of investment into 
measuring what happens when interventions are not applied. This is harder to explain and justify in fast-
cycle media. 

Finally, it should be noted that not all intervention types lend themselves to being monitored with formal 
comparisons and controls. For example, it is relatively challenging to set up comparisons and controls for 
environmental watering interventions. In this case, clear articulation of the anticipated system change that 
will occur through interventions over time is essential using conceptual systems models (see Options for 
Building Information Infrastructure above) and monitoring and learning about effectiveness should focus on 
testing those conceptual models. 

develop strategic, tiered monitoring systems to apply different scales, types of data collection, 
and types of expertise to most efficiently accomplish the multiple aims of monitoring 

Monitoring to learn about the effectiveness of interventions is not the only purpose of monitoring. Yet 
as noted in the barriers section above, monitoring to detect trends or report on patterns at a national 
scale – the types monitoring most common at the moment – involve collecting data that simply cannot be 
repurposed to learn about effectiveness. The multiple aims of monitoring require different approaches to 
collecting different data. Given the relatively limited amount of funding available for monitoring relative to 
the funds being placed into interventions, funds need to be allocated as strategically as possible in order to 
achieve the multiple purposes of monitoring. A well-designed and delivered NRM monitoring program has 
the potential to do just that by facilitating strategic integration of data from a range of scales and expertise. 
Coordinating the design across the different purposes of monitoring would make it possible to build systems 
of inference and extrapolation.

For example, Figure 4 presents a schematic of a possible three-tiered monitoring system designed to 
match the scale of data collection, type of data collected, and type of expertise required to the three most 
common purposes of monitoring. The size of circles represents the relative scale of data collection (not 
relative investment or importance). Effectiveness monitoring could be implemented at a subset of sites 
where intervention is occurring, to generate targeted learning about effectiveness. Tracking outcomes 
at intervention sites serves a different purpose focused on accountability and program reporting and 
thus might need to be done at all intervention sites but could utilise simpler data collected by ecological 
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generalists (including practitioners and even citizen scientists). Reporting on overall trends (for example to 
build State of the Environment reports or report on Australia’s international biodiversity commitments) does 
not require comparisons but does need to cover status and trends at a national scale and is thus best suited 
to remotely sensed data. Designing all three tiers in a systematic way could allow coarse national-scale 
data on trends to be linked with more detailed information from effectiveness monitoring to make robust 
inferences about why particular trends are being detected and to begin extrapolating to how trends might 
change with more or different intervention.

Status & Trend Reporting

•	Trends	at	scales	larger	
than	intervention	sites

•	Mostly	remote	sensing,	
some	modelling

•	GIS	techs,	modellers

Outcome Tracking

•	Comparing	all	intervention	sites	
with	national/standard	sentinel	
&	reference	sensing

•	Simple	on-ground	data,	some	
remote	sensing

•	Ecological	generalists,	GIS	techs

Effectiveness Monitoring

•	Comparing	multiple	
intervention	sites	&	sentinel	
&	reference	sites

•	Detailed	on-ground	data

•	Empirical	ecological	
research	specialists

Figure 4. An example of a tiered monitoring system designed to monitor for the three most common purposes 
of monitoring – learning about effectiveness, tracking outcomes at sites where intervention has occurred, and 
gathering status and trend information at larger scales for state and national reporting. Note that the size and 
nestedness of the circles represents the relative number of sites and/or spatial scales over which the monitoring 
needs to be conducted. See the main text for more information.

One advantage of such a targeted tiered approach is that it could take much more strategic advantage of 
the different types of expertise available to help with monitoring, guided by careful selection of variables 
and methods to suit the intended purpose. For example, with good guidance and methods, measurement of 
over-storey flora recruitment may be able to be carried out by citizen scientists, whereas only scientists or 
long-experienced practitioners may be in a position to measure species richness and diversity. Identifying 
when and where monitoring can be carried out reliably by non-experts as part of the standard obligations 
of receiving government funding (in addition to activity reporting), can mean that funds can be saved and 
directed towards the more complex ecological monitoring. The advantages could be that the partnership 
between practitioners, citizen scientists and ecologists is well-defined within a system of monitoring, 
and could lead to the most efficient use of that diverse capability.
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To decide how much effort to dedicate to the three different tiers, it should be recognised that effectiveness 
monitoring is fundamentally about learning in order to change and improve approaches in the future, 
while the other tiers are more about assessment than learning. To decide how best to allocate monitoring 
resources across these tiers, it may be useful to explore a structured expansion of the definitions of value 
for money to incorporate valuation of the learning that may be generated through effectiveness monitoring. 
Such a valuation could also help clarify which interventions to target for effectiveness monitoring given 
constrained funding, as the value of learning may differ depending on the level of prior information and 
other variables. 

Finally, the idea of integrating different types of data into a more comprehensive monitoring system is not 
new, but it is often driven from the data end, starting by looking at the types of data available and finding 
ways to integrate them. However, such an approach often overlooks effectiveness monitoring as that can 
rarely been done with existing standard data sources and datasets. Such an approach may also inadvertently 
result in reduced efficiency in delivering against some of the other monitoring purposes. Thus, what is 
critical in designing a tiered monitoring system to more effectively learn is to focus on the different purposes 
of monitoring as the starting point and the anchor for all decisions, letting choices about data sources, 
variables, and types of expertise to utilise be guided by those different things we need to learn (effectiveness, 
overall outcomes from intervention, and large-scale trends). 

Pool monitoring resources across a program of effort and contract a single monitoring project

As above, monitoring to learn requires many sites to be consistently assessed. Yet within a given investment 
round, many different implementers/practitioners are contracted and each are often expected to do their 
own monitoring. By pooling monitoring resources and contracting a single separate monitoring project, 
the resulting learning would be much more significant than if every site (or every few sites) was monitored 
separately by different practitioners. It also provides the opportunity to decouple the time frames for 
monitoring from the time period over which the interventions are implemented, allowing the monitoring 
project to be funded and conducted years after the interventions, which can be important as many 
outcomes will take a long time to be achieved. Longer-term planning is required to enable the ability to 
follow through on monitoring a decade or more after intervention. The Conservation Management Zones 
of Australia is designed to be the architecture within which to support consistent longer-term target-setting 
and delivery of NRM. It is therefore a framework that can support more of this coordinated programmatic 
monitoring. 

Judge applications for funding based on the quality of the plan to learn about effectiveness, not the 
assertion of confidence that outcomes will be achieved

One of the most direct ways to counter the barrier that learning itself is not an explicit objective is to make it 
one. This might be most evident – and extend a culture of learning to implementers/practitioners as well – if 
competitive funding to deliver interventions was dependent on a plan to learn, structuring the interventions 
in a way to support this (i.e. with replication, a degree of consistency, etc.). At the moment, applications for 
on-ground works (e.g. through devolved grant programs) usually require practitioners to make the case 
that their proposed actions are definitely going to lead to desired outcomes. A substantial change would be 
to require practitioners to design their on-ground works with learning about outcomes in mind and make 
the case that their proposed approach to learning will definitely allow them to increase their understanding 
of which on-ground works are actually effective, permitting them to deliver better outcomes in the future. 
Contracts and reporting would then focus not just on completion of activities for on-ground works but also 
completion of activities for learning. 

This option forces the more detailed outcomes monitoring (or at least planning of it) back into the hands of 
practitioners who may not really have the capability or capacity, so may not be ideal in every circumstance 
and may not be the first option pursued. But it does have the potential to take advantage of the natural 
experimentation and ingenuity that many land managers have and it is also less risky than trying to judge 
applications based on confidence that outcomes will be achieved, given that the results of the Knowledge 
Bank thus far suggest such confidence may always be limited. It may also be one of the best ways to make 
learning an explicit goal and kick off a self-reinforcing system of collaborative learning across NRM program 
designers and implementers/practitioners.
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Relationships and Collaborative Governance 
Many of the barriers to learning arise specifically because the disciplines of NRM program design, 
ecological research, and on-ground NRM practice and implementation each have an inherently limited 
understanding of the drivers and constraints of the others. This is natural as NRM intervention relies 
on specialist knowledge within these three areas. But it can easily result in programs designed without 
comparisons for learning, practitioners who negotiate bespoke projects with each landowner and thus no 
replication, and researchers who avoid studying real-world interventions because they don’t readily fit into 
a proper experimental design. Thus, a fundamental building block to accelerate learning and innovation 
is to implement one or more options that help transcend these common barriers and create cross-domain 
collaboration. While many of the options above attempt to provide structural solutions to this integration 
challenge, some attention to relationships and collaborative governance is also required (i.e. the people 
and cultures in addition to the structures and mechanisms).

Options for developing the structural changes collaboratively with program designers, 
researchers, and practitioners

Many of the suggestions for structural change may not achieve what they are intended to achieve if 
they don’t adequately link the different domains and cultures of program designers, practitioners, and 
researchers. To ensure effective compromises are made and that structural changes are planned and 
executed in ways that work with and for each of these cultures, it would be most useful to develop the 
structural changes through active collaboration across the disciplines. This will also help to ensure any 
structural changes are actively adopted and used by these different groups, which is important given the 
limits and often undesirability of mandating adoption. To that end, it would be useful to also consider state, 
territory and regional jurisdictions. Collaboration across the disciplines (and jurisdictions) to create and 
implement structural change could take a variety of forms, but all would need to go beyond the provision 
of advice or consultation. Options include but are not limited to:

•	 Projects to develop structural changes led by one discipline (e.g. NRM program designers) but with an 
active working group formed by individuals from other disciplines (and jurisdictions) to provide early and 
frequent review and suggestions (least collaborative)

•	 Project to develop structural changes jointly led by one or two people from each discipline, with early 
and frequent review sought from each of their networks

•	 Projects to develop structural changes led by an independent entity/broker committed to using 
knowledge co-production processes to equally involve a broad range of stakeholders from all three 
disciplines and multiple jurisdictions (most collaborative)

Options for collaborative governance to deliberately manage the disparate drivers of program 
designers, researchers, and practitioners/implementers 

In the set of options above, the focus is on setting up individual collaborative projects to build structural 
changes that better link and meet the needs of the different disciplines and jurisdictions involved. But it is 
likely that unless additional options are implemented to link these disciplines in the longer term and attempt 
to counter the drivers that sometimes pull them away from effective collaboration, any structural changes 
will struggle with long-term adoption and positive impact. To date, there have been a range of approaches 
and efforts to help these different disciplines talk with each other, but those efforts appear to be insufficient 
to counter the drivers and/or explicitly develop mutual understanding of each other’s disciplinary cultures 
in a way that enables learning from on-ground actions. We therefore suggest that more formal mechanisms 
for collaborative governance may be required. These could take a variety of forms, each of which may have 
different advantages and challenges or risks:

•	 an independent brokering entity (or ‘backbone organisation’) to guide program design, 
implementation and monitoring – To date, Australia has experimented with knowledge brokering 
but increasingly, it is actually partnership or relationship brokering globally that is thought to drive 
better cross-domain collaboration. In this model, an independent brokering or backbone entity applies 
best-available social science about what works to help people understand and work with collaborators 
in other domains (i.e. cross-disciplinary or even transdisciplinary practice (Wilby 2011, Cundill et al. 
2015)). In this model, formal brokered partnerships could be established either regionally or nationally 
and the broker would be responsible (and have some authority) for ensuring that programs were 
designed, implemented and monitored collaboratively across the three disciplines (and potentially 
across jurisdictions as well).
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•	 regional collaborative planning partnerships – The Conservation Management Zones (CMZs) were 
originally developed to provide the architecture that would allow collaborative planning to take place in 
a way that could be regionally driven and managed. Full implementation of the model might see more 
formal partnerships established within each CMZ (with or without a ‘backbone organisation’) to link 
jurisdictions and disciplines and engage them in collaborative long-term planning of priorities, targets, 
and learning approaches. 

•	 encouraging self-organisation of collaborative governance by providing the enabling conditions 
– The least formal option could involve simply placing a strong focus on building the physical and 
information infrastructure that can enable collaborative governance, then simply encouraging such 
governance to develop more ‘organically’ by sharing the infrastructure and articulating the benefits 
of collaborative governance across disciplines and jurisdictions. 

In all these options, collaborations might be better identified and encouraged if the physical research 
infrastructure was in place (e.g. national or regional reference and sentinel sites existed, consistent 
classifications/typologies of interventions and outcomes were co-developed, etc.). The options largely 
differ in terms of how intensively collaborative governance is facilitated to address the barriers posed by 
the different motivations of program designers, researchers, and implementers.

It is also worth noting that all of the options discussed above for strengthening relationships and collaborative 
governance are themselves interventions – they are just social interventions rather than on-ground management 
interventions. It is thus worthwhile considering ‘experimenting’ with them – applying multiple options at smaller 
scales and comparing which work best before considering something that might be applied nationally.

River restoration project to help support the Trout Cod population in the Seven Creeks area near Euroa. Copyright shared (Department 
of the Environment and the creator) for unlimited time. Baker, John.

http://www.environment.gov.au/biodiversity/conservation-management-zones
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Building Blocks for Accelerating 
Learning and Innovation – A Summary

Structural Changes in NRM

•	 options for Building Physical research infrastructure to Support Learning

 − Create a national system of reference/sentinel sites for comparisons, building off TERN infrastructure 

 − Develop a set of national experimental sites for exploring novel interventions

•	 options for Building information infrastructure to Support Learning

 − Continue to build and test dynamic conceptual systems models under the Australian Ecosystem 
Models Framework

 − Agree on consistent typologies or classifications of interventions and outcomes desired over 
different time scales

 − Use classifications to help pool monitoring data by building them into MERIT and resources from 
state, territory, regional and local jurisdictions

 − Ensure that research funding resources both journal publication and grey literature production, 
storage, and metadata

 − Grow the Knowledge Bank as a ‘self-service’ platform for participatory learning, and mandate 
inclusion of relevant government-funded research in the Bank

•	 options for improving nrM Program design

 − Build long-term, adequate replication of interventions both within and across investment cycles 
through strategic target setting

 − Coordinate program interventions with the implementation of other policy, regulatory and financial 
instruments across landscapes to achieve more consistency (replication) across sites

 − Design and deliver programs which deliberately compare interventions, including novel ones, 
and compare them to sentinel and reference sites

 − Develop strategic, tiered monitoring systems to apply different scales, types of data collection, 
and types of expertise to most efficiently accomplish the multiple aims of monitoring 

 − Pool monitoring resources across a program of effort and contract a single monitoring project

 − Judge applications for funding based on the quality of the plan to learn about effectiveness, not the 
assertion of confidence that outcomes will be achieved

Relationships and Collaborative Governance 

•	 options for developing the structural changes collaboratively with program designers, researchers, 
and practitioners

•	 options for collaborative governance to deliberately manage the disparate drivers of program 
designers, researchers, and practitioners/implementers 
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workinG in a Coordinated way aCroSS 
tHeSe BuiLdinG BLoCkS and oPtionS

It is worth noting that there are benefits to be gained from exploring the implementation of many options 
at once in a deliberate, coordinated way, both in terms of resource efficiencies as well as better outcomes. 
Thus, while it may be tempting to progress one thing at a time and slowly grow an accelerated learning 
culture, there is a potential argument to be made for more comprehensive change to happen early.

For example, the Australian Ecosystem Models Framework has been mentioned multiple times in 
the options above. Further developing it and then aligning the selection of national reference and 
sentinel sites to the types of ecosystems and their state dynamics in the Framework would ensure that 
physical infrastructure and information infrastructure could work in concert to support learning from 
on-ground interventions. Adopting a tiered monitoring framework linked to key drivers of change in 
the Australian Ecosystem Models Framework would then clarify what might need to be measured and 
how at sentinel and reference sites to use them as effective comparisons. 

Coordination with other areas of government policy and programs would also be desirable. For 
example, significant investment has been made in bringing climate adapted approaches to NRM at 
a national scale. One of the clearest messages from research into the impact of climate change on 
biodiversity is that a great deal of dynamic change will occur as species and ecosystems naturally 
adapt to changing climates. The dynamic nature of the environment becomes particularly obvious and 
salient. Yet at present, many monitoring systems are based on measurement against ‘static’ benchmarks 
consisting of vegetation structure and composition. The Australian Ecosystem Models Framework may 
provide a sound basis for designing monitoring systems that take into account long-term ecological 
change in response to environmental and climate change, and thus bring learning about NRM 
interventions into alignment with prior investment and capacity-building in adaptation.

Finally, while coordination may not always achieve substantial additional benefit, it is possible that 
a lack of coordination may create additional risks. For example, pooling monitoring effort across a 
whole program of investment may only deliver substantial benefit if the program was designed with 
deliberate comparisons built into it in the first place. Risks of lack of coordination across the different 
options would be worth assessing to identify a minimum package of work that might be most 
cost-effective to implement as a first step. 

Co‑BeneFitS For iMMediate nrM ProGraM eFFeCtiVeneSS 

Finally, while the focus of barriers and options was specifically on the ability to learn and thus make 
interventions more effective into the future, there are potential co-benefits that could be achieved in 
terms of NRM program effectiveness right now. For example, coordinating interventions and other 
instruments across landscapes could help ensure that the positive benefits of investment are not 
undone or outweighed by other actions. Setting longer-term outcomes-based targets would not only 
provide the architecture to support sufficiently replicated interventions, it would also avoid spreading 
investment too thinly across the landscape and provide confidence and certainty for stakeholders 
on the ground about what NRM investment is attempting to achieve. This would be particularly 
true if those targets were developed collaboratively with practitioners within something like the 
Conservation Management Zones of Australia. 

Longer-term targets would also allow NRM programs to match the temporal scale of change in 
program priorities with the actual temporal scale of change in environmental needs. Targets are most 
effective if they reflect the distribution of environmental assets and threats. These environmental 
characteristics rarely change their boundaries across investment cycles (potentially even with the 
onset of rapid climate change). Likewise, although government may allocate some NRM investment 
through electoral commitments, managing environmental health and ecosystem services is inherently 
driven by environmental, not electoral, needs. These needs do not change across investment cycles. 
The majority of NRM targets would therefore be most effective if they were designed as long-term 
targets (perhaps decadal or more), intended to focus investment and drive replication, and were 
holistically formulated to generate landscape-scale, as well as species specific outcomes – many of 
which are the very same traits of targets that best support learning. 

https://research.csiro.au/biodiversity-knowledge/projects/models-framework/
https://research.csiro.au/biodiversity-knowledge/projects/models-framework/
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Concluding Remarks

It would be easy to view this synthesis with a sense 
of dismay that we don’t have more clear evidence 
of the effectiveness of our many efforts to improve 
Australia’s environment. Indeed, many people we 
have spoken to are unsurprised by the nature of 
the results – that limited evidence exists – but are 
surprised by the comprehensiveness of the results 
across all aspects of NRM. Given the scope of the 
problem, the message isn’t so much that we aren’t 
learning enough from on-ground interventions but 
rather that the problem is so systemic – that we 
appear to lack a system that encourages us to learn. 

However, rather than being dismayed, it is also 
possible to view this as a positive call to action to 
change the system. Some of the options suggested 
are not necessarily new and have been discussed 
before. Some are even in the early stages of being 
implemented. Many of the options are imminently 
achievable. What may be different as a result of 
the Knowledge Bank work is the realisation that a 
systems solution is required – that changes need 
to be implemented as part of a more systemic 
effort to shift toward a culture of and supporting 
architecture for learning. Learning itself needs 
to be an explicit goal, driven by a variety of very 

practical needs including the need to manage risk 
to government investments, to have confidence 
Australia will be able to report on its international 
commitments, to ensure we are doing so in as 
cost-effective a way as possible, and of course to 
try to achieve the best environmental outcomes 
we can. This doesn’t necessarily mean that a 
systemic change needs to be daunting or require 
an immediate and comprehensive overhaul. 
It probably does mean that a longer-term 
blueprint is worthwhile to guide the choice and 
implementation of immediate options toward 
more systemic improvements in our ability to 
learn about effectiveness.

Without any change in the environmental 
management and restoration system in Australia, 
we are likely to continue to learn very slowly. Yet 
there are clear innovations and options which are 
beginning to drive potential for a step change in 
our approaches to environmental management 
and monitoring – beginning to accelerate our 
ability to have an effective system for learning from 
on-ground actions. We hope the synthesis and 
recommendations presented here can serve as a 
catalyst to stimulate that positive systemic change.

Collecting Prickly Tree plants for revegetation in a forestry corridor near Millicent (after acclimatisation in school hot houses). 
Copyright Department of the Environment (taken by staff). Markovic, Dragi.



41

References cited in this report

Butchart, S. H. M., M. Walpole, B. Collen, and et al. 2010. 
Global Biodiversity: indicators of recent declines. 
Science 328:1164-1168.

Carter, A., G. W. Luck, and S. P. McDonald. 2011. Fox-
baiting in agricultural landscapes in south-eastern 
Australia: a case-study appraisal and suggestions for 
improvement. Ecological Management & Restoration 
12:214-223.

Collaboration for Environmental Evidence. 2013. 
Guidelines for Systematic Review and Evidence 
Synthesis in Environmental Management. Version 4.2. 
Environmental Evidence.

Colloff, M. J., K. R. Pullen, and S. A. Cunningham. 2010. 
Restoration of an ecosystem function to revegetation 
communities: the role of invertebrate macropores in 
enhancing soil water infiltration. Restoration Ecology 
18:65-72.

Cundill, G., D. J. Roux, and J. N. Parker. 2015. Nurturing 
communities of practice for transdisciplinary research. 
Ecology and Society 20.

Dexter, N., and P. Meek. 1998. An analysis of bait-take 
and non-target impacts during a fox-control exercise. 
Wildlife Research 25:147-155.

Doerr, V. A. J., M. J. Davies, E. D. Doerr, S. Prober, H. 
Murphy, H. McGinness, and H. Hoffmann. 2018. 
Knowledge Bank of Management Effectiveness: 
Technical guide. CSIRO, Australia.

Hairsine, P. B. 1997. Controlling sediment and nutrient 
movement within catchments. Cooperative Research 
Centre for Catchment Hydrology, Monash University, 
Clayton, Victoria.

Hone, J. 2002. Feral pigs in Namadgi National Park, 
Australia: dynamics, impacts and management. 
Biological Conservation 105:231-242.

James, K. L., N. P. Randall, and N. R. Haddaway. 
2016. A methodology for systematic mapping in 
environmental sciences. Environmental Evidence 5:7.

Johnson, C. N., A. Balmford, B. W. Brook, and J. M. 
Wilmshurst. 2017. Biodiversity losses and conservation 
responses in the Anthropocene. Science 356:270-275.

Lindenmayer, D. B., and G. E. Likens. 2010. The science 
and application of ecological monitoring. Biological 
Conservation 143:1317-1328.

Prober, S. M. and I. D. Lunt. 2009. Restoration of Themeda 
australis swards suppresses soil nitrate and enhances 
ecological resistance to invasion by exotic annuals. 
Biological Invasions 11:171-181.

Roughley, A. 2009. Developing and Using Program 
Logic in Natural Resource Management: User guide. 
Commonwealth of Australia.

Standards Reference Group SERA. 2016. National Standards 
for the Practice of Ecological Restoration in Australia. 
Society for Ecological Restoration Australasia.

Wilby, J. 2011. A New Framework for Viewing the 
Philosophy, Principles and Practice of Systems Science. 
Systems Research and Behavioral Science 28:437-442.

Butchart, S. H. M., M. Walpole, B. Collen, and et al. 2010. 
Global Biodiversity: indicators of recent declines. 
Science 328:1164-1168.

Carter, A., G. W. Luck, and S. P. McDonald. 2011. 
Fox-baiting in agricultural landscapes in south-eastern 
Australia: a case-study appraisal and suggestions for 
improvement. Ecological Management & Restoration 
12:214-223.

Collaboration for Environmental Evidence. 2013. 
Guidelines for Systematic Review and Evidence 
Synthesis in Environmental Management. Version 4.2. 
Environmental Evidence.

Cundill, G., D. J. Roux, and J. N. Parker. 2015. Nurturing 
communities of practice for transdisciplinary research. 
Ecology and Society 20.

Dexter, N., and P. Meek. 1998. An analysis of bait-take 
and non-target impacts during a fox-control exercise. 
Wildlife Research 25:147-155.

Doerr, V. A. J., M. J. Davies, E. D. Doerr, S. Prober, H. 
Murphy, H. McGinness, and H. Hoffmann. 2018. 
Knowledge Bank of Management Effectiveness: 
Technical guide. CSIRO, Australia.

Hairsine, P. B. 1997. Controlling sediment and nutrient 
movement within catchments. Cooperative Research 
Centre for Catchment Hydrology, Monash University, 
Clayton, Victoria.

Hone, J. 2002. Feral pigs in Namadgi National Park, 
Australia: dynamics, impacts and management. 
Biological Conservation 105:231-242.

James, K. L., N. P. Randall, and N. R. Haddaway. 
2016. A methodology for systematic mapping in 
environmental sciences. Environmental Evidence 5:7.

Johnson, C. N., A. Balmford, B. W. Brook, and J. M. 
Wilmshurst. 2017. Biodiversity losses and conservation 
responses in the Anthropocene. Science 356:270-275.

Lindenmayer, D. B., and G. E. Likens. 2010. The science 
and application of ecological monitoring. Biological 
Conservation 143:1317-1328.

Roughley, A. 2009. Developing and Using Program 
Logic in Natural Resource Management: User guide. 
Commonwealth of Australia.

Standards Reference Group SERA. 2016. National Standards 
for the Practice of Ecological Restoration in Australia. 
Society for Ecological Restoration Australasia.

Wilby, J. 2011. A New Framework for Viewing the 
Philosophy, Principles and Practice of Systems Science. 
Systems Research and Behavioral Science 28:437-442.



42 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Sources included in the Knowledge Bank

Alaghmand, S., S. Beecham, J. A. Woods, K. L. Holland, 
I. D. Jolly, A. Hassanli, and H. Nouri. 2015. Injection of 
fresh river water into a saline floodplain aquifer as a 
salt interception measure in a semi-arid environment. 
Ecological Engineering 75:308-322.

Allcock, K. G., and D. S. Hik. 2003. What determines 
disturbance-productivity-diversity relationships? The 
effect of scale, species and environment on richness 
patterns in an Australian woodland. Oikos 102:173-185.

Allcock, K. G., and D. S. Hik. 2004. Survival, growth, and 
escape from herbivory are determined by habitat 
and herbivore species for three Australian woodland 
plants. Oecologia 138:231-241.

Amtstaetter, F., J. O’Connor, and A. Pickworth. 2016. 
Environmental flow releases trigger spawning 
migrations by Australian grayling Prototroctes 
maraena, a threatened, diadromous fish. Aquatic 
Conservation-Marine and Freshwater Ecosystems 
26:35-43.

Andersen, A. N., and B. D. Hoffmann. 2011. Conservation 
value of low fire frequency in tropical savannas: 
Ants in monsoonal northern Australia. Austral 
Ecology 36:497-503.

Andersen, A. N., and W. J. Muller. 2000. Arthropod 
responses to experimental fire regimes in an 
Australian tropical savannah: ordinal-level analysis. 
Austral Ecology 25:199-209.

Andersen, A. N., R. R. Ribbons, M. Pettit, and C. L. Parr. 
2014. Burning for biodiversity: highly resilient ant 
communities respond only to strongly contrasting 
fire regimes in Australia’s seasonal tropics. Journal 
of Applied Ecology 51:1406-1413.

Aponte, C., K. G. Tolhurst, and L. T. Bennett. 2014. 
Repeated prescribed fires decrease stocks and change 
attributes of coarse woody debris in a temperate 
eucalypt forest. Ecological Applications 24:976-989.

Arthur, A. D., J. R. W. Reid, R. T. Kingsford, H. M. 
McGinness, K. A. Ward, and M. J. Harper. 2012. 
Breeding Flow Thresholds of Colonial Breeding 
Waterbirds in the Murray-Darling Basin, Australia. 
Wetlands 32:257-265.

Ash, A. J., J. P. Corfield, J. G. McIvor, and T. S. Ksiksi. 
2011. Grazing Management in Tropical Savannas: 
Utilization and Rest Strategies to Manipulate 
Rangeland Condition. Rangeland Ecology & 
Management 64:223-239.

Bain, K., A. Wayne, and R. Bencini. 2016. Prescribed 
burning as a conservation tool for management 
of habitat for threatened species: the quokka, 
Setonix brachyurus, in the southern forests of 
Western Australia. International Journal of Wildland 
Fire 25:608-617.

Balcombe, S. R., A. H. Arthington, M. C. Thoms, and 
G. G. Wilson. 2011. FISH ASSEMBLAGE PATTERNS 
ACROSS A GRADIENT OF FLOW REGULATION IN AN 
AUSTRALIAN DRYLAND RIVER SYSTEM. River Research 
and Applications 27.

Baldwin, D. S., W. L. Paul, J. S. Wilson, T. Pitman, G. N. 
Rees, and A. R. Klein. 2015. Changes in soil carbon in 
response to flooding of the floodplain of a semi-arid 
lowland river. Freshwater Science 34:431-439.

Banks, P. B., A. E. Newsome, and C. R. Dickman. 
2000. Predation by red foxes limits recruitment 
in populations of eastern grey kangaroos. Austral 
Ecology 25:283-291.

Barrett, G. W., D. Freudenberger, A. Drew, J. Stol, A. O. 
Nicholls, and E. M. Cawsey. 2008. Colonisation of 
native tree and shrub plantings by woodland birds in 
an agricultural landscape. Wildlife Research 35:19-32.

Bartley, R., J. P. Corfield, B. N. Abbott, A. A. Hawdon, S. N. 
Wilkinson, and B. Nelson. 2010. Impacts of improved 
grazing land management on sediment yields, Part 1: 
Hills lope processes. Journal of Hydrology 389:237-248.

Bartley, R., J. P. Corfield, A. A. Hawdon, A. E. Kinsey-
Henderson, B. N. Abbott, S. N. Wilkinson, and R. J. 
Keen. 2014. Can changes to pasture management 
reduce runoff and sediment loss to the Great Barrier 
Reef? The results of a 10-year study in the Burdekin 
catchment, Australia (vol 36, pg 67, 2014). Rangeland 
Journal 36:311-+.

Barton, P. S., M. J. Colloff, K. R. Pullen, and S. A. 
Cunningham. 2013. Arthropod assemblages in a focal 
tree species (Eucalyptus microcarpa) depends on the 
species mix in restoration plantings. Biodiversity and 
Conservation 22:2091-2110.

Barton, P. S., C. F. Sato, G. M. Kay, D. Florance, and D. B. 
Lindenmayer. 2016. Effects of environmental variation 
and livestock grazing on ant community structure in 
temperate eucalypt woodlands. Insect Conservation 
and Diversity 9:124-134.

Bastin, G. N., J. A. Ludwig, R. W. Eager, A. C. Liedloff, R. T. 
Andison, and M. D. Cobiac. 2003. Vegetation changes 
in a semiarid tropical savanna, northern Australia: 
1973-2002. Rangeland Journal 25:3-19.

Baumgartner, L., B. Zampatti, M. Jones, I. Stuart, and M. 
Mallen-Cooper. 2014. Fish passage in the Murray-
Darling Basin, Australia: Not just an upstream battle. 
Ecological Management & Restoration 15:28-39.

Baumgartner, L. J., C. A. Boys, I. G. Stuart, and B. P. 
Zampatti. 2010. Evaluating migratory fish behaviour 
and fishway performance: testing a combined 
assessment methodology. Australian Journal of 
Zoology 58:154-164.

Baumgartner, L. J., and J. H. Harris. 2007. Passage of 
non-salmonid fish through a Deelder lock on a lowland 
river. River Research and Applications 23:1058-1069.

Beames, L., C. Hocking, and P. Wlodarczyk. 2005. Best 
practise management of Chilean needle grass (Nassella 
neesiana) in conservation reserves – the seedbank 
story. Plant Protection Quarterly 20:2-8.

Beaumont, K. P., D. A. Mackay, and M. A. Whalen. 2012. 
The effects of prescribed burning on epigaeic ant 
communities in eucalypt forest of South Australia. 
Forest Ecology and Management 271:147-157.



43

Beesley, L., A. J. King, F. Amtstaetter, J. D. Koehn, B. 
Gawne, A. Price, D. L. Nielsen, L. Vilizzi, and S. N. 
Meredith. 2012. Does flooding affect spatiotemporal 
variation of fish assemblages in temperate floodplain 
wetlands? Freshwater Biology 57:2230-2246.

Beesley, L., A. J. King, B. Gawne, J. D. Koehn, A. Price, 
D. Nielsen, F. Amtstaetter, and S. N. Meredith. 2014. 
Optimising environmental watering of floodplain 
wetlands for fish. Freshwater Biology 59:2024-2037.

Beesley, L. S., D. C. Gwinn, A. Price, A. J. King, B. Gawne, 
J. D. Koehn, and D. L. Nielsen. 2014. Juvenile fish 
response to wetland inundation: how antecedent 
conditions can inform environmental flow policies 
for native fish. Journal of Applied Ecology 51:1613-1621.

Belgeri, A., S. C. Navie, G. Vivian-Smith, and S. W. 
Adkins. 2014. Early recovery signs of an Australian 
grassland following the management of Parthenium 
hysterophorus L. Flora 209:587-596.

Bennett, L. T., C. Aponte, K. G. Tolhurst, M. Low, and T. G. 
Baker. 2013. Decreases in standing tree-based carbon 
stocks associated with repeated prescribed fires in 
a temperate mixed-species eucalypt forest. Forest 
Ecology and Management 306:243-255.

Bennett, L. T., M. J. Bruce, J. MacHunter, M. Kohout, M. A. 
Tanase, and C. Aponte. 2016. Mortality and recruitment 
of fire-tolerant eucalypts as influenced by wildfire 
severity and recent prescribed fire. Forest Ecology 
and Management 380:107-117.

Bennett, V. A., V. A. J. Doerr, E. D. Doerr, A. D. Manning, 
and D. B. Lindenmayer. 2012. The anatomy of a 
failed reintroduction: a case study with the Brown 
Treecreeper. Emu 112:298-312.

Berens, V., M. G. White, and N. J. Souter. 2009. Injection 
of fresh river water into a saline floodplain aquifer 
in an attempt to improve the condition of river red 
gum (Eucalyptus camaldulensis Dehnh.). Hydrological 
Processes 23:3464-3473.

Berney, P. J., G. G. Wilson, D. S. Ryder, R. D. B. Whalley, J. 
Duggin, and R. O. McCosker. 2014. Divergent responses 
to long-term grazing exclusion among three plant 
communities in a flood pulsing wetland in eastern 
Australia. Pacific Conservation Biology 20:237-251.

Beyer, S., A. Kinnear, L. B. Hutley, K. McGuinness, and K. 
Gibb. 2011. Assessing the relationship between fire and 
grazing on soil characteristics and mite communities 
in a semi-arid savanna of northern Australia. 
Pedobiologia 54:195-200.

Bice, C. M., S. L. Gehrig, B. P. Zampatti, J. M. Nicol, 
P. Wilson, S. L. Leigh, and K. Marsland. 2014. 
Flow-induced alterations to fish assemblages, habitat 
and fish-habitat associations in a regulated lowland 
river. Hydrobiologia 722:205-222.

Bice, C. M., and B. P. Zampatti. 2011. Engineered water 
level management facilitates recruitment of non-native 
common carp, Cyprinus carpio, in a regulated lowland 
river. Ecological Engineering 37:1901-1904.

Blanche, K. R., A. N. Andersen, and J. A. Ludwig. 2001. 
Rainfall-contingent detection of fire impacts: 
Responses of beetles to experimental fire regimes. 
Ecological Applications 11:86-96.

Bond, N. R., and P. S. Lake. 2005. Ecological restoration 
and large-scale ecological disturbance: The effects 
of drought on the response by fish to a habitat 
restoration experiment. Restoration Ecology 13:39-48.

Bowen, M. E., C. A. McAlpine, L. M. Seabrook, A. P. N. 
House, and G. C. Smith. 2009. The age and amount 
of regrowth forest in fragmented brigalow landscapes 
are both important for woodland dependent birds. 
Biological Conservation 142:3051-3059.

Bowman, D., and R. J. Fensham. 1991. RESPONSE OF 
A MONSOON FOREST-SAVANNA BOUNDARY TO 
FIRE PROTECTION, WEIPA, NORTHERN AUSTRALIA. 
Australian Journal of Ecology 16:111-118.

Brandis, K. J., R. T. Kingsford, S. Ren, and D. Ramp. 2011. 
Crisis Water Management and Ibis Breeding at Narran 
Lakes in Arid Australia. Environmental Management 
48:489-498.

Brazill-Boast, J., S. R. Pryke, and S. C. Griffith. 2013. 
Provisioning habitat with custom-designed nest-boxes 
increases reproductive success in an endangered finch. 
Austral Ecology 38:405-412.

Brennan, K. E. C., J. D. Majer, and J. M. Koch. 2003. 
Using fire to facilitate faunal colonization following 
mining: an assessment using spiders in Western 
Australian jarrah forest. Ecological Management 
& Restoration 4:145-147.

Bridle, K. L., J. B. Kirkpatrick, P. Cullen, and R. R. Shepherd. 
2001. Recovery in alpine heath and grassland following 
burning and grazing, Eastern Central Plateau, 
Tasmania, Australia. Arctic Antarctic and Alpine 
Research 33:348-356.

Briggs, S. V., N. M. Taws, J. A. Seddon, and B. Vanzella. 
2008. Condition of fenced and unfenced remnant 
vegetation in inland catchments in south-eastern 
Australia. Australian Journal of Botany 56:590-599.

Broadhurst, B. T., J. G. Dyer, B. C. Ebner, J. D. Thiem, and 
P. A. Pridmore. 2011. Response of two-spined blackfish 
Gadopsis bispinosus to short-term flow fluctuations in 
an upland Australian stream. Hydrobiologia 673:63-77.

Broadhurst, B. T., B. C. Ebner, and R. C. Clear. 2012. A 
rock-ramp fishway expands nursery grounds of the 
endangered Macquarie perch (Macquaria australasica). 
Australian Journal of Zoology 60:91-100.

Broadhurst, B. T., B. C. Ebner, M. Lintermans, J. D. Thiem, 
and R. C. Clear. 2013. Jailbreak: a fishway releases the 
endangered Macquarie perch from confinement below 
an anthropogenic barrier. Marine and Freshwater 
Research 64:900-908.

Brooks, A. J., M. Russell, R. Bevitt, and M. Dasey. 
2011. Constraints on the recovery of invertebrate 
assemblages in a regulated snowmelt river during 
a tributary-sourced environmental flow regime. 
Marine and Freshwater Research 62:1407-1420.

Brown, K., G. Paczkowska, and N. Gibson. 2016. Mitigating 
impacts of weeds and kangaroo grazing following 
prescribed fire in a Banksia woodland. Ecological 
Management & Restoration 17:133-139.

Bruton, M. J., C. A. McAlpine, and M. Maron. 2013. 
Regrowth woodlands are valuable habitat for reptile 
communities. Biological Conservation 165:95-103.



44 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Burrows, N., B. Ward, and A. Robinson. 2010. Fire 
Regimes and Tree Growth in Low Rainfall Jarrah 
Forest of South-west Australia. Environmental 
Management 45:1332-1343.

Catterall, C. P., A. N. D. Freeman, J. Kanowski, and K. 
Freebody. 2012. Can active restoration of tropical 
rainforest rescue biodiversity? A case with bird 
community indicators. Biological Conservation  
146:53-61.

Chester, H., and R. Norris. 2006. Dams and flow in the 
Cotter River, Australia: Effects on instream trophic 
structure and benthic metabolism. Hydrobiologia 
572:275-286.

Christie, F. J., and A. York. 2009. No detectable impacts 
of frequent burning on foliar C and N or insect 
herbivory in an Australian eucalypt forest. Applied 
Vegetation Science 12:376-384.

Clarke, P. J., and E. A. Davison. 2004. Emergence and 
survival of herbaceous seedlings in temperate grassy 
woodlands: Recruitment limitations and regeneration 
niche. Austral Ecology 29:320-331.

Clarke, P. J., D. A. Keith, B. E. Vincent, and A. D. Letten. 
2015. Post-grazing and post-fire vegetation dynamics: 
long-term changes inmountain bogs reveal community 
resilience. Journal of Vegetation Science 26:278-290.

Close, D. C., N. J. Davidson, P. W. Swanborough, and 
R. Corkrey. 2011. Does low-intensity surface fire 
increase water- and nutrient-availability to overstorey 
Eucalyptus gomphocephala? Plant and Soil 349:203-214.

Coggan, N. V., M. W. Hayward, and H. Gibb. 2016. Termite 
activity and decomposition are influenced by digging 
mammal reintroductions along an aridity gradient. 
Journal of Arid Environments 133:85-93.

Collins, L., T. Penman, F. D. Ximenes, D. Binns, A. York, 
and R. Bradstock. 2014. Impacts of Frequent Burning 
on Live Tree Carbon Biomass and Demography in 
Post-Harvest Regrowth Forest. Forests 5:802-821.

Colloff, M. J., K. R. Pullen, and S. A. Cunningham. 2010. 
Restoration of an Ecosystem Function to Revegetation 
Communities: The Role of Invertebrate Macropores in 
Enhancing Soil Water Infiltration. Restoration Ecology 
18:65-72.

Colman, N. J., C. E. Gordon, M. S. Crowther, and M. 
Letnic. 2014. Lethal control of an apex predator has 
unintended cascading effects on forest mammal 
assemblages. Proceedings of the Royal Society 
B-Biological Sciences 281.

Conallin, A. J., B. B. Smith, L. A. Thwaites, K. F. Walker, 
and B. M. Gillanders. 2012. Environmental Water 
Allocations in regulated lowland rivers may encourage 
offstream movements and spawning by common 
carp, Cyprinus carpio: implications for wetland 
rehabilitation. Marine and Freshwater Research 
63:865-877.

Cook, G. D. 1991. EFFECTS OF FIRE REGIMEN ON 2 SPECIES 
OF EPIPHYTIC ORCHIDS IN TROPICAL SAVANNAS OF 
THE NORTHERN-TERRITORY. Australian Journal of 
Ecology 16:537-540.

Craig, M. D., R. J. Hobbs, A. H. Grigg, M. J. Garkaklis, 
C. D. Grant, P. A. Fleming, and G. Hardy. 2010. Do 
Thinning and Burning Sites Revegetated after Bauxite 
Mining Improve Habitat for Terrestrial Vertebrates? 
Restoration Ecology 18:300-310.

Cristescu, R. H., C. Frere, and P. B. Banks. 2012. A review 
of fauna in mine rehabilitation in Australia: Current 
state and future directions. Biological Conservation 
149:60-72.

Cunningham, R. B., D. B. Lindenmayer, M. Crane, D. 
Michael, and C. MacGregor. 2007. Reptile and 
arboreal marsupial response to replanted vegetation 
in agricultural landscapes. Ecological Applications 
17:609-619.

Cunningham, R. B., D. B. Lindenmayer, M. Crane, D. 
Michael, C. MacGregor, R. Montague-Drake, and 
J. Fischer. 2008. The combined effects of remnant 
vegetation and tree planting on farmland birds. 
Conservation Biology 22:742-752.

Daryanto, S., and D. J. Eldridge. 2010. Plant and soil 
surface responses to a combination of shrub removal 
and grazing in a shrub-encroached woodland. Journal 
of Environmental Management 91:2639-2648.

Davie, A. W., and S. M. Mitrovic. 2014. Benthic algal 
biomass and assemblage changes following 
environmental flow releases and unregulated tributary 
flows downstream of a major storage. Marine and 
Freshwater Research 65:1059-1071.

Davies, P. E., and M. Nelson. 1994. RELATIONSHIPS 
BETWEEN RIPARIAN BUFFER WIDTHS AND THE EFFECTS 
OF LOGGING ON STREAM HABITAT, INVERTEBRATE 
COMMUNITY COMPOSITION AND FISH ABUNDANCE. 
Australian Journal of Marine and Freshwater Research 
45:1289-1305.

Davies, P. M., R. J. Naiman, D. M. Warfe, N. E. Pettit, 
A. H. Arthington, and S. E. Bunn. 2014. Flow-
ecology relationships: closing the loop on effective 
environmental flows. Marine and Freshwater Research 
65:133-141.

Denham, A. J., and T. D. Auld. 2004. Survival and 
recruitment of seedlings and suckers of trees and 
shrubs of the Australian arid zone following habitat 
management and the outbreak of Rabbit Calicivirus 
Disease (RCD). Austral Ecology 29:585-599.

Dorrough, J., S. McIntyre, G. Brown, J. Stol, G. Barrett, 
and A. Brown. 2012. Differential responses of plants, 
reptiles and birds to grazing management, fertilizer 
and tree clearing. Austral Ecology 37:569-582.

Doupe, R. G., J. Mitchell, M. J. Knott, A. M. Davis, and A. J. 
Lymbery. 2010. Efficacy of exclusion fencing to protect 
ephemeral floodplain lagoon habitats from feral 
pigs (Sus scrofa). Wetlands Ecology and Management 
18:69-78.

Drewry, J. J. 2006. Natural recovery of soil physical 
properties from treading damage of pastoral soils 
in New Zealand and Australia: A review. Agriculture 
Ecosystems & Environment 114:159-169.

Dwyer, J. M., R. Fensham, and Y. M. Buckley. 2010. 
Restoration thinning accelerates structural 
development and carbon sequestration in an 
endangered Australian ecosystem. Journal of 
Applied Ecology 47:681-691.

Earl, J. M., L. P. Kahn, and M. Nicholls. 2003. Changes 
in grassland composition with grazing management 
in the mid-north of South Australia: continuous, 
rotational and pulse grazing. Cooma, NSW.



45

Eldridge, D. J., N. Huang, J. Bentley, and M. W. Hayward. 
2012. Soil Disturbance by Invertebrates in a Semi-arid 
Eucalypt Woodland: Effects of Grazing Exclusion, 
Faunal Reintroductions, Landscape and Patch 
Characteristics. Proceedings of the Linnean Society 
of New South Wales 134:A11-A18.

Eldridge, D. J., and A. D. Robson. 1997. Bladeploughing 
and exclosure influence soil properties in a semi-arid 
Australian woodland. Journal of Range Management 
50:191-198.

Faast, R., and J. M. Facelli. 2009. Grazing orchids: impact 
of florivory on two species of Caladenia (Orchidaceae). 
Australian Journal of Botany 57:361-372.

Fairfax, R., R. Fensham, D. Butler, K. Quinn, B. Sigley, 
and J. Holman. 2009. Effects of multiple fires on tree 
invasion in montane grasslands. Landscape Ecology 
24:1363-1373.

Fensham, R. J., D. W. Butler, R. J. Fairfax, A. R. Quintin, 
and J. M. Dwyer. 2016. Passive restoration of 
subtropical grassland after abandonment of 
cultivation. Journal of Applied Ecology 53:274-283.

Fisher, A. M. 2001. Avifauna changes along a Eucalyptus 
regeneration gradient. Emu 101:25-31.

Florentine, S., P. Milberg, J. Di Stefano, M. Westbrooke, 
and P. Graz. 2015. Decade-long response of arid-land 
mallee vegetation to fire, flooding and grazing in 
south-eastern Australi. Journal of Arid Environments 
121:7-14.

Florentine, S. K. 2008. Species persistence and natural 
recruitment after 14 years in a restoration planting 
on ex-rainforest land in north-east Queensland. 
Ecological Management & Restoration 9:217-221.

Florentine, S. K., F. P. Graz, G. Ambrose, and L. 
O’Brien. 2013. THE CURRENT STATUS OF DIFFERENT 
AGE, DIRECT-SEEDED REVEGETATION SITES IN AN 
AGRICULTURAL LANDSCAPE IN THE BURRUMBEET 
REGION, VICTORIA, AUSTRALIA. Land Degradation 
& Development 24:81-89.

Florentine, S. K., and M. E. Westbrooke. 2004. Evaluation 
of alternative approaches to rainforest restoration on 
abandoned pasturelands in tropical north Queensland, 
Australia. Land Degradation & Development 15:1-13.

Foster, C. N., P. S. Barton, C. F. Sato, J. T. Wood, C. I. 
MacGregor, and D. B. Lindenmayer. 2016. Herbivory 
and fire interact to affect forest understory habitat, 
but not its use by small vertebrates. Animal 
Conservation 19:15-25.

Frank, A. S. K., G. M. Wardle, C. R. Dickman, and A. C. 
Greenville. 2014. Habitat- and rainfall-dependent 
biodiversity responses to cattle removal in an 
arid woodland-grassland environment. Ecological 
Applications 24:2013-2028.

Frank, A. S. K., G. M. Wardle, A. C. Greenville, and C. 
R. Dickman. 2016. Cattle removal in arid Australia 
benefits kangaroos in high quality habitat but does 
not affect camels. Rangeland Journal 38:73-84.

Freeman, A. N. D., C. P. Catterall, and K. Freebody. 2015. 
Use of restored habitat by rainforest birds is limited 
by spatial context and species’ functional traits but 
not by their predicted climate sensitivity. Biological 
Conservation 186:107-114.

Freeman, A. N. D., A. B. Freeman, and S. Burchill. 2009. 
Bird use of revegetated sites along a creek connecting 
rainforest remnants. Emu 109:331-338.

Gibb, H. 2012. Effects of planting method on the recovery 
of arboreal ant activity on revegetated farmland. 
Austral Ecology 37:789-799.

Gippel, C. J. 2003. Review of Achievements and Outcomes 
of Environmental Flow Initiatives Undertaken on the 
extended River Murray System to August 2002. Report 
by Fluvial Systems Pty Ltd, Stockton, to Murray-Darling 
Basin Commission, Canberra, ACT, March.

Gollan, J. R., L. L. de Bruyn, N. Reid, D. Smith, and L. 
Wilkie. 2011. Can ants be used as ecological indicators 
of restoration progress in dynamic environments? 
A case study in a revegetated riparian zone. Ecological 
Indicators 11:1517-1525.

Good, M. K., N. L. Schultz, M. Tighe, N. Reid, and S. 
V. Briggs. 2013. Herbaceous vegetation response 
to grazing exclusion in patches and inter-patches 
in semi-arid pasture and woody encroachment. 
Agriculture Ecosystems & Environment 179:125-132.

Gould, S. F. 2001. Controlling Para Grass in a tropical 
seasonal wetland. Ecological Management & 
Restoration 2:145-147.

Gould, S. F. 2011. Does post-mining rehabilitation 
restore habitat equivalent to that removed by mining? 
A case study from the monsoonal tropics of northern 
Australia. Wildlife Research 38:482-490.

Gould, S. F. 2012. Comparison of Post-mining 
Rehabilitation with Reference Ecosystems in 
Monsoonal Eucalypt Woodlands, Northern Australia. 
Restoration Ecology 20:250-259.

Gowans, S. A., M. S. Gibson, M. E. Westbrooke, and 
P. Pegler. 2010. Changes in vegetation condition 
following kangaroo population management in 
Wyperfeld National Park. Macropods: The Biology 
of Kangaroos, Wallabies and Rat-Kangaroos:361-370.

Green, K., and C. Pickering. 2013. Limited effect of hare 
grazing and short-term climatic variations on the 
most common alpine vegetation community in the 
Snowy Mountains, Australia. Plant Ecology & Diversity 
6:511-522.

Green, R. J., and C. P. Catterall. 1998. The effects of 
forest clearing and regeneration on the fauna of 
Wivenhoe Park, south-east Queensland. Wildlife 
Research 25:677-690.

Greet, J., R. D. Cousens, and J. A. Webb. 2012. Flow 
regulation affects temporal patterns of riverine 
plant seed dispersal: potential implications for plant 
recruitment. Freshwater Biology 57:2568-2579.

Grice, A. C., and I. Barchia. 1992. DOES GRAZING REDUCE 
SURVIVAL OF INDIGENOUS PERENNIAL GRASSES 
OF THE SEMIARID WOODLANDS OF WESTERN 
NEW-SOUTH-WALES. Australian Journal of Ecology 
17:195-205.

Griffith, S. C., S. R. Pryke, and M. Mariette. 2008. Use of 
nest-boxes by the Zebra Finch (Taeniopygia guttata): 
implications for reproductive success and research. 
Emu 108:311-319.

Grimbacher, P. S., and C. P. Catterall. 2007. How much 
do site age, habitat structure and spatial isolation 
influence the restoration of rainforest beetle species 
assemblages? Biological Conservation 135:107-118.



46 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Grimbacher, P. S., C. P. Catterall, J. Kanowski, and H. C. 
Proctor. 2007. Responses of ground-active beetle 
assemblages to different styles of reforestation on 
cleared rainforest land. Biodiversity and Conservation 
16:2167-2184.

Grimbacher, P. S., and L. Hughes. 2002. Response of 
ant communities and ant-seed interactions to bush 
regeneration. Ecological Management & Restoration 
3:188-199.

Grose, P. J. 2012. Restoring a seasonal wetland using 
woven black plastic weed mat to overcome a weed 
threshold. Ecological Management & Restoration 
13:191-195.

Growns, I. O., and J. E. Growns. 2001. Ecological effects 
of flow regulation on macroinvertebrate and 
periphytic diatom assemblages in the Hawkesbury-
Nepean River, Australia. Regulated Rivers-Research 
& Management 17:275-293.

Hacker, R. B., K. C. Hodgkinson, G. J. Melville, J. Bean, 
and S. P. Clipperton. 2006. Death model for tussock 
perennial grasses: thresholds for grazing-induced 
mortality of mulga Mitchell grass (Thyridolepis 
mitchelliana). Rangeland Journal 28:105-114.

Hairsine, P. B. 1997. Controlling sediment and nutrient 
movement within catchments. Cooperative Research 
Centre for Catchment Hydrology, Monash University, 
Clayton, Victoria.

Hancock, P. J., and A. J. Boulton. 2005. The effects of 
an environmental flow release on water quality in 
the hyporheic zone of the Hunter River, Australia. 
Hydrobiologia 552:75-85.

Harper, R. J., A. E. A. Okom, A. T. Stilwell, M. Tibbett, C. 
Dean, S. J. George, S. J. Sochacki, C. D. Mitchell, S. 
S. Mann, and K. Dods. 2012. Reforesting degraded 
agricultural landscapes with Eucalypts: Effects on 
carbon storage and soil fertility after 26 years. 
Agriculture Ecosystems & Environment 163:3-13.

Harris, C. J., M. R. Leishman, K. Fryirs, and G. Kyle. 
2012. How Does Restoration of Native Canopy Affect 
Understory Vegetation Composition? Evidence from 
Riparian Communities of the Hunter Valley Australia. 
Restoration Ecology 20:584-592.

Herath, D. N., B. B. Lamont, N. J. Enright, and B. P. Miller. 
2009. Comparison of Post-Mine Rehabilitated and 
Natural Shrubland Communities in Southwestern 
Australia. Restoration Ecology 17:577-585.

Hill, S. J., and K. French. 2004. Potential impacts 
of fire and grazing in an endangered ecological 
community: plant composition and shrub and 
eucalypt regeneration in Cumberland Plain Woodland. 
Australian Journal of Botany 52:23-29.

Hillman, T. J., and G. P. Quinn. 2002. Temporal changes 
in macroinvertebrate assemblages following 
experimental flooding in permanent and temporary 
wetlands in an Australian floodplain forest. River 
Research and Applications 18:137-154.

Hindrum, L., M. J. Hovenden, M. G. Neyland, and S. C. 
Baker. 2012. The effects of mechanical disturbance and 
burn intensity on the floristic composition of two-year 
old aggregated retention coupes in Tasmanian wet 
eucalypt forests. Forest Ecology and Management 
279:55-65.

Hodgkinson, K. C. 2005. Management Options for 
Canberra Urban Grasslands. CSIRO, Canberra.

Hoffmann, B. D. 2010. Ecological restoration following 
the local eradication of an invasive ant in northern 
Australia. Biological Invasions 12:959-969.

Holland, K. L., A. H. Charles, I. D. Jolly, I. C. Overton, S. 
Gehrig, and C. T. Simmons. 2009. Effectiveness of 
artificial watering of a semi-arid saline wetland for 
managing riparian vegetation health. Hydrological 
Processes 23:3474-3484.

Hoogmoed, M., S. C. Cunningham, P. J. Baker, J. Beringer, 
and T. R. Cavagnaro. 2014. Is there more soil carbon 
under nitrogen-fixing trees than under non-nitrogen-
fixing trees in mixed-species restoration plantings? 
Agriculture Ecosystems & Environment 188:80-84.

Horskins, K., P. B. Mather, and J. C. Wilson. 2006. 
Corridors and connectivity: when use and function 
do not equate. Landscape Ecology 21:641-655.

Howson, T. J., B. J. Robson, T. G. Matthews, and B. D. 
Mitchell. 2012. Size and quantity of woody debris 
affects fish assemblages in a sediment-disturbed 
lowland river. Ecological Engineering 40:144-152.

Humphries, P., P. Brown, J. Douglas, A. Pickworth, R. 
Strongman, K. Hall, and L. Serafini. 2008. Flow-related 
patterns in abundance and composition of the 
fish fauna of a degraded Australian lowland river. 
Freshwater Biology 53:789-813.

Hunt, L. P. 2010. Spatial variation in the demography and 
population dynamics of a perennial shrub (Atriplex 
vesicaria) under sheep grazing in semi-arid Australian 
rangelands. Austral Ecology 35:794-805.

James, A. I., and D. J. Eldridge. 2007. Reintroduction of 
fossorial native mammals and potential impacts on 
ecosystem processes in an Australian desert landscape. 
Biological Conservation 138:351-359.

James, A. I., D. J. Eldridge, T. B. Koen, and K. E. Moseby. 
2011. Can the invasive European rabbit (Oryctolagus 
cuniculus) assume the soil engineering role of locally-
extinct natives? Biological Invasions 13:3027-3038.

Jansen, A. 1997. Terrestrial invertebrate community 
structure as an indicator of the success of a tropical 
rainforest restoration project. Restoration Ecology 
5:115-124.

Jansen, A. 2005. Avian use of restoration plantings along 
a creek linking rainforest patches on the Atherton 
Tablelands, North Queensland. Restoration Ecology 
13:275-283.

Jellinek, S., K. M. Parris, and D. A. Driscoll. 2013. Are only 
the strong surviving? Little influence of restoration 
on beetles (Coleoptera) in an agricultural landscape. 
Biological Conservation 162:17-23.

Jellinek, S., K. M. Parris, M. A. McCarthy, B. A. Wintle, and 
D. A. Driscoll. 2014. Reptiles in restored agricultural 
landscapes: the value of linear strips, patches and 
habitat condition. Animal Conservation 17:544-554.

Kahn, L. P., J. M. Earl, and M. Nicholls. 2010. Herbage 
mass thresholds rather than plant phenology are a 
more useful cue for grazing management decisions 
in the mid-north region of South Australia. Rangeland 
Journal 32:379-388.



47

Kanowski, J. J., T. M. Reis, C. P. Catterall, and S. D. Piper. 
2006. Factors affecting the use of reforested sites by 
reptiles in cleared rainforest landscapes in tropical and 
subtropical Australia. Restoration Ecology 14:67-76.

Kavanagh, R. P., M. A. Stanton, and M. W. Herring. 2007. 
Eucalypt plantings on farms benefit woodland birds in 
south-eastern Australia. Austral Ecology 32:635-650.

King, A. J., Z. Tonkin, and J. Mahoney. 2009. 
ENVIRONMENTAL FLOW ENHANCES NATIVE FISH 
SPAWNING AND RECRUITMENT IN THE MURRAY 
RIVER, AUSTRALIA. River Research and Applications 
25:1205-1218.

Kingsford, R. T., and K. M. Auld. 2005. Waterbird 
breeding and environmental flow management in 
the Macquarie Marshes, Arid Australia. River Research 
and Applications 21:187-200.

Kinnear, J. E., C. J. Krebs, C. Pentland, P. Orell, C. Holme, 
and R. Karvinen. 2010. Predator-baiting experiments 
for the conservation of rock-wallabies in Western 
Australia: a 25-year review with recent advances. 
Wildlife Research 37:57-67.

Kinnear, J. E., M. L. Onus, and N. R. Sumner. 1998. Fox 
control and rock-wallaby population dynamics – II. 
An update. Wildlife Research 25:81-88.

Kirkpatrick, J. B., and K. L. Bridle. 2016. Grazing and 
the absence of fire promote the dominance of an 
unpalatable shrub in a patch mosaic cyclic successional 
system. Australian Journal of Botany 64:45-50.

Kirkwood, R., D. R. Sutherland, S. Murphy, and P. Dann. 
2014. Lessons from long-term predator control: a case 
study with the red fox. Wildlife Research 41:222-232.

Kortner, G., and P. Watson. 2005. The immediate impact 
of 1080 aerial baiting to control wild dogs on a 
spotted-tailed quoll population. Wildlife Research 
32:673-680.

Kutt, A. S., E. P. Vanderduys, and P. O’Reagain. 2012. 
Spatial and temporal effects of grazing management 
and rainfall on the vertebrate fauna of a tropical 
savanna. Rangeland Journal 34:173-182.

Kutt, A. S., E. P. Vanderduys, J. J. Perry, G. C. Perkins, J. 
E. Kemp, B. L. Bateman, J. Kanowski, and R. Jensen. 
2012. Signals of change in tropical savanna woodland 
vertebrate fauna 5 years after cessation of livestock 
grazing. Wildlife Research 39:386-396.

Lada, H., R. Mac Nally, and A. C. Taylor. 2008. Responses 
of a carnivorous marsupial (Antechinus flavipes) to 
local habitat factors in two forest types. Journal of 
Mammalogy 89:398-407.

Le Roux, D. S., K. Ikin, D. B. Lindenmayer, G. Bistricer, A. 
D. Manning, and P. Gibbons. 2016. Enriching small 
trees with artificial nest boxes cannot mimic the value 
of large trees for hollow-nesting birds. Restoration 
Ecology 24:252-258.

Lester, R. E., W. Wright, and M. Jones-Lennon. 2007. 
Does adding wood to agricultural streams enhance 
biodiversity? An experimental approach. Marine and 
Freshwater Research 58:687-698.

Letnic, M. 2004. Cattle grazing in a hummock grassland 
regenerating after fire: The short-term effects of cattle 
exclusion on vegetation in south-western Queensland. 
Rangeland Journal 26:34-48.

Lewis, T., and V. J. Debuse. 2012. Resilience of a eucalypt 
forest woody understorey to long-term (34-55 
years) repeated burning in subtropical Australia. 
International Journal of Wildland Fire 21:980-991.

Lewis, T., N. Reid, P. J. Clarke, and R. D. B. Whalley. 2010. 
Resilience of a high-conservation-value, semi-arid 
grassland on fertile clay soils to burning, mowing and 
ploughing. Austral Ecology 35:464-481.

Lewis, T., D. Taylor, S. Swift, and V. Debuse. 2012. Factors 
influencing early restoration progress of a Eucalyptus 
tereticornis open forest on former agricultural land. 
Pacific Conservation Biology 18:263-281.

Li, J., J. A. Duggin, W. A. Loneragan, and C. D. Grant. 
2007. Grassland responses to multiple disturbances on 
the New England Tablelands in NSW, Australia. Plant 
Ecology 193:39-57.

Lilith, M., M. Calver, and M. Garkaklis. 2010. Do cat 
restrictions lead to increased species diversity or 
abundance of small and medium-sized mammals in 
remnant urban bushland? Pacific Conservation Biology 
16:162-172.

Lind, P. R., B. J. Robson, and B. D. Mitchell. 2007. 
Multiple lines of evidence for the beneficial effects of 
environmental flows in two lowland rivers in Victoria, 
Australia. River Research and Applications 23:933-946.

Lindenmayer, D., E. Willinck, M. Crane, D. Michael, S. 
Okada, C. Cumming, K. Durant, and J. Frankenberg. 
2013. Murray Catchment habitat restoration: Lessons 
from landscape-level research and monitoring. 
Ecological Management & Restoration 14:80-92.

Lindenmayer, D., J. Wood, R. Montague-Drake, D. 
Michael, M. Crane, S. Okada, C. MacGregor, and P. 
Gibbons. 2012. Is biodiversity management effective? 
Cross-sectional relationships between management, 
bird response and vegetation attributes in an 
Australian agri-environment scheme. Biological 
Conservation 152:62-73.

Lindenmayer, D. B., E. J. Knight, M. J. Crane, R. Montague-
Drake, D. R. Michael, and C. I. MacGregor. 2010. What 
makes an effective restoration planting for woodland 
birds? Biological Conservation 143:289-301.

Lindenmayer, D. B., P. W. Lane, P. S. Barton, M. Crane, K. 
Ikin, D. Michael, and S. Okada. 2016. Long-term bird 
colonization and turnover in restored woodlands. 
Biodiversity and Conservation 25:1587-1603.

Loch, R. J., T. Espigares, A. Costantini, R. Garthe, and K. 
Bubb. 1999. Vegetative filter strips to control sediment 
movement in forest plantations: validation of a simple 
model using field data. Australian Journal of Soil 
Research 37:929-946.

Low, W. A., A. McNally, B. K. Davies, and P. Greenslade. 
2012. Changes in vegetation over nine years after 
rehabilitating a linear feature in Australia’s arid zone. 
Rangeland Journal 34:399-414.

Loyn, R. H., and E. G. McNabb. 2015. Bird population 
responses to wildfire and planned burns in foothill 
forests of Victoria, Australia. Journal of Ornithology 
156:S263-S273.

Lunt, I. D., A. Jansen, and D. L. Binns. 2012. Effects of 
flood timing and livestock grazing on exotic annual 
plants in riverine floodplains. Journal of Applied 
Ecology 49:1131-1139.



48 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Lunt, I. D., A. Jansen, D. L. Binns, and S. A. Kenny. 2007. 
Long-term effects of exclusion of grazing stock on 
degraded herbaceous plant communities in a riparian 
Eucalyptus camaldulensis forest in south-eastern 
Australia. Austral Ecology 32:937-949.

Lunt, I. D., and J. W. Morgan. 1999. Vegetation changes 
after 10 years of grazing exclusion and intermittent 
burning in a Themeda triandra (Poaceae) grassland 
reserve in south-eastern Australia. Australian Journal 
of Botany 47:537-552.

Lymburner, S., C. Handley, and J. Handley. 2006. 
Rainforest rehabilitation on a productive Macadamia 
property: The Brockley story. Ecological Management 
& Restoration 7:184-196.

Mac Nally, R., L. De Vries, and J. R. Thomson. 2010. 
Are Replanted Floodplain Forests in Southeastern 
Australia Providing Bird Biodiversity Benefits? 
Restoration Ecology 18:85-94.

Mac Nally, R., and G. Horrocks. 2007. Inducing 
whole-assemblage change by experimental 
manipulation of habitat structure. Journal of 
Animal Ecology 76:643-650.

Mac Nally, R., and G. Horrocks. 2008. Longer-term 
responses of a floodplain-dwelling marsupial to 
experimental manipulation of fallen timber loads. 
Basic and Applied Ecology 9:458-465.

Mac Nally, R., G. Horrocks, and L. Pettifer. 2002. 
Experimental evidence for potential beneficial effects 
of fallen timber in forests. Ecological Applications 
12:1588-1594.

Mackie, J. K., E. T. Chester, T. G. Matthews, and B. 
J. Robson. 2013. Macroinvertebrate response to 
environmental flows in headwater streams in western 
Victoria, Australia. Ecological Engineering 53:100-105.

Majer, J. D., and O. G. Nichols. 1998. Long-term 
recolonization patterns of ants in Western Australian 
rehabilitated bauxite mines with reference to their use 
as indicators of restoration success. Journal of Applied 
Ecology 35:161-182.

Manning, A. D., R. B. Cunningham, and D. B. Lindenmayer. 
2013. Bringing forward the benefits of coarse 
woody debris in ecosystem recovery under different 
levels of grazing and vegetation density. Biological 
Conservation 157:204-214.

Martin, W. K., D. Eldridge, and P. A. Murray. 2011. Bird 
assemblages in remnant and revegetated habitats in 
an extensively cleared landscape, Wagga Wagga, New 
South Wales. Pacific Conservation Biology 17:110-120.

Martin, W. K., M. Eyears-Chaddock, B. R. Wilson, and J. 
Lemon. 2004. The value of habitat reconstruction to 
birds at Gunnedah, New South Wales. Emu 104:177-189.

Mavromihalis, J. A., J. Dorrough, S. G. Clark, V. Turner, 
and C. Moxham. 2013. Manipulating livestock grazing 
to enhance native plant diversity and cover in native 
grasslands. Rangeland Journal 35:95-108.

McDougall, K. L. 2007. Grazing and fire in two subalpine 
peatlands. Australian Journal of Botany 55:42-47.

McDougall, K. L., and J. W. Morgan. 2005. Establishment 
of native grassland vegetation at Organ Pipes 
National Park nearMelbourne, Victoria: Vegetation 
changes from 1989 to 2003. Ecological Management 
& Restoration 6:34-42.

McGinness, H. M., A. D. Arthur, K. A. Ward, and P. A. 
Ward. 2014. Floodplain amphibian abundance: 
responses to flooding and habitat type in Barmah 
Forest, Murray River, Australia. Wildlife Research 
41:149-162.

McIntyre, S., R. B. Cunningham, C. F. Donnelly, and A. 
D. Manning. 2014. Restoration of eucalypt grassy 
woodland: effects of experimental interventions on 
ground-layer vegetation. Australian Journal of Botany 
62:570-579.

McKergow, L. A., I. P. Prosser, R. B. Grayson, and D. Heiner. 
2004. Performance of grass and rainforest riparian 
buffers in the wet tropics, Far North Queensland. 1. 
Riparian hydrology. Australian Journal of Soil Research 
42:473-484.

McKergow, L. A., I. P. Prosser, R. B. Grayson, and D. Heiner. 
2004. Performance of grass and rainforest riparian 
buffers in the wet tropics, Far North Queensland. 
2. Water quality. Australian Journal of Soil Research 
42:485-498.

McKergow, L. A., I. P. Prosser, D. M. Weaver, R. B. Grayson, 
and A. E. G. Reed. 2006. Performance of grass and 
eucalyptus riparian buffers in a pasture catchment, 
Western Australia, part 2: water quality. Hydrological 
Processes 20:2327-2346.

McKergow, L. A., D. M. Weaver, I. P. Prosser, R. B. Grayson, 
and A. E. G. Reed. 2003. Before and after riparian 
management: sediment and nutrient exports from 
a small agricultural catchment, Western Australia. 
Journal of Hydrology 270:253-272.

McNaught, M. K., F. R. Wylie, E. J. Harris, C. L. Alston, C. 
J. Burwell, and C. Jennings. 2014. Effect of Broadcast 
Baiting on Abundance Patterns of Red Imported 
Fire Ants (Hymenoptera: Formicidae) and Key 
Local Ant Genera at Long-Term Monitoring Sites in 
Brisbane, Australia. Journal of Economic Entomology 
107:1307-1315.

Meers, T., and R. Adams. 2003. The impact of grazing 
by Eastern Grey Kangaroos (Macropus giganteus) on 
vegetation recovery after fire at Reef Hills Regional 
Park, Victoria. Ecological Management & Restoration 
4:126-132.

Meissner, R. A., and J. M. Facelli. 1999. Effects of sheep 
exclusion on the soil seed bank and annual vegetation 
in chenopod shrublands of South Australia. Journal of 
Arid Environments 42:117-128.

Michael, D. R., J. T. Wood, M. Crane, R. Montague-Drake, 
and D. B. Lindenmayer. 2014. How effective are agri- 
environment schemes for protecting and improving 
herpetofaunal diversity in Australian endangered 
woodland ecosystems? Journal of Applied Ecology 
51:494-504.

Mitrovic, S. M., R. L. Oliver, C. Rees, L. C. Bowling, and R. 
T. Buckney. 2003. Critical flow velocities for the growth 
and dominance of Anabaena circinalis in some turbid 
freshwater rivers. Freshwater Biology 48:164-174.

Moore, D., M. R. Kearney, R. Paltridge, S. McAlpin, and A. 
Stow. 2015. Is fire a threatening process for Liopholis 
kintorei, a nationally listed threatened skink? Wildlife 
Research 42:207-216.

Morgan, D. L., and S. J. Beatty. 2006. Use of a vertical-slot 
fishway by galaxiids in Western Australia. Ecology of 
Freshwater Fish 15:500-509.



49

Morgan, J. W. 1999. Have tubestock plantings successfully 
established populations of rare grassland species into 
reintroduction sites in western Victoria? Biological 
Conservation 89:235-243.

Morgan, J. W. 2001. Seedling recruitment patterns 
over 4 years in an Australian perennial grassland 
community with different fire histories. Journal of 
Ecology 89:908-919.

Morris, E. C., M. De Barse, and J. Sanders. 2016. Effects 
of burning and rainfall on former agricultural land 
with remnant grassy woodland flora. Austral Ecology 
41:74-86.

Moxham, C., J. Dorrough, M. Bramwell, and B. J. Farmilo. 
2016. Fire exclusion and soil texture interact to 
influence temperate grassland flora in south-eastern 
Australia. Australian Journal of Botany 64:417-426.

Munro, N. T., J. Fischer, G. Barrett, J. Wood, A. Leavesley, 
and D. B. Lindenmayer. 2011. Bird’s Response to 
Revegetation of Different Structure and Floristics-Are 
“Restoration Plantings” Restoring Bird Communities? 
Restoration Ecology 19:223-235.

Munro, N. T., J. Fischer, J. Wood, and D. B. Lindenmayer. 
2009. The effect of structural complexity on large 
mammal occurrence in revegetation. Ecological 
Management & Restoration 10:150-153.

Munro, N. T., J. Fischer, J. Wood, and D. B. Lindenmayer. 
2009. Revegetation in agricultural areas: the 
development of structural complexity and floristic 
diversity. Ecological Applications 19:1197-1210.

Munro, N. T., D. B. Lindenmayer, and J. Fischer. 2007. 
Faunal response to revegetation in agricultural areas 
of Australia: A review. Ecological Management & 
Restoration 8:199-207.

Munro, N. T., K. E. Moseby, and J. L. Read. 2009. The 
effects of browsing by feral and re-introduced native 
herbivores on seedling survivorship in the Australian 
rangelands. Rangeland Journal 31:417-426.

Murphy, B. P., M. A. Cochrane, and J. Russell-Smith. 2015. 
Prescribed burning protects endangered tropical 
heathlands of the Arnhem Plateau, northern Australia. 
Journal of Applied Ecology 52:980-991.

Nichols, O. G., and F. M. Nichols. 2003. Long-term trends 
in faunal recolonization after bauxite mining in the 
jarrah forest of southwestern Australia. Restoration 
Ecology 11:261-272.

Nicholson, E., A. Lill, and A. Andersen. 2006. Do tropical 
savanna skink assemblages show a short-term 
response to low-intensity fire? Wildlife Research 
33:331-338.

Northup, B. K., J. R. Brown, and J. A. Holt. 1999. Grazing 
impacts on the spatial distribution of soil microbial 
biomass around tussock grasses in a tropical grassland. 
Applied Soil Ecology 13:259-270.

O’Connor, J., F. Amtstaetter, M. Jones, and J. Mahoney. 
2015. Prioritising the rehabilitation of fish passage 
in a regulated river system based on fish movement. 
Ecological Management & Restoration 16:67-72.

Olsson, M., E. Wapstra, G. Swan, E. Snaith, R. Clarke, and 
T. Madsen. 2005. Effects of long-term fox baiting on 
species composition and abundance in an Australian 
lizard community. Austral Ecology 30:907-913.

O’Reagain, P. J., J. Brodie, G. Fraser, J. J. Bushell, C. H. 
Holloway, J. W. Faithful, and D. Haynes. 2005. Nutrient 
loss and water quality under extensive grazing in the 
upper Burdekin river catchment, North Queensland. 
Marine Pollution Bulletin 51:37-50.

Orgeas, J., and A. N. Andersen. 2001. Fire and 
biodiversity: responses of grass-layer beetles to 
experimental fire regimes in an Australian tropical 
savanna. Journal of Applied Ecology 38:49-62.

Orr, D. M., and D. G. Phelps. 2013. Impacts of level of 
utilisation by grazing on an Astrebla (Mitchell grass) 
grassland in north-western Queensland between 1984 
and 2010. 1. Herbage mass and population dynamics of 
Astrebla spp. Rangeland Journal 35:1-15.

Orr, D. M., and D. G. Phelps. 2013. Impacts of level of 
utilisation by grazing on an Astrebla (Mitchell grass) 
grassland in north-western Queensland between 1984 
and 2010. 2. Plant species richness and abundance. 
Rangeland Journal 35:17-28.

Overmars, F. 2005. Integrated control of serrated tussock 
on a native grassland – more than one way to kill a 
cat! Plant Protection Quarterly 20:17-20.

Pardon, L. G., B. W. Brook, A. D. Griffiths, and R. W. 
Braithwaite. 2003. Determinants of survival for the 
northern brown bandicoot under a landscape-scale 
fire experiment. Journal of Animal Ecology 72:106-115.

Pastro, L. A., C. R. Dickman, and M. Letnic. 2011. Burning 
for biodiversity or burning biodiversity? Prescribed 
burn vs. wildfire impacts on plants, lizards, and 
mammals. Ecological Applications 21:3238-3253.

Paul, M., C. P. Catterall, J. Kanowski, and P. C. Pollard. 
2012. Recovery of rain forest soil seed banks under 
different reforestation pathways in eastern Australia. 
Ecological Management & Restoration 13:144-152.

Pettit, N. E., R. H. Froend, and P. G. Ladd. 1995. GRAZING 
IN REMNANT WOODLAND VEGETATION – CHANGES 
IN SPECIES COMPOSITION AND LIFE FORM GROUPS. 
Journal of Vegetation Science 6:121-130.

Piper, S. D., C. P. Catterall, J. J. Kanowski, and H. C. 
Proctow. 2009. Biodiversity recovery during rainforest 
reforestation as indicated by rapid assessment of 
epigaeic ants in tropical and subtropical Australia. 
Austral Ecology 34:422-434.

Price, J. N., R. D. B. Whalley, R. D. van Klinken, J. A. 
Duggin, and C. L. Gross. 2011. Periodic rest from 
grazing provided no control of an invasive perennial 
forb. Rangeland Journal 33:287-298.

Price, J. N., N. K. Wong, and J. W. Morgan. 2010. Recovery 
of understorey vegetation after release from a long 
history of sheep grazing in a herb-rich woodland. 
Austral Ecology 35:505-514.

Priddel, D., N. Carlile, and R. Wheeler. 2006. 
Establishment of a new breeding colony of Gould’s 
petrel (Pterodroma leucoptera leucoptera) through 
the creation of artificial nesting habitat and the 
translocation of nestlings. Biological Conservation 
128:553-563.

Priddel, D., and R. Wheeler. 1997. Efficacy of fox control 
in reducing the mortality of released captive-reared 
malleefowl, Leipoa ocellata. Wildlife Research 
24:469-482.



50 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Prior, L. D., R. J. Williams, and D. Bowman. 2010. 
Experimental evidence that fire causes a tree 
recruitment bottleneck in an Australian tropical 
savanna. Journal of Tropical Ecology 26:595-603.

Prober, S. M., and I. D. Lunt. 2009. Restoration of 
Themeda australis swards suppresses soil nitrate and 
enhances ecological resistance to invasion by exotic 
annuals. Biological Invasions 11:171-181.

Prober, S. M., R. J. Standish, and G. Wiehl. 2011. After 
the fence: vegetation and topsoil condition in 
grazed, fenced and benchmark eucalypt woodlands 
of fragmented agricultural landscapes. Australian 
Journal of Botany 59:369-381.

Prober, S. M., K. R. Thiele, and T. B. Koen. 2004. Spring 
burns control exotic annual grasses in a temperate 
grassy woodland. Ecological Management & 
Restoration 5:131-134.

Prober, S. M., K. R. Thiele, and I. D. Lunt. 2007. Fire 
frequency regulates tussock grass composition, 
structure and resilience in endangered temperate 
woodlands. Austral Ecology 32:808-824.

Prober, S. M., K. R. Thiele, I. D. Lunt, and T. B. Koen. 
2005. Restoring ecological function in temperate 
grassy woodlands: manipulating soil nutrients, exotic 
annuals and native perennial grasses through carbon 
supplements and spring burns. Journal of Applied 
Ecology 42:1073-1085.

Prober, S. M., K. R. Thiele, and J. Speijers. 2013. 
Management legacies shape decadal-scale responses 
of plant diversity to experimental disturbance regimes 
in fragmented grassy woodlands. Journal of Applied 
Ecology 50:376-386.

Radford, I. J., A. C. Grice, B. N. Abbott, D. M. Nicholas, and 
L. Whiteman. 2008. Impacts of changed fire regimes 
on tropical riparian vegetation invaded by an exotic 
vine. Austral Ecology 33:151-167.

Rasiah, V., S. K. Florentine, B. L. Williams, and M. E. 
Westbrooke. 2004. The impact of deforestation and 
pasture abandonment on soil properties in the wet 
tropics of Australia. Geoderma 120:35-45.

Rayner, T. S., K. M. Jenkins, and R. T. Kingsford. 2009. 
Small environmental flows, drought and the role of 
refugia for freshwater fish in the Macquarie Marshes, 
arid Australia. Ecohydrology 2:440-453.

Rayner, T. S., R. T. Kingsford, I. M. Suthers, and D. 
O. Cruz. 2015. Regulated recruitment: native and 
alien fish responses to widespread floodplain 
inundation in the Macquarie Marshes, arid Australia. 
Ecohydrology 8:148-159.

Read, C. F., D. H. Duncan, P. A. Vesk, and J. Elith. 2011. 
Surprisingly fast recovery of biological soil crusts 
following livestock removal in southern Australia. 
Journal of Vegetation Science 22:905-916.

Read, J. L., J. Carter, K. M. Moseby, and A. Greenville. 
2008. Ecological roles of rabbit, bettong and bilby 
warrens in arid Australia. Journal of Arid Environments 
72:2124-2130.

Read, J. L., and R. Cunningham. 2010. Relative impacts of 
cattle grazing and feral animals on an Australian arid 
zone reptile and small mammal assemblage. Austral 
Ecology 35:314-324.

Reid, M. A., and G. P. Quinn. 2004. Hydrologic regime 
and macrophyte assemblages in temporary floodplain 
wetlands: Implications for detecting responses to 
environmental water allocations. Wetlands 24:586-599.

Reinfelds, I. V., C. T. Walsh, D. E. Van Der Meulen, 
I. O. Growns, and C. A. Gray. 2013. MAGNITUDE, 
FREQUENCY AND DURATION OF INSTREAM FLOWS 
TO STIMULATE AND FACILITATE CATADROMOUS 
FISH MIGRATIONS: AUSTRALIAN BASS (MACQUARIA 
NOVEMACULEATA PERCIFORMES, PERCICHTHYIDAE). 
River Research and Applications 29:512-527.

Risbey, D. A., M. C. Calver, J. Short, J. S. Bradley, and I. 
W. Wright. 2000. The impact of cats and foxes on the 
small vertebrate fauna of Heirisson Prong, Western 
Australia. II. Afield experiment. Wildlife Research 
27:223-235.

Robertson, A. I., and R. W. Rowling. 2000. Effects 
of livestock on riparian zone vegetation in an 
Australian dryland river. Regulated Rivers-Research 
& Management 16:527-541.

Robinson, S., L. Gadd, M. Johnston, and M. Pauza. 2015. 
Long-term protection of important seabird breeding 
colonies on Tasman Island through eradication of cats. 
New Zealand Journal of Ecology 39:316-322.

Robley, A., A. M. Gormley, D. M. Forsyth, and B. 
Triggs. 2014. Long-term and large-scale control of 
the introduced red fox increases native mammal 
occupancy in Australian forests. Biological 
Conservation 180:262-269.

Rohlfs, A. M., S. M. Mitrovic, S. Williams, J. N. Hitchcock, 
and G. N. Rees. 2016. Dissolved organic carbon delivery 
from managed flow releases in a montane snowmelt 
river. Aquatic Sciences 78:793-807.

Rolls, R. J., A. J. Boulton, I. O. Growns, S. E. Maxwell, 
D. S. Ryder, and D. P. Westhorpe. 2012. Effects of an 
experimental environmental flow release on the 
diet of fish in a regulated coastal Australian river. 
Hydrobiologia 686:195-212.

Rolls, R. J., I. O. Growns, T. A. Khan, G. G. Wilson, T. 
L. Ellison, A. Prior, and C. C. Waring. 2013. Fish 
recruitment in rivers with modified discharge depends 
on the interacting effects of flow and thermal regimes. 
Freshwater Biology 58:1804-1819.

Sanger, J. C., J. Kanowski, C. P. Catterall, and R. Woodford. 
2008. Restoration of forest structure in managed 
regrowth at Rocky Creek Dam, Australia. Ecological 
Management & Restoration 9:143-145.

Sanjari, G., H. Ghadiri, C. A. A. Ciesiolka, and B. Yu. 
2008. Comparing the effects of continuous and 
time-controlled grazing systems on soil characteristics 
in Southeast Queensland. Australian Journal of 
Soil Research 46:348-358.

Sanjari, G., B. F. Yu, H. Ghadiri, C. A. A. Ciesiolka, and C. 
W. Rose. 2009. Effects of time-controlled grazing on 
runoff and sediment loss. Australian Journal of Soil 
Research 47:796-808.

Saunders, D. A., and A. N. O. Nicholls. 2008. Are native 
birds using revegetated areas? Insights from the 
Western Australia central wheatbelt. Ecological 
Management & Restoration 9:226-229.



51

Schultz, N. L., J. W. Morgan, and I. D. Lunt. 2011. Effects 
of grazing exclusion on plant species richness and 
phytomass accumulation vary across a regional 
productivity gradient. Journal of Vegetation Science 
22:130-142.

Scott, K., S. A. Setterfield, M. M. Douglas, C. L. Parr, J. 
Schatz, and A. N. Andersen. 2012. Does long-term fire 
exclusion in an Australian tropical savanna result in 
a biome shift? A test using the reintroduction of fire. 
Austral Ecology 37:693-711.

Selwood, K., R. Mac Nally, and J. R. Thomson. 2009. 
Native bird breeding in a chronosequence of 
revegetated sites. Oecologia 159:435-446.

Setterfield, S. A. 1997. The impact of experimental fire 
regimes on seed production in two tropical eucalypt 
species in northern Australia. Australian Journal of 
Ecology 22:279-287.

Shoo, L. P., R. Wilson, Y. M. Williams, and C. P. Catterall. 
2014. Putting it back: Woody debris in young 
restoration plantings to stimulate return of reptiles. 
Ecological Management & Restoration 15:84-87.

Siebentritt, M. A., G. G. Ganf, and K. F. Walker. 2004. 
Effects of an enhanced flood on riparian plants of 
the River Murray, South Australia. River Research and 
Applications 20:765-774.

Smith, G. C., T. Lewis, and L. D. Hogan. 2015. Fauna 
community trends during early restoration of 
alluvial open forest/woodland ecosystems on former 
agricultural land. Restoration Ecology 23:787-799.

Smith, R., M. Tighe, N. Reid, S. Briggs, and B. Wilson. 
2013. Effects of grazing, trenching and surface soil 
disturbance on ground cover in woody encroachment 
on the Cobar Pediplain, south-eastern Australia. 
Journal of Arid Environments 96:80-86.

Soanes, K., M. C. Lobo, P. A. Vesk, M. A. McCarthy, 
J. L. Moore, and R. van der Ree. 2013. Movement 
re-established but not restored: Inferring the 
effectiveness of road-crossing mitigation for a gliding 
mammal by monitoring use. Biological Conservation 
159:434-441.

Soanes, K., P. A. Vesk, and R. van der Ree. 2015. 
Monitoring the use of road-crossing structures 
by arboreal marsupials: insights gained from 
motion-triggered cameras and passive integrated 
transponder (PIT) tags. Wildlife Research 42:241-256.

Somerville, S., W. Somerville, and R. Coyle. 2011. 
Regenerating native forest using splatter gun 
techniques to remove Lantana. Ecological 
Management & Restoration 12:164-174.

Sonter, L. J., D. J. Metcalfe, and M. M. Mayfield. 2011. 
Assessing rainforest restoration: the value of buffer 
strips for the recovery of rainforest remnants in 
Australia’s Wet Tropics. Pacific Conservation Biology 
16:274-288.

Souter, N. J., M. Walter, and L. Wen. 2012. WEIR POOL 
SURCHARGE AND A CORRESPONDING INCREASE IN 
ALGAL BIOFILM COMMUNITY DIVERSITY IN THE LOWER 
RIVER MURRAY, SOUTH AUSTRALIA. River Research and 
Applications 28:1853-1857.

Spooner, P., I. Lunt, and W. Robinson. 2002. Is fencing 
enough? The short-term effects of stock exclusion 
in remnant grassy woodlands in southern NSW. 
Ecological Management & Restoration 3:117-126.

Spooner, P. G., and S. V. Briggs. 2008. Woodlands on 
farms in southern New South Wales: A longer-term 
assessment of vegetation changes after fencing. 
Ecological Management & Restoration 9:33-41.

Standish, R. J., M. I. Daws, A. D. Gove, R. K. Didham, 
A. H. Grigg, J. M. Koch, and R. J. Hobbs. 2015. 
Long-term data suggest jarrah-forest establishment 
at restored mine sites is resistant to climate variability. 
Journal of Ecology 103:78-89.

Stoffels, R. J., K. R. Clarke, R. A. Rehwinkel, and B. 
J. McCarthy. 2014. Response of a floodplain fish 
community to river-floodplain connectivity: natural 
versus managed reconnection. Canadian Journal of 
Fisheries and Aquatic Sciences 71:236-245.

Streeton, N. A., R. S. B. Greene, K. Marchiori, D. J. 
Tongway, and M. D. Carnegie. 2013. Rehabilitation of 
an incised ephemeral stream in central New South 
Wales, Australia: identification of incision causes, 
rehabilitation techniques and channel response. 
Rangeland Journal 35:71-83.

Stuart, I. G., and A. P. Berghuis. 2002. Upstream passage 
of fish through a vertical-slot fishway in an Australian 
subtropical river. Fisheries Management and Ecology 
9:111-122.

Stuart, I. G., and M. Mallen-Cooper. 1999. An assessment 
of the effectiveness of a vertical-slot fishway for 
non-salmonid fish at a tidal barrier on a large tropical/
subtropical river. Regulated Rivers-Research & 
Management 15:575-590.

Sutherland, D. R., P. Dann, and R. E. Jessop. 2014. 
Evaluation of Artificial Nest Sites for Long-Term 
Conservation of a Burrow-Nesting Seabird. Journal 
of Wildlife Management 78:1415-1424.

Taylor, B. D., and R. L. Goldingay. 2012. Restoring 
Connectivity in Landscapes Fragmented by Major 
Roads: A Case Study Using Wooden Poles as “Stepping 
Stones” for Gliding Mammals. Restoration Ecology 
20:671-678.

Tiver, F., and A. Kiermeier. 2006. Survivorship of seedlings 
of false sandalwood (Myoporum platycarpum) in the 
chenopod rangelands grazed by sheep, kangaroos and 
rabbits at Whyalla, South Australia. Austral Ecology 
31:376-387.

Tonkin, Z., A. J. King, and J. Mahoney. 2008. Effects of 
flooding on recruitment and dispersal of the Southern 
Pygmy Perch (Nannoperca australis) at a Murray 
River floodplain wetland. Ecological Management 
& Restoration 9:196-201.

Townsend, S. A., and M. M. Douglas. 2000. The effect 
of three fire regimes on stream water quality, water 
yield and export coefficients in a tropical savanna 
(northern Australia). Journal of Hydrology 229:118-137.

Trainor, C. R., and J. C. Z. Woinarski. 1994. RESPONSES OF 
LIZARDS TO 3 EXPERIMENTAL FIRES IN THE SAVANNA 
FORESTS OF KAKADU-NATIONAL-PARK. Wildlife 
Research 21:131-148.

Tuft, K. D., M. S. Crowther, and C. McArthur. 2012. Fire and 
grazing influence food resources of an endangered 
rock-wallaby. Wildlife Research 39:436-445.



52 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

Turner, P. J., and J. G. Virtue. 2006. An eight year removal 
experiment measuring the impact of bridal creeper 
(Asparagus asparagoides (L.) Druce) and the potential 
benefit from its control. Plant Protection Quarterly 
21:79-84.

Valentine, L. E., and L. Schwarzkopf. 2009. Effects of 
Weed-Management Burning on Reptile Assemblages 
in Australian Tropical Savannas. Conservation Biology 
23:103-113.

Valentine, L. E., L. Schwarzkopf, and C. N. Johnson. 2012. 
Effects of a short fire-return interval on resources and 
assemblage structure of birds in a tropical savanna. 
Austral Ecology 37:23-34.

Vernes, K., M. Castellano, and C. N. Johnson. 2001. Effects 
of season and fire on the diversity of hypogeous fungi 
consumed by a tropical mycophagous marsupial. 
Journal of Animal Ecology 70:945-954.

Vesk, P. A., R. Nolan, J. R. Thomson, J. W. Dorrough, 
and R. Mac Nally. 2008. Time lags in provision of 
habitat resources through revegetation. Biological 
Conservation 141:174-186.

Vickers, H., M. Gillespie, and A. Gravina. 2012. Assessing 
the development of rehabilitated grasslands on post-
mined landforms in north west Queensland, Australia. 
Agriculture Ecosystems & Environment 163:72-84.

Vilizzi, L. 2012. Abundance trends in floodplain fish larvae: 
the role of annual flow characteristics in the absence 
of overbank flooding. Fundamental and Applied 
Limnology 181:215-227.

Wallace, T. A., and D. Furst. 2016. Open water metabolism 
and dissolved organic carbon in response to 
environmental watering in a lowland river-floodplain 
complex. Marine and Freshwater Research 67:1346-1361.

Webb, G. A., and B. D. Hoffmann. 2013. Field Evaluations 
of the Efficacy of Distance Plus on Invasive Ant Species 
in Northern Australia. Journal of Economic Entomology 
106:1545-1552.

Werner, P. A. 2005. Impact of feral water buffalo and 
fire on growth and survival of mature savanna trees: 
An experimental field study in Kakadu National Park, 
northern Australia. Austral Ecology 30:625-647.

Werner, P. A., I. D. Cowie, and J. S. Cusack. 2006. Juvenile 
tree growth and demography in response to feral 
water buffalo in savannas of northern Australia: an 
experimental field study in Kakadu National Park. 
Australian Journal of Botany 54:283-296.

Westbrooke, M. E., S. K. Florentine, and P. Milberg. 2005. 
Arid land vegetation dynamics after a rare flooding 
event: influence of fire and grazing. Journal of Arid 
Environments 61:249-260.

Wevill, T., and S. K. Florentine. 2014. An assessment of 
riparian restoration outcomes in two rural catchments 
in south-western Victoria: Focusing on tree and 
shrub species richness, structure and recruitment 
characteristics. Ecological Management & Restoration 
15:133-139.

White, H. L., S. J. Nichols, W. A. Robinson, and R. H. 
Norris. 2012. More for less: a study of environmental 
flows during drought in two Australian rivers. 
Freshwater Biology 57:858-873.

Whitehead, T., M. Goosem, and N. D. Preece. 2014. Use 
by small mammals of a chronosequence of tropical 
rainforest revegetation. Wildlife Research 41:233-242.

Williams, P., and A. Collett. 2009. Control of the 
exotic Para Grass allows the expansion of the rare 
native wetland grass Paspalidium udum in a north 
Queensland wetland. Ecological Management & 
Restoration 10:60-61.

Williams, P. R., E. M. Collins, and A. C. Grice. 2005. 
Cattle grazing for Para Grass management in a mixed 
species wetland of north-eastern Australia. Ecological 
Management & Restoration 6:75-76.

Wills, T. J., and A. S. Kutt. 2016. The effect of targeted 
high-threat weed control on wet forest understorey 
vegetation in the Central Highlands region, Victoria. 
Ecological Management & Restoration 17:250-253.

Witt, G. B., M. V. Noel, M. I. Bird, R. J. S. Beeton, and 
N. W. Menzies. 2011. Carbon sequestration and 
biodiversity restoration potential of semi-arid mulga 
lands of Australia interpreted from long-term grazing 
exclosures. Agriculture Ecosystems & Environment 
141:108-118.

Yates, C. J., R. J. Hobbs, and I. Atkins. 2000. Establishment 
of perennial shrub and tree species in degraded 
Eucalyptus salmonophloia (Salmon gum) remnant 
woodlands: Effects of restoration treatments. 
Restoration Ecology 8:135-143.

Yeates, A. G., and S. S. Schooler. 2011. Influence of 
Lantana camara and its removal on tree dynamics in a 
recently burnt wet Sclerophyll forest in Northern NSW. 
Ecological Management & Restoration 12:236-241.

Zampatti, B. P., and S. J. Leigh. 2013. Within-channel 
flows promote spawning and recruitment of golden 
perch, Macquaria ambigua ambigua – implications for 
environmental flow management in the River Murray, 
Australia. Marine and Freshwater Research 64:618-630.

Zimmer, H. C., V. B. Turner, J. Mavromihalis, J. Dorrough, 
and C. Moxham. 2010. Forb responses to grazing 
and rest management in a critically endangered 
Australian native grassland ecosystem. Rangeland 
Journal 32:187-195.





54 knowledge Bank of Management effectiveness: Learning from Australia’s actions to improve the environment

For FurtHer inForMation
Land and water
Veronica Doerr 
t +61 2 6246 4099
e veronica.doerr@csiro.au

Land and water
Micah Davies 
t +61 2 6246 4096
e micah.davies@csiro.au

Land and water
Ian Cresswell 
t +61 3 6232 5213
e ian.cresswell@csiro.au

ContaCt uS
t 1300 363 400
 +61 3 9545 2176
e csiroenquiries@csiro.au
w www.csiro.au

at CSiro, we do tHe  
extraordinary eVery day

We innovate for tomorrow and help 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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