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EXECUTIVE SUMMARY
Introduction

Climate change has profound implications for biodiversity conservation in NSW. It
will require us to re-evaluate our current approach to conservation, which will
involve consideration of ethical questions such as what to protect and why. It will
require dynamic and responsive tools, and overarching approaches.

This paper analyses the current legal regime in NSW and its adequacy to protect
biodiversity under climate change. The paper was prepared with the assistance of
a number of legal and scientific experts who provided written feedback on a draft
discussion paper, and attended a one-day roundtable.

The first part of the paper outlines the predicted impacts of climate change on
biodiversity and identifies general scientific principles for the protection of
biodiversity under climate change.

The second part of the paper describes and analyses a range of legislative tools in
terms of their efficacy in protecting biodiversity currently, as well as how adaptive
and applicable they will continue to be in the future, in light of climate change.

The paper provides a set of recommendations for legislative and policy reform
necessary for the conservation of biodiversity under climate change. The
recommendations are as follows:

Recommendations
Legislative objectives
e Maintain the aspirational legislative objective of seeking to protect all species

from extinction.

e Ensure that the legislation reflects the realities of climate change by providing
sufficient guidance as to how we will try to achieve the legislative objectives.

e Facilitate a State-wide debate on the appropriateness of our current approach
to biodiversity conservation under climate change.

e Ensure that the NSW Scientific Committee maintains its independence from
the NSW government and plays a key role in informing decisions.

Protected areas: Establishment

e The NRS framework should be maintained as it provides a robust framework
to combat the impacts of climate change on protected areas.




Much greater funding and resources should be provided to ensure that the
implementation of the NRS framework occurs at a much faster rate.

‘Threat’ should be included as a criterion in the process to prioritise what
areas should be protected under the NRS framework.

The ‘adequacy’ goal and alternative strategies to combat the impacts of
climate change on the NRS system should be evaluated by using tools that
can analyse the persistence probabilities of a range of species.

Decision-theory frameworks should be developed for protected area
establishment and management under climate change.

Protected areas: Management

Barriers to the effective implementation of adaptive management frameworks
in protected area management should be identified and addressed.

Adaptive management should be incorporated as a management principle
under the NPW Act 1974 for all types of protected areas.

Management plans under the NPW Act 1974 should be required to be
reviewed and updated on a regular basis.

Funding for protected area management should be increased to allow for the
effective implementation of adaptive management frameworks.

Lists

The listing of species that play a key role in ecosystem function (‘key
functional species’) should be enabled under the TSC Act 1995.

The listing of species that are not currently threatened but that are likely to

be vulnerable to climate change should be explicitly enabled under the TSC
Act 1995.

The definition of ‘indigenous’ under the TSC Act 1995 should be changed to
address the situation of native species moving in response to climate change.

A review of how ecological communities and populations are defined under the
TSC Act 1995 should be undertaken with a view to ensuring their efficacy
under climate change.

In conjunction with a robust community nomination process, the TSC Act
1995 should be amended to allow the NSW Scientific Committee to establish
‘priority themes’ for the assessment of nominations.

The TSC Act 1995 should be amended to allow the NSW Scientific Committee
to establish prioritisation criteria that the Committee must consider when
prioritising nominations.

Critical habitat

The definition of critical habitat under the TSC Act 1995 should be amended to
cover ‘an area of land that is considered essential for the conservation of
protected wildlife, even though the area is not presently occupied by the
wildlife’ (as in Queensland).

Priorities Action Statement



A framework for prioritisation between listed species should be developed
under the TSC Act 1995, taking into account four related criteria: species
value, the cost of management, the benefit of management, the likelihood of
success. The criteria should take into account the impacts of climate change.

The framework for prioritisation between listed species should be informed by
a public debate over what we try to protect and why.

Conservation budgets for threatened species recovery and threat abatement
actions should be increased to address the continued decline in biodiversity
and deal with the challenges of climate change.

Recovery plans

Recovery plans under the TSC Act 1995 should be made shorter, simpler, and
be more tightly focused on recovery actions and outcomes.

A greater focus should be given operationally under the TSC Act 1995 to the
more generic recovery strategies over recovery plans, as provided for in the
Priorities Action Statement.

Recovery plans under the TSC Act 1995 should facilitate adaptive
management and be more flexible and responsive to change and uncertainty.

A greater focus should be given operationally under the TSC Act 1995 to
threat abatement planning over recovery planning.

A greater focus should be given operationally under the TSC Act 1995 to
multi-species recovery plans over single-species plans only where species can
be appropriately grouped based on threat similarity using robust approaches.

CMAs

Investment priorities under the CMA Act 2003 should be developed through a
statutory requirement to take into account climate change impacts.

CMAs need to use appropriate decision-support tools for prioritisation and
environmental decision-making.

Increased funding and resources need to be made available to ensure that
CMA monitoring on natural resource condition and trends is improved.

Land-use planning undertaken by Councils should be better integrated with
investment planning undertaken by CMAs through requiring Councils under
the EP&A Act 1979 to take into account CMA plans.

CMAs should be given greater flexibility under the CMA Act 2003 over when
they spend their investment budgets by increasing the period over which
funding must be spent, to ensure investments are more effective.

Land-use planning

Land-use plans such as LEPs should contain a legal test under the EP&A Act
1979 that requires a decision-maker to be satisfied that the land-use plan as a
whole adequately protects biodiversity, including under climate change.

Land-use planning undertaken by Councils should be better integrated with
investment planning undertaken by CMAs through requiring Councils under
the EP&A Act 1979 to take into account CMA plans (as noted above).

Landscape-scale assessment



Before certifying an EPI under the TSC Act 1995, the Minister must be
satisfied on reasonable grounds that the EPI will meet the ‘overall improve or
maintain’ test.

In deciding whether the ‘overall improve or maintain’ test has been met under
the TSC Act 1995, the Minister must be satisfied that the following criteria are
met -

o Areas of high conservation value for listed threatened species and
ecological communities are protected.

o Any loss of other areas of less value for listed threatened species and
ecological communities is offset in accordance with offset rules.

Notwithstanding the above, if the Minister is of the opinion that a better
outcome can be achieved through a minor variation of the rules relating to
high conservation value areas and offsets under the TSC Act 1995, he/she can
refer the biocertification assessment to an expert panel.

The expert panel should be required under the TSC Act 1995 to assess
whether a better outcome is likely to be achieved without strict application of
rules relating to high conservation value areas and offsets.

The expert panel may seek public submissions and should make
recommendations in a report to the Minister, which should be made publicly
available under the TSC Act 1995.

The Minister should be required under the TSC Act 1995 to consider the
expert panel’s report when making a decision, and should publish reasons for
the decision.

Site-scale assessment

Biobanking should be made compulsory subject to robust evaluation and
review. Given that Biobanking is not yet underway, the statutory two year
review of the scheme is unlikely to allow enough time for proper evaluation.

Regular review and further tightening of the ‘red flag rules’ should occur to
ensure that Biobanking becomes more protective of biodiversity over time,
including areas important for biodiversity under climate change.

‘Priority areas’ for offsetting within regions should be identified using
scientifically defensible approaches to enable future modification of the
assessment methodology to encourage offsets within priority areas.

Land clearing controls

Regular review and further tightening of the ‘red flag rules’ should occur to
ensure that the NV Act 2003 becomes more protective of biodiversity over
time, including areas important for biodiversity under climate change.

‘Priority areas’ for offsetting within regions should be identified using
scientifically defensible approaches to enable future modification of the NV Act
2003 assessment methodologies to encourage offsets within priority areas.

Conservation on private land

Financial and bureaucratic barriers that impede the take-up of conservation
initiatives should be identified and removed.



e Incentives should be structured so that conservation effort is targeted in areas
of greater strategic need.

e Greater incentives should be provided for the restoration of land, including for
the conservation of land which is not of high conservation value.

e An equal focus should be given operationally to more flexible schemes, such
as wildlife refuges to improve the range of options for private conservation.

‘External’ influences
e Funding for biodiversity conservation should be increased to allow for the
effective utilisation of statutory conservation tools.

e The conservation of biodiversity must remain a fundamental principle in all
adaptation and mitigation responses to climate change.
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1. Introduction
1.1 The issue

We are already failing to adequately address the decline of biodiversity in NSW as
a result of current key threats such as habitat loss, invasive species, changed
disturbance regimes, and over-exploitation of native species. Climate change has
emerged relatively recently as a key additional threat to biodiversity and presents
a further major challenge to biodiversity conservation in NSW.

Our current approach to biodiversity conservation in NSW (and Australia) is based
largely on a ‘snapshot’; a static approach informed by where things are at a
particular point in time and seeking to preserve species and communities as, and
where, they are. As Dunlop and Brown have stated:*

Fundamental to the vast majority of reserve declarations and conservation
programs, is the idea that the basic character of the biodiversity being
protected in any area will remain essentially the same over time.

Climate change requires us to re-evaluate our current approach to conservation,
which will involve consideration of ethical questions such as what to protect and
why. It will require dynamic and responsive tools, and overarching approaches.

1.2 The process

This paper begins the process of evaluating whether the current legal framework
for the protection of biodiversity in NSW is capable of such dynamism and hence
is adaptable to the challenges ahead. Very little has been written from a legal
point of view on this issue. There is much more work and thinking that needs to
be done, and it is in this spirit that the paper has been written.

The topic covered by the paper is very large and complex and it was not possible
to discuss the implications of climate change on every aspect of the legal
framework that affects biodiversity in NSW. The paper focuses on:

e Terrestrial biodiversity (and not freshwater or marine biodiversity).

o Legislation that is specifically designed to protect biodiversity or legislation
that has significant application to biodiversity (and not legislation that may
adversely affect biodiversity, such as water, forestry, or mining laws).?

L Dunlop M and Brown P (2008) Implications of climate change for Australia’s National Reserve

System: A preliminary assessment. Report to the Department of Climate Change Department of
Climate Change Canberra, Australia.

2 As Bates has noted there are three categories of legislation pertaining to biodiversity conservation:
e Category 1 - Legislation that is specifically designed to protect biodiversity, for example,
threatened species and protected areas legislation.




e Key statutory tools for the protection of biodiversity in NSW (and not non-
statutory policies, strategies, plans or programs).

The paper was prepared by the Environmental Defender’s Office (NSW) (EDO)
with the assistance of a humber of legal and scientific experts. The EDO engaged
experts in two ways: by holding a roundtable to discuss the draft paper; and by
seeking written feedback on the draft paper. The experts who participated in the
roundtable and provided written feedback are listed below.

Roundtable attendees Written feedback

Tony Auld Paul Adam
Department of Environment and Climate | University of New South Wales
Change

Gerry Bates Chris Dickman

University of Sydney University of Sydney

Michael Dunlop Brendan Wintle

CSIRO Sustainable Ecosystems University of Melbourne

Martin Fallding Sarah Bekessey

Land & Environment Planning Royal Melbourne Institute of
Technology

David Farrier
University of Wollongong

Simon Ferrier
CSIRO Entomology

Jan McDonald
Griffith University

Chair - Judy Lambert
Community Solutions

The purpose of the roundtable and the written feedback processes was to provide
a mechanism to discuss and seek feedback on the ideas in the draft paper.
Importantly, the purpose was not to seek endorsement of the paper from
participants. The views expressed in the paper are the views of the EDO, and are
not necessarily the views of the experts.

The discussion points and a summary of the discussion that was had in relation to
those points at the roundtable are provided in the Appendix.

Importantly also, the paper was not prepared in consultation with conservation
and community groups or any other stakeholders. Rather, the paper is intended
to be a legal and scientific analysis of the issues for consideration by government.
The EDO sees consultation on these issues as a role for the NSW government.

1.3 The structure

The paper is structured as follows:

e Section 2 - This section briefly describes the predicted impacts of climate
change on biodiversity.

e Category 2 - Legislation that has significant application to biodiversity protection, but that is not
specifically designed to protect biodiversity (e.g. planning laws).

e Category 3 - Legislation that is not designed to protect biodiversity, but the application of which
may adversely affect biodiversity (e.g. forestry, mining, water, and fisheries laws).

The focus of this paper is on Category 1 and Category 2 legislation.

Bates G (2006) Environmental Law in Australia 6 ed, LexisNexis, Butterworths, Australia.




e Section 3 - This section briefly describes how species have adapted to climate
change in the past.

e Section 4 - This section identifies some general scientific principles for the
protection of biodiversity under climate change.

e Section 5 - This section:
o Describes each statutory conservation tool.

o Briefly evaluates how well each statutory conservation tool is currently
working in terms of protecting biodiversity.

o Briefly evaluates how adaptive and applicable each statutory
conservation tool is in light of climate change.

e Section 6 - This section discusses a range of external factors that may
influence the ability of the statutory conservation tools to protect biodiversity.

In section 5 of the paper, boxes appear under each statutory conservation tool,
which summarise the key recommendations that we feel the NSW government
needs to consider in relation to each statutory conservation tool.

2. Impacts of climate change on biodiversity

It is well established that climate change is already impacting, and is likely to
have more extensive impacts on, biodiversity, both globally® and in Australia.*
Climate change is expected to become the first or second greatest driver of global
biodiversity loss over the next century.’

Past climate changes have caused species extinctions and major reorganizations
of ecological communities. Current climate change is likely to cause a greater
problem for species due to a combination of the rapid pace of change (predicted
to be faster than most changes during the last 1.8 million years) and the extent
of existing pressures on biodiversity.® Indeed, independent of climate change,
biodiversity is predicted to decrease in the future due to multiple existing
pressures such as habitat loss, habitat fragmentation, invasive species, etc.’

There are a large number of studies that document the impacts that climate
change has already had on biodiversity and that attempt to predict the future
impacts. However, there is considerable scientific uncertainty regarding the exact
nature and extent of the impacts.® Such uncertainty will have a significant

3 Intergovernmental Panel on Climate Change (2007) Climate Change 2007: Synthesis Report IPCC
Geneva.

4 Hughes L (2003) ‘Climate change and Australia: Trends, projections and impacts’ Austral Ecology
28: 423-443.

> Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.

 Secretariat of the Convention on Biological Diversity (2003). Interlinkages between biological
diversity and climate change. Advice on the integration of biodiversity considerations into the
implementation of the United Nations Framework Convention on Climate Change and its Kyoto
protocol. Montreal, SCBD, 154p. (CBD Technical Series no. 10); Heller N and Zavaleta E (2009)
‘Biodiversity management in the face of climate change: A review of 22 years of recommendations
Biological Conservation 142 14-32.

’ Intergovernmental Panel on Climate Change (2002) Climate Change and Biodiversity IPCC Technical
Paper 1V, IPCC, Geneva.

8 Dunlop M and Brown P (2008) Implications of climate change for Australia’s National Reserve
System: A preliminary assessment. Report to the Department of Climate Change Department of



influence over the way we think about how to address the impacts of climate
change on biodiversity and the solutions we arrive at.

In summary, the impacts of climate change are likely to include:®

e Reductions in the geographic range of species.

e Changes to the timing of species’ lifecycle events.

e Changes in population dynamics and survival.

e Changes in the location of species’ habitats.

e Increases in the risk of extinction for species that are already vulnerable.

e Increased opportunity for range expansion of invasive species.

e Changes in the structure and composition of ecosystems and communities.

e Changes in coastal and estuarine habitat due to rising sea levels.

Indirect impacts include impacts due to changes to the intensitg/ and magnitude
of existing pressures, such as fire regimes and invasive species.1

The most vulnerable species will be those with long generation times, low
mobility, small or isolated ranges, and low genetic variation.!! Species that are
already vulnerable due to restricted population size or specific habitat
requirements will be particularly prone to extinction.*

Some ecosystems are also considered to be particularly vulnerable to climate
change, including alpine ecosystems, coral reefs, and mangrove systems.?

3. How will species adapt to climate change?

In the past, species have adapted to climate change through a combination of the
following mechanisms:**

Climate Change Canberra, Australia; Hennesy K, Fitzharris B, Bates B, Harvey N, Howden S, Hughes
L, Salinger J and Warrick R (2007) Australia and New Zealand. Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, UK.

° National Biodiversity and Climate Change Action Plan 2004-2007. See also Thomas C (2003)
“Climate change and habitat fragmentation” in Green RE, Harley M, Miles L, Scharlemann ], Watkinson
A and Watts O (2003) Global Climate Change and Biodiversity University of East Anglia, Norwich.

10 National Biodiversity and Climate Change Action Plan 2004 -2007 at pp 12 and 14. See also Thomas
C (2003) “Climate change and habitat fragmentation” in Green RE, Harley M, Miles L, Scharlemann J,
Watkinson A and Watts O (2003) Global Climate Change and Biodiversity University of East Anglia,
Norwich.

' Howden M, Hughes L, Dunlop M, Zethoven I, Hilbert D and Chilcott C (2003) Climate change
impacts on biodiversity in Australia, Outcomes of a workshop sponsored by the Biological Diversity
Advisory Committee, 1-2 October 2002, Commonwealth of Australia.

12 gecretariat of the Convention on Biological Diversity (2003). Interlinkages between biological
diversity and climate change. Advice on the integration of biodiversity considerations into the
implementation of the United Nations Framework Convention on Climate Change and its Kyoto
protocol. Montreal, SCBD, 154p. (CBD Technical Series no. 10).

13 Secretariat of the Convention on Biological Diversity (2003). Interlinkages between biological
diversity and climate change. Advice on the integration of biodiversity considerations into the
implementation of the United Nations Framework Convention on Climate Change and its Kyoto
protocol. Montreal, SCBD, 154p. (CBD Technical Series no. 10).

4 Mackey B (2007) ‘Climate change, connectivity and biodiversity conservation’ In: Protected Areas:
buffering nature against climate change. Proceedings of a WWF and IUCN World Commission on



e Acclimatization. This mechanism involves changes in behaviour or the
development of life history strategies (such as the timing or location of
flowering events or breeding) more suited to the new climate within the
lifetime of an individual. It is likely to primarily occur in species that already
encounter a wide range of climatic conditions.®

e Migration and dispersal. This mechanism involves the movement of species to
more suitable climates over generations. Scientists have suggested two
mechanisms by which this occurs: 1) rapid long-distance dispersal along a
range margin, or 2) local dispersal from climate refugia. The relative
importance of each mechanism is under debate.'® This mechanism appears to
be the primary way that species have survived past climate changes.!’

e Evolutionary adaptation. This mechanism involves the development of new
genetic attributes more suited to the new climate over generations. It
ultimately depends on adequate levels of genetic variation within and between
populations and a slow enough rate of climate change for evolution to occur.'®

During past climate changes, a species potentially had all three of these
adaptation mechanisms available to it. However, as suggested, this may no
longer be the case.!® For example, due to the predicted rapid pace of climate
change, many species may not be able to migrate fast enough and in-situ
evolutionary adaptation is unlikely to be possible for most populations.?® Also,
due to the extent of habitat loss and fragmentation, many species may no longer
be able to migrate to more suitable habitats.?

4. General principles for biodiversity protection under climate change

As noted, there is considerable scientific uncertainty regarding the exact nature
and extent of the impacts of climate change on biodiversity. However, a number
of papers have identified some general principles that various scientists argue we
need to implement to address impacts. Most of these general principles are not
new in the context of biodiversity conservation.

Protected Areas symposium, 18-19 June 2007, Canberra. (eds Taylor and Figgis). WWF-Australia,
Sydney; Noss R (2001) '‘Beyond Kyoto: Forest management in a time of rapid climate change’
Conservation Biology 15(3): 578-590.

5 Bawa K and Dayanandan S (1998) ‘Global climate change and tropical forest genetic resources’
Climatic Change 39: 473-485.

16 pearson R (2006) ‘Climate change and the migration capacity of species’ TRENDS in Ecology and
Evolution 21: 111-113.

7 Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590.

8 Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590.

' Mackey B (2007) ‘Climate change, connectivity and biodiversity conservation’ In: Protected Areas:
buffering nature against climate change. Proceedings of a WWF and IUCN World Commission on
Protected Areas symposium, 18-19 June 2007, Canberra. (eds Taylor and Figgis). WWF-Australia,
Sydney.

20 Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.

21 Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590.
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We have identified these general principles as a way of assisting us analyse the
adequacy and adaptability of the current legal framework to protect biodiversity
under climate change. We have not undertaken a comprehensive review of the
literature, but rather have identified the principles from key review papers.

We recognise that there may not be scientific consensus on all of these general
principles or on the relative importance of each, and that for many there is
considerable debate as to how the principle should be applied in practice. We also
recognise that some principles are controversial within the general public.

4.1 Facilitate adaptation and enhance resilience and resistance

As noted, in the past, species have adapted to climate change through a range of
adaptation mechanisms. It follows that to minimise the impacts of climate change
on biodiversity, our overarching goal should be to facilitate adaptation by
minimising disruption to these adaptation mechanisms as much as possible.*?

However, as noted, we also need to recognise that compared to past changes,
current climate change is likely to cause additional problems for species because
of the extent of existing pressures on biodiversity. So, for example, while as a
general rule we need to facilitate adaptation by facilitating dispersal, we also need
to be aware that this may not always get the best outcome (e.g. facilitating
dispersal may cause the further spread of invasive species).

The goal of adaptation can be defined as reducing the risk of adverse impacts by
enhancing the ‘resilience’ or ‘resistance’ of ecosystems to change.?® Resilience
refers to the ability of a system to ‘bounce back’ after change, while resistance
refers to the ability of a system to remain un-impacted by change.?* So, resilience
strategies attempt to enhance a systems ability to recover from change, while
resistance strategies attempt to enhance a systems ability to resist change.”

A key issue for managers under climate change will be the question of whether
and when to attempt to build resilience to change (resilience strategies) or to
attempt to resist change (resistance strategies). Over the last 20 years, scientists
have advocated more resilience strategies than resistance strategies.?® However,
the strategies are not mutually exclusive. Some threatened species and
ecosystems may warrant highly intensive management to maintain them as and

22 Mackey B (2007) ‘Climate change, connectivity and biodiversity conservation’ In: Protected Areas:
buffering nature against climate change’. Proceedings of a WWF and IUCN World Commission on
Protected Areas symposium, 18-19 June 2007, Canberra. (eds Taylor and Figgis). WWF-Australia,
Sydney.

23 Climate Change Science Program (US) (2008): Preliminary review of adaptation options for climate-
sensitive ecosystems and resources. A Report by the U.S. Climate Change Science Program and the
Subcommittee on Global Change Research. [Julius SH and West JM (eds), Baron ]S, Griffith B, Joyce
LA, Kareiva P, Keller BD, Palmer MA, Peterson CH, and Scott JM (Authors)]. U.S. Environmental
Protection Agency, Washington, DC, USA.

24 Climate Change Science Program (US) (2008): Preliminary review of adaptation options for climate-
sensitive ecosystems and resources. A Report by the U.S. Climate Change Science Program and the
Subcommittee on Global Change Research. [Julius SH and West JM (eds), Baron ]S, Griffith B, Joyce
LA, Kareiva P, Keller BD, Palmer MA, Peterson CH, and Scott JM (Authors)]. U.S. Environmental
Protection Agency, Washington, DC, USA.

25 Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.

26 Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.
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where they are, while resilience strategies may be more appropriate for other,
more widespread species and ecosystems.?’

A number of scientists have identified general principles that can be applied to
enhance the resilience of ecosystems.?® Each of these principles is discussed
briefly below along with the other general principles that various scientists argue
we need to implement to address the impacts of climate change on biodiversity.

4.2 Ensure representation (diversity of habitat types) and replication

‘Representation’ and ‘replication’ are well established principles of biodiversity
conservation (and in particular, conservation planning)?® and are also key
principles in building ‘ecosystem resilience’.?° Representation refers to the need to
protect the full range of biodiversity (e.g. each vegetation type). Replication
refers to the need to protect multiple examples of each unit of biodiversity (e.g.
each vegetation type) to order to spread risk (e.g. a fire might destroy one
example, but replication aims to ensure that other examples remain).

Scientists argue that these two principles will continue to be important in
protecting biodiversity under climate change.?' Indeed, Dunlop and Brown argue
that the protection of a diversity of habitat types (representation) should be one
of the key strategies to combat the impacts of climate change. As they state:*

By sampling a diversity of communities...[we] are also sampling the
underlying geographic diversity of the landscape...Thus, a set of areas that
samples a high diversity of communities now will probably also capture a
high diversity of communities under future climates, even if the
composition of the communities is different in the future.

%7 Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.

28 Forman R (1995) ‘Some general principles of landscape and regional ecology’ Landscape Ecology
10(3):133-142; Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’
Conservation Biology 15(3): 578-590; Fischer ], Lindenmayer D and Manning A (2006) ‘Biodiversity,
ecosystem function, and resilience: ten guiding principles for commodity production landscapes’
Frontiers in Ecology and Environment 4(2): 80-86; Lindenmayer D, Hobbs R, Montague-Drake R,
Alexandra J, Bennett A, Burgman M, Cale P, Calhoun A, Cramer V, Cullen P, Driscoll D, Fahrig L,
Fischer J, Franklin J, Haila Y, Hunter M, Gibbons P, Lake S, Luck G, MacGregor C, McIntyre S,
MacNally R, Manning A, Miller J, Mooney H, Noss R, Possingham H, Saunders D, Schmieglow F, Scott
M, Simberloff D, Sisk T, Tabor G, Walker B, Wiens ], Woinarski J and Zavaleta E (2008) ‘A checklist
for ecological management of landscapes for conservation’ Ecology Letters 11: 78-91.

29 Margules C and Pressey B (2000) ‘Systematic conservation planning’ Nature 405: 243-253.

30 Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590.

* Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590; Climate Change Science Program (US) (2008): Preliminary review of
adaptation options for climate-sensitive ecosystems and resources. A Report by the U.S. Climate
Change Science Program and the Subcommittee on Global Change Research. [Julius SH and West JM
(eds), Baron ]S, Griffith B, Joyce LA, Kareiva P, Keller BD, Palmer MA, Peterson CH, and Scott JM
(Authors)]. U.S. Environmental Protection Agency, Washington, DC, USA.

32 Dunlop M and Brown PR (2008) Implications of climate change for Australia’s National Reserve
System: A preliminary assessment. Report to the Department of Climate Change Department of
Climate Change, Canberra, Australia at p 116.
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Many other scientists argue along a similar theme. They argue that a key
strategy under climate change should be to ensure that the full range of
bioclimatic variability is captured within protected areas and across landscapes. *?

Hodgson et al** argue that a primary focus of conservation efforts under climate
change should be regions with high existing environmental heterogeneity, such as
high topographic diversity (e.g. mountain ranges) and high habitat diversity.

Noss argues further that because there is considerable uncertainty over which
forest or vegetation types will be most sensitive to climate change, protecting a
range of types will help ensure that some resistant and resilient types persist.>®

4.3 Protect and create large patches of vegetation

Protecting large patches is another well established principle of biodiversity
conservation. There are well established relationships between the size of a patch
and the size and viability of populations, species richness (large patches generally
support more species than small patches, all other things being equal), and many
other important ecological factors such as dispersal and vegetation diversity.>®

In addition, large patches are the only parts of a landscape that sustain viable
populations of interior species, provide core habitat for large vertebrates, and
permit near-natural disturbance regimes.?>” Large patches are also vital in
supporting genetically diverse populations.3®

However, while large patches are important, it is important to note that many
studies have shown that small and medium sized patches may be of significant
ecological value. In addition, the size of a patch is relative - what constitutes a
large patch of habitat for a beetle may be a small patch for a bird or mammal.>°

Many scientists argue that increasing the size of protected areas and maintaining
and restoring large patches of vegetation will remain a key strategy under climate
change.?® Indeed, some scientists argue that because habitat loss remains the

33 Heller N and Zavaleta E (2009) ‘Biodiversity management in the face of climate change: A review of
22 years of recommendations Biological Conservation 142 14-32.

34 Hodgson J, Thomas C, Wintle B, Moilanen A (in press) ‘Climate change, connectivity and
conservation decision-making - back to basics’ Journal of Applied Ecology.

35 Noss R (2001) ‘Beyond Kyoto: Forest management in a time of rapid climate change’ Conservation
Biology 15(3): 578-590.

36 Lindenmayer D, Hobbs R, Montague-Drake R, Alexandra J, Bennett A, Burgman M, Cale P, Calhoun
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key threat to biodiversity and because the relationship between the size of a
patch and the conservation value of the patch is so well established, this strategy
should remain the primary focus of conservation efforts under climate change.*

4.4 Consider connectivity

Connectivity refers to the ability of species and ecological processes to move
through landscapes. Connectivity can be defined in terms of:*?

e Habitat connectivity (the connectedness of habitat patches for a given
species).

e Landscape connectivity (the connectedness of patches of a particular land
cover type).

e Ecological connectivity (the connectedness of ecological processes).

Connectivity, and in particular the value of habitat corridors, has been much
debated by scientists. Although scientists agree about the importance of
connectivity, disagreement arises when connectivity is equated simply with
habitat corridors or linear strips of vegetation linking other patches.*
Connectivity science is still young, and the assessment of the effectiveness of
various connectivity strategies is still in its infancy.** Some of the key difficulties
associated with establishing the importance of connectivity include:*

e The difficulty in studying it (connectivity is interrelated with the difficult area
of dispersal biology).
¢ The difficulty of measuring it (connectivity metrics can be very problematic).

e The appropriate scale over which it should be understood (e.g. landscape or
patch scale).

e The fact that suitable habitat connectivity will vary between different species.
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Despite these difficulties, many scientists agree that, as a general principle,
increasing connectivity is a robust strategy to address the impacts of climate
change on biodiversity.*® Indeed, increasing connectivity is the strategy most
recommended by scientists to combat climate change over the last 20 years.*’

However, many scientists warn of a significant need for more empirical data to
support the effectiveness of various connectivity strategies.”® Some scientists
argue that the significant uncertainties associated with connectivity science make
it potentially inefficient as a primary conservation strategy and are concerned
that it may redirect resources away from more certain and effective strategies.*’

Other scientists point out that increasing connectivity may have adverse effects.
For example, it may increase the spread of invasive species or undesirable fire.>®
As Dunlop and Brown identify, reducing connectivity (by placing populations on
islands, or fencing, etc) is a key element of many threatened species programs.!

4.5 Improve the management of the ‘matrix’

It is well established that protected areas will hot adequately protect biodiversity
because they are too few, too isolated, not always well managed,®® and are often
not located appropriately to contribute to representation.>® As such, biodiversity
conservation must be complemented by the appropriate management of
biodiversity in the modified areas surrounding habitat patches (the ‘matrix’).>*
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A recent paper highlighted the importance of the matrix in determining the
species composition of adjacent habitat patches,” and suggested that the
appropriate management of the matrix is fundamental to the protection of the
vast majority of species.”® The paper concluded that:

Improving matrix quality may lead to higher conservation returns than
manipulating the size and configuration of remnant patches for many of
the species that persist in the aftermath of habitat destruction.

A review by Fischer et al.’’ has established general principles for the
management of biodiversity in the agricultural matrix. The principles identified in
the review include many of the principles described above that are likely to
enhance ecosystem resilience, such as protecting large patches or increasing
connectivity, but also include three additional principles, namely:

e Maintain structural complexity in the matrix.

¢ Maintain landscape heterogeneity (the spatial patchiness and variability in
landscape patterns, such as different land uses and land-use intensities).

e Create buffer zones around protected areas and important habitat patches.

They argue that a matrix with a similar vegetation structure to surrounding
habitat patches will provide habitat for some species, increase landscape
connectivity, and reduce edge effects at the boundaries of habitat patches. The
maintenance of a structurally complex matrix is particularly important where
protected areas or habitat patches are small or poorly connected.>®

The creation of buffer zones around protected areas and important habitats is a
strategy that is commonly advocated by scientists to combat the impacts of
climate change.” The creation of buffers is an alternative, but not mutually
exclusive strategy to maintaining structural complexity in the matrix. Buffer
zones may reduce edge effects and may enhance connectivity. Buffers can be
applied at various scales (local to regional). They are a particularly important
strategy where land surrounding vegetation patches exerts a strong negative
influence over the patches (e.g. by acting as a source of invasive species).®®

The management of biodiversity in the matrix is likely to become more important
under climate change as many species migrate from large habitat patches and
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the buffering of protected areas and important habitat patches becomes more
important to ensure the survival of the populations they currently protect.®

4.6 Identify and protect climate refugia

Climate refugia are those areas where species are able to persist during periods
of climatic stress and from which they can then recolonise over the long term
when conditions favourable for their survival and reproduction return.®?

Refugia occur at various scales (e.g. past glacial refuges covering large areas or
local refuges such as riparian areas) and usually include areas that have high
topographic diversity (e.g. mountain ranges), wet or damp areas, areas protected
from fire, or areas with reliable access to surface or groundwater.®?

Many scientists argue that identifying and protecting past climate refugia is an
important strategy to protect biodiversity under climate change.®* As suggested,
climate refugia are likely to be important sources for recolonization in the future,
as well as providing retreats for migrating or translocated species.65

As many climate refugia are likely to occur in areas with high topographic
diversity, they are also usually areas of high habitat and species diversity and
endemism, especially in areas with steep elevation and climatic gradients. Some
scientists argue that protecting biodiversity ‘*hotspots’ and centres of endemism is
also likely to be a robust strategy to combat the impacts of climate change.®®

However, Dunlop and Brown argue that merely protecting past refuges will not be
sufficient, and that identifying future refuges will be difficult for various reasons.
They argue that future refuges are likely to be determined by processes other
than merely changes to temperature and other climatic gradients such as
changed fire regimes, changed species interactions, land-use changes, or
hydrological changes and will vary between species and regions.®’

4.7 Increase the focus on protecting ecosystem functions
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Some scientists have argued for some time that the best way to protect
biodiversity and increase the resilience of ecosystems is to focus on protecting
the groups of species that play the most important role in maintaining the
ecological functions and processes of an ecosystem.

For example, Walker®® argues that not all species are ecologically equal. Some
groups of species (called ‘key functional groups’) play a more important role in
maintaining ecological functions than others. Removing key functional groups
causes a ‘cascade effect’ of impacts throughout the ecosystem, while the loss of
the other species has little effect.

Walker®® argues for a greater focus on identifying and protecting key functional
groups, as opposed to a single-species approach focused, for example, on
threatened species. He argues that because this will better ensure the ecological
functions of an ecosystem are maintained, this approach will maximise the
number of species protected, including the many we have not yet identified.

The key functional group approach has lead to the concept of ‘ecological
redundancy’. An ecosystem will be more stable if it contains many species within
each key functional group because if one species is lost from a group, another
can step in to play the same role. Conservation efforts should be targeted
towards maintaining the diversity amongst key functional groups.”®

Key functional groups are a key aspect of ecosystem resilience. For example,
Bellwood et al.”! highlighted the importance of three key functional groups
amongst fish (‘bioeroders’, ‘scrapers’, and ‘grazers’) and the ‘redundancy’
amongst the groups in the recovery of coral reefs after disturbance events such
as coral bleaching. Many of these fish are not currently adequately protected.

Some scientists argue that the key functional group approach, by maintaining
ecological functions and processes, and as a key aspect of ecosystem resilience,
will be particularly important in the face of uncertainty under climate change.”?

However, it will not always be easy to identify what species play key functional
roles.”> Some species, called ‘sleeping functional groups’, may only play key
functional roles in certain circumstances. For example, scientists recently
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discovered that a batfish species, previously thought to play no role in reef
recovery, actually played a key role in recovery after a coral bleaching event.”*

4.8 Consider translocation

As noted, the predicted rapid pace of climate change and the extent of existing
pressures on biodiversity may mean that many species will be unable to adapt
fast enough or to disperse to more suitable climates to ensure their survival.””
Even if a landscape has good connectivity, species wi