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Glossary of Terms and Abbreviations

Adaptation*  The process of adjustment to new climatic conditions, a process that for natural systems 
may be facilitated by human interventions.

Adaptation options*  The management strategies or measures available and appropriate for facilitating better 
outcomes for values subject to climate change impacts.

Adaptive capacity*  The ability of a system or value to adjust to change, to moderate potential damage, 
take advantage of opportunities, or cope with the consequences; including potential 
incremental changes to essential function, identity, and structure.

Biodiversity The diverse variety of all life forms including microorganisms, animals and plants. The 
term is scalable from the genetic diversity within a single species, to community, and to 
ecosystem levels.

Climate Change (UNFCCC definition) A change of climate which is attributed directly or indirectly to human activity that alters 
the composition of the global atmosphere and which is in addition to natural climate 
variability observed over comparable time periods. 

Climatic envelope A zone defined by similar climatic conditions in which a specific organism or ecosystem 
occurs. A concept used in the modelling of species and ecosystem distributions.

DPIPWE Department of Primary Industries, Parks, Water and Environment.
Ecological community A specific combination of plants, animals and other living organisms maintained by a 

network of interactions and feedbacks which is unique to a set of conditions. This term 
does not incorporate physical and environmental factors.

Ecosystem A combination of living organisms and associated non-living physical and environmental 
factors and the interactions and feedbacks within and between these. The term is scalable 
from the local to the global, with ecosystems nested within larger ecosystems and 
ultimately the entire biosphere.

Ecosystem engineer (species) A plant, animal or other organism that significantly modifies, creates and then maintains 
a habitat. These species are significant in ecosystems and have major impacts on other 
organisms.

Ecosystem function The resultant effects of biodiversity on all processes (biological, chemical and physical) 
that maintain ecosystems from local to global scale. Includes functions such as, 
regulating the composition of the atmosphere, maintaining evolutionary and landscape 
processes, and influencing micro and macro climates.

Endemism/Endemic Species unique to a specific area or location. Unless otherwise specified, refers to species 
endemic to the island of Tasmania.

Geodiversity The natural range of soils, landforms and geology.
Gondwanan species Species whose ancient lineages were distributed on the super continent of Gondwana. 

These species were more widespread in the past but have contracted in distribution to 
small geographic areas and provide important indicators of past climates and evolutionary 
processes.

IUCN International Union for the Conservation of Nature – an advisory body to the World 
Heritage Committee.

Mitigation [of Climate Change]* Climate change mitigation is direct action to limit changes to global climate caused by 
human activities. Actions include reduction in the output of, or increasing of the sinks of, 
greenhouse gasses through human intervention.

Natural Values A feature, process, or system of nature, as opposed to humans and human products. 
Includes native plants and animals, the communities they form; geological features and 
processes; and the landscapes these features combine to create. To varying degrees, 
natural values are conditioned by human activities, now and in the past, but this is not the 
principal source of their existence.

OUV Outstanding Universal Value – the holistic value of cultural and/or natural significance 
of a site or area of world heritage significance which is so exceptional as to transcend 
national boundaries and to be deemed to be of importance for present and future 
generations of all humanity, as detailed for the TWWHA in the property’s Statement of 
Outstanding Universal Value.

Paris Agreement An agreement of the parties of the UNFCCC (see below) on greenhouse gas emissions 
mitigation, adaptation, and finance, signed in 2016.

Phenology The relationship between environmental cues and recurring events in the lifecycles 
of plants, animals and other organisms (e.g. flowering time, insect hatching events, 
migration timing). 
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Precautionary Principle  Where there are threats of serious or irreversible environmental damage, lack of full 
scientific certainty should not be uses as a reason for postponing measure to prevent 
environmental degradation.

Resilience*  The capacity of systems or values to cope with adverse conditions in a way that maintains 
their essential function, identity, and structure.

Tasmanian Aboriginal Cultural Values# Tangible expression of the presence of Tasmanian Aboriginal people and the landscape, 
seascape and skyscape imbued with intangible cultural meaning, acknowledging the 
continuing existence of this living, contemporary culture. 

Translocation The deliberate transfer of species/populations/individuals to areas where they do not, or 
no longer, occur naturally. Can be used as a species conservation strategy.

TWWHA Tasmanian Wilderness World Heritage Area.
UNESCO United Nations Education, Scientific and Cultural Organisation – a specialised agency of 

the United Nations. 
UNFCCC United Nations Framework Convention on Climate Change – an international treaty of the 

United Nations, the parties of which meet annually.
Vulnerability (Vulnerable Value)* The propensity or predisposition of a system or value to be adversely affected, including 

sensitivity or susceptibility to harm and lack of capacity to cope and adapt to new or 
changed conditions.

*Adapted from Working Group II’s contribution to the Intergovernmental Panel on Climate Change Fifth Assessment Report - 
WGIIAR5 1

#Adapted from the TWWHA Management Plan 20162
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The Tasmanian Wilderness World 
Heritage Area is recognised through the 
World Heritage Convention as having 
both cultural and natural heritage of 
Outstanding Universal Value (OUV), the 
protection of which is of global importance 
for present and future generations. This 
strategy is focused upon natural values 
within the Tasmanian Wilderness World 
Heritage Area. This is done with full 
recognition that Tasmanian Aboriginal 
people have lived in this country for at 
least 40,000 years. The values dealt with 
in this strategy are therefore intrinsically 
linked with, in some cases have evolved in 
association with, and have been sustained 
by Tasmanian Aboriginal cultural and land 
management practices over thousands of 
years. There is further need to incorporate 
Aboriginal heritage values into climate 
change adaptation planning.

With this understanding we acknowledge 
and pay respect to Tasmanian Aboriginal 
people as the traditional and original 
owners, and continuing custodians of 
this land and acknowledge Elders – past, 
present and emerging.

PHOTO:  Louisa Bay - Bill Brown
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1.1. Purpose
The Natural Values Climate Change Adaptation 
Strategy for the Tasmanian Wilderness World 
Heritage Area (the Strategy) has been developed 
from the most up-to-date knowledge gathered 
from the scientific and protected area management 
community. The changing climate is a global 
issue causing considerable stress to the natural 
environment in addition to having significant social, 
economic and cultural impacts. Natural systems are 
increasingly out of balance with the climate in which 
they evolved over millennia. Being adaptive, these 
systems will ultimately adjust without intervention, 
but there are many risks to the values that they 
support during this transition. This Strategy focuses 
on delivering practical information, actions and 
tools to manage risks, reduce impacts and realise 
benefits to the natural values of the Tasmanian 
Wilderness World Heritage Area (TWWHA). A future 
is envisaged in which informed decision-making on 
activities and actions in the TWWHA allows a best-
case trajectory for the condition of natural values 
within it, realises opportunities and minimises 
adverse or compounding outcomes.

1.2. Scope
The scope of the Strategy encompasses the 
observed and predicted impacts of climate change 
on the natural values of the TWWHA, and considers 
how information, research and monitoring can 
be used to identify risks and trigger management 
actions in a coordinated way. Managing the 
adaptation of the natural values in the TWWHA is 
a long-term commitment. Some of the goals and 
actions identified are likely to be ongoing beyond 
the life of the Strategy and require revision and 
refinement during the life of the Strategy as new 
information or improved understanding is obtained.

Whilst outside the scope of this Strategy, in the 
future, there will be a need to consider climate 
change impacts on social, economic and cultural 
values in the TWWHA. Tasmanian Aboriginal 
cultural values, in particular, are intrinsically linked 
with natural values in the TWWHA. Therefore, 
the implications of any management actions 
undertaken for natural values climate change 
adaptation need to also be assessed to ensure 
they are compatible with Aboriginal cultural values 
management.

1.3. Context and drivers
The capacity of natural values to adapt to rapid 
climate change is variable and has its limits. 
Therefore, long term benefits from adaptation 
planning are dependent on global climate change 
mitigation actions and, in particular, a reduction 
in greenhouse gas emissions. A variety of state, 
national and international initiatives address 
climate change adaptation and/or have potential to 
complement this strategy (Figure 1).

The Australian Government is a signatory to 
the United Nations Framework Convention on 
Climate Change (UNFCCC) which ratified the Paris 
Agreement in 2016. In addition to climate change 
mitigation through a reduction in carbon emissions, 
the Paris Agreement also includes an undertaking to 
achieve climate change adaptation goals. Nationally, 
change adaptation is dealt with at a high level in 
the National Climate Resilience and Adaptation 
Strategy3, with some states and territories also 
developing climate change policies and actions 
including adaptation strategies4,5.

The Tasmanian Government is preparing to develop 
the next whole-of-government Tasmanian climate 
change action plan. The plan will build on the 
themes and priority areas of our previous action plan 
- Climate Action 21: Tasmania’s Climate Change 
Action Plan 2017-20216.

The whole-of-government Tasmanian climate 
change action plan sets the Tasmanian 
Government’s agenda for taking action on climate 
change mitigation and adaptation. The action plan 
also ensures Tasmania has robust and up-to-date 
climate science to support decision making. 

Australia is a signatory to the United Nations 
Educational, Scientific and Cultural Organisation 
(UNESCO)’s World Heritage Convention (the 
Convention) under which the TWWHA was formally 
recognised as having Outstanding Universal Value 
(OUV) and inscribed on the World Heritage List in 
1982. Management of the TWWHA is guided by the 
duties and obligations laid out in the Convention. 
These duties and obligations are outlined in the 
2016 TWWHA Management Plan2 (the Plan) which 
recognises that climate change, fire and the 
incursions of invasive species are major threats 
to natural values. The following statements of Key 
Desired Outcomes (KDOs) in the Plan are directly 
relevant to climate change:



TWWHA Climate Change Adaptation Strategy Natural Values  •  2021 - 203110

KDO 5.1 – There is an ongoing, adaptive 
and systematic program of identification, 
inventory, assessment, mapping and 
documentation of World Heritage and other 
natural values that supports the Management 
Plan’s management Objectives and guiding 
Vision

KDO 5.2 – Research and monitoring programs 
in the TWWHA provide an understanding of 
trends in the conservation status of priority 
natural values, identify risks to those values, 
support the development of management 
strategies, and allow for rigorous assessment of 
management effectiveness

KDO 5.4 – As climate change research 
matures, fire mitigation programs, including 
planned burning, that are implemented for the 
protection of fire-dependent and fire-sensitive 
values, are adapted in accordance with the 
findings of that research

KDO 5.6 – Where practicable, mitigation 
strategies are developed and implemented 
that minimise the impact of climate change on 
priority TWWHA values

KDO 8.4 – Knowledge of climate change 
informs and improves changing fire risk and 
associated fire management practices 

KDO 8.6 – Analysis of climate change risks 
is integrated into relevant management and 
planning activities in the TWWHA

Figure 1: The relationship of the Strategy to other TWWHA, State, National and International documents

Figure 1: The relationship of the Strategy 
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Effects of heatwaves on wet forest

The Warra SuperSite is one of 15 similar sites 
around Australia.  These sites form part of 
the Terrestrial Ecosystem Research Network 
(TERN) – Australia’s primary infrastructure 
for monitoring the country’s terrestrial 
ecosystems. The Warra SuperSite lies within 
the much larger Warra Long-Term Ecological 
Research (LTER) site, which  was established 
for monitoring and research into long-term 
natural ecological processes, responses to 
land management practices, disturbance 
and climate change. The Warra SuperSite 
is situated in tall wet eucalypt forest and 
contains an eighty meter high flux tower 
which commenced operation in March 2013. 
The flux tower accurately monitors carbon, 
water and energy exchanges between the 
forest, soil and atmosphere. The SuperSite is 
within the 2013 extension to the TWWHA.

Analysis of data collected at the flux tower 
during a record-breaking heatwave in 2017 
revealed that the wet forest ecosystem was 
in a high state of stress. The productivity 
of the forest fell dramatically during the 
event, causing the forest to switch from 
being a carbon sink to a carbon source. It 
was estimated that in the six-month growing 
season which included this event over half 
a million tonnes less carbon were absorbed 
from the atmosphere by Tasmania’s wet 
eucalypts forests, as a whole, compared with 
the previous two growing seasons in which 
no heat waves occurred.  Unaccounted 
for positive feedbacks like this will have 
significant implications for climate change 
mitigation, which in Tasmania relies heavily 
on calculations of carbon uptake by native 
forests.

   
PHOTO:  Flux tower - Tim Wardlaw
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The Strategy has synergies with the objectives on 
investigating impacts of climate change on World 
Heritage properties which are detailed in UNESCO’s 
climate change policy document7. The Strategy also 
draws on relevant concepts from Climate Change 
Adaptation for Natural World Heritage Sites8.

The Strategy benefits from strategic documents 
relating to TWWHA fire management and 
biosecurity. These documents are highly relevant 
to natural values climate change adaptation and 
contribute significantly to achieving the goals of the 
Strategy.

The effective and considered management of fire in 
the TWWHA is an essential step towards managing 
natural values adaptation under a changed climate. 
The TWWHA Fire Management Plan informs 
and guides decision making about the use of 
fire as a management tool and how to respond 
to uncontrolled bushfire. A primary focus of fire 
management in the TWWHA is the protection of 
increasingly vulnerable fire sensitive areas.

Minimising the risk and subsequent impacts from 
invasive organisms is also essential to increasing 
the ability of natural values to remain resilient to 
climate change and/or  adapt to changed conditions 
with limited damage and loss to their integrity. The 

effective management of these risks is an integral 
component of natural values climate change 
adaptation planning. The TWWHA Biosecurity 
Strategy 2021-2031 provides a framework for the 
management of risk and potential impacts posed by 
new and/or existing weeds, pests, or diseases. 

The Strategy draws on information identified 
in climate change risk assessment documents 
compiled by DPIPWE for terrestrial and freshwater 
environments9, coastal natural values10, flora11, 
fauna12 and geodiversity values13. These documents 
were developed through reviewing relevant 
literature sources and consultation with a diverse 
range of experts and stakeholders. Additional 
information is taken from the Tasmanian Wilderness 
World Heritage Area Bushfire and Climate Change 
Research Project  and the Australian Government’s 
The implications of climate change for World 
Heritage properties in Australia: Assessment of 
impacts and vulnerabilities15. Informed by these 
documents, over the last 10 years DPIPWE has 
developed a program of natural values climate 
change monitoring and impact assessment in the 
TWWHA. The Strategy will build on this existing 
program of monitoring, risk assessment and impact 
assessment work.

PHOTO:  Nudibranch - Neville Barrett
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1.4. Key principles 
It is recognised that most natural values in the 
TWWHA will be affected at some level by climate 
change. Natural values are indeed already 
responding to increased environmental stresses, 
and predictions suggest16 that changes will be 
rapid and significant over the coming decades. 
Depending on the nature of the value, some are 
vulnerable to being lost all together, whilst others 
will persist or adapt. 

To manage the impacts of climate change and 
minimise loss and degradation of natural values, 
a precautionary principle will be applied when 
considering strategic management decisions. 
The pursuit of strategies likely to achieve the 
best outcomes based on the latest available 
information is necessary, and a lack of full scientific 
understanding should not stand in the way of acting 
fast. With this overarching understanding, DPIPWE 
applies the following five key principles.

i. The best available science and 
information is used to inform and 
support management strategies.

ii. Management actions to mitigate 
impacts of climate change on values are 
prioritised based on the significance of 
values, the likely success of intervention 
and the anticipated benefits across the 
broader ecosystem.

iii. Opportunities to actively manage key 
natural values vulnerable to damage or 
loss in coming decades are identified 
and evaluated.

iv. Ongoing field studies of how climate 
change affects specific natural 
values are necessary for devising, 
implementing and measuring effective 
management responses. 

v. Developing effective communication 
and education pathways is required 
for co-ordinated management of the 
impacts of climate change on natural 
values in the TWWHA.

 PHOTO:  Pandani - Rolan Eberhard
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2. Background

PHOTO:  Alpine vegetation - the Boomerang - Micah  Visoiu
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2.1. The natural values  
 of the TWWHA
The TWWHA is recognised through the World 
Heritage Convention as having both cultural 
and natural heritage of Outstanding Universal 
Value (OUV), the protection of which is of global 
importance for present and future generations. As 
well as being recognised for meeting three criteria 
for its superlative tangible and intangible Tasmanian 
Aboriginal cultural heritage, the property also 
meets all four natural heritage criteria for inclusion 
of a property on the World Heritage list. It is one 
of the largest remaining temperate wilderness 
areas in the world, covering an area of 1.58 million 
hectares, almost a quarter of Tasmania’s landmass. 
It is a rugged, mountainous region dominated by 
moorlands, wetlands, rainforests, alpine heathlands 
and eucalypt forests. It also encompasses coastal, 
estuarine and marine environments including 
Port Davey-Bathurst Harbour where globally 
unique marine ecosystems persist below a layer 
of tannin stained freshwater. The contorted wild 
coastline harbours over a thousand kilometres of 
strandline, bounded by numerous offshore islands, 
many of which support major breeding colonies 
of seabirds and seals. The property is large and 
mostly undisturbed, providing secure habitat for 
the conservation of biodiversity, including many 
threatened species. This extent and integrity allow 
for ongoing ecological and biological processes to 
continue unhindered.

Some of the most significant natural values 
include alpine and sub-alpine environments, 
formerly glaciated mountains and plateaus, karst 
terrain, large areas of organic soils, an extensive 
undisturbed coastline, and wild river systems. 
The area contains about 75 percent of Tasmania’s 
320 endemic higher plant species and around 
20 percent of the State’s rainforest, including 
significant expanses of ancient forests which 
have persisted free of major disturbance for over 
2000 years. The habitat types protected within 
the TWWHA support populations of most of 
Tasmania’s vertebrate fauna, including freshwater 
fish, birds, lizards, amphibians and 25 of the State’s 
27 endemic vertebrates. The invertebrate fauna is 
characterised by high levels of endemism and a high 
proportion of species with a predominantly western 
Tasmanian distribution or restricted geographical 
range. Elements of the distinctive flora, fauna and 

geodiversity of the TWWHA reflect their strong links 
with Gondwana.

2.2. The changing climate
Climate and weather are related, but different 
phenomena. Weather is experienced daily, as 
ambient conditions defined by variables such as 
temperature, wind and precipitation. Climate on the 
other hand, is the pattern of averages, variability and 
extremes of weather taken over periods of time, up 
to 30 years. The weather is generated by the climate 
system through a process of interactions between 
energy from the sun and the physical properties of 
the earth. Human activities have now altered the 
climate system on several levels, most significantly 
by increasing of the levels of greenhouse gasses in 
the atmosphere. This is influencing the weather in 
numerous ways, and is causing measurable changes 
in the climate, most notably a general warming of 
the coupled ocean-atmosphere system. 

In Tasmania, modelled projections for the climate 
trajectory until 2100 have been developed by The 
Climate Futures for Tasmania project16. Two global 
greenhouse gas emissions scenarios have been 
assessed using a high emissions scenario (A2) and a 
low emissions scenario (B1). Currently, atmospheric 
levels of greenhouse gasses are tracking on (or 
exceeding) A2. Therefore, the magnitude of some 
predictions may prove to be understated. Under an 
A2 future the local government municipalities which 
comprise the TWWHA (West Coast, Derwent Valley, 
Huon Valley and Central Highlands) are forecast 
to increase in average temperature by 2.6 to 3.3 °C 
by 2100. State-wide, the temperature increase will 
occur more slowly over the western coastal region. 
Annual rainfall will increase in coastal areas and 
decrease in the Central Plateau region. The annual 
rainfall pattern will change with the northeast of 
the state moving towards wetter summers and drier 
winters. Conversely, the southwest will experience 
wetter winters and drier summers. Within the above 
municipalities pan evaporation is projected to 
increase by up to 19 percent, driven by increases 
in temperature and changes in relative humidity, 
wind speeds, cloudiness and solar radiation. These 
changes are predicted to result in, among other 
changes, an increase in the frequency and intensity 
of extreme rainfall and fire events. Modelling of 
future fire danger suggests dramatic increases 
in climatic indicators of fire risk. Fire seasons are 



TWWHA Climate Change Adaptation Strategy Natural Values  •  2021 - 203116

predicted to commence progressively earlier in 
spring, whilst the number of ‘very high fire danger’ 
days per year will increase by 10 per cent per 
decade17. 

2.3. Impacts of climate  
 change on natural values
Climate influences most natural processes at the 
Earth’s surface, including soil development and the 
erosion and deposition of sediment. In combination 
with other factors, such as competition, history 
and disturbance regimes, climate also regulates 
the distribution of species and communities. Due 
to this overarching influence, rapid climate change 
is predicted to alter natural systems at a landscape 
scale over the coming decades. Consequently 
climate change related impacts are considered to 
be the single greatest threat to global biodiversity18. 
Within the TWWHA, The IUCN 2020 Conservation 
Outlook Assessment identified climate change 
related issues as the most significant current and 
future threat to the values of the TWWHA19. 

Change in the range and abundance of native 
species and communities in response to changing 
conditions is likely to be universal. The capacity 
of individual species and communities to rapidly 
adapt will be highly variable, with some values 
being vulnerable to loss or damage. In the TWWHA 
these vulnerable values are concentrated in alpine 
and freshwater ecosystems, as well as the globally 
unique estuarine community in Port Davey-Bathurst 
Harbour. These environments all contain high levels 
of endemism and high representation of primitive, 
relictual or Gondwanan species. Very tall forest 
(average crown height over 70 m in height) and giant 
trees (over 85 m in height) are also highly vulnerable, 
with climatic conditions unlikely to support survival, 
or future development, of forests of these heights, 
although shorter forms will likely persist.

In contrast to these vulnerable values, some native 
species will be benefited by the changing climate 
and disturbance regimes. These species will likely 
be already common, adapted to living in disturbed 
areas and/or under a wide range of conditions. 
Similarly, the changing climate and disturbance 
regimes will increase the risk of new invasive weeds, 
pests and diseases entering and establishing in the 
TWWHA, and the potential expansion of invasive 
species already present. 

The disruption, or decoupling, of time dependent 
interactions between species due to climate change 
is a significant risk to some groups. Examples of this 
may include changing flowering times potentially 
impacting food availability for pollinators and 
seed set for some plants. Migratory species which 
rely on predictable food availability and weather 
patterns over wide geographic areas are also highly 
vulnerable to this factor. 

Changes in water balance (rainfall, evaporation, 
surface and groundwater flows and storage) 
and temperatures are predicted to have severe 
impacts on the ecology, chemistry and physical 
status of shallow wetland and lake systems across 
the TWWHA. This will potentially result in severe 
impacts to their fauna, flora, recreational and 
aesthetic values.

Potential impacts of climate change on TWWHA 
geodiversity (soils, landforms, geology) will vary 
considerably across different natural systems. 
Coastal, estuarine and alpine geodiversity values are 
especially vulnerable, with rising sea levels flooding 
low lying coastal areas, drowning saltmarsh and 
related communities and causing sandy coastal 
landforms to erode. Increased temperature and 
reductions in frost activity and snowfall will affect 
key natural processes in alpine environments. The 
effect of warming and drying of organic soils (peats), 
coupled with their destruction during bushfires, has 
potential for landscape-scale degradation of these 
organic soil ecosystems.

PHOTO:  Marsupial lawns - Hannant Inlet - Micah Visoiu
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3. Key Aspects of 
Climate Change 
Affecting Natural 
Values

PHOTO:  Mount Hean - Tim Rudman
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Our understanding of, and ability to predict, the 
effects of climate change on natural values is largely 
based on predictions about the trajectory of climate 
change and how it will interact with these values. 
These are, however, complex natural systems with 
numerous interactions and feedbacks, few of which 
are presently well understood. It is anticipated that 
as new information and evidence comes to light, 
some current predictions will require revision. 

Climate change will impact upon natural values 
through different pathways. These pathways are 
categorised and discussed below in relation to:

• shifting averages of weather conditions; 

• extreme weather events; and

• changed overarching processes and threats. 

Shifting climate averages refer to changes in the 
typical conditions during a given period. Extreme 
weather events are those which fall outside 
the typical range of conditions, including heat 
waves, droughts and torrential rainfall. Changed 
overarching processes and threats; including 
bushfire, sea level rise and increased threat 
from invasive organisms; are implicit in, and 
interconnected with, climate change.

Although discussed in isolation, in many instances 
the impacts from these factors will be cumulative, 
compounding or working in parallel. There is the 
potential for rapid and dramatic change to occur, 
where ecological communities or geodiversity 
features will change permanently from a stable state 
to an altered, or new, state. Extreme events, if they 
occur in combination - for example extreme rainfall 

Figure 2. Press and pulse framework1 showing aspects of climate and climate change and how interactions between these damage 
natural values. The background climate fluctuation (i) and weather variability which underly this (ii) combine to influence the 
environment. The values which evolve or are formed in this environment are adapted to persist under these conditions. This includes 
the ability to surviving damaging extreme weather events which are part of the natural weather variability. Climate change (iii) acts 
to increase the magnitude and rate of occurrence of extreme weather events (iv). As climate change progresses the climate envelope 
(green) for which a value is adapted is more regularly exceeded. Damaging weather extremes (yellow) cause loss of condition (or 
population) of the values (v). Following damage there is a return period during which the value can recover. Potential extinction 
level weather extremes (orange) present the risk of extinction or loss of the value at the site. In addition to the direct pulse events of 
extreme weather events, climate change also increases the risk of other pulse events such as extreme bushfires (red dashed line). The 
cumulative impacts of these pulse events with the underlying press of changed conditions act to drive adaptation or change in the 
natural environment and present serious implications for the survival of vulnerable values.

 1 Figure adapted from Harris et al. 201820
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events immediately following bushfire - pose a very 
high risk of causing these types of state changes.

For many values, the impacts of these factors, both 
in isolation, and in combination, can be illustrated 
by the press and pulse framework20 (Figure 2). When 
applied to natural values, this concept recognises 
the press of changing averages as putting stress 
on values. Extreme events, such as heatwaves, 
droughts or bushfires, however, are pulses which 
cause rapid and potentially significant change 
or damage to values. The ability of the values 
to recover from these pulses is inhibited by the 
background press. If this cycle is not mitigated 
through management, susceptible natural values 
will eventually change, migrate, or be lost.

Key drivers and examples of the consequences of 
changes in climate averages (press) and extreme 
events (pulses) are described in the tables.

3.1. Shifting climate averages
Shifts in average climatic conditions can have 
significant consequences for natural values. 
Geographical changes in locations of suitable 
habitat or climatic niches will cause a raft of follow-
on consequences for many values. In isolation, 
these consequences may be relatively slow to 
appear, with timeframes of decades or longer. 
However, shifting climate averages also impact 
the capacity of natural systems to recover to their 
previous state after disturbance. Thus, shifts in 
climatic averages (press) tend to increase the threat 
posed by other impacts of climate change, such as 
extreme weather or bushfire events (pulses). 

PHOTO:  Eastern Pygmy Possum - Michael Driessen 
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Averages and seasonality of weather variables
Drivers 
•  Changes in seasonal and annual averages of weather variables (e.g. temperature, rainfall, wind, humidity)
•  Changes in the frequency and magnitude of freeze/thaw cycles and snow cover
•  Changes in cloud cover

Potential Consequences

Shifting habitats - Species and communities are no longer located within their adapted climatic envelopes resulting in:
o  Increased stress on species and communities 
o  Decreased productivity of wet eucalypt forests
o  Increased susceptibility to disturbance
o  Diminished ability to recover after disturbance
o  Increased range of advantaged species to the detriment of others
o  Local extinction of climatically restricted species 
o  Reduction in habitat for some specialist species

Spread of existing weeds, pests and diseases into new areas due to changing conditions resulting in:
o  Displacement of native species 
o  Population decline or loss of native species
o  Loss of integrity of natural values 
o  Increasing animal welfare issues – changing animal/disease interactions

Disruption, or decoupling of interactions between species where environmental cues governing phenology differ 
between species, resulting in:

o  Disruption of pollinator/plant relationships resulting in changed levels of seed viability
o  Invertebrate hatching events out of synchronization with food sources resulting in changed mortality rates
o  Migration patterns or breeding cycles out of synchronization with food supplies resulting in higher mortality
o  Seasonal shifts in abundance or distribution of distant food resources resulting in increased energy demands  
     and higher mortality

Changes to soil conditions, resulting in:
o  Reduced rate of formation of the organic component of soils 
o  Degradation of organic soils through desiccation and oxidation
o  Depletion of organic and mineral soils through erosion
o  Organic soil dependent species and communities subject to increased stress

Reduced runoff, infiltration, groundwater throughput, and increased evaporation resulting in:
o  Lower water levels in lakes and ponds
o  Seasonal and permanent contraction, drying out and loss of wetlands
o  Loss of reliable connectivity within and between freshwater systems
o  Reduced base-flow in streams and rivers
o  Soils and vegetation more susceptible to fire
o  Riparian and groundwater-dependent ecosystems stressed

Contraction and drying of the alpine and sub-alpine zone, resulting in:
o  Erosion and loss of condition of alpine soils
o  Freeze-thaw, frost and snowmelt processes inhibited
o  Alpine and sub-alpine ecosystems stressed

Changes to coastal and inland dunes, resulting in:
o  Changes to dune forms through erosion
o  Stress to dune dependent ecosystems
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Coastal erosion

Sea level has been rising as a result of climate 
change with the rate increasing in recent 
years. By the end of the century sea surface 
heights are expected to be 40-80 cm above 
late 19th century averages. Beaches and other 
sandy coastal landforms are predicted to 
become more dynamic as shorelines adjust 
to rising sea levels by retreating inland. This 
trend is expected to continue until sea level 
stabilises.

The TWWHA coast is exposed to the most 
energetic and stormy swell conditions of 
any Australian coast, but also includes more 
sheltered coastal reaches in protected 
harbours. About 200 km of the TWWHA 
coast is formed in sand and other poorly 
consolidated sediments. These shorelines 
are rich in natural and cultural heritage and 
especially prone to erosion as sea level rise 
accelerates. Some values will be destroyed 
as the shoreline shifts inland, reworking the 
fabric of the coast to create new shorelines. 
Coastal plants and animals may have some 
capacity to adjust to the changed conditions; 
however, some species will probably be 
disadvantaged, and opportunities for weeds 
to establish could be increased.

DPIPWE is investigating the effect of coastal 
erosion on landforms and vegetation at 
selected sites in the TWWHA. Results to 
date highlight the complex nature of coastal 
process – in most cases no clear trajectory of 
change has yet been detected. In the longer 
term, we anticipate that this work will allow 
us to accurately track the effect of coastal 
erosion on coastal heritage, and to plan 
mitigation actions.

 PHOTO:  Mulcahy Bay - Rolan Eberhard
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3.2. Extreme weather events
Whereas shifts in average climatic conditions 
may have significant consequences over longer 
timeframes, extreme weather is more immediate 
in its effect, and can be expected to punctuate 

change and impacts on natural values. For example, 
a severe drought or storm could compromise the 
survival of an entire population, and a single flood 
event may move quantities of sediment which would 
otherwise require years of stream energy to transfer 
downstream. 

Drought 
Contributing factors 
•  Change in seasonality of rainfall
•  Warming temperatures
•  Rain events to become more episodic
•  Decrease in average number of rain days
•  Increase in frequency, extent and severity of meteorological drought conditions

Potential Consequences

Species and ecosystems placed under stress resulting in: 
o  Increase in drought die-off events
o  Reduced flows and water levels in wetland ecosystems (e.g. rivers, lakes, aquifers, estuaries), resulting in loss of  
     connectivity in freshwater systems, inhibiting movement of aquatic species and increasing terrestrial plant  
     invasion
o  Localised extinctions of vulnerable species/populations
o  Changes in composition of ecological communities
o  Decreased fuel moisture leading to increased risk of bushfire

Drying of soils resulting in:
o  Increased susceptibility to erosion
o  Increased susceptibility to organic soil (peat) fire

Extreme rainfall events
Contributing factors 
•  Change in seasonality of rainfall
•  Rainfall events becoming more episodic
•  Extreme rainfall events forecast to become more common and more severe

Potential Consequences

Increase in frequency and scale of floods, resulting in:
o  Large scale movement of sediment
o  Changes in the alignment and form of stream channels
o  Changes to instream and non-flowing wetland habitats
o  Increased scale and frequency of landslips
o  Increased damage and mortality from habitat inundation
o  Increase to disturbance regimes for instream and riparian species and communities

Extremes of temperature
Contributing factors 
•  Increase in temperatures
•  Increase in occurrence and severity of heatwave
• Changes to seasonal temperature patterns

Potential Consequences

Increase in occurrence and severity of heatwave conditions, resulting in:
o  Plant and animal die-off events resulting in changes to ecosystem composition
o  Deoxygenation events in aquatic habitats causing changes to fauna and flora communities
o  Longer term shift in distribution of species limited by temperature extremes
o  Reduced productivity in tall eucalypt forests21 (and potentially other ecosystems)
o  Short-term reduction in uptake of atmospheric carbon in tall eucalypt forests which has been shown to turn these  
     systems from strong carbon sinks to net carbon producers21

Frost kill and cold-wave events to become rarer, resulting in:
o  Changes in composition and species distributions in frost-controlled ecosystems
o  Longer term shifts in the distribution of species limited by temperature extremes
o  Reduced frost driven erosion rates at high elevation
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3.3. Changed overarching 
processes and threats
The changing environmental conditions in the 
TWWHA will expose natural values to changing 
natural processes and new or intensified external 
threats. Often called consequences of climate 
change, factors such as increased bushfire risk, 
sea level rise, ocean acidification and increased 
prevalence of invasive species and pathogens are 

significant threats to natural values. Whilst they can 
be separated as consequences, these processes 
and threats are intricately linked to climate change. 
As well as creating additional press, several of 
these processes can also present significant 
pulse impacts that will interact with the press of 
changing background conditions to accelerate 
and exacerbate change and potential loss of high 
priority values.

Changed fire regimes
Contributing factors 
•  Increased bushfire ignitions from lightning strikes 
•  Decreased moisture levels in fuels and soils 
•  Increased occurrence of bushfire weather 
•  Increased occurrence of drought conditions
•  Longer fire seasons 

Potential Consequences

Fire impacts changed due to increasing vegetation flammability, resulting in:
o  Previously fire-resistant ecosystems and fire protected areas becoming increasingly prone to burning 
o  Gradual attrition and potential local extinctions of non-fire adapted ecological communities and species
o  Shifts in the distribution, extent and composition of fire-controlled ecological communities 
o  Increased extent of fire adapted and fire promoting vegetation types
o  Increased vulnerability to invasion or impact from non-native organisms
o  Depletion of nutrients, rendering soil less fertile and inhibiting biological activity

Increase in frequency of high intensity bushfires, resulting in:
o  Greater risk of fire incursion into naturally fire-protected sites 
o  Depletion of nutrients, rendering soil less fertile and inhibiting biological activity
o  Destruction of organic soil layers and potentially entire soil profiles 
o  Increased susceptibility to erosion of land surfaces and stream channels
o  Sediment-infilling and increased turbidity of shallow wetlands and lakes
o  Loss of ecological community elements unable to survive high intensity fire and re-colonise post fire
o  Increase in prevalence of primary colonisers capable of long-distance dispersal, including exotic organisms
o  Decrease in prevalence of plants with post-fire re-sprouting survival strategies

Large landscape scale bushfires becoming more common, resulting in:
o  Loss of ecological heterogeneity in the landscape and consequential loss of biodiversity
o  Loss of diversity of fire age over large areas, decreasing options for future bushfire response strategies and  
     increasing subsequent likelihood of landscape scale bushfires
o  Increased extent of fire adapted and fire promoting vegetation types
o  Diminished recovery of species dependant on immigration from outside the burnt area for post-fire recolonisation
o  Increased risk of extinction of fire killed species with restricted distributions
o  Increased mortality of animal species which rely on escaping fire by running or flying away
o  Increased animal welfare issues for surviving individuals, due to landscape scale loss of food and habitat 

continued over page
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Sea level rise
Contributing factors 
•  Global melting of glaciers and ice caps
•  Thermal expansion of sea water

Potential Consequences

Increased frequency and scale of storm surges, resulting in:
o  Erosion of poorly consolidated coastal and estuarine landforms (e.g. beaches, dunes, estuarine flats, saltmarsh)
o  Displacement of species intolerant to episodic inundation by saltwater
o  Displacement of estuarine and freshwater organisms intolerant of salinity spikes
o  Saline intrusion into shallow costal freshwater aquifers and associated wetlands
o  Reduced breeding success of coastal breeding species

Permanent inundation of low-lying coastal areas and islands, resulting in:
o  Erosion of poorly consolidated coastal and estuarine landforms (e.g. beaches, dunes, estuarine flats, saltmarsh)
o  Destruction through wave erosion, or loss of access due to inundation, of evidence of past environments  
     preserved in coastal deposits 
o  Loss of terrestrial habitat and gradual ongoing displacement or increased disturbance of coast-dwelling species

Weeds, pest and diseases
Contributing factors 
•  Changed climatic conditions favouring new weeds, pests and diseases 
•  Changed climatic conditions allowing native and exotic organisms to expand into the TWWHA 
•  Increased ecosystem disturbance 
•  Loss of resilience in natural systems as a result of stress
•  Extreme events negating existing mitigation measures i.e. flooding out of instream invasive fish barriers

Potential Consequences

Degradation of natural values due to arrival, establishment and spread of new weeds, pests and diseases, resulting in:
o  Loss of natural integrity of ecosystems
o  Increased species level risk of population and/or range reduction and potential contribution to increased risk of  
     species extinctions
o  Changing animal/disease interactions
o  Ecosystem level changes brought about by new invasive ecosystem engineer species e.g. Spartina sp. in estuaries

Degradation of natural values due to changes in dynamics of interactions between already present weeds, pests and 
diseases and natural species and systems, leading to:

o  Loss of biological integrity of ecosystems
o  Increased species level risk of population and/or range reduction and potential contribution to increased risk of  
     species extinctions
o  Changing animal/disease interactions
o  Ecosystem level changes brought about by invasive ecosystem engineer species e.g. long spined sea urchin  
     (Centrostephanus rodgersii)

Changes to ecosystem services
Contributing factors 
•  Changed climate parameters will interact with different ecosystems in different ways
•  Potential to result in a series of changes to the rate, reliability and effectiveness of currently provided ecosystems 
services

Potential Consequences

Reduction in wet forest ecosystem productivity21, resulting in:
o  Reduction in food webs and reliant plant and animal populations
o  Overall reduction in carbon sequestration
o  Short term switching from significant carbon sink to carbon emitter during heat stress events

There is potential for reduced productivity in other ecosystems with similar follow on consequences for carbon 
sequestration and supported food webs
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4. Adaptive Capacity 
of Values and 
Management Options

PHOTO:  Orange bramble coral - Neville Barrett
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The TWWHA has excellent potential for landscape 
scale ecosystem resilience in comparison to most 
protected areas globally. The combination of its very 
large size, natural integrity and diverse and complex 
geography creates opportunities for some natural 
values to adapt autonomously to climate change. 
Ecological communities will change in extent 
and composition during this process, with some 
becoming rarer whilst others will undergo range 
expansion. However, some of the TWWHA’s natural 
values are clearly vulnerable to damage and loss in 
the absence of timely planning and management 
intervention, such as the strategic use of planned 
burns to reduce the risk posed to fire sensitive 
ecosystems. It is likely that for a subset of values, 
no practical management options will be available, 
with the ultimate impact of climate change likely to 
be complete loss or irreversible change. Whilst it is 
possible to make informed predictions at this level, 
in many cases scientific data required to identify 
how a natural value will respond to climate change is 
lacking. Consequently, strategies to manage climate 
change impacts on natural values need to be 

flexible, and research to improve the understanding 
of impacts needs to be ongoing. Management 
actions, when carried out to mitigate impacts, 
should incorporate adaptive management principles 
with well-defined and accountable feedback loops 
detailing appropriate assessment of effectiveness, 
review and reporting.

The significant species, communities and 
geodiversity features of the TWWHA fall on a 
continuum from resilient to highly vulnerable. Four 
broad groupings characterise values thought to have 
similar adaptive capacities and potential to benefit 
from management strategies (Figure 3). 

Risk assessments have been undertaken9–13 and 
likely scenarios and potential management actions 
have been identified for priority natural values. 
Our current knowledge is, however, insufficient to 
confidently allocate all TWWHA natural values to 
one of these four groups, so some reassessment will 
be required as knowledge becomes available. 

Figure 3. Groups of values sorted according to their predicted response to climate change, with identified management approaches. 
There is some likely overlap between these groups. The success of adaptation actions is likely to be increased by successful 
implementation of broader actions (i.e. targeted management of values in Group 3 will often be dependent on level 1 and 2 adaptation 
actions being in place).

Group 1
Resilient or

with ability to
autonomously adapt 

Group 2
Capable of

adaptation if
increased threats
are managed and

minimized

Group 3
Vulnerable – 

management options 
available to enable 

adaptation

Group 4
Vulnerable – 

limited management 
options

Adaptation
Actions

Monitor landscape

M
anage

 increased threats 
Id

en
tif

y a
nd

 te
st

in
te

rv
en

tio
ni

st
 o

pt
io

ns
 

Document and

research novel options

Adaptation
Actions

Monitor landscape

M
anage

 increased threats 
Id

en
tif

y a
nd

 te
st

in
te

rv
en

tio
ni

st
op

tio
ns

 

Document and

research novel

options



TWWHA Climate Change Adaptation Strategy Natural Values  •  2021 - 203127

The following section presents general information 
in two parts:

o The adaptive capacity of, and management 
options for, overarching processes and threats 
which are forecast to change under climate 
change; and

o The adaptive capacity of, and management 
options for, natural values vulnerable to climate 
change. 

The instigation of on-ground management 
actions per se may pose risks to other values or 
result in unintended outcomes. For example, the 
translocation of species intrinsically results in the 
degradation of values of the area into which the 
species is introduced. For this reason, it is necessary 
for proper assessments to be undertaken prior to 
such activities.

The management options presented in this section 
are not exhaustive. For vulnerable values, in 
particular, the relevance will need to be assessed 

on a case by case basis. No management options 
should be discounted without careful consideration, 
with novel interventionist options, such as small-
scale engineering solutions, likely to become more 
attractive as climate change impacts increase over 
the coming decades. Further work is also required to 
trial and assess the efficacy or practicality of some 
of the options presented below. Priorities to achieve 
this are presented in Section 5 ( Adaptation Goals 
and Actions). 

4.1. Management options for 
overarching processes and 
threats 
Several overarching processes and threats are 
expected to alter under climate change. Effective 
management of these will enhance, or enable, 
autonomous adaptation to progress for values which 
fall into Groups 1 and 2 and will ameliorate impacts 
on Groups 3 and 4 (vulnerable) values.

Changed fire regimes
Adaptive capacity 
•  Natural values in the TWWHA are both created by, and vulnerable to, damage or destruction from bushfire. The  
    ability to adapt to altered fire regimes is highly dependent on the specific values
•  Many TWWHA natural values are adapted to fire and will persist, although potentially in altered states or  
    situations. Many of these values have adaptive capacity, although cumulative impacts from other implications of  
    climate change may reduce this
•  A minority of values and habitats are highly vulnerable to fire and have the potential to be irreversibly damaged or  
    destroyed by fire

Management options

Management options for bushfire in the TWWHA are being addressed through the development of a TWWHA Fire 
Management Plan. A risk assessment and resultant recommendations have been presented in the Tasmanian 
Wilderness World Heritage Area Bushfire and Climate Change Research Project report14. The overarching options are:

o  Undertake comprehensive landscape level fire management planning including the use of planned burning to  
     reduce risk to natural values, and incorporating the development of a cultural burning program 
o  Develop strategies to protect identified fire threatened values from damage from bushfires, including through the  
     development of site specific plans for priority areas 
o  Develop improved decision support tools to better enable triaging of values during bushfire events

continued over page
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Weeds, pests and diseases 
Adaptive capacity 
•  Any further incursion of exotic organisms into the TWWHA will reduce the integrity of the ecosystem and reduce  
    its capacity to adapt to other effects of climate change
•  The level of impact to individual species and populations is highly dependent on their ecology and the nature of  
    the invasive organism 
•  Some invasive organisms have the potential to change ecosystems, greatly increasing the vulnerability of some  
    values and reducing the capacity of others to adapt to climate change (e.g. the plant root rot disease Phytophthora  
    cinnamomi, and the frog fungal disease chytridiomycosis)
•  Lower impact invasive organisms may not increase the vulnerability of specific values greatly but will still reduce  
    the natural integrity of the places they inhabit
•  The natural expansion of Tasmanian and mainland species not native to the TWHHA (e.g. long spined sea urchin,  
    eastern rock lobster (Jasus verreauxi) and potentially birds, insects and bats) in response to climate change has  
    the potential to increase the vulnerability of certain TWWHA natural values. However, this process is likely to have  
    a lower impact on natural integrity as it is a means of natural adaptation. Impacts of and responses to such range  
    expansions should be assessed on a case by case basis

Management options

Management options to mitigate the threats posed by weeds, pests and diseases in the TWWHA are being addressed 
through the development of a TWWHA biosecurity strategy, and include:

o  Maintain and plan for biosecurity risk management across all levels of activity inside and adjacent to the TWWHA
o  Avoid or effectively manage activities which increase biosecurity risk, particularly in areas remote from previous  
     disturbance
o  Consider the use of special management overlays to restrict access to demonstrably vulnerable areas
o  Actively monitor the status of priority weeds, pests and diseases in known affected areas, potential new incursions  
     in vulnerable areas and at potential gateway points
o  Prioritise and actively manage known weed, pest and disease risks
o  Assess potential impacts of range expansions of Australian native species and formulate management response as  
     appropriate

PHOTO:  2007 Cracroft River fire - DPIPWE
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4.2. Management options for 
vulnerable values
Vulnerable values are those which on current 
understanding are in Groups 3 and 4. These values 
are unlikely to persist in their current state, and/or 
are at risk of significant reduction or total loss, from 

climate change. Management options which would 
improve the long-term outcomes for a range of 
these values exist. However, pros and cons for these 
actions need to be assessed on a case by case basis, 
and in many cases further work is required to test 
and refine before implementation.

Alpine and Sub-alpine Ecosystems 
Adaptive capacity 
•  Ability to retreat to higher altitudes in some areas if disturbance is minimised 
•  Some fauna may be able to adjust to shifts in composition and structure through either flexibility or  
    changes in vegetation 
•  Movement of lowland species to higher altitudes will put competitive pressure on alpine and sub-alpine species,  
    which are likely to have limited adaptive capacity 
•  Changed rates for soil and landform processes. These values as they exist are likely to be lost or changed resulting  
    in loss of natural integrity
•  Poor outlook long term

Management options

o  Translocation of vulnerable species
o  Ex situ conservation of vulnerable species
o  Develop strategies to protect fire threatened values from damage from bushfires, including through the  
     development of site-specific plans for priority areas. Document current condition as a scientific reference and  
     benchmark for assessing predicted loss of integrity
o  Targeted small-scale management of high priority values during extreme events (e.g. irrigation during extended  
     drought)

Shallow Aquatic Ecosystems
Adaptive capacity 
•  Preliminary modelling under future climate change scenarios indicates that the majority of shallow and/or  
    seasonal wetlands on the Central Plateau, are at considerable risk of habitat decline and loss22

•  The primary risk is from partial, substantial or complete drying, resulting in wetland loss, less reliable connectivity  
    between freshwater ecosystems. Periods of elevated maximum temperatures will also present increasingly  
    frequent stress risks to aquatic biota

Management options

o  Ensure protection of habitat from incidental human disturbance to minimise non-climate stressors
o  Translocation of vulnerable species to more secure habitats
o  Potential for targeted ‘soft’ hydrological engineering solutions for priority sites (e.g. enhanced retention and/or  
     increased in-situ storage of wetland water, artificial recharge of affected wetlands, manipulation of drainage)

Estuarine Ecosystems
Adaptive capacity 
•  Low adaptive capacity for the unique marine invertebrate community in Bathurst Channel
•  Many marine species within Bathurst Channel will fall outside their preferred environmental envelope and/or be 
    negatively impacted by invasive warm-temperate species

Management options

o  Monitor and where feasible manage marine pest species 
o  Active management of other vectors of human disturbance to minimise compounding stressors (e.g. biosecurity,  
     wave wake, eutrophication) 
o   Potential for small scale, or short-term engineering solutions during extreme events (e.g. artificial maintenance of  
     ‘dark’ conditions for benthic communities)

continued over page
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Coastal Ecosystems
Adaptive capacity 
•  Shoreline landforms may ultimately adjust to sea level rise and changed climatic conditions. However, their  
    natural integrity and evidence of past environments will be lost
•  Coastal verge ecological communities and species are well adapted to high frequency disturbance. However, it  
    is unknown if these communities will adapt to the accelerated disturbance with modelling suggesting some soft  
    sediment sections will be squeezed-out whilst others  represent refuge sites or retreat pathway sites

Management options

o  Research evidence of past environments preserved in coastal dunes and estuarine deposits, before these are  
     destroyed through erosion
o  Document current condition as a scientific reference and benchmark for assessing trajectory of change
o  Active management of other vectors of human disturbance
o  Species translocations may be feasible in some situations 

Vulnerable Soils
Adaptive capacity 
•  Bushfire presents a critical threat to soils at the landscape scale. A change in fire regimes can compromise soil  
    condition and trigger erosion, with significant consequences for ecosystem health
•  Soils with high organic content are highly vulnerable and can be permanently destroyed by bushfire

Management options

o  Manage activities with potential to degrade soils, to reduce compounding effects
o  Improve soil type mapping and research responses to disturbance, especially fire
o  Research and development of subsoil fire suppression techniques and equipment
o  Use planned burns to reduce bushfire impacts on organic soils
o  Rehabilitate disturbed areas 

Threatened species
Adaptive capacity 
•  The TWWHA provides protected habitat for many threatened species. For most of these species the key threats  
    other than climate change occur outside of the TWWHA. Some of the threatened species within the TWWHA are  
    likely to adapt to climate change
•  Species associated with habitats most at risk from climate change will have the least capacity to adapt. For some  
    Endangered species, such as the Orange-bellied parrot (Neophema chrysogaster), the added stresses associated  
    with climate change will put them at greater risk
•  The TWWHA is likely to become increasingly important for the protection of species currently not listed as  
    threatened but at risk outside of the TWWHA due to climate change. There may be pressure to translocate  
    threatened species currently occurring elsewhere to the TWWHA

Management options

o  Translocation of vulnerable species
o  Targeted on-ground management actions where identified (e.g. tailored fire management, targeted weed 
     management)
o   Develop species and/or site-specific emergency response plans to enable effective management response during 
      extreme events such as bushfire

continued over page
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Gondwanan, endemic, relic species
Adaptive capacity 
•  While many of these values will have the best chance of adapting to climate change due to the large size of the  
    TWWHA, those taxa and associated habitats that are particularly at risk from climate change will have limited  
    capacity to adapt. Wetlands, coniferous forests, montane habitats and Bathurst Channel have a high proportion of  
    these taxa

Management options

o  Translocation of vulnerable species
o  Targeted on-ground management actions where identified (e.g. tailored fire management, targeted weed  
     management)
o  Develop species and/or site-specific emergency response plans to enable effective management response during  
     extreme events such as bushfire

Wet eucalypt ecosystems
Adaptive capacity 
•  Wet eucalypt ecosystems have good adaptive capacity to climate change at the ecosystem level however the  
    productivity of these systems will be reduced
•  The iconic areas of very tall forest and giant trees which have developed in, and currently exist in  the TWWHA  
    have limited adaptive capacity and climate change will likely result in a decline and potential loss of these values.   
    Reduction in productivity and increased occurrence and severity of extreme events (fire, drought, heatwaves) is  
    predicted to greatly reduce the likelihood of trees reaching these majestic heights in the future 

Management options

o  Targeted on-ground management actions for giant trees and areas of very tall forest 
o  Develop site-specific emergency response plans to enable effective management response for giant trees and  
     areas of very tall forest during extreme events such as bushfire

PHOTO: Very tall forest, Cole Creek - Micah Visoiu
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Freshwater ecosystems on the 
Central Plateau

The extensive freshwater ecosystems on the 
Central Plateau include thousands of lakes, 
lagoons and tarns and their interconnecting 
waterways are highly significant in the 
TWWHA and beyond due to the richness of  
endemic fauna and flora they support.  They 
also have additional social values associated 
with recreational activities, such as fishing, 
and wider ecosystem services, including 
providing the headwater catchments and 
reservoirs for extensive agricultural areas. 
Climate projections for the Central Plateau 
indicate that this region of Tasmania is 
likely to experience the most intense and 
immediate effects of climate change over the 
21st century. These changes include year-
round reductions in precipitation and runoff, 
increases in evaporation in all seasons and 
some of the most significant temperature 
increases in the state.

DPIPWE has been collecting water 
temperature and water depth data in several 
wetlands on the Central Plateau to better 
understand the impacts of projected 
climate change on these important habitats. 
Preliminary modelling under future climate 
change scenarios indicates that shallow 
wetlands and seasonal wetlands are at 
considerable risk of habitat decline, including 
partial to substantial or complete drying, 
while elevated maximum temperatures will 
also present a periodic stress risk to aquatic 
biota.

 PHOTO:  Alpine wetlands - Tim Rudman
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5. Adaptation Goals 
and Actions

PHOTO:  Kerrisons Hut Central Plateau - Tim Rudman



TWWHA Climate Change Adaptation Strategy Natural Values  •  2021 - 203134

5.1. Adaptation goals
Adaptation goals are those that we aim to achieve 
through targeted climate change research, 
monitoring and management in the TWWHA. 
The actions and accompanying outcomes below, 
are priority areas for research, monitoring and 
management that have been identified to fill 
knowledge gaps that currently impede achievement 
of these goals. How the goals relate to the key 
principle of the strategy and the Key Desired 
Outcomes of the 2016 TWWHA Management Plan 
are presented in Figure 4.

1. Incorporate natural values adaptation 
to climate change into landscape-
scale management decisions

2. Minimise negative impacts of 
overarching processes and threats to 
natural values 

3. Identify natural values that are 
vulnerable to climate change to 
enable their prioritised, timely and 
effective management

4. Identify and document the impacts 
of climate change on TWWHA 
ecosystems to underpin management 
decisions

5. Document for future generations 
natural values that will be lost due to 
climate change

6. Facilitate communication and 
engagement between stakeholders 
and researchers to allow for informed  
management decision making and 
timely identification and investigation 
of urgent research questions 

PHOTO:  Feldmark vegetation - The Boomerang - Micah Visoiu
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Figure 4. Key Principles (see Section 1.4) underpin the Adaptation Goals which in turn support TWWHA Management Plan, Key 
Desired Outcomes (KDO’s). * KDO Warra 1.1 is not specifically designated as a KDO in the Management Plan but has subsequently 
been regarded as a priority outcome.

Key Principles

i – The best available 
science and information 
is used to inform and 
support management 
strategies

ii – Management actions 
to mitigate impacts of 
climate change on values 
are prioritised based 
on the significance of 
values, the likely success 
of intervention and the 
anticipated benefits 
across the broader 
ecosystem

iii – Opportunities to 
actively manage key 
natural values vulnerable 
to damage or loss in 
coming decades are 
identified and evaluated

iv – Ongoing field studies 
of how climate change 
affects specific natural 
values are necessary for 
devising, implementing 
and measuring effective 
management responses

v – Developing effective 
communication and 
education pathways 
is required for co-
ordinated management 
of the impacts of climate 
change on natural values 
in the TWWHA

Symbols indicate links between Adaptation 
Goals and KDOs. Large sized symbol under 
KDO indicates a stronger link, smaller sized 
symbol a lesser link.

Adaptation 
Goals

1 – Incorporate natural 
values adaptation 
to climate change 
into landscape-scale 
management  
decisions

2 – Minimise negative 
impacts of overarching 
processes and threats to 
natural values 

3 – Identify natural values 
that are vulnerable 
to climate change to 
enable their prioritised, 
timely and effective 
management

4 – Identify and document 
the impacts of climate 
change on TWWHA 
ecosystems to underpin 
management  
decisions

5 – Document for future 
generations natural 
values that will be lost 
due to climate  
change

6 – Facilitate 
communication and 
engagement between 
stakeholders and 
researchers to allow for 
informed  management 
decision making and 
timely identification and 
investigation of  
urgent research 
questions 

Climate Change
Specific KDO’s

KDO 5.1 – There is an 
ongoing, adaptive and 
systematic program of 
identification, inventory, 
assessment, mapping and 
documentation of World 
Heritage and other natural 
values that supports 
the Management Plan’s 
management objectives 
and guiding Vision

Additional
KDO’s

KDO Warra 1.1 – Support 
the Warra long-term 
ecological research site*

KDO 5.3 – Enhanced 
knowledge of the ecological 
role of fire in the TWWHA 
improves fire management 
practices

KDO 5.5 – A comprehensive 
suite of strategies is in 
place that minimises 
biosecurity risks to the 
natural values of the 
TWWHA

KDO 5.10 – Priority areas 
that require restoration of 
their natural biological and 
geological processes are 
identified and monitored, 
and rehabilitation plans 
are developed and 
implemented

KDO 6.6 – Appropriate 
monitoring, education 
and compliance support 
sustainable management 
of visitation and use in Port 
Davey-Bathurst Harbour

KDO 7.6 – Ongoing 
collaborative research 
is supporting and 
informing evidence-based 
management of the TWWHA

KDO 8.1 – Integrated fire 
management planning is 
undertaken in the TWWHA 
for public safety; asset 
protection; Aboriginal 
cultural practices and 
values; and management 
of natural values and 
processes

KDO 5.2 – Research and 
monitoring programs in 
the TWWHA provide an 
understanding of trends 
in the conservation 
status of priority natural 
values, identify risks to 
those values, support 
the development of 
management strategies, 
and allow for rigorous 
assessment of management 
effectiveness

KDO 5.4 – As climate 
change research matures, 
fire mitigation programs, 
including planned burning, 
that are implemented 
for the protection of 
fire-dependent and 
fire-sensitive values, are 
adapted in accordance with 
the findings of that research

KDO 5.6 – Where 
practicable, mitigation 
strategies are developed 
and implemented that 
minimise the impact of 
climate change on priority 
TWWHA values

KDO 8.4 – Knowledge of 
climate change informs 
and improves changing 
fire risk and associated fire 
management practices

KDO 8.6 – Analyses of 
climate change risks are 
integrated into relevant 
management and planning 
activities in the TWWHA
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5.2. Actions and outcomes

Goal 1: Incorporate natural values adaptation to climate change into landscape-scale 
management decisions
Outcomes:  
•  Management planning recognises and takes full advantage of the natural resilience present in the TWWHA’s 

landscape
•  Key landscape areas which are critical to long term resilience and autonomous adaptation are identified

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

1.1 Ensure fire management 
planning (planned burning) 
considers climate change 
adaptation of biodiversity and 
avoids unintended negative 
outcomes

•  Ensure effective ongoing 
communication between 
specialists and fire managers 

Periodic
Ongoing

DPIPWE (PWS)
DPIPWE (NCH)

5.3.1
5.4.1
5.4.2
5.6.1
8.1.1
8.4.1

1.2 Investigate ecosystem 
transition pathways (adaptation 
pathways) and identify potential 
limits, thresholds and tipping 
points

•  Use ecological predictions to 
inform and, where appropriate 
modify, landscape scale 
management expectations 
and targets

Discrete DPIPWE (NCH) 5.1.1
5.6.1
5.6.2

1.3 Evaluate and spatially define 
critical topographic areas 
where environmental gradients 
and ecological diversity 
maximise the capacity for 
landscape and evolutionary 
processes to proceed under 
a rapidly changing climate 
(critical adaptation areas)

•  Spatially identify areas where 
values have the best chance 
of being maintained through 
unassisted adaptation

Discrete DPIPWE (NCH) 5.6.1
5.6.2

1.4 Integrate critical adaptation 
areas into TWWHA planning and 
management frameworks to 
reduce additional impacts

•  Develop and apply decision 
support tools to ensure that 
management decisions are 
informed by spatial data on the 
vulnerability of natural values 
to climate change

Discrete then 
ongoing

DPIPWE (PWS)
DPIPWE (NCH)

5.6.1
8.6.3

* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
point in the TWWHA Management Plan2 
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Goal 2: Minimise negative impacts of overarching processes and threats to natural values
Outcomes:  
• The adaptive capacity of natural values in the TWWHA is maximised
• Number of values able to autonomously adapt with lower risk of damage or loss is increased
• Disturbance to vulnerable values is reduced, resulting in decreased need for values specific management 

interventions
Action Achievement Pathways Commitment 

Time Frame
Lead Agency
Partner Agency

Mgmt. 
Action*

2.1 Effectively manage the risk 
of weed, pest and disease 
translocation, establishment 
and spread 

• Implement the TWWHA 
Biosecurity Strategy, to 
improve co-ordination, 
partnerships and funding 
opportunities for biosecurity 
actions

Long term DPIPWE (PWS)
DPIPWE (NCH)
DPIPWE (BT)
Hydro Tas. 
Department of 
State Growth
DPIPWE (IFS)

5.5.2
5.5.4
5.5.5
5.6.1

2.2 Effectively manage the risk of 
new weed, pest and disease 
introductions

• Improve and implement 
biosecurity practices including 
improved monitoring for 
new threats and resource 
responses to new incursions 
of invasive organisms when 
detected

Long term DPIPWE (PWS)
DPIPWE (NCH)
DPIPWE (BT)
Hydro Tas.
Department of 
State Growth
DPIPWE (IFS)

5.5.2
5.5.4
5.5.5
5.6.1

2.3 Improve co-ordination and 
prioritisation processes for 
active TWWHA weed, pest and 
disease management activities 

• Investigate and where 
necessary re-assess changing 
threat levels posed by invasive 
organisms in the TWWHA due 
to climate change 

• Identify control levels 
(acceptable occurrence / 
density thresholds) for key 
invasive threats to help direct 
and prioritise control actions

Periodic
Ongoing

DPIPWE (PWS)
DPIPWE (NCH)
DPIPWE (BT)

5.5.2
5.5.4
5.5.5
5.6.1

2.4 Seek to bolster available 
funding and partnerships to 
improve control outcomes

• Implement the TWWHA 
Biosecurity Strategy, to 
improve co-ordination, 
partnerships and funding 
opportunities for biosecurity 
actions

Periodic
Ongoing

DPIPWE (PWS)
DPIPWE (NCH)
DPIPWE (BT)
Hydro Tas.
Department of 
State Growth
DPIPWE (IFS)

5.5.2
5.5.4
5.5.5
5.6.1

2.5 Assist responsible agencies in 
minimising impacts and loss of 
vulnerable areas by providing 
advice through appropriate 
channels during emergency 
bushfire response operations 

• Maintain and improve systems 
and decision support tools to 
make vulnerable natural values 
information readily available 
for Incident Management 
System decision making

Periodic
Ongoing

DPIPWE (PWS)
DPIPWE (NCH)
Tasmanian Fire 
Service
Sustainable 
Timber 
Tasmania

5.6.1
5.3.5
8.1.1 
8.4.2

continued over page
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* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
point in the TWWHA Management Plan2 

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

2.6 Improve protection of fire-
sensitive habitats from bushfire 
incursion through use of 
strategic planned burning

• Continue to develop and 
implement active fire 
management programs in the 
TWWHA 

• Continue to work towards 
enabling, re-commencing and 
integrating cultural burning 
into fire management in the 
TWWHA

• Apply low risk planned burn 
strategies in the vicinity of fire 
sensitive values

Long term
Ongoing

DPIPWE (PWS) 5.3.1
5.4.1
5.4.2
5.6.1
8.1.1

2.7 Strategically apply planned 
burning at a landscape scale to 
ensure prevailing fire regimes 
are conducive to maintaining 
natural values

• Continue to develop and 
implement active fire 
management programs in the 
TWWHA 

• Continue to work towards 
enabling, re-commencing and 
integrating cultural burning 
into fire management in the 
TWWHA

• Develop models that support 
and inform fire management in 
a changing environment

Long term
Ongoing

DPIPWE (PWS)
DPIPWE (NCH)

5.3.1
5.4.1
5.4.2
5.6.1
8.1.1
8.4.2

2.8 Further develop bushfire 
planning and response 
strategies and tactics to 
prevent/reduce impacts on 
fire-sensitive values

• Develop and refine firefighting 
tactics and strategies aimed 
at values protection during 
planned burning and bushfire 
response operations

• Develop bushfire protection 
plans for high value, fire 
sensitive natural values

• Improve knowledge of real 
time soil and fuel moisture 
to better triage response and 
predict bushfire behaviour

Discrete 
Ongoing

DPIPWE (PWS)
Tasmanian Fire 
Service
DPIPWE (NCH)
Sustainable 
Timbers 
Tasmania

5.4.2
5.6.1
8.4.1
8.4.2
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* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
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Goal 3: Identify natural values that are vulnerable to climate change to enable their 
prioritised, timely and effective management
Outcomes:  
• Values likely to be vulnerable to climate change are managed to minimise damage and loss
• Risks, thresholds for loss and geographic refugia for specific priority vulnerable values are known
• Effective management strategies and tools are available for protection of vulnerable values

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

3.1 Continue to identify values 
vulnerable to climate change 

• Continue to report and record 
impacts on natural values 
from potential climate change 
related events 

• Investigate and monitor 
impacts where appropriate

Ongoing
Long term

DPIPWE (NCH) 5.1.1
5.2.3
5.2.4

3.2 Evaluate tipping points and risk 
factors (fire, drought, weeds, 
diseases) for priority vulnerable 
values 

• Investigate vulnerable values 
on a case by case basis, based 
on imminent risk

• Review outcomes and apply 
an adaptive management 
framework when making 
management decisions 
affecting vulnerable values

Discrete, case 
by case basis

DPIPWE (NCH)
DPIPWE (PWS)

5.1.1
5.3.5
5.6.1
5.6.2

3.3 Develop a process to  clearly 
prioritise vulnerable values 
to enable targeted resource 
allocation 

• Develop an agreed rule set to 
prioritise vulnerable values 
based on imminent risk, 
perceived importance of 
value and potential to mitigate 
climate change risk factor

Discrete, case 
by case basis

DPIPWE (NCH)
DPIPWE (PWS)

5.1.1
5.3.5
5.6.1
5.6.2

3.4 Investigate priority vulnerable 
values to identify most at risk 
to most secure occurrences, 
and identify likely trajectory 
without management 
intervention

• Based on imminent risk, the 
security of specific vulnerable 
values across their ranges are 
assessed and refugia identified 
on a case by case basis

• Incorporate this information 
into spatial decision support 
tools enabling management 
decisions to take this 
additional context into 
account

Discrete, case 
by case basis

DPIPWE (NCH)
DPIPWE (PWS)
Research 
institutions

5.1.1
5.3.5
5.6.1
5.6.2

3.5 Develop and test efficacy of 
management tools to increase 
in-situ survival for vulnerable 
values where this is an 
identified adaptation priority 

• Continue to investigate 
in-situ management options 
where opportunities arise 
and test these  either through 
field trials or an adaptive 
management framework

Discrete, case 
by case basis

DPIPWE (NCH)
DPIPWE (PWS)
Research 
institutions

5.2.4
5.6.1
5.10.1

3.6 Develop and test efficacy of 
ex-situ management options 
to preserve values at risk of 
imminent loss where this is an 
identified adaptation priority

• Investigate the feasibility of 
ex-situ management options 
and trial where appropriate

Discrete, case 
by case basis  
Ongoing 
(Conservation 
seed banking)

DPIPWE (NCH)
DPIPWE (PWS)
DPIPWE 
(RTBG)
Research 
institutions

5.2.4
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* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
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Goal 4: Identify and document the impacts of climate change on TWWHA ecosystems to 
underpin management decisions
Outcomes:  
• Unforeseen risks to natural values are identified
• Informed reporting on conditions and trends in TWWHA ecosystems

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

4.1 Undertake prioritised 
monitoring of unassisted 
adaptation to climate change 
for priority species and 
ecosystems

• Maintain the TWWHA natural 
values climate change 
monitoring program and 
where appropriate refine it to 
address management specific 
questions

Periodic
Long term

DPIPWE (NCH) 5.1.1
5.2.3
5.6.1
5.6.2
6.6.1
6.6.2
Warra 
1.1

4.2 Facilitate and/or undertake 
research to increase the 
understanding of adaptation 
pathways for priority ecological 
communities, species and 
geodiversity values

• Continue to identify and 
prioritise knowledge gaps 
which limit informed decision 
making 

• Facilitate, collaborate on, or 
undertake research to answer 
key questions

Discrete, case 
by case basis

DPIPWE (NCH)
Research 
institutions

5.1.1
5.2.3
5.6.1
5.6.2
Warra 
1.1

PHOTO: Cave entrance -  Rolan Eberhard
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* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
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Goal 5: Document for future generations natural values that will be lost due to climate change
Outcomes:  
• Preservation of a record of natural heritage lost to future generations
• Preservation of genetic resources through seed banking providing the capacity for future re-introduction

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

5.1 Develop criteria for identifying 
and prioritising research on 
values with limited or negligible 
capacity to adapt to climate 
change

• Where required develop values 
specific rulesets to prioritise 
values likely to be lost

• Incorporate vulnerable values 
into spatial decision support 
tools enabling easy and rapid 
identification of irreplaceable 
values to inform management 
decisions

Discrete DPIPWE (NCH) 5.1.1
5.2.3

5.2 Establish agreed principles 
for collecting and archiving 
samples, data, and metadata, 
where these do not already exist

• Where required develop 
values specific protocols for 
preserving information likely 
to be lost

• Devise projects to 
systematically document and/
or sample priority values

Discrete DPIPWE (NCH) 5.1.1
5.2.3

5.3 Undertake prioritised 
collections of conservation 
seed samples from at risk plant 
populations and species

• Consider level of climate 
change related risk when 
prioritising conservation seed 
collection

• Continue collaborations 
between agencies to facilitate 
collection from priority 
species and sites 

Ongoing
Long term

DPIPWE (NCH)
DPIPWE 
(RTBG)

5.6.1

PHOTO: Tasmanian tree frog - Michael Driessen
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* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot 
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Goal 6: Facilitate communication and engagement between stakeholders and researchers to 
allow for informed  management decision making and timely identification and investigation 
of urgent research questions 
Outcomes:  
• Improved capacity to respond to climate change impacts on the natural values of the TWWHA
• A consistent, informed and targeted approach to natural values adaptation
• Improved integration and efficacy of the collective response to climate change

Action Achievement Pathways Commitment 
Time Frame

Lead Agency
Partner Agency

Mgmt. 
Action*

6.1 Ensure governance 
arrangements and processes 
enable identification and 
resourcing of priority programs

• Ensure effective ongoing 
communication between 
specialists and managers 

Ongoing
Long term

DPIPWE (PWS)
DPIPWE (NCH)

5.6.1
5.6.2

6.2 Support on ground 
management through 
documentation and sharing 
of  knowledge of the nature 
of threats posed by climate 
change

• Ensure effective ongoing 
communication between 
specialists and managers

• Develop accessible decision 
support tools to enable up to 
date knowledge to feed into 
formal assessment processes

• Publicly communicate 
appropriate findings and 
achievements

Ongoing
Long term

DPIPWE (NCH)
DPIPWE (PWS)

5.2.3
5.6.1
7.6.1
7.6.2

6.3 Provide cross institutional 
communication and support for 
climate change research and 
monitoring in the TWWHA

• Continue to develop and foster 
relationships with research 
institutions and researchers

• Support external climate 
change research relevant to 
the TWWHA

• Improve and maintain 
communication channels 
between stakeholders and 
consider developing a formal 
communication pathway

Ongoing
Long term

DPIPWE (NCH) 
Research 
institutions
DPIPWE (PWS)

5.2.3
5.6.1
7.6.1
7.6.2
Warra 
1.1

6.4 Review and evaluate this 
Strategy

• Ensure a proactive approach 
is taken to dealing with and 
planning for climate change 
adaptation of natural values in 
the TWWHA

Discrete DPIPWE (PWS)
DPIPWE (NCH)

5.6.1
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6. Next Steps

PHOTO:  Towterer Beach, West Coast - Tim Rudman
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6.1. Implementation
It is recognised that managing the adaptation of the 
natural values in the TWWHA is both a high priority 
and a long-term commitment. Therefore, some 
of the goals and actions identified will be ongoing 
beyond 2031 or will require revision and refinement 
as new information is gained. 

The success of the Strategy relies on engagement, 
support and uptake by stakeholders. All actions 
identified in the Strategy have several paths through 
which they can be achieved. Depending on the 
nature of the actions, they may be best addressed 
through a single path or a combination of several.  
The paths which have been identified through which 
the goals of the Strategy can be achieved are:

• Relevant goals and actions of the Strategy to be 
integrated into existing TWWHA management, 
planning and decision-making processes.

• Specific tasks and research questions needed 
to achieve the actions in the Strategy to be 
progressively identified and prioritised through a 
consultative process.

• The existing TWWHA natural values climate 
change monitoring program will focus resources 
on achieving the goals and actions of the 
Strategy.

• Effective communication channels between 
stakeholders is essential for the delivery of the 
strategy and the establishment of these channels 
is an early priority for implementation.

Reporting will be undertaken via approved TWWHA 
project reporting pathways. DPIPWE will ensure 
stakeholders and the community are informed on 
progress of the implementation of the Strategy 
through periodic reporting.

6.2. Evaluation
The Strategy has been developed with the 
intent of using adaptive management principles. 
The appropriate monitoring, evaluation and 
reporting of management decisions and actions 
undertaken as part of this strategy is therefore 
essential to provide the necessary feedback to 
the adaptive management cycle. The outcomes of 
that evaluation will inform adjustments to future 
management actions.

The overarching evaluation of the Strategy and its 
implementation will be informed and guided by the 
TWWHA monitoring and evaluation framework. 

The outcomes of the Strategy will feed into regular 
State of the TWWHA reporting via providing input 
into the Evaluated Case Study project Monitoring 
potential impacts of climate change on natural 
values of the TWWHA23. 

The effectiveness of specific actions will be 
assessed through tailored monitoring and 
evaluation protocols developed as actions are 
planned and undertaken. 

The following questions will guide the review and 
evaluation of the Strategy. 

• Were the proposed actions implemented?

• Are we able to adequately quantify the impact 
of climate change on the ecosystems of 
the TWWHA for management and reporting 
purposes?

• Are we confident that the most vulnerable 
natural values are known? 

• Are vulnerable values being lost or degraded 
before the threat has been assessed?

• Do we know enough to implement on ground 
management actions for priority vulnerable 
values?

• Is the effect of climate change on natural values 
being adequately considered in management 
decisions?

• Are our priorities appropriate?
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	Glossary of Terms and Abbreviations
	Glossary of Terms and Abbreviations
	Adaptation*  The process of adjustment to new climatic conditions, a process that for natural systems may be facilitated by human interventions.
	Adaptation options*  The management strategies or measures available and appropriate for facilitating better outcomes for values subject to climate change impacts.
	Adaptive capacity*  The ability of a system or value to adjust to change, to moderate potential damage, take advantage of opportunities, or cope with the consequences; including potential incremental changes to essential function, identity, and structure.
	Biodiversity The diverse variety of all life forms including microorganisms, animals and plants. The term is scalable from the genetic diversity within a single species, to community, and to ecosystem levels.
	Climate Change (UNFCCC definition) A change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in addition to natural climate variability observed over comparable time periods. 
	Climatic envelope A zone defined by similar climatic conditions in which a specific organism or ecosystem occurs. A concept used in the modelling of species and ecosystem distributions.
	DPIPWE Department of Primary Industries, Parks, Water and Environment.
	Ecological community A specific combination of plants, animals and other living organisms maintained by a network of interactions and feedbacks which is unique to a set of conditions. This term does not incorporate physical and environmental factors.
	Ecosystem A combination of living organisms and associated non-living physical and environmental factors and the interactions and feedbacks within and between these. The term is scalable from the local to the global, with ecosystems nested within larger ecosystems and ultimately the entire biosphere.
	Ecosystem engineer (species) A plant, animal or other organism that significantly modifies, creates and then maintains a habitat. These species are significant in ecosystems and have major impacts on other organisms.
	Ecosystem function The resultant effects of biodiversity on all processes (biological, chemical and physical) that maintain ecosystems from local to global scale. Includes functions such as, regulating the composition of the atmosphere, maintaining evolutionary and landscape processes, and influencing micro and macro climates.
	Endemism/Endemic Species unique to a specific area or location. Unless otherwise specified, refers to species endemic to the island of Tasmania.
	Geodiversity The natural range of soils, landforms and geology.
	Gondwanan species Species whose ancient lineages were distributed on the super continent of Gondwana. These species were more widespread in the past but have contracted in distribution to small geographic areas and provide important indicators of past climates and evolutionary processes.
	IUCN International Union for the Conservation of Nature – an advisory body to the World Heritage Committee.
	Mitigation [of Climate Change]* Climate change mitigation is direct action to limit changes to global climate caused by human activities. Actions include reduction in the output of, or increasing of the sinks of, greenhouse gasses through human intervention.
	Natural Values A feature, process, or system of nature, as opposed to humans and human products. Includes native plants and animals, the communities they form; geological features and processes; and the landscapes these features combine to create. To varying degrees, natural values are conditioned by human activities, now and in the past, but this is not the principal source of their existence.
	OUV Outstanding Universal Value – the holistic value of cultural and/or natural significance of a site or area of world heritage significance which is so exceptional as to transcend national boundaries and to be deemed to be of importance for present and future generations of all humanity, as detailed for the TWWHA in the property’s Statement of Outstanding Universal Value.
	Paris Agreement An agreement of the parties of the UNFCCC (see below) on greenhouse gas emissions mitigation, adaptation, and finance, signed in 2016.
	Phenology The relationship between environmental cues and recurring events in the lifecycles of plants, animals and other organisms (e.g. flowering time, insect hatching events, migration timing). 
	Precautionary Principle  Where there are threats of serious or irreversible environmental damage, lack of full scientific certainty should not be uses as a reason for postponing measure to prevent environmental degradation.
	Resilience*  The capacity of systems or values to cope with adverse conditions in a way that maintains their essential function, identity, and structure.
	Tasmanian Aboriginal Cultural Values# Tangible expression of the presence of Tasmanian Aboriginal people and the landscape, seascape and skyscape imbued with intangible cultural meaning, acknowledging the continuing existence of this living, contemporary culture. 
	Translocation The deliberate transfer of species/populations/individuals to areas where they do not, or no longer, occur naturally. Can be used as a species conservation strategy.
	TWWHA Tasmanian Wilderness World Heritage Area.
	UNESCO United Nations Education, Scientific and Cultural Organisation – a specialised agency of the United Nations. 
	UNFCCC United Nations Framework Convention on Climate Change – an international treaty of the United Nations, the parties of which meet annually.
	Vulnerability (Vulnerable Value)* The propensity or predisposition of a system or value to be adversely affected, including sensitivity or susceptibility to harm and lack of capacity to cope and adapt to new or changed conditions.
	*Adapted from Working Group II’s contribution to the Intergovernmental Panel on Climate Change Fifth Assessment Report - WGIIAR5 
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	#Adapted from the TWWHA Management Plan 2016
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	The Tasmanian Wilderness World Heritage Area is recognised through the World Heritage Convention as having both cultural and natural heritage of Outstanding Universal Value (OUV), the protection of which is of global importance for present and future generations. This strategy is focused upon natural values within the Tasmanian Wilderness World Heritage Area. This is done with full recognition that Tasmanian Aboriginal people have lived in this country for at least 40,000 years. The values dealt with in thi
	The Tasmanian Wilderness World Heritage Area is recognised through the World Heritage Convention as having both cultural and natural heritage of Outstanding Universal Value (OUV), the protection of which is of global importance for present and future generations. This strategy is focused upon natural values within the Tasmanian Wilderness World Heritage Area. This is done with full recognition that Tasmanian Aboriginal people have lived in this country for at least 40,000 years. The values dealt with in thi
	With this understanding we acknowledge and pay respect to Tasmanian Aboriginal people as the traditional and original owners, and continuing custodians of this land and acknowledge Elders – past, present and emerging.
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	1.1. Purpose
	1.1. Purpose
	The Natural Values Climate Change Adaptation Strategy for the Tasmanian Wilderness World Heritage Area (the Strategy) has been developed from the most up-to-date knowledge gathered from the scientific and protected area management community. The changing climate is a global issue causing considerable stress to the natural environment in addition to having significant social, economic and cultural impacts. Natural systems are increasingly out of balance with the climate in which they evolved over millennia. 
	1.2. Scope
	The scope of the Strategy encompasses the observed and predicted impacts of climate change on the natural values of the TWWHA, and considers how information, research and monitoring can be used to identify risks and trigger management actions in a coordinated way. Managing the adaptation of the natural values in the TWWHA is a long-term commitment. Some of the goals and actions identified are likely to be ongoing beyond the life of the Strategy and require revision and refinement during the life of the Stra
	Whilst outside the scope of this Strategy, in the future, there will be a need to consider climate change impacts on social, economic and cultural values in the TWWHA. Tasmanian Aboriginal cultural values, in particular, are intrinsically linked with natural values in the TWWHA. Therefore, the implications of any management actions undertaken for natural values climate change adaptation need to also be assessed to ensure they are compatible with Aboriginal cultural values management.
	1.3. Context and drivers
	The capacity of natural values to adapt to rapid climate change is variable and has its limits. Therefore, long term benefits from adaptation planning are dependent on global climate change mitigation actions and, in particular, a reduction in greenhouse gas emissions. A variety of state, national and international initiatives address climate change adaptation and/or have potential to complement this strategy (Figure 1).
	The Australian Government is a signatory to the United Nations Framework Convention on Climate Change (UNFCCC) which ratified the Paris Agreement in 2016. In addition to climate change mitigation through a reduction in carbon emissions, the Paris Agreement also includes an undertaking to achieve climate change adaptation goals. Nationally, change adaptation is dealt with at a high level in the National Climate Resilience and Adaptation Strategy, with some states and territories also developing climate chang
	3
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	The Tasmanian Government is preparing to develop the next whole-of-government Tasmanian climate change action plan. The plan will build on the themes and priority areas of our previous action plan - Climate Action 21: Tasmania’s Climate Change Action Plan 2017-2021.
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	The whole-of-government Tasmanian climate change action plan sets the Tasmanian Government’s agenda for taking action on climate change mitigation and adaptation. The action plan also ensures Tasmania has robust and up-to-date climate science to support decision making. 
	Australia is a signatory to the United Nations Educational, Scientific and Cultural Organisation (UNESCO)’s World Heritage Convention (the Convention) under which the TWWHA was formally recognised as having Outstanding Universal Value (OUV) and inscribed on the World Heritage List in 1982. Management of the TWWHA is guided by the duties and obligations laid out in the Convention. These duties and obligations are outlined in the 2016 TWWHA Management Plan2 (the Plan) which recognises that climate change, fir
	KDO 5.1 – There is an ongoing, adaptive and systematic program of identification, inventory, assessment, mapping and documentation of World Heritage and other natural values that supports the Management Plan’s management Objectives and guiding Vision
	KDO 5.2 – Research and monitoring programs in the TWWHA provide an understanding of trends in the conservation status of priority natural values, identify risks to those values, support the development of management strategies, and allow for rigorous assessment of management effectiveness
	KDO 5.4 – As climate change research matures, fire mitigation programs, including planned burning, that are implemented for the protection of fire-dependent and fire-sensitive values, are adapted in accordance with the findings of that research
	KDO 5.6 – Where practicable, mitigation strategies are developed and implemented that minimise the impact of climate change on priority TWWHA values
	KDO 8.4 – Knowledge of climate change informs and improves changing fire risk and associated fire management practices 
	KDO 8.6 – Analysis of climate change risks is integrated into relevant management and planning activities in the TWWHA
	The Strategy has synergies with the objectives on investigating impacts of climate change on World Heritage properties which are detailed in UNESCO’s climate change policy document. The Strategy also draws on relevant concepts from Climate Change Adaptation for Natural World Heritage Sites.
	7
	8

	The Strategy benefits from strategic documents relating to TWWHA fire management and biosecurity. These documents are highly relevant to natural values climate change adaptation and contribute significantly to achieving the goals of the Strategy.
	The effective and considered management of fire in the TWWHA is an essential step towards managing natural values adaptation under a changed climate. The TWWHA Fire Management Plan informs and guides decision making about the use of fire as a management tool and how to respond to uncontrolled bushfire. A primary focus of fire management in the TWWHA is the protection of increasingly vulnerable fire sensitive areas.
	Minimising the risk and subsequent impacts from invasive organisms is also essential to increasing the ability of natural values to remain resilient to climate change and/or  adapt to changed conditions with limited damage and loss to their integrity. The effective management of these risks is an integral component of natural values climate change adaptation planning. The TWWHA Biosecurity Strategy 2021-2031 provides a framework for the management of risk and potential impacts posed by new and/or existing w
	The Strategy draws on information identified in climate change risk assessment documents compiled by DPIPWE for terrestrial and freshwater environments, coastal natural values, flora, fauna and geodiversity values. These documents were developed through reviewing relevant literature sources and consultation with a diverse range of experts and stakeholders. Additional information is taken from the Tasmanian Wilderness World Heritage Area Bushfire and Climate Change Research Project  and the Australian Govern
	9
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	2.1. The natural values  of the TWWHA
	 

	The TWWHA is recognised through the World Heritage Convention as having both cultural and natural heritage of Outstanding Universal Value (OUV), the protection of which is of global importance for present and future generations. As well as being recognised for meeting three criteria for its superlative tangible and intangible Tasmanian Aboriginal cultural heritage, the property also meets all four natural heritage criteria for inclusion of a property on the World Heritage list. It is one of the largest rema
	Some of the most significant natural values include alpine and sub-alpine environments, formerly glaciated mountains and plateaus, karst terrain, large areas of organic soils, an extensive undisturbed coastline, and wild river systems. The area contains about 75 percent of Tasmania’s 320 endemic higher plant species and around 20 percent of the State’s rainforest, including significant expanses of ancient forests which have persisted free of major disturbance for over 2000 years. The habitat types protected
	2.2. The changing climate
	Climate and weather are related, but different phenomena. Weather is experienced daily, as ambient conditions defined by variables such as temperature, wind and precipitation. Climate on the other hand, is the pattern of averages, variability and extremes of weather taken over periods of time, up to 30 years. The weather is generated by the climate system through a process of interactions between energy from the sun and the physical properties of the earth. Human activities have now altered the climate syst
	In Tasmania, modelled projections for the climate trajectory until 2100 have been developed by The Climate Futures for Tasmania project. Two global greenhouse gas emissions scenarios have been assessed using a high emissions scenario (A2) and a low emissions scenario (B1). Currently, atmospheric levels of greenhouse gasses are tracking on (or exceeding) A2. Therefore, the magnitude of some predictions may prove to be understated. Under an A2 future the local government municipalities which comprise the TWWH
	16
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	2.3. Impacts of climate  change on natural values
	 

	Climate influences most natural processes at the Earth’s surface, including soil development and the erosion and deposition of sediment. In combination with other factors, such as competition, history and disturbance regimes, climate also regulates the distribution of species and communities. Due to this overarching influence, rapid climate change is predicted to alter natural systems at a landscape scale over the coming decades. Consequently climate change related impacts are considered to be the single gr
	18
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	Change in the range and abundance of native species and communities in response to changing conditions is likely to be universal. The capacity of individual species and communities to rapidly adapt will be highly variable, with some values being vulnerable to loss or damage. In the TWWHA these vulnerable values are concentrated in alpine and freshwater ecosystems, as well as the globally unique estuarine community in Port Davey-Bathurst Harbour. These environments all contain high levels of endemism and hig
	In contrast to these vulnerable values, some native species will be benefited by the changing climate and disturbance regimes. These species will likely be already common, adapted to living in disturbed areas and/or under a wide range of conditions. Similarly, the changing climate and disturbance regimes will increase the risk of new invasive weeds, pests and diseases entering and establishing in the TWWHA, and the potential expansion of invasive species already present. 
	The disruption, or decoupling, of time dependent interactions between species due to climate change is a significant risk to some groups. Examples of this may include changing flowering times potentially impacting food availability for pollinators and seed set for some plants. Migratory species which rely on predictable food availability and weather patterns over wide geographic areas are also highly vulnerable to this factor. 
	Changes in water balance (rainfall, evaporation, surface and groundwater flows and storage) and temperatures are predicted to have severe impacts on the ecology, chemistry and physical status of shallow wetland and lake systems across the TWWHA. This will potentially result in severe impacts to their fauna, flora, recreational and aesthetic values.
	Potential impacts of climate change on TWWHA geodiversity (soils, landforms, geology) will vary considerably across different natural systems. Coastal, estuarine and alpine geodiversity values are especially vulnerable, with rising sea levels flooding low lying coastal areas, drowning saltmarsh and related communities and causing sandy coastal landforms to erode. Increased temperature and reductions in frost activity and snowfall will affect key natural processes in alpine environments. The effect of warmin
	Our understanding of, and ability to predict, the effects of climate change on natural values is largely based on predictions about the trajectory of climate change and how it will interact with these values. These are, however, complex natural systems with numerous interactions and feedbacks, few of which are presently well understood. It is anticipated that as new information and evidence comes to light, some current predictions will require revision. 
	Climate change will impact upon natural values through different pathways. These pathways are categorised and discussed below in relation to:
	• shifting averages of weather conditions; 
	• extreme weather events; and
	• changed overarching processes and threats. 
	Shifting climate averages refer to changes in the typical conditions during a given period. Extreme weather events are those which fall outside the typical range of conditions, including heat waves, droughts and torrential rainfall. Changed overarching processes and threats; including bushfire, sea level rise and increased threat from invasive organisms; are implicit in, and interconnected with, climate change.
	Although discussed in isolation, in many instances the impacts from these factors will be cumulative, compounding or working in parallel. There is the potential for rapid and dramatic change to occur, where ecological communities or geodiversity features will change permanently from a stable state to an altered, or new, state. Extreme events, if they occur in combination - for example extreme rainfall events immediately following bushfire - pose a very high risk of causing these types of state changes.
	For many values, the impacts of these factors, both in isolation, and in combination, can be illustrated by the press and pulse framework (Figure 2). When applied to natural values, this concept recognises the press of changing averages as putting stress on values. Extreme events, such as heatwaves, droughts or bushfires, however, are pulses which cause rapid and potentially significant change or damage to values. The ability of the values to recover from these pulses is inhibited by the background press. I
	20

	Key drivers and examples of the consequences of changes in climate averages (press) and extreme events (pulses) are described in the tables.
	3.1. Shifting climate averages
	Shifts in average climatic conditions can have significant consequences for natural values. Geographical changes in locations of suitable habitat or climatic niches will cause a raft of follow-on consequences for many values. In isolation, these consequences may be relatively slow to appear, with timeframes of decades or longer. However, shifting climate averages also impact the capacity of natural systems to recover to their previous state after disturbance. Thus, shifts in climatic averages (press) tend t
	3.2. Extreme weather events
	Whereas shifts in average climatic conditions may have significant consequences over longer timeframes, extreme weather is more immediate in its effect, and can be expected to punctuate change and impacts on natural values. For example, a severe drought or storm could compromise the survival of an entire population, and a single flood event may move quantities of sediment which would otherwise require years of stream energy to transfer downstream. 
	3.3. Changed overarching processes and threats
	The changing environmental conditions in the TWWHA will expose natural values to changing natural processes and new or intensified external threats. Often called consequences of climate change, factors such as increased bushfire risk, sea level rise, ocean acidification and increased prevalence of invasive species and pathogens are significant threats to natural values. Whilst they can be separated as consequences, these processes and threats are intricately linked to climate change. As well as creating add
	The TWWHA has excellent potential for landscape scale ecosystem resilience in comparison to most protected areas globally. The combination of its very large size, natural integrity and diverse and complex geography creates opportunities for some natural values to adapt autonomously to climate change. Ecological communities will change in extent and composition during this process, with some becoming rarer whilst others will undergo range expansion. However, some of the TWWHA’s natural values are clearly vul
	The significant species, communities and geodiversity features of the TWWHA fall on a continuum from resilient to highly vulnerable. Four broad groupings characterise values thought to have similar adaptive capacities and potential to benefit from management strategies (Figure 3). 
	Risk assessments have been undertaken and likely scenarios and potential management actions have been identified for priority natural values. Our current knowledge is, however, insufficient to confidently allocate all TWWHA natural values to one of these four groups, so some reassessment will be required as knowledge becomes available. 
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	The following section presents general information in two parts:
	o The adaptive capacity of, and management options for, overarching processes and threats which are forecast to change under climate change; and
	o The adaptive capacity of, and management options for, natural values vulnerable to climate change. 
	The instigation of on-ground management actions per se may pose risks to other values or result in unintended outcomes. For example, the translocation of species intrinsically results in the degradation of values of the area into which the species is introduced. For this reason, it is necessary for proper assessments to be undertaken prior to such activities.
	The management options presented in this section are not exhaustive. For vulnerable values, in particular, the relevance will need to be assessed on a case by case basis. No management options should be discounted without careful consideration, with novel interventionist options, such as small-scale engineering solutions, likely to become more attractive as climate change impacts increase over the coming decades. Further work is also required to trial and assess the efficacy or practicality of some of the o
	4.1. Management options for overarching processes and threats 
	Several overarching processes and threats are expected to alter under climate change. Effective management of these will enhance, or enable, autonomous adaptation to progress for values which fall into Groups 1 and 2 and will ameliorate impacts on Groups 3 and 4 (vulnerable) values.
	4.2. Management options for vulnerable values
	Vulnerable values are those which on current understanding are in Groups 3 and 4. These values are unlikely to persist in their current state, and/or are at risk of significant reduction or total loss, from climate change. Management options which would improve the long-term outcomes for a range of these values exist. However, pros and cons for these actions need to be assessed on a case by case basis, and in many cases further work is required to test and refine before implementation.
	 
	5.1. Adaptation goals
	Adaptation goals are those that we aim to achieve through targeted climate change research, monitoring and management in the TWWHA. The actions and accompanying outcomes below, are priority areas for research, monitoring and management that have been identified to fill knowledge gaps that currently impede achievement of these goals. How the goals relate to the key principle of the strategy and the Key Desired Outcomes of the 2016 TWWHA Management Plan are presented in Figure 4.
	1. Incorporate natural values adaptation 
	1. Incorporate natural values adaptation 
	to climate change into landscape-
	scale management decisions

	2. Minimise negative impacts of 
	2. Minimise negative impacts of 
	overarching processes and threats to 
	natural values 

	3. Identify natural values that are 
	3. Identify natural values that are 
	vulnerable to climate change to 
	enable their prioritised, timely and 
	effective management

	4. Identify and document the impacts 
	4. Identify and document the impacts 
	of climate change on TWWHA 
	ecosystems to underpin management 
	decisions

	5. Document for future generations 
	5. Document for future generations 
	natural values that will be lost due to 
	climate change

	6. Facilitate communication and 
	6. Facilitate communication and 
	engagement between stakeholders 
	and researchers to allow for informed  
	management decision making and 
	timely identification and investigation 
	of urgent research questions 
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	5.2. Actions and outcomes
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	6.1. Implementation
	It is recognised that managing the adaptation of the natural values in the TWWHA is both a high priority and a long-term commitment. Therefore, some of the goals and actions identified will be ongoing beyond 2031 or will require revision and refinement as new information is gained. 
	The success of the Strategy relies on engagement, support and uptake by stakeholders. All actions identified in the Strategy have several paths through which they can be achieved. Depending on the nature of the actions, they may be best addressed through a single path or a combination of several.  The paths which have been identified through which the goals of the Strategy can be achieved are:
	• Relevant goals and actions of the Strategy to be integrated into existing TWWHA management, planning and decision-making processes.
	• Specific tasks and research questions needed to achieve the actions in the Strategy to be progressively identified and prioritised through a consultative process.
	• The existing TWWHA natural values climate change monitoring program will focus resources on achieving the goals and actions of the Strategy.
	• Effective communication channels between stakeholders is essential for the delivery of the strategy and the establishment of these channels is an early priority for implementation.
	Reporting will be undertaken via approved TWWHA project reporting pathways. DPIPWE will ensure stakeholders and the community are informed on progress of the implementation of the Strategy through periodic reporting.
	6.2. Evaluation
	The Strategy has been developed with the intent of using adaptive management principles. The appropriate monitoring, evaluation and reporting of management decisions and actions undertaken as part of this strategy is therefore essential to provide the necessary feedback to the adaptive management cycle. The outcomes of that evaluation will inform adjustments to future management actions.
	The overarching evaluation of the Strategy and its implementation will be informed and guided by the TWWHA monitoring and evaluation framework. 
	The outcomes of the Strategy will feed into regular State of the TWWHA reporting via providing input into the Evaluated Case Study project Monitoring potential impacts of climate change on natural values of the TWWHA. 
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	The effectiveness of specific actions will be assessed through tailored monitoring and evaluation protocols developed as actions are planned and undertaken. 
	The following questions will guide the review and evaluation of the Strategy. 
	• Were the proposed actions implemented?
	• Are we able to adequately quantify the impact of climate change on the ecosystems of the TWWHA for management and reporting purposes?
	• Are we confident that the most vulnerable natural values are known? 
	• Are vulnerable values being lost or degraded before the threat has been assessed?
	• Do we know enough to implement on ground management actions for priority vulnerable values?
	• Is the effect of climate change on natural values being adequately considered in management decisions?
	• Are our priorities appropriate?
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	Effects of heatwaves on wet forest
	Effects of heatwaves on wet forest
	The Warra SuperSite is one of 15 similar sites around Australia.  These sites form part of the Terrestrial Ecosystem Research Network (TERN) – Australia’s primary infrastructure for monitoring the country’s terrestrial ecosystems. The Warra SuperSite lies within the much larger Warra Long-Term Ecological Research (LTER) site, which  was established for monitoring and research into long-term natural ecological processes, responses to land management practices, disturbance and climate change. The Warra SuperS
	Analysis of data collected at the flux tower during a record-breaking heatwave in 2017 revealed that the wet forest ecosystem was in a high state of stress. The productivity of the forest fell dramatically during the event, causing the forest to switch from being a carbon sink to a carbon source. It was estimated that in the six-month growing season which included this event over half a million tonnes less carbon were absorbed from the atmosphere by Tasmania’s wet eucalypts forests, as a whole, compared wit
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	It is recognised that most natural values in the TWWHA will be affected at some level by climate change. Natural values are indeed already responding to increased environmental stresses, and predictions suggest that changes will be rapid and significant over the coming decades. Depending on the nature of the value, some are vulnerable to being lost all together, whilst others will persist or adapt. 
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	To manage the impacts of climate change and minimise loss and degradation of natural values, a precautionary principle will be applied when considering strategic management decisions. The pursuit of strategies likely to achieve the best outcomes based on the latest available information is necessary, and a lack of full scientific understanding should not stand in the way of acting fast. With this overarching understanding, DPIPWE applies the following five key principles.
	i. The best available science and 
	i. The best available science and 
	information is used to inform and 
	support management strategies.

	ii. Management actions to mitigate 
	ii. Management actions to mitigate 
	impacts of climate change on values are 
	prioritised based on the significance of 
	values, the likely success of intervention 
	and the anticipated benefits across the 
	broader ecosystem.

	iii. Opportunities to actively manage key 
	iii. Opportunities to actively manage key 
	natural values vulnerable to damage or 
	loss in coming decades are identified 
	and evaluated.

	iv. Ongoing field studies of how climate 
	iv. Ongoing field studies of how climate 
	change affects specific natural 
	values are necessary for devising, 
	implementing and measuring effective 
	management responses. 

	v. Developing effective communication 
	v. Developing effective communication 
	and education pathways is required 
	for co-ordinated management of the 
	impacts of climate change on natural 
	values in the TWWHA.
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	Figure 2. Press and pulse framework showing aspects of climate and climate change and how interactions between these damage natural values. The background climate fluctuation (i) and weather variability which underly this (ii) combine to influence the environment. The values which evolve or are formed in this environment are adapted to persist under these conditions. This includes the ability to surviving damaging extreme weather events which are part of the natural weather variability. Climate change (iii)
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	1


	 Figure adapted from Harris et al. 2018
	 Figure adapted from Harris et al. 2018
	 1
	20


	PHOTO:  Eastern Pygmy Possum - Michael Driessen 
	PHOTO:  Eastern Pygmy Possum - Michael Driessen 

	Figure
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables
	Averages and seasonality of weather variables


	Drivers 
	Drivers 
	Drivers 
	•  Changes in seasonal and annual averages of weather variables (e.g. temperature, rainfall, wind, humidity)
	•  Changes in the frequency and magnitude of freeze/thaw cycles and snow cover
	•  Changes in cloud cover


	Potential Consequences
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	Shifting habitats - Species and communities are no longer located within their adapted climatic envelopes resulting in:
	Shifting habitats - Species and communities are no longer located within their adapted climatic envelopes resulting in:
	Shifting habitats - Species and communities are no longer located within their adapted climatic envelopes resulting in:
	o  Increased stress on species and communities 
	o  Decreased productivity of wet eucalypt forests
	o  Increased susceptibility to disturbance
	o  Diminished ability to recover after disturbance
	o  Increased range of advantaged species to the detriment of others
	o  Local extinction of climatically restricted species 
	o  Reduction in habitat for some specialist species


	Spread of existing weeds, pests and diseases into new areas due to changing conditions resulting in:
	Spread of existing weeds, pests and diseases into new areas due to changing conditions resulting in:
	Spread of existing weeds, pests and diseases into new areas due to changing conditions resulting in:
	o  Displacement of native species 
	o  Population decline or loss of native species
	o  Loss of integrity of natural values 
	o  Increasing animal welfare issues – changing animal/disease interactions


	Disruption, or decoupling of interactions between species where environmental cues governing phenology differ between species, resulting in:
	Disruption, or decoupling of interactions between species where environmental cues governing phenology differ between species, resulting in:
	Disruption, or decoupling of interactions between species where environmental cues governing phenology differ between species, resulting in:
	o  Disruption of pollinator/plant relationships resulting in changed levels of seed viability
	o  Invertebrate hatching events out of synchronization with food sources resulting in changed mortality rates
	o  Migration patterns or breeding cycles out of synchronization with food supplies resulting in higher mortality
	o  Seasonal shifts in abundance or distribution of distant food resources resulting in increased energy demands      and higher mortality
	 



	Changes to soil conditions, resulting in:
	Changes to soil conditions, resulting in:
	Changes to soil conditions, resulting in:
	o  Reduced rate of formation of the organic component of soils 
	o  Degradation of organic soils through desiccation and oxidation
	o  Depletion of organic and mineral soils through erosion
	o  Organic soil dependent species and communities subject to increased stress


	Reduced runoff, infiltration, groundwater throughput, and increased evaporation resulting in:
	Reduced runoff, infiltration, groundwater throughput, and increased evaporation resulting in:
	Reduced runoff, infiltration, groundwater throughput, and increased evaporation resulting in:
	o  Lower water levels in lakes and ponds
	o  Seasonal and permanent contraction, drying out and loss of wetlands
	o  Loss of reliable connectivity within and between freshwater systems
	o  Reduced base-flow in streams and rivers
	o  Soils and vegetation more susceptible to fire
	o  Riparian and groundwater-dependent ecosystems stressed


	Contraction and drying of the alpine and sub-alpine zone, resulting in:
	Contraction and drying of the alpine and sub-alpine zone, resulting in:
	Contraction and drying of the alpine and sub-alpine zone, resulting in:
	o  Erosion and loss of condition of alpine soils
	o  Freeze-thaw, frost and snowmelt processes inhibited
	o  Alpine and sub-alpine ecosystems stressed


	Changes to coastal and inland dunes, resulting in:
	Changes to coastal and inland dunes, resulting in:
	Changes to coastal and inland dunes, resulting in:
	o  Changes to dune forms through erosion
	o  Stress to dune dependent ecosystems






	Coastal erosion
	Coastal erosion
	Sea level has been rising as a result of climate change with the rate increasing in recent years. By the end of the century sea surface heights are expected to be 40-80 cm above late 19th century averages. Beaches and other sandy coastal landforms are predicted to become more dynamic as shorelines adjust to rising sea levels by retreating inland. This trend is expected to continue until sea level stabilises.
	The TWWHA coast is exposed to the most energetic and stormy swell conditions of any Australian coast, but also includes more sheltered coastal reaches in protected harbours. About 200 km of the TWWHA coast is formed in sand and other poorly consolidated sediments. These shorelines are rich in natural and cultural heritage and especially prone to erosion as sea level rise accelerates. Some values will be destroyed as the shoreline shifts inland, reworking the fabric of the coast to create new shorelines. Coa
	DPIPWE is investigating the effect of coastal erosion on landforms and vegetation at selected sites in the TWWHA. Results to date highlight the complex nature of coastal process – in most cases no clear trajectory of change has yet been detected. In the longer term, we anticipate that this work will allow us to accurately track the effect of coastal erosion on coastal heritage, and to plan mitigation actions.
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	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Change in seasonality of rainfall
	•  Warming temperatures
	•  Rain events to become more episodic
	•  Decrease in average number of rain days
	•  Increase in frequency, extent and severity of meteorological drought conditions
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	Species and ecosystems placed under stress resulting in: 
	Species and ecosystems placed under stress resulting in: 
	Species and ecosystems placed under stress resulting in: 
	o  Increase in drought die-off events
	o  Reduced flows and water levels in wetland ecosystems (e.g. rivers, lakes, aquifers, estuaries), resulting in loss of      connectivity in freshwater systems, inhibiting movement of aquatic species and increasing terrestrial plant      invasion
	 
	 

	o  Localised extinctions of vulnerable species/populations
	o  Changes in composition of ecological communities
	o  Decreased fuel moisture leading to increased risk of bushfire


	Drying of soils resulting in:
	Drying of soils resulting in:
	Drying of soils resulting in:
	o  Increased susceptibility to erosion
	o  Increased susceptibility to organic soil (peat) fire


	Extreme rainfall events
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	Extreme rainfall events


	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Change in seasonality of rainfall
	•  Rainfall events becoming more episodic
	•  Extreme rainfall events forecast to become more common and more severe
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	Increase in frequency and scale of floods, resulting in:
	Increase in frequency and scale of floods, resulting in:
	Increase in frequency and scale of floods, resulting in:
	o  Large scale movement of sediment
	o  Changes in the alignment and form of stream channels
	o  Changes to instream and non-flowing wetland habitats
	o  Increased scale and frequency of landslips
	o  Increased damage and mortality from habitat inundation
	o  Increase to disturbance regimes for instream and riparian species and communities


	Extremes of temperature
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	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Increase in temperatures
	•  Increase in occurrence and severity of heatwave
	• Changes to seasonal temperature patterns


	Potential Consequences
	Potential Consequences
	Potential Consequences


	Increase in occurrence and severity of heatwave conditions, resulting in:
	Increase in occurrence and severity of heatwave conditions, resulting in:
	Increase in occurrence and severity of heatwave conditions, resulting in:
	o  Plant and animal die-off events resulting in changes to ecosystem composition
	o  Deoxygenation events in aquatic habitats causing changes to fauna and flora communities
	o  Longer term shift in distribution of species limited by temperature extremes
	o  Reduced productivity in tall eucalypt forests (and potentially other ecosystems)
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	o  Short-term reduction in uptake of atmospheric carbon in tall eucalypt forests which has been shown to turn these      systems from strong carbon sinks to net carbon producers
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	Frost kill and cold-wave events to become rarer, resulting in:
	Frost kill and cold-wave events to become rarer, resulting in:
	Frost kill and cold-wave events to become rarer, resulting in:
	o  Changes in composition and species distributions in frost-controlled ecosystems
	o  Longer term shifts in the distribution of species limited by temperature extremes
	o  Reduced frost driven erosion rates at high elevation
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	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Increased bushfire ignitions from lightning strikes 
	•  Decreased moisture levels in fuels and soils 
	•  Increased occurrence of bushfire weather 
	•  Increased occurrence of drought conditions
	•  Longer fire seasons 


	Potential Consequences
	Potential Consequences
	Potential Consequences


	Fire impacts changed due to increasing vegetation flammability, resulting in:
	Fire impacts changed due to increasing vegetation flammability, resulting in:
	Fire impacts changed due to increasing vegetation flammability, resulting in:
	o  Previously fire-resistant ecosystems and fire protected areas becoming increasingly prone to burning 
	o  Gradual attrition and potential local extinctions of non-fire adapted ecological communities and species
	o  Shifts in the distribution, extent and composition of fire-controlled ecological communities 
	o  Increased extent of fire adapted and fire promoting vegetation types
	o  Increased vulnerability to invasion or impact from non-native organisms
	o  Depletion of nutrients, rendering soil less fertile and inhibiting biological activity


	Increase in frequency of high intensity bushfires, resulting in:
	Increase in frequency of high intensity bushfires, resulting in:
	Increase in frequency of high intensity bushfires, resulting in:
	o  Greater risk of fire incursion into naturally fire-protected sites 
	o  Depletion of nutrients, rendering soil less fertile and inhibiting biological activity
	o  Destruction of organic soil layers and potentially entire soil profiles 
	o  Increased susceptibility to erosion of land surfaces and stream channels
	o  Sediment-infilling and increased turbidity of shallow wetlands and lakes
	o  Loss of ecological community elements unable to survive high intensity fire and re-colonise post fire
	o  Increase in prevalence of primary colonisers capable of long-distance dispersal, including exotic organisms
	o  Decrease in prevalence of plants with post-fire re-sprouting survival strategies


	Large landscape scale bushfires becoming more common, resulting in:
	Large landscape scale bushfires becoming more common, resulting in:
	Large landscape scale bushfires becoming more common, resulting in:
	o  Loss of ecological heterogeneity in the landscape and consequential loss of biodiversity
	o  Loss of diversity of fire age over large areas, decreasing options for future bushfire response strategies and      increasing subsequent likelihood of landscape scale bushfires
	 

	o  Increased extent of fire adapted and fire promoting vegetation types
	o  Diminished recovery of species dependant on immigration from outside the burnt area for post-fire recolonisation
	o  Increased risk of extinction of fire killed species with restricted distributions
	o  Increased mortality of animal species which rely on escaping fire by running or flying away
	o  Increased animal welfare issues for surviving individuals, due to landscape scale loss of food and habitat 
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	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Global melting of glaciers and ice caps
	•  Thermal expansion of sea water


	Potential Consequences
	Potential Consequences
	Potential Consequences


	Increased frequency and scale of storm surges, resulting in:
	Increased frequency and scale of storm surges, resulting in:
	Increased frequency and scale of storm surges, resulting in:
	o  Erosion of poorly consolidated coastal and estuarine landforms (e.g. beaches, dunes, estuarine flats, saltmarsh)
	o  Displacement of species intolerant to episodic inundation by saltwater
	o  Displacement of estuarine and freshwater organisms intolerant of salinity spikes
	o  Saline intrusion into shallow costal freshwater aquifers and associated wetlands
	o  Reduced breeding success of coastal breeding species


	Permanent inundation of low-lying coastal areas and islands, resulting in:
	Permanent inundation of low-lying coastal areas and islands, resulting in:
	Permanent inundation of low-lying coastal areas and islands, resulting in:
	o  Erosion of poorly consolidated coastal and estuarine landforms (e.g. beaches, dunes, estuarine flats, saltmarsh)
	o  Destruction through wave erosion, or loss of access due to inundation, of evidence of past environments      preserved in coastal deposits 
	 

	o  Loss of terrestrial habitat and gradual ongoing displacement or increased disturbance of coast-dwelling species


	Weeds, pest and diseases
	Weeds, pest and diseases
	Weeds, pest and diseases


	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Changed climatic conditions favouring new weeds, pests and diseases 
	•  Changed climatic conditions allowing native and exotic organisms to expand into the TWWHA 
	•  Increased ecosystem disturbance 
	•  Loss of resilience in natural systems as a result of stress
	•  Extreme events negating existing mitigation measures i.e. flooding out of instream invasive fish barriers


	Potential Consequences
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	Degradation of natural values due to arrival, establishment and spread of new weeds, pests and diseases, resulting in:
	Degradation of natural values due to arrival, establishment and spread of new weeds, pests and diseases, resulting in:
	Degradation of natural values due to arrival, establishment and spread of new weeds, pests and diseases, resulting in:
	o  Loss of natural integrity of ecosystems
	o  Increased species level risk of population and/or range reduction and potential contribution to increased risk of      species extinctions
	 

	o  Changing animal/disease interactions
	o  Ecosystem level changes brought about by new invasive ecosystem engineer species e.g. Spartina sp. in estuaries


	Degradation of natural values due to changes in dynamics of interactions between already present weeds, pests and diseases and natural species and systems, leading to:
	Degradation of natural values due to changes in dynamics of interactions between already present weeds, pests and diseases and natural species and systems, leading to:
	Degradation of natural values due to changes in dynamics of interactions between already present weeds, pests and diseases and natural species and systems, leading to:
	o  Loss of biological integrity of ecosystems
	o  Increased species level risk of population and/or range reduction and potential contribution to increased risk of      species extinctions
	 

	o  Changing animal/disease interactions
	o  Ecosystem level changes brought about by invasive ecosystem engineer species e.g. long spined sea urchin      (Centrostephanus rodgersii)
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	Contributing factors 
	Contributing factors 
	Contributing factors 
	•  Changed climate parameters will interact with different ecosystems in different ways
	•  Potential to result in a series of changes to the rate, reliability and effectiveness of currently provided ecosystems services


	Potential Consequences
	Potential Consequences
	Potential Consequences


	Reduction in wet forest ecosystem productivity, resulting in:
	Reduction in wet forest ecosystem productivity, resulting in:
	Reduction in wet forest ecosystem productivity, resulting in:
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	o  Reduction in food webs and reliant plant and animal populations
	o  Overall reduction in carbon sequestration
	o  Short term switching from significant carbon sink to carbon emitter during heat stress events
	There is potential for reduced productivity in other ecosystems with similar follow on consequences for carbon sequestration and supported food webs
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	Figure 3. Groups of values sorted according to their predicted response to climate change, with identified management approaches. There is some likely overlap between these groups. The success of adaptation actions is likely to be increased by successful implementation of broader actions (i.e. targeted management of values in Group 3 will often be dependent on level 1 and 2 adaptation actions being in place).
	Figure 3. Groups of values sorted according to their predicted response to climate change, with identified management approaches. There is some likely overlap between these groups. The success of adaptation actions is likely to be increased by successful implementation of broader actions (i.e. targeted management of values in Group 3 will often be dependent on level 1 and 2 adaptation actions being in place).
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	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Natural values in the TWWHA are both created by, and vulnerable to, damage or destruction from bushfire. The     ability to adapt to altered fire regimes is highly dependent on the specific values
	 

	•  Many TWWHA natural values are adapted to fire and will persist, although potentially in altered states or     situations. Many of these values have adaptive capacity, although cumulative impacts from other implications of     climate change may reduce this
	 
	 

	•  A minority of values and habitats are highly vulnerable to fire and have the potential to be irreversibly damaged or     destroyed by fire
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	Management options for bushfire in the TWWHA are being addressed through the development of a TWWHA Fire Management Plan. A risk assessment and resultant recommendations have been presented in the Tasmanian Wilderness World Heritage Area Bushfire and Climate Change Research Project report. The overarching options are:
	Management options for bushfire in the TWWHA are being addressed through the development of a TWWHA Fire Management Plan. A risk assessment and resultant recommendations have been presented in the Tasmanian Wilderness World Heritage Area Bushfire and Climate Change Research Project report. The overarching options are:
	Management options for bushfire in the TWWHA are being addressed through the development of a TWWHA Fire Management Plan. A risk assessment and resultant recommendations have been presented in the Tasmanian Wilderness World Heritage Area Bushfire and Climate Change Research Project report. The overarching options are:
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	o  Undertake comprehensive landscape level fire management planning including the use of planned burning to      reduce risk to natural values, and incorporating the development of a cultural burning program 
	 

	o  Develop strategies to protect identified fire threatened values from damage from bushfires, including through the      development of site specific plans for priority areas 
	 

	o  Develop improved decision support tools to better enable triaging of values during bushfire events


	Weeds, pests and diseases 
	Weeds, pests and diseases 
	Weeds, pests and diseases 


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Any further incursion of exotic organisms into the TWWHA will reduce the integrity of the ecosystem and reduce     its capacity to adapt to other effects of climate change
	 

	•  The level of impact to individual species and populations is highly dependent on their ecology and the nature of     the invasive organism 
	 

	•  Some invasive organisms have the potential to change ecosystems, greatly increasing the vulnerability of some     values and reducing the capacity of others to adapt to climate change (e.g. the plant root rot disease Phytophthora     cinnamomi, and the frog fungal disease chytridiomycosis)
	 
	 

	•  Lower impact invasive organisms may not increase the vulnerability of specific values greatly but will still reduce     the natural integrity of the places they inhabit
	 

	•  The natural expansion of Tasmanian and mainland species not native to the TWHHA (e.g. long spined sea urchin,     eastern rock lobster (Jasus verreauxi) and potentially birds, insects and bats) in response to climate change has     the potential to increase the vulnerability of certain TWWHA natural values. However, this process is likely to have     a lower impact on natural integrity as it is a means of natural adaptation. Impacts of and responses to such range     expansions should be assessed on a ca
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	Management options to mitigate the threats posed by weeds, pests and diseases in the TWWHA are being addressed through the development of a TWWHA biosecurity strategy, and include:
	Management options to mitigate the threats posed by weeds, pests and diseases in the TWWHA are being addressed through the development of a TWWHA biosecurity strategy, and include:
	Management options to mitigate the threats posed by weeds, pests and diseases in the TWWHA are being addressed through the development of a TWWHA biosecurity strategy, and include:
	o  Maintain and plan for biosecurity risk management across all levels of activity inside and adjacent to the TWWHA
	o  Avoid or effectively manage activities which increase biosecurity risk, particularly in areas remote from previous      disturbance
	 

	o  Consider the use of special management overlays to restrict access to demonstrably vulnerable areas
	o  Actively monitor the status of priority weeds, pests and diseases in known affected areas, potential new incursions      in vulnerable areas and at potential gateway points
	 

	o  Prioritise and actively manage known weed, pest and disease risks
	o  Assess potential impacts of range expansions of Australian native species and formulate management response as      appropriate
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	PHOTO:  2007 Cracroft River fire - DPIPWE
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	Figure
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 
	Alpine and Sub-alpine Ecosystems 


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Ability to retreat to higher altitudes in some areas if disturbance is minimised 
	•  Some fauna may be able to adjust to shifts in composition and structure through either flexibility or     changes in vegetation 
	 

	•  Movement of lowland species to higher altitudes will put competitive pressure on alpine and sub-alpine species,     which are likely to have limited adaptive capacity 
	 

	•  Changed rates for soil and landform processes. These values as they exist are likely to be lost or changed resulting     in loss of natural integrity
	 

	•  Poor outlook long term


	Management options
	Management options
	Management options


	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Ex situ conservation of vulnerable species
	o  Develop strategies to protect fire threatened values from damage from bushfires, including through the      development of site-specific plans for priority areas. Document current condition as a scientific reference and      benchmark for assessing predicted loss of integrity
	 
	 

	o  Targeted small-scale management of high priority values during extreme events (e.g. irrigation during extended      drought)
	 



	Shallow Aquatic Ecosystems
	Shallow Aquatic Ecosystems
	Shallow Aquatic Ecosystems


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Preliminary modelling under future climate change scenarios indicates that the majority of shallow and/or     seasonal wetlands on the Central Plateau, are at considerable risk of habitat decline and loss
	 
	22

	•  The primary risk is from partial, substantial or complete drying, resulting in wetland loss, less reliable connectivity     between freshwater ecosystems. Periods of elevated maximum temperatures will also present increasingly     frequent stress risks to aquatic biota
	 
	 



	Management options
	Management options
	Management options


	o  Ensure protection of habitat from incidental human disturbance to minimise non-climate stressors
	o  Ensure protection of habitat from incidental human disturbance to minimise non-climate stressors
	o  Ensure protection of habitat from incidental human disturbance to minimise non-climate stressors
	o  Translocation of vulnerable species to more secure habitats
	o  Potential for targeted ‘soft’ hydrological engineering solutions for priority sites (e.g. enhanced retention and/or      increased in-situ storage of wetland water, artificial recharge of affected wetlands, manipulation of drainage)
	 



	Estuarine Ecosystems
	Estuarine Ecosystems
	Estuarine Ecosystems


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Low adaptive capacity for the unique marine invertebrate community in Bathurst Channel
	•  Many marine species within Bathurst Channel will fall outside their preferred environmental envelope and/or be    negatively impacted by invasive warm-temperate species
	 



	Management options
	Management options
	Management options


	o  Monitor and where feasible manage marine pest species 
	o  Monitor and where feasible manage marine pest species 
	o  Monitor and where feasible manage marine pest species 
	o  Active management of other vectors of human disturbance to minimise compounding stressors (e.g. biosecurity,      wave wake, eutrophication) 
	 

	o   Potential for small scale, or short-term engineering solutions during extreme events (e.g. artificial maintenance of      ‘dark’ conditions for benthic communities)
	 



	Coastal Ecosystems
	Coastal Ecosystems
	Coastal Ecosystems


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Shoreline landforms may ultimately adjust to sea level rise and changed climatic conditions. However, their     natural integrity and evidence of past environments will be lost
	 

	•  Coastal verge ecological communities and species are well adapted to high frequency disturbance. However, it     is unknown if these communities will adapt to the accelerated disturbance with modelling suggesting some soft     sediment sections will be squeezed-out whilst others  represent refuge sites or retreat pathway sites
	 
	 



	Management options
	Management options
	Management options


	o  Research evidence of past environments preserved in coastal dunes and estuarine deposits, before these are      destroyed through erosion
	o  Research evidence of past environments preserved in coastal dunes and estuarine deposits, before these are      destroyed through erosion
	o  Research evidence of past environments preserved in coastal dunes and estuarine deposits, before these are      destroyed through erosion
	 

	o  Document current condition as a scientific reference and benchmark for assessing trajectory of change
	o  Active management of other vectors of human disturbance
	o  Species translocations may be feasible in some situations 


	Vulnerable Soils
	Vulnerable Soils
	Vulnerable Soils


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Bushfire presents a critical threat to soils at the landscape scale. A change in fire regimes can compromise soil     condition and trigger erosion, with significant consequences for ecosystem health
	 

	•  Soils with high organic content are highly vulnerable and can be permanently destroyed by bushfire


	Management options
	Management options
	Management options


	o  Manage activities with potential to degrade soils, to reduce compounding effects
	o  Manage activities with potential to degrade soils, to reduce compounding effects
	o  Manage activities with potential to degrade soils, to reduce compounding effects
	o  Improve soil type mapping and research responses to disturbance, especially fire
	o  Research and development of subsoil fire suppression techniques and equipment
	o  Use planned burns to reduce bushfire impacts on organic soils
	o  Rehabilitate disturbed areas 


	Threatened species
	Threatened species
	Threatened species


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  The TWWHA provides protected habitat for many threatened species. For most of these species the key threats     other than climate change occur outside of the TWWHA. Some of the threatened species within the TWWHA are     likely to adapt to climate change
	 
	 

	•  Species associated with habitats most at risk from climate change will have the least capacity to adapt. For some     Endangered species, such as the Orange-bellied parrot (Neophema chrysogaster), the added stresses associated     with climate change will put them at greater risk
	 
	 

	•  The TWWHA is likely to become increasingly important for the protection of species currently not listed as     threatened but at risk outside of the TWWHA due to climate change. There may be pressure to translocate     threatened species currently occurring elsewhere to the TWWHA
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	Management options


	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Targeted on-ground management actions where identified (e.g. tailored fire management, targeted weed     management)
	 

	o   Develop species and/or site-specific emergency response plans to enable effective management response during      extreme events such as bushfire
	 



	Gondwanan, endemic, relic species
	Gondwanan, endemic, relic species
	Gondwanan, endemic, relic species


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  While many of these values will have the best chance of adapting to climate change due to the large size of the     TWWHA, those taxa and associated habitats that are particularly at risk from climate change will have limited     capacity to adapt. Wetlands, coniferous forests, montane habitats and Bathurst Channel have a high proportion of     these taxa
	 
	 
	 



	Management options
	Management options
	Management options


	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Translocation of vulnerable species
	o  Targeted on-ground management actions where identified (e.g. tailored fire management, targeted weed      management)
	 

	o  Develop species and/or site-specific emergency response plans to enable effective management response during      extreme events such as bushfire
	 



	Wet eucalypt ecosystems
	Wet eucalypt ecosystems
	Wet eucalypt ecosystems


	Adaptive capacity 
	Adaptive capacity 
	Adaptive capacity 
	•  Wet eucalypt ecosystems have good adaptive capacity to climate change at the ecosystem level however the     productivity of these systems will be reduced
	 

	•  The iconic areas of very tall forest and giant trees which have developed in, and currently exist in  the TWWHA     have limited adaptive capacity and climate change will likely result in a decline and potential loss of these values.      Reduction in productivity and increased occurrence and severity of extreme events (fire, drought, heatwaves) is     predicted to greatly reduce the likelihood of trees reaching these majestic heights in the future 
	 
	 
	 



	Management options
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	Management options


	o  Targeted on-ground management actions for giant trees and areas of very tall forest 
	o  Targeted on-ground management actions for giant trees and areas of very tall forest 
	o  Targeted on-ground management actions for giant trees and areas of very tall forest 
	o  Develop site-specific emergency response plans to enable effective management response for giant trees and      areas of very tall forest during extreme events such as bushfire
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	PHOTO: Very tall forest, Cole Creek - Micah Visoiu
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	Figure
	Freshwater ecosystems on the Central Plateau
	Freshwater ecosystems on the Central Plateau
	The extensive freshwater ecosystems on the Central Plateau include thousands of lakes, lagoons and tarns and their interconnecting waterways are highly significant in the TWWHA and beyond due to the richness of  endemic fauna and flora they support.  They also have additional social values associated with recreational activities, such as fishing, and wider ecosystem services, including providing the headwater catchments and reservoirs for extensive agricultural areas. Climate projections for the Central Pla
	DPIPWE has been collecting water temperature and water depth data in several wetlands on the Central Plateau to better understand the impacts of projected climate change on these important habitats. Preliminary modelling under future climate change scenarios indicates that shallow wetlands and seasonal wetlands are at considerable risk of habitat decline, including partial to substantial or complete drying, while elevated maximum temperatures will also present a periodic stress risk to aquatic biota.
	 
	PHOTO:  Alpine wetlands - Tim Rudman
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	PHOTO:  Kerrisons Hut Central Plateau - Tim Rudman
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	Key Principles
	Key Principles

	Additional
	Additional
	KDO’s

	AdaptationGoals
	AdaptationGoals
	 


	Climate Change
	Climate Change
	Specific KDO’s

	i
	i
	i
	 – The best available 
	science and information 
	is used to inform and 
	support management 
	strategies


	KDO Warra 1.1 
	KDO Warra 1.1 
	KDO Warra 1.1 
	– Support 
	the Warra long-term 
	ecological research site*


	KDO 5.1
	KDO 5.1
	KDO 5.1
	 – There is an 
	ongoing, adaptive and 
	systematic program of 
	identification, inventory, 
	assessment, mapping and 
	documentation of World 
	Heritage and other natural 
	values that supports 
	the Management Plan’s 
	management objectives 
	and guiding Vision


	1
	1
	1
	 – Incorporate natural 
	values adaptation 
	to climate change 
	into landscape-scale 
	management 
	 
	decisions


	ii
	ii
	ii
	 – Management actions 
	to mitigate impacts of 
	climate change on values 
	are prioritised based 
	on the significance of 
	values, the likely success 
	of intervention and the 
	anticipated benefits 
	across the broader 
	ecosystem


	KDO 5.3
	KDO 5.3
	KDO 5.3
	 – Enhanced 
	knowledge of the ecological 
	role of fire in the TWWHA 
	improves fire management 
	practices


	2
	2
	2
	 – Minimise negative 
	impacts of overarching 
	processes and threats to 
	natural values 


	KDO 5.2
	KDO 5.2
	KDO 5.2
	 – Research and 
	monitoring programs in 
	the TWWHA provide an 
	understanding of trends 
	in the conservation 
	status of priority natural 
	values, identify risks to 
	those values, support 
	the development of 
	management strategies, 
	and allow for rigorous 
	assessment of management 
	effectiveness


	KDO 5.5
	KDO 5.5
	KDO 5.5
	 – A comprehensive 
	suite of strategies is in 
	place that minimises 
	biosecurity risks to the 
	natural values of the 
	TWWHA


	3
	3
	3
	 – Identify natural values 
	that are vulnerable 
	to climate change to 
	enable their prioritised, 
	timely and effective 
	management


	iii
	iii
	iii
	 – Opportunities to 
	actively manage key 
	natural values vulnerable 
	to damage or loss in 
	coming decades are 
	identified and evaluated


	4
	4
	4
	 – Identify and document 
	the impacts of climate 
	change on TWWHA 
	ecosystems to underpin 
	management 
	 
	decisions


	KDO 5.10
	KDO 5.10
	KDO 5.10
	 – Priority areas 
	that require restoration of 
	their natural biological and 
	geological processes are 
	identified and monitored, 
	and rehabilitation plans 
	are developed and 
	implemented


	iv
	iv
	iv
	 – Ongoing field studies 
	of how climate change 
	affects specific natural 
	values are necessary for 
	devising, implementing 
	and measuring effective 
	management responses


	KDO 5.4
	KDO 5.4
	KDO 5.4
	 – As climate 
	change research matures, 
	fire mitigation programs, 
	including planned burning, 
	that are implemented 
	for the protection of 
	fire-dependent and 
	fire-sensitive values, are 
	adapted in accordance with 
	the findings of that research


	5
	5
	5
	 – Document for future 
	generations natural 
	values that will be lost 
	due to climate 
	 
	change


	v
	v
	v
	 – Developing effective 
	communication and 
	education pathways 
	is required for co-
	ordinated management 
	of the impacts of climate 
	change on natural values 
	in the TWWHA


	KDO 6.6
	KDO 6.6
	KDO 6.6
	 – Appropriate 
	monitoring, education 
	and compliance support 
	sustainable management 
	of visitation and use in Port 
	Davey-Bathurst Harbour


	6
	6
	6
	 – Facilitate 
	communication and 
	engagement between 
	stakeholders and 
	researchers to allow for 
	informed  management 
	decision making and 
	timely identification and 
	investigation of 
	 
	urgent research 
	questions 


	KDO 5.6
	KDO 5.6
	KDO 5.6
	 – Where 
	practicable, mitigation 
	strategies are developed 
	and implemented that 
	minimise the impact of 
	climate change on priority 
	TWWHA values


	KDO 7.6
	KDO 7.6
	KDO 7.6
	 – Ongoing 
	collaborative research 
	is supporting and 
	informing evidence-based 
	management of the TWWHA


	KDO 8.4
	KDO 8.4
	KDO 8.4
	 – Knowledge of 
	climate change informs 
	and improves changing 
	fire risk and associated fire 
	management practices


	KDO 8.1
	KDO 8.1
	KDO 8.1
	 – Integrated fire 
	management planning is 
	undertaken in the TWWHA 
	for public safety; asset 
	protection; Aboriginal 
	cultural practices and 
	values; and management 
	of natural values and 
	processes


	Symbols indicate links between Adaptation 
	Symbols indicate links between Adaptation 
	Symbols indicate links between Adaptation 
	Goals and KDOs. Large sized symbol under 
	KDO indicates a stronger link, smaller sized 
	symbol a lesser link.


	KDO 8.6
	KDO 8.6
	KDO 8.6
	 – Analyses of 
	climate change risks are 
	integrated into relevant 
	management and planning 
	activities in the TWWHA


	Figure 4. Key Principles (see Section 1.4) underpin the Adaptation Goals which in turn support TWWHA Management Plan, Key Desired Outcomes (KDO’s). * KDO Warra 1.1 is not specifically designated as a KDO in the Management Plan but has subsequently been regarded as a priority outcome.
	Figure 4. Key Principles (see Section 1.4) underpin the Adaptation Goals which in turn support TWWHA Management Plan, Key Desired Outcomes (KDO’s). * KDO Warra 1.1 is not specifically designated as a KDO in the Management Plan but has subsequently been regarded as a priority outcome.

	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions
	Goal 1: Incorporate natural values adaptation to climate change into landscape-scale management decisions


	Outcomes:  
	Outcomes:  
	Outcomes:  
	•  Management planning recognises and takes full advantage of the natural resilience present in the TWWHA’s landscape
	•  Key landscape areas which are critical to long term resilience and autonomous adaptation are identified


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	1.1
	1.1
	1.1

	Ensure fire management planning (planned burning) considers climate change adaptation of biodiversity and avoids unintended negative outcomes
	Ensure fire management planning (planned burning) considers climate change adaptation of biodiversity and avoids unintended negative outcomes

	•  Ensure effective ongoing communication between specialists and fire managers 
	•  Ensure effective ongoing communication between specialists and fire managers 

	Periodic
	Periodic
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)

	5.3.1
	5.3.1
	5.4.1
	5.4.2
	5.6.1
	8.1.1
	8.4.1


	1.2
	1.2
	1.2

	Investigate ecosystem transition pathways (adaptation pathways) and identify potential limits, thresholds and tipping points
	Investigate ecosystem transition pathways (adaptation pathways) and identify potential limits, thresholds and tipping points

	•  Use ecological predictions to inform and, where appropriate modify, landscape scale management expectations and targets
	•  Use ecological predictions to inform and, where appropriate modify, landscape scale management expectations and targets

	Discrete
	Discrete

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.1.1
	5.1.1
	5.6.1
	5.6.2


	1.3
	1.3
	1.3

	Evaluate and spatially define critical topographic areas where environmental gradients and ecological diversity maximise the capacity for landscape and evolutionary processes to proceed under a rapidly changing climate (critical adaptation areas)
	Evaluate and spatially define critical topographic areas where environmental gradients and ecological diversity maximise the capacity for landscape and evolutionary processes to proceed under a rapidly changing climate (critical adaptation areas)

	•  Spatially identify areas where values have the best chance of being maintained through unassisted adaptation
	•  Spatially identify areas where values have the best chance of being maintained through unassisted adaptation

	Discrete
	Discrete

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.6.1
	5.6.1
	5.6.2


	1.4
	1.4
	1.4

	Integrate critical adaptation areas into TWWHA planning and management frameworks to reduce additional impacts
	Integrate critical adaptation areas into TWWHA planning and management frameworks to reduce additional impacts

	•  Develop and apply decision support tools to ensure that management decisions are informed by spatial data on the vulnerability of natural values to climate change
	•  Develop and apply decision support tools to ensure that management decisions are informed by spatial data on the vulnerability of natural values to climate change

	Discrete then ongoing
	Discrete then ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)

	5.6.1
	5.6.1
	8.6.3





	* First two numbers of Management Action relate to KDO number, followed by number of succeeding KDO dot point in the TWWHA Management Plan 
	2


	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values
	Goal 2: Minimise negative impacts of overarching processes and threats to natural values


	Outcomes:  
	Outcomes:  
	Outcomes:  
	• The adaptive capacity of natural values in the TWWHA is maximised
	• Number of values able to autonomously adapt with lower risk of damage or loss is increased
	• Disturbance to vulnerable values is reduced, resulting in decreased need for values specific management interventions


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	2.1
	2.1
	2.1

	Effectively manage the risk of weed, pest and disease translocation, establishment and spread 
	Effectively manage the risk of weed, pest and disease translocation, establishment and spread 

	• Implement the TWWHA Biosecurity Strategy, to improve co-ordination, partnerships and funding opportunities for biosecurity actions
	• Implement the TWWHA Biosecurity Strategy, to improve co-ordination, partnerships and funding opportunities for biosecurity actions

	Long term 
	Long term 

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)
	DPIPWE (BT)
	Hydro Tas. 
	Department of State Growth
	DPIPWE (IFS)

	5.5.2
	5.5.2
	5.5.4
	5.5.5
	5.6.1


	2.2
	2.2
	2.2

	Effectively manage the risk of new weed, pest and disease introductions
	Effectively manage the risk of new weed, pest and disease introductions

	• Improve and implement biosecurity practices including improved monitoring for new threats and resource responses to new incursions of invasive organisms when detected
	• Improve and implement biosecurity practices including improved monitoring for new threats and resource responses to new incursions of invasive organisms when detected

	Long term
	Long term

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)
	DPIPWE (BT)
	Hydro Tas.
	Department of State Growth
	DPIPWE (IFS)

	5.5.2
	5.5.2
	5.5.4
	5.5.5
	5.6.1


	2.3
	2.3
	2.3

	Improve co-ordination and prioritisation processes for active TWWHA weed, pest and disease management activities 
	Improve co-ordination and prioritisation processes for active TWWHA weed, pest and disease management activities 

	• Investigate and where necessary re-assess changing threat levels posed by invasive organisms in the TWWHA due to climate change 
	• Investigate and where necessary re-assess changing threat levels posed by invasive organisms in the TWWHA due to climate change 
	• Identify control levels (acceptable occurrence / density thresholds) for key invasive threats to help direct and prioritise control actions

	Periodic
	Periodic
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)
	DPIPWE (BT)

	5.5.2
	5.5.2
	5.5.4
	5.5.5
	5.6.1


	2.4
	2.4
	2.4

	Seek to bolster available funding and partnerships to improve control outcomes
	Seek to bolster available funding and partnerships to improve control outcomes

	• Implement the TWWHA Biosecurity Strategy, to improve co-ordination, partnerships and funding opportunities for biosecurity actions
	• Implement the TWWHA Biosecurity Strategy, to improve co-ordination, partnerships and funding opportunities for biosecurity actions

	Periodic
	Periodic
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)
	DPIPWE (BT)
	Hydro Tas.
	Department of State Growth
	DPIPWE (IFS)

	5.5.2
	5.5.2
	5.5.4
	5.5.5
	5.6.1


	2.5
	2.5
	2.5

	Assist responsible agencies in minimising impacts and loss of vulnerable areas by providing advice through appropriate channels during emergency bushfire response operations 
	Assist responsible agencies in minimising impacts and loss of vulnerable areas by providing advice through appropriate channels during emergency bushfire response operations 

	• Maintain and improve systems and decision support tools to make vulnerable natural values information readily available for Incident Management System decision making
	• Maintain and improve systems and decision support tools to make vulnerable natural values information readily available for Incident Management System decision making

	Periodic
	Periodic
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)
	Tasmanian Fire Service
	Sustainable Timber Tasmania

	5.6.1
	5.6.1
	5.3.5
	8.1.1 
	8.4.2


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	2.6
	2.6
	2.6

	Improve protection of fire-sensitive habitats from bushfire incursion through use of strategic planned burning
	Improve protection of fire-sensitive habitats from bushfire incursion through use of strategic planned burning

	• Continue to develop and implement active fire management programs in the TWWHA 
	• Continue to develop and implement active fire management programs in the TWWHA 
	• Continue to work towards enabling, re-commencing and integrating cultural burning into fire management in the TWWHA
	• Apply low risk planned burn strategies in the vicinity of fire sensitive values

	Long term
	Long term
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)

	5.3.1
	5.3.1
	5.4.1
	5.4.2
	5.6.1
	8.1.1


	2.7
	2.7
	2.7

	Strategically apply planned burning at a landscape scale to ensure prevailing fire regimes are conducive to maintaining natural values
	Strategically apply planned burning at a landscape scale to ensure prevailing fire regimes are conducive to maintaining natural values

	• Continue to develop and implement active fire management programs in the TWWHA 
	• Continue to develop and implement active fire management programs in the TWWHA 
	• Continue to work towards enabling, re-commencing and integrating cultural burning into fire management in the TWWHA
	• Develop models that support and inform fire management in a changing environment

	Long term
	Long term
	Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)

	5.3.1
	5.3.1
	5.4.1
	5.4.2
	5.6.1
	8.1.1
	8.4.2


	2.8
	2.8
	2.8

	Further develop bushfire planning and response strategies and tactics to prevent/reduce impacts on fire-sensitive values
	Further develop bushfire planning and response strategies and tactics to prevent/reduce impacts on fire-sensitive values

	• Develop and refine firefighting tactics and strategies aimed at values protection during planned burning and bushfire response operations
	• Develop and refine firefighting tactics and strategies aimed at values protection during planned burning and bushfire response operations
	• Develop bushfire protection plans for high value, fire sensitive natural values
	• Improve knowledge of real time soil and fuel moisture to better triage response and predict bushfire behaviour

	Discrete Ongoing
	Discrete Ongoing

	DPIPWE (PWS)
	DPIPWE (PWS)
	Tasmanian Fire Service
	DPIPWE (NCH)
	Sustainable Timbers Tasmania

	5.4.2
	5.4.2
	5.6.1
	8.4.1
	8.4.2
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	Goal 3: Identify natural values that are vulnerable to climate change to enable their prioritised, timely and effective management
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	Outcomes:  
	Outcomes:  
	Outcomes:  
	• Values likely to be vulnerable to climate change are managed to minimise damage and loss
	• Risks, thresholds for loss and geographic refugia for specific priority vulnerable values are known
	• Effective management strategies and tools are available for protection of vulnerable values


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	3.1
	3.1
	3.1

	Continue to identify values vulnerable to climate change 
	Continue to identify values vulnerable to climate change 

	• Continue to report and record impacts on natural values from potential climate change related events 
	• Continue to report and record impacts on natural values from potential climate change related events 
	• Investigate and monitor impacts where appropriate

	Ongoing
	Ongoing
	Long term

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.1.1
	5.1.1
	5.2.3
	5.2.4


	3.2
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	3.2

	Evaluate tipping points and risk factors (fire, drought, weeds, diseases) for priority vulnerable values 
	Evaluate tipping points and risk factors (fire, drought, weeds, diseases) for priority vulnerable values 

	• Investigate vulnerable values on a case by case basis, based on imminent risk
	• Investigate vulnerable values on a case by case basis, based on imminent risk
	• Review outcomes and apply an adaptive management framework when making management decisions affecting vulnerable values

	Discrete, case by case basis
	Discrete, case by case basis

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)

	5.1.1
	5.1.1
	5.3.5
	5.6.1
	5.6.2


	3.3
	3.3
	3.3

	Develop a process to  clearly prioritise vulnerable values to enable targeted resource allocation 
	Develop a process to  clearly prioritise vulnerable values to enable targeted resource allocation 

	• Develop an agreed rule set to prioritise vulnerable values based on imminent risk, perceived importance of value and potential to mitigate climate change risk factor
	• Develop an agreed rule set to prioritise vulnerable values based on imminent risk, perceived importance of value and potential to mitigate climate change risk factor

	Discrete, case by case basis
	Discrete, case by case basis

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)

	5.1.1
	5.1.1
	5.3.5
	5.6.1
	5.6.2


	3.4
	3.4
	3.4

	Investigate priority vulnerable values to identify most at risk to most secure occurrences, and identify likely trajectory without management intervention
	Investigate priority vulnerable values to identify most at risk to most secure occurrences, and identify likely trajectory without management intervention

	• Based on imminent risk, the security of specific vulnerable values across their ranges are assessed and refugia identified on a case by case basis
	• Based on imminent risk, the security of specific vulnerable values across their ranges are assessed and refugia identified on a case by case basis
	• Incorporate this information into spatial decision support tools enabling management decisions to take this additional context into account

	Discrete, case by case basis
	Discrete, case by case basis

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)
	Research institutions
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	5.6.1
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	3.5
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	Develop and test efficacy of management tools to increase in-situ survival for vulnerable values where this is an identified adaptation priority 
	Develop and test efficacy of management tools to increase in-situ survival for vulnerable values where this is an identified adaptation priority 

	• Continue to investigate in-situ management options where opportunities arise and test these  either through field trials or an adaptive management framework
	• Continue to investigate in-situ management options where opportunities arise and test these  either through field trials or an adaptive management framework

	Discrete, case by case basis
	Discrete, case by case basis

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)
	Research institutions

	5.2.4
	5.2.4
	5.6.1
	5.10.1


	3.6
	3.6
	3.6

	Develop and test efficacy of ex-situ management options to preserve values at risk of imminent loss where this is an identified adaptation priority
	Develop and test efficacy of ex-situ management options to preserve values at risk of imminent loss where this is an identified adaptation priority

	• Investigate the feasibility of ex-situ management options and trial where appropriate
	• Investigate the feasibility of ex-situ management options and trial where appropriate

	Discrete, case by case basis  
	Discrete, case by case basis  
	Ongoing (Conservation seed banking)

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)
	DPIPWE (RTBG)
	Research institutions

	5.2.4
	5.2.4






	Goal 4: Identify and document the impacts of climate change on TWWHA ecosystems to underpin management decisions
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	Goal 4: Identify and document the impacts of climate change on TWWHA ecosystems to underpin management decisions
	Goal 4: Identify and document the impacts of climate change on TWWHA ecosystems to underpin management decisions


	Outcomes:  
	Outcomes:  
	Outcomes:  
	• Unforeseen risks to natural values are identified
	• Informed reporting on conditions and trends in TWWHA ecosystems


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	4.1
	4.1
	4.1

	Undertake prioritised monitoring of unassisted adaptation to climate change for priority species and ecosystems
	Undertake prioritised monitoring of unassisted adaptation to climate change for priority species and ecosystems

	• Maintain the TWWHA natural values climate change monitoring program and where appropriate refine it to address management specific questions
	• Maintain the TWWHA natural values climate change monitoring program and where appropriate refine it to address management specific questions

	Periodic
	Periodic
	Long term

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.1.1
	5.1.1
	5.2.3
	5.6.1
	5.6.2
	6.6.1
	6.6.2
	Warra 1.1


	4.2
	4.2
	4.2

	Facilitate and/or undertake research to increase the understanding of adaptation pathways for priority ecological communities, species and geodiversity values
	Facilitate and/or undertake research to increase the understanding of adaptation pathways for priority ecological communities, species and geodiversity values

	• Continue to identify and prioritise knowledge gaps which limit informed decision making 
	• Continue to identify and prioritise knowledge gaps which limit informed decision making 
	• Facilitate, collaborate on, or undertake research to answer key questions

	Discrete, case by case basis
	Discrete, case by case basis

	DPIPWE (NCH)
	DPIPWE (NCH)
	Research institutions

	5.1.1
	5.1.1
	5.2.3
	5.6.1
	5.6.2
	Warra 1.1
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	Figure
	Goal 5: Document for future generations natural values that will be lost due to climate change
	Goal 5: Document for future generations natural values that will be lost due to climate change
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	Goal 5: Document for future generations natural values that will be lost due to climate change
	Goal 5: Document for future generations natural values that will be lost due to climate change
	Goal 5: Document for future generations natural values that will be lost due to climate change


	Outcomes:  
	Outcomes:  
	Outcomes:  
	• Preservation of a record of natural heritage lost to future generations
	• Preservation of genetic resources through seed banking providing the capacity for future re-introduction


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	5.1
	5.1
	5.1

	Develop criteria for identifying and prioritising research on values with limited or negligible capacity to adapt to climate change
	Develop criteria for identifying and prioritising research on values with limited or negligible capacity to adapt to climate change

	• Where required develop values specific rulesets to prioritise values likely to be lost
	• Where required develop values specific rulesets to prioritise values likely to be lost
	• Incorporate vulnerable values into spatial decision support tools enabling easy and rapid identification of irreplaceable values to inform management decisions

	Discrete
	Discrete

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.1.1
	5.1.1
	5.2.3


	5.2
	5.2
	5.2

	Establish agreed principles for collecting and archiving samples, data, and metadata, where these do not already exist
	Establish agreed principles for collecting and archiving samples, data, and metadata, where these do not already exist

	• Where required develop values specific protocols for preserving information likely to be lost
	• Where required develop values specific protocols for preserving information likely to be lost
	• Devise projects to systematically document and/or sample priority values

	Discrete
	Discrete

	DPIPWE (NCH)
	DPIPWE (NCH)

	5.1.1
	5.1.1
	5.2.3


	5.3
	5.3
	5.3

	Undertake prioritised collections of conservation seed samples from at risk plant populations and species
	Undertake prioritised collections of conservation seed samples from at risk plant populations and species

	• Consider level of climate change related risk when prioritising conservation seed collection
	• Consider level of climate change related risk when prioritising conservation seed collection
	• Continue collaborations between agencies to facilitate collection from priority species and sites 

	Ongoing
	Ongoing
	Long term

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (RTBG)

	5.6.1
	5.6.1
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	Figure
	Goal 6: Facilitate communication and engagement between stakeholders and researchers to allow for informed  management decision making and timely identification and investigation of urgent research questions 
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	Goal 6: Facilitate communication and engagement between stakeholders and researchers to allow for informed  management decision making and timely identification and investigation of urgent research questions 
	Goal 6: Facilitate communication and engagement between stakeholders and researchers to allow for informed  management decision making and timely identification and investigation of urgent research questions 
	Goal 6: Facilitate communication and engagement between stakeholders and researchers to allow for informed  management decision making and timely identification and investigation of urgent research questions 
	Goal 6: Facilitate communication and engagement between stakeholders and researchers to allow for informed  management decision making and timely identification and investigation of urgent research questions 


	Outcomes:  
	Outcomes:  
	Outcomes:  
	• Improved capacity to respond to climate change impacts on the natural values of the TWWHA
	• A consistent, informed and targeted approach to natural values adaptation
	• Improved integration and efficacy of the collective response to climate change


	TR
	Action
	Action

	Achievement Pathways
	Achievement Pathways

	Commitment Time Frame
	Commitment Time Frame

	Lead Agency
	Lead Agency
	Partner Agency

	Mgmt. Action*
	Mgmt. Action*


	6.1
	6.1
	6.1

	Ensure governance arrangements and processes enable identification and resourcing of priority programs
	Ensure governance arrangements and processes enable identification and resourcing of priority programs

	• Ensure effective ongoing communication between specialists and managers 
	• Ensure effective ongoing communication between specialists and managers 

	Ongoing
	Ongoing
	Long term

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)

	5.6.1
	5.6.1
	5.6.2


	6.2
	6.2
	6.2

	Support on ground management through documentation and sharing of  knowledge of the nature of threats posed by climate change
	Support on ground management through documentation and sharing of  knowledge of the nature of threats posed by climate change

	• Ensure effective ongoing communication between specialists and managers
	• Ensure effective ongoing communication between specialists and managers
	• Develop accessible decision support tools to enable up to date knowledge to feed into formal assessment processes
	• Publicly communicate appropriate findings and achievements

	Ongoing
	Ongoing
	Long term

	DPIPWE (NCH)
	DPIPWE (NCH)
	DPIPWE (PWS)

	5.2.3
	5.2.3
	5.6.1
	7.6.1
	7.6.2


	6.3
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	Provide cross institutional communication and support for climate change research and monitoring in the TWWHA
	Provide cross institutional communication and support for climate change research and monitoring in the TWWHA

	• Continue to develop and foster relationships with research institutions and researchers
	• Continue to develop and foster relationships with research institutions and researchers
	• Support external climate change research relevant to the TWWHA
	• Improve and maintain communication channels between stakeholders and consider developing a formal communication pathway

	Ongoing
	Ongoing
	Long term

	DPIPWE (NCH) 
	DPIPWE (NCH) 
	Research institutions
	DPIPWE (PWS)

	5.2.3
	5.2.3
	5.6.1
	7.6.1
	7.6.2
	Warra 1.1


	6.4
	6.4
	6.4

	Review and evaluate this Strategy
	Review and evaluate this Strategy

	• Ensure a proactive approach is taken to dealing with and planning for climate change adaptation of natural values in the TWWHA
	• Ensure a proactive approach is taken to dealing with and planning for climate change adaptation of natural values in the TWWHA

	Discrete
	Discrete

	DPIPWE (PWS)
	DPIPWE (PWS)
	DPIPWE (NCH)

	5.6.1
	5.6.1
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