Locally common and abundant patches of native
vegetation, such as this remnant grassy eucalypt woodland
in the Tasmanian Midlands, may contain few threatened
species, but such places warrant conservation attention as
they provide important habitat resources and refuges for a
large range of flora and fauna. Photo: Oberon Carter

A framework for
regional assessment
of biodiversity
We developed a framework for identifying
the attributes that contribute to the
resilience of biodiversity at the regional scale,
together with guidelines for its application
by conservation planners.

Given the pace and extent of global change
in land use and climate, there is an urgent
need to ensure conservation planning
identifies locations that contribute to the
long–term persistence and adaptive capacity
of biodiversity.
Our framework compliments conventional
approaches that focus on listed biodiversity
species,
by
including
functionally
and culturally important species and
communities, the broader landscape
context, existing and emerging threatening
processes, refugia, connectivity and habitat
quality.
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Research summary
We present a framework for identifying conservation priorities that contribute to the
resilience of biodiversity in a region and guidelines for the application of this framework
by planners.
The framework assists conservation planners in undertaking regional biodiversity
assessments that complement standard assessments based on listed species and
communities.
Our Biodiversity Assessment Framework consists of six components with each component
containing a set of features. These features can be used by planners as a checklist to help
identify sites that warrant conservation, in addition to those sites that currently support
(or are predicted to support) listed species and communities.

Taking a regional view of biodiversity
Biodiversity conservation policy tends to promote
protection of places that contain rare and threatened
species, and communities that are formally listed
under legislation such as under the Environmental
Protection and Biodiversity Conservation Act 1999.
Protecting listed species and communities is a legal
obligation and an important conservation response.
There are however, additional features and actions
which contribute to the long–term persistence and
adaptive capacity of biodiversity. Conservation of
these warrants attention in regional assessment and
planning.

Australia has a good record of regional natural resource
assessments that have generally incorporated a
biodiversity component, such as the state Regional
Forest Agreements.
The National Biodiversity Strategy includes principles
that nature reserves should be comprehensive,
adequate and representative (CAR). This means
that nature reserves should provide a sample of the
different ecosystem types and the variability within
them and do so in a way that promotes the long–term
persistence of species and communities.
The strategy also acknowledges the importance of
connectivity and refugia, but provides few details
or guidelines on how to include these concepts in
regional biodiversity assessments.

Framework overview
Framework Overview

Framework Overview:
The framework for
Regional Biodiversity
Assessment identifies
critical features in
addition to listed species
and ecosystems that
promote the long–term
persistence and adaptive
capacity or resilience of a
region’s biodiversity
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Statutory biodiversity
features
• Listed species
• Listed communities

Standard
biodiversity
assessment

Landscape context

REGIONAL BIODIVERSITY
RESILIENCE ASSESSMENT
Additional biodiversity features
• Framework species
• Strongly interactive species
• Other significant species
• Ecosystem type

Additional ecosystem features
• Refugia
• Connectivity
• Habitat quality
• Threats

A framework for regional biodiversity
Our Biodiversity Assessment Framework complements
standard biodiversity assessments. While the
additional ecosystem components are universally
applicable, not all specific biodiversity features will
be relevant or critical in all regions. We anticipate that
for many regions much of the data required to form a
comprehensive assessment will be unavailable.
We anticipate the framework being helpful to
regional biodiversity assessment and planning by
state government agencies, local governments,
natural resource management bodies, traditional
owners, non-government organisations and private
conservation land stewards.

Assessing biodiversity at regional scale
Biodiversity features that are not listed at national or
state levels may still have importance for biodiversity
conservation at the regional level.

Functionally and culturally important species
and communities
Locally common and abundant species dominate
and characterise ecosystems and habitat resources.
Locations that do not support rare and threatened
species may still provide refuge for species during
times of environmental stress or serve as important
stepping stones for species movements. Ideally, a
comprehensive prioritisation plan would also consider
an understanding of the likelihood that biodiversity
features in given areas will persist into the future given
projected climate change. Such analyses are now
feasible with the recent advent of regional climate
modelling.

Threatening processes
In addition to existing threats such as weeds, pest
fauna, and inappropriate fire or grazing regimes,
planners need to consider emerging threats. For
example, the implications of changing climate require
planners to consider the consequences of changes
in temperature and rainfall on fire regimes, invasive
species and habitat condition, and how these threats
are likely to influence the future distribution of species
and communities.

Habitat quality, refugia and connectivity
The quality or intactness of ecosystems, and the
habitat resources they provide, varies depending
on landscape context and land–use impacts. Some
locations are naturally more productive and function
as ‘source habitats’ where population growth
exceeds mortality. Dispersal from source habitats
can replenish depleted populations in so called ‘sink
habitats’ which are less productive and support less
stable populations.

By addressing these additional biodiversity and
ecosystem components (threats, habitat quality,
refugia and connectivity) and their specific features,
conservation planners and managers are in a better
position to plan for the long–term viability and
persistence of species and communities within a region.
Where the overall conservation goal is to conserve as
much biodiversity as possible, consideration should
be given to both listed and non–listed biodiversity
features and their supporting ecological processes.

Why did we do it?
Since the 1970s, biodiversity conservation in Australia
has primarily focused on species and communities that
are formally assessed as being rare and threatened
at a national or state level. This is a risk management
approach that affords conservation priority to
biodiversity values that are most threatened from
extinction.
The National Reserve System aims to increase the
extent to which protected areas sample the diversity
of bioregions at a continental scale. Government
policy has also promoted establishing protected area
networks that are more generally representative and
adequate.
Our understanding of biodiversity and conservation
has progressed over recent decades in line with
research findings, new GIS-based methods and
significant improvements in the availability of biological
and physical environmental data. Government
policy has also advanced in step with these
technical developments, and growing community
support for nature conservation is evident in the
landcare movement, natural resource management
organisations, private conservation initiatives, and
the high level of support for environmental policies.
Part of these advancements has been greater
appreciation of the need for biodiversity assessment,
planning and management at the regional scale
including those factors, processes and threats that
influence the resilience and adaptive capacity of
biodiversity, particular in the face of emerging threats
such as climate change. Putting these additional
considerations into practice however, has proven
challenging.
The Landscapes and Policy Hub developed
a framework for Regional Assessment of
Biodiversity in response to this interest in a more
comprehensive approach considering both present
and projected future distributions of biodiversity.
It has been developed as a guide for conservation
planners and managers, and we demonstrate
using the framework in conjunction with standard
conservation planning approaches with a case study
of the Tasmanian Midlands.

Guidelines for using the framework in conservation planning researchers
The purpose of the framework is to help identify places with conservation value for the resilience of biodiversity.
While the main components are applicable to all regions, not all features within a component are necessarily
relevant everywhere. We provide some guidance on potential sources of information to assist where necessary
data is lacking.

Step 1: Standard conservation assessment
nn Identify the listed species and communities in the
assessment region. This information is on national
and state government websites. For example,
the Australian Government Listed Threatened
Species and Communities, and Queensland
Threatened Species.
nn Collate existing datasets including spatial layers
that describe the actual or modelled distribution
of listed species and communities. A useful
repository of Australian biodiversity data is the
Atlas of Living Australia. Each state government
also has online biodiversity data, for example the
Tasmanian Biodiversity Values Database and the
Victorian Biodiversity Atlas.
nn Collate data and information about the landscape
context features of the assessment region.
The broader landscape context is useful in
understanding the management that exists in an
area, and can inform priorities for reservation or
other conservation management. Government
agencies are increasingly providing access to
these data online, for example the Terrestrial
Ecosystem Research Network and Geoscience
Australia.
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Step 2: Apply the biodiversity assessment checklist
nn Identify which of the additional biodiversity
features are relevant to your study region. This
will require close scrutiny of available ecological
inventories. All regions have frameworks species
that characterise the dominant ecosystem types.
However, not all regions may have significant
habitat for international migratory species for
example.
nn Identify which of the other components’ features
are relevant (threats, refugia, connectivity, habitat
quality). Conventional ecological inventories,
databases and atlases do not necessarily provide
spatial data on these features. Often they cannot
be directly observed in–situ but can be derived
from remote sensing or GIS–based modelling.
Where observed or modelled data are unavailable
or the project’s resources are insufficient to model
data, expert opinion can be used. Examples of
refugia, connectivity and habitat quality models
and data are available on the Life at Large, and
Landscapes and Policy hub websites.

Step 3: Perform regional biodiversity assessment
including resilience features
nn Ideally, a GIS–based planning tool is used to
integrate the spatial data on the various features
and undertake both the standard and resilience
biodiversity assessments. We recommend
approaches that are transparent (in the way
that layers are integrated) and are supported by
conservation policy and contemporary science.
Numerous planning tools are available ranging
from decision support systems such as MCAS-S
(Multi–Criteria Analysis Shell for Spatial Decision
Support) designed for stakeholder engagement
to more complex quantitative modelling tools like
Marxan. The choice will depend on the decision
making process and the availability of data and
expertise.
nn The selection of priority locations for conservation
will depend on the method used to integrate and
analyse the layers. For example, one approach
identifies ‘hot spots’ that are locations with
overlapping biodiversity and resilience features.
A risk assessment–based approach considers
both biodiversity and resilience values and
threats. Alternatively, optimisation tools can be
used to find the most cost effective configuration
of locations that meets specified conservation
targets.

The framework illustrated with examples from the Tasmanian Midlands

Poa labillardieri is a dense perennial tussock
grass, endemic to southern and eastern
Australia and one of the plant framework
species that characterise the Tasmanian
Midlands grasslands.

A landscape vista of the Tasmanian Midlands
bioregion showing the characteristic low
lying grassy plains and rocky wooded rises.

Gorse is a ‘Weed of National Significant’
and one of the worst weeds in Australia
because of its invasiveness, potential for
spread, and economic and environmental
impacts. Gorse is a native of Europe and the
United Kingdom. Introduced in to Australia
as a hedge plant in the early 1800s, it quickly
spread out of control.

An example of an aquatic refuge site in the
Tasmanian Midlands. Freshwater refuges are
likely to occur in rivers with good vegetation
cover and an aspect that limits solar exposure
on hot days. Other important factors include
groundwater inflows and river riffles, which
can reduce water temperature and increase
oxygen levels.

An example of how potential structural
connectivity can be modelled using the
GAP CLoSR tool. The red lines indicate the
optimal pathways between vegetation
habitat patches (green). The relative size
of the circles at the centre of the patches
represents the important of those patches
for connectivity.

An example of ‘ecologically high quality’
native
grasslands
identified
from
productivity modelling using ‘fPAR’ derived
from the MODIS satellite data.
An example of ‘ecologically low quality’
native
grasslands
identified
from
productivity modelling using ‘fPAR’ derived
from the MODIS satellite data.

Framework component and features
The framework describes the components and features that influence which species and ecosystems occur and
are likely to continue to persist within a region. There are six components, each with a set of features.
Using the Tasmanian Midlands as a case study (see previous page), the main features in the six components are
summarised below.

Component 1: Biodiversity
In addition to listed species and ecological communities it is also necessary to consider other features such
as ‘framework species’ (the plant species that characterise an ecosystem type) and ‘highly interactive
species’ (that is, animal species that are important for ecosystem function). There are also other species of
conservation or cultural value to consider.
nn Listed species and communities
nn Framework species are plant species that are typically common and abundant and characterise an
ecosystem type; for example dominant canopy species
nn Strongly interactive animals are animals that are important for ecosystem function
nn Other species of conservation and cultural significance for example migratory species, species and
communities of significance to traditional owners
nn Native ecosystem type is the basic landscape unit of biodiversity and are defined by a combination of
biological and physical characteristics
nn Endemic richness and irreplaceability refers to species found nowhere else but may be locally common
and abundant

Component 2: Landscape context
The physical and cultural settings, such as geology, climate and land-use history, provide important contextual
information for biodiversity conservation planning. Broad scale landscape features can be identified by
referring to bioregional classifications such as IBRA. In addition, the following variables provide important
contextual information for biodiversity and resilience assessments.
nn Land cover; land use/management; land tenure (including traditional owners); Climate; Land systems;
water quality and quantity; infrastructure

Component 3: Current and Emerging Threats
Preventing, managing or reducing the impacts of threatening processes is well established in biodiversity
conservation policy and practice. In addition to current threats such as known weeds and pest fauna, it is
also important to consider emerging threats.
nn Land use change includes habitat loss and degradation from emerging or anticipated changes in land
use and land management.
nn Future climate is a relatively new form of human–induced environmental change with multiple direct
and indirect impacts.
nn Fire regime change refers to changes in fire regimes caused by changed fuel loads or increased ignition
risk, particularly under extreme fire weather conditions.
nn Invasive species and diseases are features of most regions that have been altered by human use whose
spread is frequently aided by other threatening processes such as changes in fire regimes, climate and
hydrology.
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Component 4: Refugia
Refugia are areas or networks of habitat locations that are more protected against changes and threatening
processes occurring elsewhere in the region and are likely to continue to provide suitable habitat in the future.
nn Drought refugia are locations that are more reliably productive during drought due to their topographic
position or groundwater access, and therefore provide a more reliable supply of vegetation habitat
resources for wildlife.
nn Thermal refugia such as topographically shaded sites provide a cooler microclimate, buffering
populations from heat waves.
nn Fire refugia such as wetter and cooler topographic locations that can provide refuge from fire events
by avoiding being burnt or burning at a lower temperature.
nn Aquatic refugia such as deep pools or shaded sections of streams can support habitat conditions that
buffer fish populations from high water temperatures and extreme weather events.
nn Paleorefugia are locations that have micro–environments similar to those that occurred in the geological
past, thereby enabling ancient species to persist.
nn Weed and disease refugia are areas remote from access routes and intensive land uses that provide
refuge from weeds and diseases, which are spread for example by vehicles.
nn Climate change refugia are areas that might provide suitable habitat conditions for species displaced
by a rapidly changing climate.

Component 5: Connectivity
The distribution and persistence of species and ecological communities are also influenced by other factors,
including the spatial configuration of habitat. Connectivity refers to various kinds of landscape connections
such as the structural configuration of habitats or habitat patches in a landscape mosaic and the permeability
of a landscape mosaic for dispersal and movement of a specific species. We recognise five relevant categories.
nn Vegetation Structural Connectivity refers to connectivity between vegetation on a landscape wide
basis as determined by the movement behaviour of specified animal species
nn Hydrological Connectivity refers to both the network of rivers and streams and the interplay between
surface water and ground water systems
nn Ground water dependent ecosystems are land–based vegetation communities that depend on
groundwater
nn Indigenous cultural connectivity reflects the deep connections that Indigenous peoples have maintained
with species and landscapes for millennia
nn Remoteness refers to the proximity of biodiversity values to man–made infrastructure and urban areas
including roads. More remote areas are likely to be less affected by weeds, plant pathogens and other
forms of disturbance mediated by human activity.

Component 6: Habitat quality
Ecosystems are typically defined by the dominant plant species. However, there always exists variability in
the quality of the habitat resources across an ecosystem’s distribution due to different site factors.
nn Productivity refers to the rate and reliability in gross primary production, or the rate at which new
biomass is produced by the vegetation, which therefore affects the supply of food and other habitat
resources.
nn Vegetation condition reflects the fact that sites differ in the degree of ecological degradation they have
experienced as a result of the accumulated impacts of land use activities.
nn Compositional intactness refers to the fact that while ecosystems may contain all their framework
plant species, many plant and animal species may have become locally extinct due to degradation,
competition from feral animals or disease.
nn Changed hydrological regimes reflects the changes in the storage and use of water for human
settlements, agriculture and industry which have significant impacts on ecosystems and habitat
resources.

Where to from here?
The Biodiversity Assessment Framework was produced as a guide
to incorporating the concepts of resilience, refugia and connectivity
into biodiversity assessment. These concepts are frequently
invoked in policy but it is only recently that tools have become
available to put them into practice.
Recent developments, including the ability to analyse archives of
remotely sensed data and downscale global climate models, have
improved our ability to assess biodiversity and its conservation
needs at regional scale over long time periods.
Our framework, while incomplete and dependant on the availability
of large amounts of data, is an attempt to bring these concepts to
an operational level. The test will be their ease of application in the
hands of planners.
The framework was the product of a collaboration between
researchers and biodiversity planners. Future collaborations are
necessary to refine its development and application.

Who are the researchers involved?
Professor Brendan Mackey

Oberon Carter

Brendan is the Project Leader for
the Bioregional Futures team in the
Landscapes and Policy Hub. He is
the Director of the Griffith Climate
Change Response Program at
Griffith University and is formerly
of the ANU Fenner School, where
he continues his association as an
adjunct professor.

Oberon works for the Tasmanian
Government Department of
Primary Industries, Parks,
Water and Environment. He
has a particular interest in the
management of biodiversity
refuges in the face of climate
change, and specialises in
integrating spatial data.

Prof Brendan Mackey
P: 07 5552 8758
E: B.Mackey@griffith.edu.au

Oberon Carter
P: 0428 113 668
E: Oberon.Carter@dpipwe.tas.gov.au

About the NERP
Landscapes and
Policy Hub
The Landscapes and Policy Hub is
one of five research hubs funded
by the National Environmental
Research Program (NERP) for
four years (2011–2014) to study
biodiversity conservation.
We integrate ecology and social
science to provide guidance
for policymakers on planning
and managing biodiversity at a
regional scale. We develop tools,
techniques and policy options
to integrate biodiversity into
regional-scale planning.
The University of Tasmania
hosts the hub.
www.nerplandscapes.edu.au
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