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Executive Summary

This project utilised the best available data, modelling techniques and tools to model
fauna habitat and connectivity values in the Australian Capital Territory (ACT) at a
fine scale. This was a recommendati on

change in the ACT a nreportsby Manrong et dli (2080) from thé o n

Fenner School of Environment and Society, The Australian National University.

In recognition of the important role of paddock trees, in providing stepping stone
connectivity for woodland birds and small mammals, fine scale canopy mapping was
undertaken using SPOT5 imagery. Tree stand density was predicted using a satellite
radar-based measure of above ground biomass. These two remote sensing products
were used in combination with a best available vegetation and land cover type map
of the ACT region to develop models of habitat suitability for three broad fauna
groups; generalists, forest species and woodland species.

Habitat patches and structural connectivity between these patches were modelled
using three different Geographic Information System (GIS) based software modelling
tools. All these tools utilised the least cost path modelling approach; one to model
Neighbourhood Habitat Area (NHA) used to identify habitat patches; one to model
local links or connectivity through stepping stones; and one to model larger scale
regional connectivity between patches through the smaller local links.

A CSIRO systematic literature review found that the majority of native fauna species
studied (mainly birds and small mammals) exhibit similar gap crossing and inter-
patch crossing distance thresholds (Doerr et al. 2010). When moving between
stepping stones (e.g. paddock trees) the majority of species could not cross gaps
greater than ~100 m. Also many species were unable to disperse between patches of
habitat (>=10 ha) separated by more than 1100 m, even where structural connectivity
existed between the patches. The 10 ha size threshold was used in this study to
identify habitat patches and the 100 m gap crossing threshold was used in the local
links model.

The mapping products produced in this project have proven to be a valuable guide
for landuse and conservation planning in the ACT. They have been used to plan
revegetation and repair projects as well as to inform strategic town planning, and in
the consideration of the environmental impacts of infrastructure and building projects.
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1 Background

This project buildsonthe 6 Ec ol ogi cal connectivity for cl i ma
surroundi ng conengssianeddy tlsetAGTdGovernment and undertaken by

Manning et al. (2010) from the Fenner School of Environment and Society at The

Australian National University. In their report, Manning et al. provide a good overview

of the concept of ecological connectivity and how it has been addressed in ACT

Government policy and planning. It is recommended that this project report and

associated mapping outputs be used in conjunction with the technical report by

Manning et al. A report on vegetation mapping in the Gungahlin Strategic

Assessment Area by Eco Logical Australia (2011) also provides a good overview of

some of the key vegetation types and their definitions in the ACT.

It is now widely recognised that habitat fragmentation is one of the biggest threats to

biodiversity (Millennium Ecosystem Assessment 2005) and that maintaining and

improving habitat condition and structural connectivity in the landscape is an

important response to predicted climate change (Meade et al. 2011). Lowland

vegetation is particularly fragmented in the ACT and surrounding region. Funding for

this connectivity study was obtained as part of an offset package for loss of 2.6
hectares of boxigum woodl and associat ed updradd) ont he Ki ng
Sparrow Hill, near Bungendore NSW. Providing an answer as to how to best

enhance and restore lowland woodland was thus a major impetus of the work.

There are eight species declared as threatened in the ACT for which woodlands are
the main habitat. These species are all birds (ACT Government 2004). For this
reason and because accurate bird data has been well collected across the ACT, this
study has a focus on woodland birds and calibrates the modelling of woodland
habitat against known woodland bird distributions. Recher (1999) reviewed the state
of Australia's avifauna and predicted that, unless management changes substantially,
the country will lose half of its terrestrial avifauna over the next century. Although this
study focuses on the role of habitat and connectivity values for native birds, a review
of corridor effectiveness by Gilbert-Norton et al. (2009) found that corridors were also
important for the movement of invertebrates and non-avian vertebrates.

2 Ecological principles

The following quote from the statistician John Tukey (1962) highlights the importance
of understanding the nature of ecological processes before attempting to model them
across the landscape:

Far better an approximate answer to the right question, which is often vague,
than an exact answer to the wrong question, which can always be made
precise.

Asystematic | it e rDmdsstruetural connectvity fatilitate leffedtive 6
di sper sal of nati ve species i n Australiads

undertaken by the Commonwealth Scientific and Industrial Research Organisation
(CSIRO) collated and analysed the current state of knowledge on this question
(Doerr et al. 2010). The findings from this review have helped to define the specific
guestions that need to be addressed, as well as the appropriate modelling
techniques and parameters to answer these questions.

The GIS modelling techniques used in this project are based on well established
ecological principles derived from the study of metapopulation biology and dynamics
by (Hanski 1998) who provided the following succinct description:
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Metapopulation biology is concerned with the dynamic consequences of
migration among local populations and the conditions of regional persistence
of species with unstable local populations. Well established effects of habitat
patch area and isolation on migration, colonization and population extinction
have now become integrated with classic metapopulation dynamics. This has
led to models that can be used to predict the movement patterns of
individuals, the dynamics of species, and the distributional patterns in
multispecies communities in real fragmented landscapes.

2.1 Habitat for settlement and dispersal

For any mobile terrestrial fauna species, habitat can fulfil two roles; habitat for
settlement and habitat for dispersal (Doerr et al. 2011). This is illustrated
schematically in Figure 1. Patch size and quality are important attributes that
determine if habitat is suitable for settlement, that is, it supplies allthe a n i maekds s
for survival, such as food, shelter and nesting sites. Connectivity between the larger
patches of habitat (for settlement) is facilitated via habitat for dispersal.

Realised or 6 f u n dstdefinad oy dctuat genenflewe bhefween sup-
populations and is dependent on movement potential (structural connectivity), animal
behaviour and dynamics of subpopulations. Functional connectivity can be very
complex and difficult to prove, where as:

€ structural connectivity contributes significantly to functional connectivity by
determining movement potential. The resulting effects on population
persistence are also increasingly predictable thanks to controlled research in
experimental landscapes which is demonstrating that connected patches
experience fewer local extinctions than isolated patches (Damschen et al.
2006; Brudvig et al. 2009), thus, structural connectivity can be directly
quantified in the landscape, has predictable effects on movement potential,
and is known to contribute to population persistence, making it a worthwhile
focus for management (Doerr et al. 2011).

These two habitat types are also required for fauna species that migrate, either
seasonally or in response to changed climatic conditions. The modelling
approach applied in this project used this concept of habitat for settlement and
habitat for dispersal.

2.2 Gap crossing thresholds

The CSIRO systematic literature review found that the majority of native fauna
species studied (mainly birds and small mammals) exhibit similar gap crossing and
inter-patch crossing distance thresholds (Doerr et al. 2010). When moving between
stepping stones (e.g. paddock trees) the majority of species did not cross gaps
greater than ~100 m. Also many species were unable to disperse between patches of
habitat (>=10 ha) separated by more than 1100 m, even where structural connectivity
existed between the patches. These thresholds are represented conceptually in
Figure 2.

The 10 ha size threshold was used in this study to identify habitat for settlement and
the 100 m gap crossing threshold was used to model habitat for dispersal between
patches, t er mkabuldbk arguedithatlalthhk kabitat patch on its own
would not support sustained settlement, but the Doerr et al. findings suggest that
these patches do provide a temporary settlement function. This function may be
restricted to the supply of food and shelter while animals are moving between larger
and/or more connected patches that do provide long term settlement opportunities.
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Figure 1 A schematic illustration of the role of habitat for settlement and habitat for
dispersal from Doerr et al. (2011)
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Patch A Patch B

Patch size >10ha Patch size >10ha

(habitat for settlement) (habitat for settlement)

Gap between stepping stones
< 100 m (habitat for dispersal
or Local Links)

Gap between habitat patches < 1.1km

Figure 2 Graphical illustration of average gap crossing thresholds identified in
the systematic review by Doerr et al. (2010). The darker patches represent
habitat for settlement while the smaller light-grey patches show habitat for
dispersal and may consist of either individual paddock trees or small patches
(<10 ha)

2.3 Habitat condition modelling

Doerr et al. (2010) and other studies have also shown that the following vegetation
attributes influence the suitability of vegetation for habitat, for settlement, and for
dispersal.

2.3.1 Vegetation Structure

Woody vegetation provides the main structural element for both settlement and
dispersal habitat. Older, larger trees have been shown to be important for habitat for
settlement for many woodland mammal and bird species (Paton and O'Connor
2009). Individual paddock trees and even smaller shrubs can play an important role
as habitat for dispersal and for long term persistence, especially for declining
woodland birds (Fischer & Lindenmayer 2002). In a ten year study comparing the
conservation value of different kinds of revegetation, Lindenmayer et al. (2012) found
that a range of vegetation growth types are likely to be required in a given farmland
area to support the diverse array of bird species that have the potential to occur in
Australian temperate woodland ecosystems.

Two elements of woody vegetation structure that influence suitability for settlement
include vertical and stand density. Vertical density relates to the presence of several
vertical layers e.g. tree, shrub and grass layers. Stand density relates to the density
of individual trees or shrubs for a given area.

2.3.2 Vegetation Composition

For many species, vegetation composition determines habitat suitability for
settlement. Potential for provision of food resources, shelter and nesting sites is often
dependent on the presence of suitable flora species (Freudenberger 1999; Recher
1999).
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2.4  The cost-benefit approach to modelling habitat for settlement

As well as habitat value or condition, spatial configuration of habitat will determine if it
is suitable for settlement or just dispersal. Identifying potential patches of habitat that
may be suitable for settlement is based on a measure of spatial configuration called
the ONeighbourhood Habitat Areaé ( Nodnfit.

across a landscape with the benefits of access to habitat (defined by habitat
condition).

The approach is fully documented in Drielsma, Ferrier & Manion (2007) and is further
explained using a worked example in Appendix 6. These modelling techniques and
associated tools have been applied in many conservation planning projects across
New South Wales (NSW Department of Land and Water Conservation 2002; NSW
National Parks and Wildlife Service 2003; NSW Department of Environment and
Conservation 2004, 2005, 2006a, 2006b; Scotts & Drielsma 2003).

3 Project objectives and deliverables

As stated in the Services Agreement for this study, the aim of the project is to provide
to ACT Government agencies responsible for planning and managing land, a
landscape wide connectivity analysis building on the research already undertaken by
Manning et al. (2010). The analysis must be able to guide the conservation of
ecosystem resilience by identifying areas that are key to the maintenance and
improvement of landscape connectivity across the ACT and surrounding region. A
key deliverable is to develop an ecosystem connectivity map for the ACT and
surrounding area.

Specific tasks that must be undertaken include:

1 incorporating scattered or paddock tree information into the vegetation data
layer;

9 re-running the nearest neighbour and links values tools at the scale in which
the vegetation data has been gridded (15 m). The re-run will involve
consideration of three broad vegetation structural classes: forests, woodlands
and grasslands;

1 undertaking a sensitivity analysis of varying sensitivity scores. This sensitivity
analysis will make use of a review paper, recently produced by Veronica and
Eric Doerr and Micah Davies from CSIRO Sustainable Ecosystems, of all the
Australian studies on structural connectivity titled Does structural connectivity

facilitate dispersal of native species

landscapes? The findings in relation to species movement and barriers,
critical gap distances between suitable habitat and minimum suitable patch
size should be utilised;

1 incorporating a much greater number of dearest neighbourématches into the
rerun analysis; and

1 providing a means of incorporating consideration of connectivity value into
restoration, planning and development decisions.
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4 Methods

4.1  Study area

The original intention was to use the study area defined by the full extent of the
vegetation map which followed the boundary used for the Planning Framework for
Natural Ecosystems of the ACT and NSW Southern Tablelands (Fallding 2002)
shown in Figure 3. However, the vegetation map was found to contain a spatial offset
error that affected the vegetation data sourced from the NSW National Parks and
Wildlife Service. In discussions with the ACT Government it was decided to reduce
the study area to the region of the vegetation map that did not contain the error. The
error was subsequently corrected by the authors of the Manning et al. (2010) study
but not in time to be used for the analysis.
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Figure 3 Map of study areas
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The raster modelling techniques used to identify potential habitat and connectivity

values are all/l based on the 6l east cost pathbo
are more likely to travel via the path of least resistance, or least cost, when moving

through the landscape. Cost is assumed to be proportional to the suitability and

condition of habitat which is also affected by spatial configuration or habitat

fragmentation. To identify potential wildlife corridors, hundreds of thousands of these

least cost paths are calculated through habitat in the landscape. Areas of habitat with

the most paths going through them are predicted to have good connectivity values

and represent potential wildlife corridors.

The following three figures illustrate the computer automated method used to
calculate the least cost paths using a hypothetical landscape containing habitat of
varying value for the Superb Blue Wren.

Small remnant patches or stepping

stones such as paddock trees o~ Light green = lower quality habitat

\ / Dark green = better quality

habitat

Background = poor quality habitat

(e.g. cropping or improved pastures)

Which is the least cost path for the
female Blue Wren to move from
habitat patch A to C where her
potential mate resides?

Figure4 A si mpl e representation of habitat to illustrat
pat ho
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Cost of travelling from A-C =
8+8+8 = 24

Figure 5 The accumulated relative cost of travelling through the more hostile non-
habitat equals 24

A

o Cost of travelling from A-B-C =
3+3+3+3+1+1+3+3 = 20

Figure 6 The least cost path is the one via habitat patch B (A-B-C) with an accumulated
cost of 20 compared to the accumulated cost of 24 going the shorter but more costly
path through hostile habitat (A-C). Having successfully negotiated the least cost path
the female wren settles in patch C, successfully raising the next generation

-

On a more technical note, the modelling methods can be grouped into the following
five main modelling tasks:

1. Modelling habitat condition.

2. Modelling habitat for settlement (patches >10 ha).

3. Modelled habitat colonisation potential

4. Modelling habitat for dispersal (local links through stepping stones).
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5. Modelling habitat for connectivity between habitat for settlement (regional
links).

More detailed technical specifications and methodologies used to undertake these
modelling tasks are documented in Appendix 1.

4.2 Task 1: Modelling habitat condition

Habitat condition or suitability was modelled for the following three broad faunal
functional groups:

1. Generalist species
2. Forest species
3. Woodland species.
There were three main spatial data inputs into the models:
1. Broad vegetation types and land cover
2. Fine scale woody vegetation canopy model
3. Modelled woody vegetation stand density.

4.3 Task 2: Modelling habitat for settlement (patches >10 ha)

A Neighbourhood Habitat Area (NHA) analysis (Drielsma, Ferrier and Manion 2007,
Hanski 1999) was applied to the habitat models to predict the level of habitat
resource available at each site (grid cell). A cut-off was applied to this model (top
20% of values) to produce islands of high habitat value. Once converted into a
polygon GIS layer the area of each island could be calculated. Patches >=10 ha in
size were identified as potential habitat for settlement while those patches <10 ha,
and all other habitat was considered habitat for dispersal. Appendix 6 provides a
worked example of the NHA calculation.

4.4  Task 3: Modelling colonisation potential

For each cell the colonisation potential is calculated by weighting the NHA value by

the habitat condition value of that cell. Calculation of the NHA and habitat condition

value is describe d above i Moddiifgahabitat donditiond and 6 Task 2
Modelling habitat for settlement (patches >10ha)d6 above.

The objective of weighting the NHA value by the habitat condition value is to model
the potential capacity of each cell to provide habitat and resources necessary for
settlement for the target fauna species.

45 Task 4: Modelling habitat for dispersal (local links through
stepping stones)

A modified versi on o fDridlsma ManiSrp&aFerriea 2007 wasn ks To ol €
used to model fine scale links between stepping stones (paddock trees or small

habitat patches) that were found to be within 105 m proximity of each other (100 m

gap crossing threshold). This modified approach has been t
T o oahdds described in detail in Appendix 1.

4.6 Task 5: Modelling connectivity between habitat for settlement
(regional links)

The d&éSpat i alDridlsma,letsal. ZD@/ pwad usdd to model least cost paths
between habitat for settlement (habitat patches >=10ha). A visual explanation of the
least cost path calculation is provided in Figure 4, Figure 5 and Figure 6. This method
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is based on modelling least cost paths between many random point pairs. The point
pairs were restricted to only occur within habitat patches >=10ha. The main
difference between the application of the Spatial Links Tool in this project and that of
previous applications is that the movement cost input grid was derived from the Local
Links Tool outputs.

5 Results

See Figure 22 in Appendix 4 for a map of the study area. Appendix 4 contains a full
set of maps presenting the analysis results for the whole study area. The following
five figures (Figure 7 to Figure 13) illustrate the results of the analysis at a fine scale
based on t h epeadkeg l@bitat coaditionamodels.

All GIS data layers, including a short description of each, are listed in Appendix 4.

Figure 7 Air photo of aregion to the west of the Mt Pinnacle Nature Reserve
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