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Table 1
habitat quality

Vegetation community

Cumberland Plain alluvial woodland
Cumberiand Plain shale hills woodland
Cumberland Plain shale plains woodland

Cumberland Plain shale sandstone
transition forest (high sandstone
influence)

Cumberland Plain shale sandstone
transition forest (low sandstone influence)

Eastern gully forest

Exposed sandstone scribbly gum
woodland

Highlands shale tall open forest: form C
tall open variant

Moist shale woodland

Nattai sandstone river peppermint forest
Nepean enriched sandstone woodland
Nepean Gorge moist forest

O’Hares Creek shale forest

Riparian forest

Riparian scrub

Rock pavement heath

Rock plate heath-mallee

Sandstone gully apple-peppermint forest
Sandstone gully peppermint forest
Sandstone heath-woodland

Sandstone ridgetop woodland
Sandstone riparian scrub

Sheltered sandstone blue-leaved
stringybark forest

Transitional shale dry ironbark forest
Transitional shale open blue gum forest
Transitional shale stringybark forest
Upland swamps: banksia thicket

Upland swamps: fringing eucalypt
woodland

Upland swamps: sedgeland-heath
complex

Upland swamps: tea-tree thicket

Soil classification

Shale
Shale
Shale
Shale transition

Shale transition

Sandstone

Sandstone

Shale

Shale
Sandstone
Shale-enriched
Sandstone
Shale transition
Shale transition
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone

Shale transition
Shale transition
Shale transition
Sandstone

Sandstone

Sandstone

Sandstone

Vegetation communities within the study area, soil classification and koala

Koala habitat quality
High-quality habitat (HQH)
HQH

HQH

HQH

HQH

Medium-quality habitat (MQH)
MQH

HQH

HQH
MQH
HQH
MQH
HQH
HQH
Low quality habitat (LQH)
LQH
LQH
MQH
MQH
LQH
LQH
LQH
MQH

HQH
HQH
HQH
LQH
LQH

LQH

LQH



Vegetation community Soil classification Koala habitat quality

Upper Georges River sandstone Shale-enriched HQH
woodland

Western sandstone gully forest Shale-enriched HQH
Western Sydney dry rainforest Shale MQH
Woronora tall mallee-heath Sandstone LQH
Regenerating vegetation LQH/MQH
Weeds and exotics LQH
Exposed rock LQH

3.4 Validating high-quality habitat

High-quality koala habitat was subject to a series of validation steps using four independent
datasets obtained from the Wollondilly Koala Conservation Project.

3.41 Floristic validation

The draft high-quality habitat map was validated using floristic plot data collected as part of
the Wollondilly Koala Conservation Project. A total of 143 20 x 20-metre full floristic plots
were completed within the study area and used to validate HQH. Tree species recorded in
vegetation plots were used to confirm the presence and association of koala-use trees with
mapped HQH. These plots have been entered into the OEH Vegetation Information System
(VIS) (OEH 2017b). The plots were not used to develop the vegetation mapping used to
assign koala habitat quality and are therefore a suitable validation dataset.

3.4.2 Systematic presence—absence spotlighting data

The correlation between the presence of koalas and shale, shale-transition and shale-
enriched vegetation types (e.g. Prevett et al. 2001; Phillips and Callaghan 2002; Ward 2002;
Lunney et al. 2010) was assessed using systematic presence—absence spotlighting data
(OEH 2017a). Between 2014 and 2018, over 800 systematic, two-hectare spotlighting
surveys were undertaken as part of the Wollondilly and Southern Highlands Koala
Conservation Projects. For the purposes of this report, spotlighting sites within the eastern
part of the Wollondilly LGA were used (Figure 2). Survey sites within 500 metres of another
site were excluded to promote independence, leaving 173 sites in total.

Spotlighting site data, including koala observations, were overiayed on the HQH map. The
number of spotlighting sites and koalas recorded in and out of high-quality habitat was
determined using a geographic information system (GIS).

An estimate of density of koalas in each habitat category (high-quality versus non-high-
quality) was calculated by dividing the number of koalas observed by the area surveyed.
Pearson’s Chi-squared test was used to determine whether there was a significant
difference in koala density in HQH and non-HQH using R.3.3.0 (R Core Team 2013).

Spotlighting is likely to underestimate koala numbers and densities. It is an imperfect
technique and it is possible some koalas within survey areas were not detected.

3.4.3 Incidental koala sightings

The correlation between shale and shale-transition vegetation types and koalas was also
assessed using koala sightings for the eastern part of the Wollondilly LGA from the NSW
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|
Figure 1 Core and supporting koala habitat in the Wilton and Greater Macarthur Growth

Areas. Note that koala records shown are sightings and do not indicate koala densities.
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4.2 Validation of high-quality koala habitat

4.2.1 Floristic validation

High-quality koala habitat validated well against the 143 new floristic plots. There was good
agreement between the mapped high-quality habitat (HQH) and the koala feed trees
identified in the floristic plots.

42.2 Systematic presence—absence spotlighting data

There was a strong correlation between koalas recorded during spotlighting surveys and
areas classified as HQH (Table 2 and Figure 2). Of the 173 sites surveyed, 16 koalas were
observed and 13 of these were recorded in HQH. Koala densities were significantly higher in
mapped HQH than in non-HQH (chi-square = 5.4161, df = 1, p = 0.01995). The other three
koalas were recorded in vegetation communities not classified as HQH. However, two of
these three koalas were observed 150 metres or less from areas identified as HQH. This is
likely to reflect under-mapping of the shale-influenced vegetation types, which is coarser in
the southern part of the study area.

Table 2 Koala density estimates calculated using spotlight data from high-quality and
non-high-quality habitat
2-hectare Koalas Estimated koala Estimated
Spotlight observed on density/hectare  koalas per 100
surveys (n =) spotlight (n =) hectares
High-quality 83 13 0.078 7.8
habitat
Non-high-quality 90 3 0.017 117/
habitat
423 Incidental koala sightings

Of the 582 valid koala sighting records, 499 (86%) were recorded in HQH, confirming the
results of previous studies in the region (Figure 3). It should be noted that incidental records
collated in BioNet are often biased, with an over-representation of records in areas with high
human-wildlife interaction or high visibility (i.e. areas where koalas are easier to see).
However, koala sightings supported the assumptions underpinning the classification of
vegetation communities as HQH or non-HQH for koalas.
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Legend

- High quality habitat Koalas observed aon spollight

N
[ Non-high quaiity habitat .. Spotiight sites NSW A

DatemmThoperon COS GOA 1934

Figure 2 Spotlighting sites and positive koala records within the Wollondilly East Study
Area.
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Legend 2

- High quality habitat - Koala records in high and 5

non-high quality habitat area A
I Non-high quality habitat vy o

DaumRaecaan SEEGDA 1354

Figure 3 All koala records intersected with high-quality and non-high-quality koala
habitat. Note that koala records shown are sightings and do not indicate koala densities.
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Conserving Koalas in the Wollondilly and Campbelltown Local Government Areas

Table 4 Preferred koala-use trees in the Wollondilly study area

Species Common name

Eucalyptus (E.) punctata Grey gum

E. globoidea White stringybark
E. longifolia Woollybutt

E. tereticornis Forest red gum
E. paniculata Grey ironbark

E. pilularis Blackbutt

Acacia decurrens Green wattle

The number of species of preferred koala-use tree (PKT) was calculated for each vegetation
community, with a range of between zero and six PKTs identified for each community
(Appendix 1). There was a strong correlation between shale-influenced vegetation
communities and presence of PKT: 15 of 16 shale-influenced vegetation communities
contained at least 1 PKT, with an average of 2.4 PKTs per community. In contrast, 5 of 18
sandstone vegetation communities contained a PKT, with an average of 0.5 PKT per
vegetation community.

4.3 Koala movement corridors

The primary, secondary and tertiary koala movement corridors are shown in Figure 4. Koala
movement corridors have further been mapped and named according to sub-catchments
(Figure 5). Each corridor was ranked as primary, secondary or tertiary, based on the area of
core koala habitat it contained, width, and level of connectivity (see Section 3.5 and Table 5).

As for core koala habitat in the area (Figure 1), the primary corridor identified for the
persistence of koalas ran continuously along the eastern edge of the Cumberland Plain from
Campbelltown through Wedderburn and the eastern part of Appin, crossing Picton Road
south of Wilton and skirting the southern edge of the Wilton GA (Figure 4).

The koala movement corridors did not extend into sandstone country, as native vegetation
on sandstone derived soils is not considered HQH for koalas. The primary corridor on the
east was directly and continuously linked with other primary corridors along the Nepean
River, Allens Creek and Cataract Creek north to Menangle. Secondary corridors linked the
Nepean corridor with the Georges River across the Greater Macarthur GA.

The configuration of the remaining core habitat in this region presents significant challenges
for maintaining connectivity for the population. Residential development in much of the area
between core habitats will place significant pressure on the smaller, narrower corridors that
link koala populations.

4.4 Validation of koala movement corridors

The koala movement corridors validated well against the independently derived generalised
linear model (GLM) of koala habitat/linkage. There was a high degree of overlap
(approximately 80%, although this was not formally calculated) between the GLM of koala
habitat/linkage and the new corridor map despite different vegetation mapping base layers
and koala presence information (Figure 6). Note that the GLM of koala habitat/linkage was
completed at a larger scale, so would not include smaller corridors newly mapped.
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Conserving Koalas in the Wollondilly and Campbelitown Local Government Areas

Table 5 Extent of core koala habitat within koala movement corridors and rankings for
corridors

Corridor name Corridor rank Habitat Area of core habitat

(hectares)
Nepean Primary Core 1742.58
Allens Primary Core 1235.17
Wallandoola-Cataract Primary Core 1193.03
Avon-Nepean Primary Core 1089.23
Cordeaux Primary Core 628.64
Cascade Primary Core 605.28
Cataract Primary Core 381.38
Sub-total 6875.31
Ousedale—Mallaty Secondary Core 390.08
Simpsons-Elladale Secondary Core 255.31
Woodhouse-Menangle  Secondary Core 220.33
Noorumba Secondary Core 122.01
Clements Secondary Core 107.86
Sub-total 1095.59
Stonequarry Tertiary Core 124.15
Myrtle Tertiary Core 84.48
Strongybark Tertiary Core 78.43
Leafs Gully Tertiary Core 34.52

Sub-total

Total

321.58

. R9072 AR
B8292.46
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Conserving Koalas in the Wollondilly and Campbelltown Local Government Areas

[JGromnAreas  Corridors ¢ Koala records
I primary # Kosla road kills
" Secondary \|
Tertiary |
|
Figure 4 Rankings for koala corridors across the Wilton and Greater Macarthur Growth

Areas. Note that koala records shown are sightings and do not indicate koala densities.
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Legend

D Growth Areas Cormidor Name Goorges I Ousedsie-Mailaty ."

= Kosla records Adans Leafs Gully Bl smpsons-Elladale &L &

4 Kosla rosd kis Avon-Nepesn [l WModon Park Road Stonequarry .
I cescade . Myrie Stringyosrk Nsw A
B cetaract B Neposn 1 Wallandgola-Caterac
0 ciements Noorumba Woedhouse-Menang'e

Cordeaux
Figure 5 The 17 koala movement corridors across the Wilton and Greater Macarthur

Growth Areas. Note that koala records shown are sightings and do not indicate koala
densities.
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Conserving Koalas in the Wollondilly and Campbelltown Local Government Areas

Growth Areas Z///; New corridor mapping

GLM of koala habilat/linkage

Figure 6 Comparison of the generalised linear model (GLM) of koala habitat/linkage and
the new corridor map.
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Conserving Koalas in the Wollondilly and Campbelitown Local Government Areas

Spotlighting sites
within corridors

Figure 7 Map of systematic spotlight surveys for koalas within the corridors of the
Wilton and Greater Macarthur Growth Areas used to estimate koala densities and extrapolate
koala numbers.
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Conserving Koalas in the Wollondilly and Campbelltown Local Government Areas

Table 6 Extent of core koala habitat and estimated koala numbers within corridors
based on a density estimate of 0.052 koalas/hectare

Corridor name Corridor rank Habitat Area of core Extrapolated koala

habitat numbers based on
habitat extent

Nepean Primary Core 1742.58 91
Allens Primary Core 1235.17 64
Wallandoola~Cataract Primary Core 1193.03 62
Avon-Nepean Primary Core 1089.23 57
Cordeaux Primary Core 628.64 33
Cascade Primary Core 605.28 32
Cataract Primary Core 381.38 20
Sub-total 6875.31 359
Ousedale—Mallaty Secondary Core 390.08 20
Simpsons-Elladale Secondary Core 255.31 13
Woodhouse-Menangle  Secondary Core 220.33 12
Noorumba Secondary Core 122.01
Clements Secondary Core 107.86
Sub-total 1095.59 57
Stonequarry Tertiary Core 124.15
Myrtle Tertiary Core 84.48
Strongybark Tertiary Core 78.43
Leafs Gully Tertiary Core 34.52
Sub-total 321.58 16
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Figure 8 Approximate locations of residential enclave fencing or other barrier solutions

where development and core koala habitat/corridors can be separated in the Wilton and
Greater Macarthur Growth Areas. Note that koala records shown are sightings and do not
indicate koala densities.
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D Growth Areas Corridors

- Priority revegetation

- Primary o Koala records
1 secondary 4 Koala road kil
Bk DvmyPregecion GCSGOA 1934
Figure 9 Key areas for restoration in the Wilton and Greater Macarthur Growth Areas.

Note that koala records shown are sightings and do not indicate koala densities.
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Legend -
D Growth Areas Corridors e K01 r0a Kill w .
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Primary
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Figure 10 Koala roadkill mitigation infrastructure (fences with some paired with underpass
structures) recommended to be implemented in the Wilton and Greater Macarthur Growth
Areas. Note that koala records shown are sightings and do not indicate koala densities.

32



Conserving Koalas in the Wollondilly and Campbelltown Local Government Areas

Paired with underpass sltructures
" to allow koala movement
‘7‘7"\

D Growth Areas  Postreveg corridors Koala/development v
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ertiaty
Koala road kill ‘ Nsw A
- Secondary mitigaticn fence GOVERNMENT
Future koala road kill Oamiyagissa 005 GUA 1Y
B Primery === miigation fence i
Figure 11 Koala movement corridors post-revegetation and recommended mitigation

measures (including separation and roadkill mitigation fences and roadkill mitigation fences
paired with underpass structures) in the Wilton and Greater Macarthur Growth Areas.
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Appendix 2

THE UNIVEIRSITY OF

SYDNEY

Assoclate Profeesor Mathew Crowther
School of Life and Environmentsl Sciences

18 December 2017
Dear Liza Schaeper

Office of Environment and Heritage

RE: Review of Office of Environment and Heritage (OEH} Draft “Conserving koalas in
Wollondilly and Campbelitown LGAs - additional justifications”

1 have been commissioned by OEH to review provide a scientific review and analysis of
Conserving koalas in Wollondilly and Campbelitown LGAs — additional justifications
relating to the following two key polints:

1. To review and comment on the koala conservation report’s key principles and
recommendations to conserve the regional koala population, and

2. e+ To review and comment on the methods used to derive corridors for koalas
and koala estimates included in OEH's koala conservation report.

| will first outline my experience and qualifications with koala research, comment on the
documents provided and provide my recommendations.

| am an Associate Professor in wildlife ecology and evolution in the School of Life and
Environmental Sclences at the University of Sydney. | have researched on koalas in NSW
since 2006, including publishing over 10 scientific papers on koalas. | have also
contributed to koala management by contributing to the NSW Koala Recovery Plan, and
am a current expert advisory member on the NSW Save Our Species Koala Panel. | have
a history of reviewing documents concerning koala management. My CV ks attached.

In regards to the report’s key principals and recommendations to conserve the regional
koala population, the document appears sound. The areas considered by the report are
being rapidly developed and hence threats to the regional koala population will
increase. This does not even take into account the possible impacts of increased
urbanisation interacting with the impacts of climate change, such as increased
heatwaves and bushfires.

The repart is correct in that development needs to be avoided in both core habitat and
primary corridors. With increasing development in the area, these core habitat and

School of Life and Environmental Scences T 481 2 3351 7661 ABN 15240 813 1y
Facuty of Science F +81 283614118 CREoRIEM
Room 228¢, Heydon-Laurence Buiding E mathew.crowther@eydney odu au

Tha Universay of Sydney sydray edu puiienoapecpis'mathew crowther

NSWV 2006 Austraiia phyg
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corridor areas need protection. Cleared areas near the corridors also need protection, as
koalas spend much of the time on the ground. When koalas are moving areas, they are
particularly vulnerab e to threats such as dog attack. Hence the recommendations of
increasing corridor widths, and the use of barriers to separate koala habitat areas and
carridors from residential areas are apprapriate.

Habitat restoration and revegetation of cleared areas are essential. Many of the
corridors depicted in the maps are very narrow and hence vuinerable to edge effects.
Revegetation has to be weil planned, and needs a mixture of local shelter trees (often
non Eucalyptus species) and local feed species. Koalas use a large variety of Eucalyptus
specles In the area, and plantings must be appropriate for soil type. Tree planting is a
long-term management action, as trees are not usable by koalas for many years. There
are a number of research projects on tree use in this area, both published and
unpubliished reports and theses, and these need to be consulted for appropriate trees
for planting.

The recommendations for mitigation of the impacts of widened roads and increased
traffic, although correct, could be made stronger. Effective mitigation of the impacts of
roads on koala populations is an expensive exercise, and needs a combination of fencing
and underpasses. Signage, as reported, has been shown to be ineffective in mitigating
against road deaths. Hence more details on the true cost of development in the area
could be emphasised with more details on the fencing and underpasses.

Aithough briefly mertioned, | think there is more need for mitigation measures from
chlamydia. The Campbelitown populations is currently free of chiamydia, while the
Southern Highlands has chlamydla within its populations, Introduction of chlamydia te a
population that was previously chlamydia-free can resultin a rapidly increasing
prevalence within a few years. Such a phenomenon was observed on the Liverpool
Plains koala populatian, surrounding the town of Gunnedah, which had an extremely
low, if not absent, prevalence of chlamydia a decade ago. There is a risk of corridors
actually increasing the movements of chlamydia infected individuals into chlamydia-free
areas. Possible mitigation measures for this would be increased veterinary checks of
koalas in corridor areas, and possible barriers of certain corridors if they are
problematic,

in regards to the detarmination of corridors for koalas, the methods seem to be sound.
Generalised linear models and Geographical Information Systems are weli-tested
methods in determining habitat. The criteria in determining corridors was also
appropriate and had 2 high overlap with the modelling approach. The details of the
modelling and criteria are probably not as important as the quality of the data. The
models and corridor criteria are based on very detailed and accurate vegetation
mapping, and extensive koala spotlighting data. Hence, the models are likely to have a
high predictive power.

Koalas have been VEF and GPS tracked in the local area for the last few years.
Mavements of some of these animals could be useful in determining koala corridor use,
as well as the models and spotlighting data.
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Determining densities and numbers of koalas is extremely difficult. Some reports have
based density estimates on scat counts (usually using the SAT procedure), but these
estimates are not universally accepted, and can be affected by decay rates and koala
densities. The most accurate way of determining koala densities is distance-sampling,
where the probability of detectlon is accounted for, with covariates of weather and
habitat, as well as distance away from the observer. Estimates include confidence
intervals, which can be quite large. The main Issue with distance sampling is the sample
size required to get reasonably accurate and precise estimates. These are a minimum of
75 koala observations per area, which is not feasible in some areas. Hence the method
employed in this report, with a large number of systematic surveys (67), and being
conservative in the area selection (i.e. leaving out cleared areas that koalas used), gives
a reasonable minimum of koalas in the area.

In summary, the recommendations for protecting the koala core areas and habitat, as
well as mitigating against future declines by roadkill are reasonable. The methods used
in determining koala corridors and koala numbers are also reasonable, Future use of
distance sampling, plus more details on disease surveillance, would help in providing
more robust recommendations in the future.

Sinceraly,

Associate Professor Mathew Crowther
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