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EXECUTIVE SUMMARY

PURPOSE

The purpose of this Species Impact Statement (SIS) is to assess the likely impacts on
threatened and regionally significant species that could arise from the proposed
Upgrading of the Pacitic Highway between Karuah and Bulahdelah in the mid north
coast region of New South Wales. For the purposes of this report, “threatened
species” are those specified in Parts 1 or 4 or in Schedule 2 of the Threatened Species
Conservation (TCS) Act, 1995.

The list of threatened and significant species that are the subjects of this SIS was
derived in consultation with the New South Wales National Parks and Wildlife
Service (NPWS), and by reviewing flora and fauna surveys conducted along and near
the proposed Upgrade. This SIS has been prepared in accordance with Sections 109
and 110 of the TSC Act (1995) and the requirements of the Director-General of the
NPWS pursuant to Section 111 of the TSC Act (1995).

Key objectives of the investigation were to:

4 map and describe the plant communities and fauna habitats occurring in the
area along and near the proposed route of the Pacific Highway Upgrade
between Karuah and Bulahdelah;

| determine the likelihood of occurrence of threatened flora and fauna species,
populations or communities as listed under the TSC Act (1995), and
regionally significant species;

a assess the potential significance of cumulative impacts of the proposed
Upgrade on any threatened or regionally significant flora or fauna species
and populations; and

a obtain sufficient data to enable appropriate measures to be developed and
implemented so as to protect and enhance the survival of threatened flora
and fauna populations along the route of the Upgrade and the immediate
environs.
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BACKGROUND

The Commonwealth and NSW Governments have committed $2.2 billion to major
upgrading of the Pacific Highway between Hexham and the Queensland border over
a 10-year period.

As part of this major Upgrade strategy, the Road Traffic Authority (RTA) has
completed the concept design for the 36.75 km section of the Pacific Highway
between the townships of Karuah and Bulahdelah. The design proposes the
construction of two carriageways and removal of the existing carriageway along the
Pacific Highway between points about four kilometres north of the Karuah Bridge (at
Karuah) and 1.5 kilometres south of the Myall River Bridge (at Bulahdelah). The
proposal includes construction of new intersections, rest areas and new bridges at
Bulga and Bundabah Creeks. The “study area”, described in detail in Section 1.3, is
defined as a 200 m wide corridor of land along the proposed route of the 36.75 km
Upgrade.

Assessments of the likely impacts on threatened species were made previously by
ERM Mitchell McCotter (1998) who addressed Section 5A of the Environmental
Planning and Assessment Act 1979 (“Eight Part Test of Significance”). The Eight Part
Test concluded that no significant impacts were likely on threatened species because:

5 the proposed development was relatively small compared with the extent of
unmodified habitat to remain in the locality; and

ad extensive mitigation measures are incorporated into the project and are to be
implemented by the RTA to ameliorate adverse impacts from the Upgrade
proposal.

Special consideration was given to the potential impacts of the proposal on
threatened frog species, koalas, regent honeyeaters and sugar gliders, and threatened
plant species, which are likely to be found along the proposed Upgrade route. These
species were deemed to be potentially impacted upon by habitat clearance, erosion,
sedimentation and/or colliding with highway traffic.

This SIS has been prepared in order to more fully evaluate the impacts of the
proposal on species of conservation significance and to propose detailed mitigation
measures. The preparation of a SIS should not be interpreted to imply that the earlier
conclusions in the Eight Part Test are now invalid. The SIS has been prepared as a
precautionary measure and the conclusions arising from the assessment indicate that
no likely significant impacts on threatened species would occur provided that
mitigation measures are implemented.

N
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PROPOSED DEVELOPMENT

The Upgrade would involve clearing of approximately 123 hectares of native
vegetation, consisting of mostly dry open forest (84 hectares) and woodland (27
hectares). Approximately six hectares of closed forest, five hectares of shrubland and
1.2 hectares of swamp forest will also be cleared.

A number of major mitigation measures have been included in the proposed
development and are likely to be very important in protecting threatened and
regionally significant species. These are described in the final section of the Executive
Summary.

METHODS

Fauna and flora surveys were conducted within the study area in compliance with
the recommendations from the Director-General of the National Parks and Wildlife
Service. The resultant survey effort for threatened and regionally significant species
targeted all of the species that were deemed likely to occur within habitats present in
the study area. Survey methods for threatened flora and for mapping fauna habitats
are described in Chapter 4, and survey effort and methods for detecting threatened
fauna are summarised in Table 5.3 of the SIS.

Additional information about threatened species in the locality was obtained
through literature reviews of previous surveys, consultation with local public
authorities, individuals and interest groups and searches of the NPWS Wildlife Atlas
and State Forests of NSW databases.

RESULTS OF SURVEYS

Investigations for the SIS indicate that 15 threatened fauna species, one threatened
plant species and one regionally significant plant species are known to occur in the
study area. An additional 14 threatened fauna species, five threatened plant species,
two endangered plant species and two regionally significant plant species are likely
to occur in the study area based on existence of suitable habitat. These are listed in
the tables below.

18067 /MAY 1999 3



THREATENED, RARE AND REGIONALLY SIGNIFICANT SPECIES LIKELY TO OCCUR IN THE STUDY AREA

FAUNA SPECIES

Class

Amphibians

Reptiles

Mammals

Scientific Name

Litoria brevipalmata

Hoplocephalus stephensii

Hoplocephalus

bitorquatus

Phascogale tapoatafa

Phascolarctos cinereus

Dasyurus maculatus

Petaurus norfolcensis

Petaurus australis

Potorous tridactylus

Common Name

Green-thighed frog

Stephen’s banded snake

Pale-headed snake

Brush-tailed phascogale

Koala

Spotted-tailed quoll

Squirrel glider

Yellow-bellied glider

Long-nosed potoroo

Record Status Recorded
Location
P: € NR
none
none
none
B.C WG; NW; JC; NW Rock; BC;

FCT; NV; NR; MK

C NW
2

B

(@ GGG

Likeli-hood of Occur-

rence

known to occur

high

high

moderate

known to occur

known to occur

known to occur

known to occur

known to occur
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FAUNA SPECIES

Class

Aves

Scientific Name

Planigale maculata

Mormopterus

norfolkensis

Miniopterus australis

Miniopterus schreibersii

Muyotis adversus

Burhinus grallarius

Calyptorhynchus lathami

Lophoictinia isura

Tyto novaehollandiae

Ninox strenua

Ninox connivens

Common Name

Common planigale

Eastern freetail bat

Little bent-wing bat

Large bent-wing bat

Large-footed myotis

Bush stone-curlew

Glossy black-cockatoo

Square-tailed kite

Masked owl

Powerful owl

Barking owl

Record Status

none

B C

none

P; €

none

PG

none

none

Recorded
Location

BG

BC; J€2

BC;JC2

]€1

throughout

NW

Likeli-hood of Occur-

rence
high

known to occur

known to occur

known to occur

known to occur

low - moderate

known to occur

high

known to occur

moderate-high

high
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FAUNA SPECIES
Class Scientific Name Common Name Record Status Recorded Likeli-hood of Occur-
Location =

Tyto capensis Eastern grass owl P known to occur
Neophema pulchella Turquoise parrot none moderate - high
Lathamus discolor Swift parrot none moderate - high
Xanthomyza phrygia Regent honeyeater none moderate
Ixobrychus flavicollis Black bittern none high
Epippiorhynchus Black-necked stork P known to occur
asiaticus
‘Ptilinopus magnificus Superb fruit-dove none low - moderate
Ptilinopus regina Rose-crowned fruit-dove none low - moderate
Ptilinopus magnificus Wompoo fruit-dove none low - moderate

Key: P Previous record & Recorded during surveys
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FLORA SPECIES
Scientific Name TSC listing ESP listing RoTAP Likelihood of Occurrence
classification

Plectranthus suaveolens Not listed Not listed 3KC- High. Known to occur in the locality.
Eucalyptus glaucina Schedule 2 - Vulnerable Part 2 - Vulnerable 3VCa High. Known to occur in the locality.
Tetratheca juncea Schedule 2 - Vulnerable Part 2 - Vulnerable 3VCa Recorded within the study area.
Prostanthera densa Schedule 2 - Vulnerable Part 2 - Vulnerable 3VC- High. Known to occur in the locality.
Syzygium paniculatum Schedule 2 - Vulnerable Part 2 - Vulnerable 3VCi High. Known to occur in the locality.
Melaleuca groveana Schedule 2 - Vulnerable Not listed 3RC- High. Known to occur in the locality.
Asperula asthenes Schedule 2 - Vulnerable Part 2 - Vulnerable 3VC- High. Known to occur in the locality.
Eucalyptus fergusonii ssp. fergusonii Not listed Not listed 3KC- Recorded within the study area.
Grevillea guthrieana Not listed Part 1 - Endangered 3V High. Known to occur in the locality.
Macrozamia pauli-guilemimim ssp flexuosa ~ Not listed Part 1 - Endangered 2K High. Known to occur in the locality.
Callistemon acuminatus Not listed Not listed 3RC- High. Known to occur in the locality
Goodenia fordiana Not listed Not listed 2RC- High. Known to occur in the locality.
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Notes:

1. ESP Act = Endangered Species Protection Act, 1992.
2. TSC Act = Threatened Species Conservation Act, 1995.
3. RoTAP = Rare or Threatened Australian Plant (Briggs and Leigh 1996)
Key to Briggs and Leigh (1996)
Distribution Category
2 geographic range less than 100 km
3 geographic range more than 100 km

Conservation Status

E  Endangered - species in serious risk of disappearing from the wild state within one to two decades if present land use and other causal factors contuiue to operate
V' Vulnerable - species not presently endangered but at risk of disappearing from the wild state over a longer period (20 - 50 years) through continued depletion, or
which largely occur on sites likely to experience changes to land use that would threatened the survival of the species in the wild

R Rare - species considered rare in Australia, represented by a relatively large population in a very restricted area or by smaller populations spread over a wider range.
K Poorly known - taxon that is suspected, but not definitely known, to belong to one of the above categories. At present, accurate field distribution information is inadequate ..

Conservation Reservation and Adequacy Code

C  population reserved - known to be represented within a conservation reserve (national park or other proclaimed reserve).

a  population considered adequately reserved with a population of 1000 plants or more known to occur within conservation reserves

i population considered inadequately reserved with a total population of less than 1000 plants known to occur within a conservation reserve.
- the species has been recorded from within a conservation reserve but the population size within the reserve Is unknown.
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Although about 123 hectares of native vegetation would be cleared for the proposed
Upgrade, nearly all of this habitat is already moderately to severely degraded from
existing impact processes. These processes include agricultural and forest activities,
and the construction and use of the existing Pacific Highway. Consequently, it is
expected that the threatened and regionally significant species would use these areas
less than other more intact habitat in adjacent areas.

The greatest impacts of the proposed Upgrade are likely to be a further reduction of
the effectiveness of wildlife corridors in the dispersal of threatened species, removal
of existing and potential food trees, and changes to the hydrology and/or water
quality in areas alongside the road. Therefore, mitigation measures have been
tailored more directly at the amelioration of impacts on threatened and regionally
significant species considered likely to have the highest potential to be impacted
upon. These are the Green-thighed Frog Litoria brevipalmata, Koala Phascolarctos
cinereus, Regent Honeyeater Xanthomyza phrygia, Squirrel Glider Petaurus norfolcensis
and the plant species Tetratheca juncea and Eucalyptus ferqusonii ssp. fergusonii. For
this reason, the best practice mitigation measures listed below and described in detail
in Chapter 7 have been designed to minimise impacts upon the habitats of these
species, especially on the roadsides and on or near wetlands and creeks.

MITIGATION MEASURES

The following best practice mitigation measures are designed to minimise impacts
upon the habitats of threatened and regionally-significant species, especially on the
roadsides and on or near wetlands and creeks:

5 provision of compensatory habitat within the locality for the natural dispersal
of threatened and regionally significant species and transplantation of plants
such as Tetratheca juncea;

1 where possible, avoidance or minimum clearance of areas of conservation
significance;
a rehabilitation of some cleared areas through planting of locally native

vegetation, especially plants that provide food, breeding sites and shelter for
threatened and regionally significant fauna;

= provision of road underpasses (culverts and bridges) and an overpass
(bridge) in strategic locations where the Upgrade is known to pass through
wildlife corridors, particularly corridors of koala movement;

38067 /MAY 1999 9




| construction of exclusion fences along sections of the highway where there is
an elevated risk of wildlife road strikes;

J provision of roadside warning signs for motorists at locations along the
highway where there are frequent or large volumes of wildlife pedestrian
movement;

1 implementation of a sediment control plan that makes extensive provision for

minimisation of erosion and protection of wetlands and streams, particularly
frog habitats; and

4 implementation of a medium to long-term monitoring program along the
route of the Upgrade to ensure the effectiveness of proposed mitigation
measures on the management of threatened and regionally significant species
in the locality.
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Chapter 1

INTRODUCTION

This chapter identified the purpose of the Species Impact Statement and describes the
background to the study. The study area is defined and the proposed Upgrade described.

1.1 PURPOSE

The purpose of this Species Impact Statement (SIS) is to provide an assessment of the
impacts on threatened and regionally significant species of the proposed Upgrading
of the Pacific Highway between Karuah and Bulahdelah. The SIS assessment was
prepared in response to Section 5a of the Environmental Planning and Assessment Act,
1979. The SIS provides a detailed assessment of the impacts of the proposed
Upgrade on threatened species listed in the Threatened Species Conservation Act, 1995,
and on regionally significant species. The SIS complies with the requirements of the
TSC Act and with the requirements of the Director General of the National Parks and
Wildlife Service (hereafter referred to as the DG’s requirements). These requirements
appear in Appendix A. All definitions applicable to this SIS are listed in Chapter 2.

1.2 STUDY BACKGROUND

1.2.1 General

In January 1996, the Commonwealth and NSW State Governments announced the
largest peace-time civil construction project in Australia’s history since the building
of the Snowy Mountains hydro-electric scheme, with the announcement that $2.2
billion would be made available for major upgrading of the Pacific Highway
between Hexham and the Queensland border over a ten year period.

As part of the major upgrading strategy, the RTA has completed the concept design
for the 36.75 km section of the Pacific Highway between the townships of Karuah
and Bulahdelah (Figure 1.1). During 1998 a Review of Environmental Factors (REF)
was prepared to assess the environmental impacts of the proposed Upgrading. This
included the preparation of an eight part test of significance to determine whether or
not the proposed Upgrade would have a significant impact on threatened species or
their habitats. The REF assessed the construction of an additional carriageway and
rehabilitation of the existing road. The REF for the highway upgrade was reviewed

ERM MITCHELL MeCQTTER
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by the RTA towards the end of 1998. The decision report for the REF concluded that
flora and fauna issues had not been addressed to the fullest extent possible.
Consequently, it was recommended to proceed to the preparation ofan
Environmental Impact Statement (EIS). Furthermore, following the preparation of
the REF, NPWS released habitat models predicting the occurrence of a large number
of species of conservation significance in close proximity to the proposed Upgrade.
Giving consideration to these models and following further consultation with the
National Parks and Wildlife Service it was also decided to prepare a Species Impact
Statement (SIS).

Following the decision to prepare an EIS and SIS, the scope of the further studies was
determined. Included in the assessment process was a Value Management Study
(VMS) undertaken to bring together various stakeholder perspectives which need to
be reflected in the project; review the work undertaken to date and develop a
preferred direction to complete the planning phase of the project.

The outcome of the VMS was to proceed with the assessment of the impact of
constructing two dual carriageways separated by a vegetated median along the
length of the study corridor and adjacent to the existing carriageway.

The revised Upgrading involves the construction of two carriageways and removal
of the existing carriageway along the Pacific Highway between a point about four
kilometres north of the Karuah bridge and a point about 1.5 kilometres south of the
Myall River Bridge at Bulahdelah. The proposed Upgrade includes construction of
new intersections, rest areas and new bridges at Bulga and Bundabah Creeks.

The RTA is the proponent and the nominated determining authority for the
proposal. The Minister for Urban Affairs & Planning is the approving authority. The
Director General of the NPWS is required to give concurrence to the proposal before
approval of its construction can be given.

1.2.2 Regional Forestry Agreement Areas

A portion of Nerong State Forest has been set aside as part of the Regional Forestry
Agreement for inclusion in the Comprehensive, Adequate and Representative (CAR)
system and has recently been gazetted as an extension to Myall Lakes National Park
(Figure 1.2). The reasons for the gazettal of this area are unclear, however it is
presumed this area is of conservation value, particularly in respect to its proximity to
the previous area of Myall Lakes National Park. Portions of both of this Park would
be directly affected by the proposed Upgrade, through clearing, edge effects and
increased barrier effects. The impacts of the Upgrade on these areas have been
addressed throughout this SIS.
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1.3 THE STUDY AREA AND SUBJECT SITE

The study area covered by the proposed Upgrade is a corridor of land located
between the townships of Bulahdelah and Karuah on the mid north coast of NSW.
The 36.75 km route of the proposed Upgrade is illustrated in Figure 1.3.

The study area is defined as a 1 kilometre wide corridor extending both sides of the
existing section of the Pacific Highway for a distance of 500 m. The subject site is the
area that would be directly disturbed by the proposed Upgrade

Further characteristics of the study area and subject site are described further below.

1.3.1 Landform and Geology

The study area contains three physiographic regions: the Karuah Mountains; the
Coweambah Hills; and the Nerong Hills (Murphy 1995).

At the southern end of the study corridor lie the Karuah Mountains. These
mountains are steep, cone-shaped hills with an elevation of 100 to 260 m. They occur
on siliceous Carboniferous Nerong volcanics that consist of ignimbrites. Narrow,
peaked crests, long steep-sided slopes and narrow incised drainage lines are typical
landform elements.

The Coweambah Hills dominate the centre portion of the study area. They comprise
gently undulating to rolling rises to steep low hills on predominantly folded and
faulted Carboniferous sediments and volcanics. Steep to rolling hills grade into long,
gently undulating footslopes with large drainage plains and ill-defined drainage
lines. This landform unit covers the majority of the study area.

On Carboniferous and Permian aged rocks in the north of the study corridor, lie the
Nerong Hills, a complex array of steep hills. They include volcanic flows of the
Nerong Volcanics and Alum Mountain Volcanics as well as extensively folded
sedimentary rocks with strong north-west to south-east aligned strike ridges and
steeply dipping slopes.

The region around the study area consists of two distinct geological formations
which are described in Mitchell McCotter (1986) and TCM (undated). These
formations are the Nerong Volcanics and the Wootton Beds.

The section of the study area south of Bulga Creek is underlayed by the Nerong
Volcanics. These rocks include rhyolite, basalt, andesite, tuff, toscanite, tuffaceous
sandstone and other volcanic rocks. Near the surface, rocks from this formation are
generally highly fractured and jointed, and a substantial degree of weathering has
occurred along these planes of weakness.

ERM MITCHELL MeCOLTER
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North of Bulga Creek to Nerong, the study area is underlayed by a formation of
sedimentary rocks known as the Wootton Beds. This formation includes
conglomerate, sandstone, tillite, shale, mudstone and colitic limestone. These rocks
have also been highly fractured and weathered.

The study area traverses the western extent of Quaternary unconsolidated sediments
along low lying areas around Viney Creek, Split Yard Creek and north of the Booral
Road intersection. These sediments include estuarine clays, marine sands and
carbonaceous cemented sands (also known as indurated sands).

Other geological formations in the study area include the Conger Formation, Alum
Mountain Volcanics, Crawford Formation and the Bulahdelah Formation. These
geological units are generally comprised of sandstones and conglomerates and only
occur in a small portion of the study area.

1.3.2 Soils

A total of five soil landscape groups occur within the study area. The general pattern
is of poorly drained soil with variable soil textures, and that have a predominantly
acid soil reaction. Each of the five soils landscapes are discussed below and are
related to the vegetation types occurring throughout the study area.

Transferral landscapes can be found at Grey Gum Gully, Mount Karuah, the upper
and lower reaches of Bulga Creek, Bundabah Creek, Station Creek, Viney Creek,
Nerong Waterholes, Yard Creek, Jacks Creek and surrounding a number of unnamed
creeks/intermittent drainage lines. This soil landscape is the most common in the
study area and is generally characterised by undulating plains and rises on the
Mclnnes geological formation. It has a slope gradient of less than five percent and a
local relief of less than 10 m. This landscape group is characterised by seasonal
waterlogging and acid soils of low fertility. The group underlies predominantly
uncleared Angophora costata/Eucalyptus woodland (DLWC 1995) and closed forest

types.

Residual landscapes can be found at North Arm Cove, Bulga Creek and on a number
of undulating hills throughout the study area. The group is characterised by hills on
ignimbrites of the Nerong Volcanics geological formation. Broad crests, gently
inclined slopes and narrow drainage lines occur and minor rocky peaked crests occur
throughout the group. It is characterised by partially cleared to extensively cleared
Eucalypt/Angophora open forest to Eucalypt tall closed forest. This group hasa
high erosion hazard and acid soils of low fertility with dense, slowly permeable
subsoils with localised shrink swell potential, localised flooding and seasonal
waterlogging (DLWC 1995).

ERM MITCHELL McCOTTER
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Estuarine landscapes occur at Bundabah Creek and in the upper reaches of the
Bombah Broadwater. They are characterised by broad flat swampy ground and river
channels. Slope gradients within this group are usually less than one percent and
have an elevation between one and three metres. The soils are deep and very poorly
drained. This group underlies predominantly cleared Casuarina/Melaleuca swamp
forest with minor areas of tall open forest (DLWC 1995).

Lacastrine landscapes occur at Nerong Waterholes and have formed as a result of the
infilling of Pleistocene lagoons and estuaries. Slope gradients within this landscape
are usually less than two percent, with the local relief generally being below two
metres. The elevation of this group varies between seven and nine metres ASL.
Gilgai depressions and cracking black earth occur occasionally and are subject to
seasonal or permanent waterlogging and permanent high water tables. This group
underlies predominantly cleared swamp forest (DLWC 1995).

Erosional landscapes occur at Nerong and on numerous slopes and crests
throughout the study area. This group consists of undulating low hills on the
Mclnnes geological formation. Slope gradients are usually less than 15 % with local
relief to 30 m. Broad crests, convex moderately inclined sideslopes and narrow
drainage lines characterise the landscape. The landscape consists of localised
waterlogged and shallow soils of low fertility. It is overlayed by predominantly
uncleared woodland with a shrubby understorey (DLWC 1995).

1.3.3 Climate

The climate of the region varies from humid sub-tropical on the coast to dry
temperate inland. The region lies in a zone of interaction between two air masses,
the sub-tropical high pressure cells originating over the mainland, and the sub-polar
low pressure cells generated over the southern oceans. The movement of these two
systems can result in unpredictable climate changes (TCM undated).

i Temperature and Humidity

The temperature range experienced along the Pacific Highway is primarily
influenced by latitude and proximity to the Pacific Ocean. The area in which the
proposed Upgrade is located has a mean daily maximum ranging from 21.5C to 24C,
and minimum mean daily temperature of between 14.3C to 12C (TCM undated). The
annual mean daily temperature ranges are indicative of the moderating coastal
influence. Further inland greater variations between maximum and minimum
readings.

—— ERM MITCHELL McCOTTER
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The humidity of the area ranges between 76% and 73% relative humidity at 9.00 am,
and between 65% and 57% relative humidity at 3.00 pm. The variation in relative
humidity is highly dependent on location.

ii. Rainfall

Rainfall across the region is variable. Along the coast, the highest amount of rainfall
falls in autumn and early winter. Further inland from the coast, rainfall peaks in
summer, with secondary peaks often being experienced in winter. There is a marked
reduction in rainfall from east to west. The average annual rainfall is approximately
1,200 mm per year.

iil. Wind Speed and Direction

Synoptic scale features are the main influence on wind patterns experienced along
the extent of the route. The eastward progression of high pressure systems generally
brings easterly winds in summer and westerly winds in winter.

The northern section of the study area is also influenced by tropical disturbances and
trade winds, which tend to increase the incidence of north-easterly and south
easterly winds throughout the year.

The general wind pattern experienced along the length of the route shows a winter
dominance of westerly winds, and the easterly trade winds prevailing throughout
the remainder of the year. Localised variations in this generalised wind pattern are
likely to occur along the length of the route due to differences in topography and
nature of the land surrounding each location.

. Fog and Frost Occurrence

Generally, frosts are uncommon along the Pacific Highway. The close proximity of
the road to the Pacific Ocean provides a warming influence, generally preventing
temperatures from dropping to freezing point.

Fogs may be experienced on as many as 20 occasions throughout a year at some
locations along the Pacific Highway. Generally, the incidence of fog increases with
distance away from the coast, as land surface cooling causes air above the ground to
cool. This cold air then pools into valleys and may cool to such an extent that fog
forms. The incidence of fogs is expected to vary along the length of the Upgrade
according to topography and the nature of the land surrounding each location.
Areas located further from the coast are likely to experience fogs more often than
those located directly along the coastline.
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1.3.4 Vegetation

Nine forest types, based on Research Note Number 17 standard, (Forestry
Commission of NSW 1989b) and 36 vegetation communities (determined following
the classification scheme of Walker and Hopkins 1990) were identified occurring
adjacent to the existing highway.

These forest types and vegetation communities are described further in Section 3.3.

1.4 DESCRIPTION OF THE PROPOSAL

1.4.1 Proposal Components

The proposed Upgrade extends between 57.85 km and 94.60 km north of Newcastle.
It starts approximately four km north of the bridge over the Karuah River and
finishes at a point about 1.5 kilometres south of the bridge over the Myall River at
Bulahdelah. The Upgrade would be 36.75 km in length.

Due to the length of the proposed Upgrade, the concept design is divided into three
approximately equal sections to allow detailed design and environmental assessment
to proceed simultaneously. The sections also form logical divisions for managing
construction contracts (RTA 1999). These sections are:

% Section 1: Southern End to Viney Creek Road, 57.85 km to 69.00 km.
| Section 2: Viney Creek Road to Waterholes Gap,69.60 km to 82.00 km.
A Section 3: Waterholes Gap to Northern End, 82.00 km to 94.60 km.

The details of the proposed Upgrade are shown in Figure 1.4. A description of each
section as outlined in Working Paper 1, is provided below.

1. Section 1

The proposed Upgrade would start to the east of the hard rock quarry access road,
north of a section of the existing highway that has been recently upgraded with
passing lanes. It would rise gradually to the east, and then descend to Bulga Creek.
The Upgrade traverses mildly hilly terrain between Bulga and Bundabah creeks
before rising to the hill at Viney Creek Road.

= S ERM MITCHELL MeCOTTER
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The new carriageways and controlled access road boundary (referred to as the CAR
boundary) would be located to the north west of the existing carriageway for a
distance of eight kilometres between the start and a point near Bundabah Creek.
Between Bundabah Creek and the end of Section 1, north of Tea Gardens Road
intersection, duplication would be generally along the existing road alignment. The
CAR boundary would extend slightly to the south east of the existing road reserve
boundary in some locations.

The CAR boundary would be widened to accommodate a proposed rest area north of
Bulga Creek at 62.20 km, for southbound vehicles.

1. Section 2

From the hill near Viney Creek Road, the Upgrade would descend to Old Tea
Gardens Road and then cross level terrain to Nerong Forest Road. It would then rise
steeply to cross Waterholes Gap.

The proposed Upgrade would generally follow the existing road reserve. However,
the CAR boundary would be widened at Waterholes Gap and near 76.70 km to
accomodate deep cuttings and an improved horizontal alignment. The old highway
would be utilised for a northbound rest area at 76.70 km.

111, Section 3

From the start of Section 3, near Waterholes Gap, the proposed Upgrade would
descend. It would then rise briefly after Jacks Creek Bridge and descend to a low
point at the Nerong Village intersection. After rising to the north of Nerong Village,
the Upgrade would descend to a relatively flat section south of Burdekin’s Gap. It
would then climb steeply at Burdekin’s Gap and descend to a level plain, ending at
the Myall River floodplain.

From Waterholes Gap to Burdekin’s Gap, the alignment generally follows the
existing highway. In the area approaching Nerong Village, the proposed CAR
boundary extends to the west of the existing road reserve to improve horizontal and
vertical alignment.

The alignment of the proposed duplication deviates to the east by up to 300 m
between 87.50 km and 88.50 km to improve alignment at Burdekin’s Gap. Between
Burdekin’s Gap and the end of Section 3, the alignment generally follows the existing
highway for the final six kilometres. The CAR boundary extends slightly to the east
in some locations to accommodate new carriageways.
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1.4.2 Staging and Timing of Construction

The proposed Upgrade would be constructed in stages, which are detailed in Section

5.3 of Working Paper No.1.

Construction work on the proposed Upgrade would

commence in late 1999 with progression through to the end of 2006. The
development program for the proposed Upgrade is anticipated to be:

Investigation and Design

Public Utility Adjustments

Property Acquisitions
Construction Section 1
Construction Section 2
Construction Section 3

Project Finalisation

38067 /MAY 1999

1.9

Early 1998 to Early 2000
Late 1999 to end 2000
Late 1997 to End 2000
Mid 2001 to Early 2003
Late 1999 to Late 2001
Early 2003 to end 2006

End 2006
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Chapter 2

LEGAL REQUIREMENTS

This chapter outlines the legislative requirements for the preparation of this SIS. The study
area, subject site, locality, sub-region and region to which the study applies are also defined.
The species considered in the SIS are also identified.

2.1 REQUIREMENTS FOR A SPECIES IMPACT STATEMENT

2.1.1 Legislative Requirements

This SIS has been undertaken in accordance with Sections 109 and 110 of the
Threatened Species Conservation Act 1995 (TSC Act), which describe the form and
content of an SIS. The Director-General’s requirements for the proposal, pursuant to
Section 111 of the TSC Act have also been addressed in this report.

Table 2.1 details the contents of the SIS in accordance with Section 110 of the TSC Act
and indicates the sections in this report in which they can be found. Table 2.1 also
details the matters to be addressed in this SIS in accordance with the Director-
General’s requirements and indicates the sections in this report in which they can be
found.

Table 2.1 CHAPTERS IN THIS REPORT ADDRESSING SECTION 110 OF THE
TS ACT 1995
AR Matter to be Addressed — Section in Which Matter is
Addressed
(1) A species impact statement must include a full description of the action Section 1.4

proposed, including its nature, extent, location, timing and layout and, to the

fullest extent practicable, the information referred to in this section.

(2) A species impact statement must include the following information as to

threatened species and populations:

(a) a general description of the threatened species or populations known or likely Sections 3.3.5 and 4.3
to be present in the area that is the subject of the action and in any area that is

likely to be affected by the action;

(b) an assessment of which threatened species or populations known or likely to Sections 6.4 and 6.5
be present in the area are likely to be affected by the action;

(c) for each species or population likely to be affected, details of its local, regional Appendix D

ERM MITCHELL McCOTTER
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Table 2.1 CHAPTERS IN THIS REPORT ADDRESSING SECTION 110 OF THE
TSC ACT 1995
Matter to be Addressed Section in Which Matter is
Addressed

and statewide conservation status, the key threatening processes generally

affecting it, its habitat requirements and any recovery plan or threat abatement

plan applying to it;

(d) an estimate of the local or regional abundance of those species or populations;

(¢) a general description of the threatened species or populations known or likely Not required.
to be present in the area that is the subject of the action and in any area that is

likely to be affected by the action;

(f) a full description of the type, location, size and condition of the habitat

(including critical habitat) of those species and populations and details of the

distribution and condition of similar habitats in the region;

(g) a full assessment of the likely effect of the action on those species and Chapter 8
populations, including, if possible, the quantitative effect of local populations in

the cumulative effect in the region;

(h) a description of any feasible alternatives to the action that are likely to be of Chapter 8
lesser effect and the reasons justifying the carrying out of the action in the

manner proposed having regard to the biophysical, economic and social

considerations and the principles of ecologically sustainable development;

(i) a full description and justification of the measures proposed to mitigate any Chapter 2.10
adverse effect of the action on the species and populations, including a

compilation (in a single section of the statement) of those matters;

(j) a list of any other approvals that must be obtained under any other Act or Chapter 7
law before the action may be lawfully carried out, including details of the

conditions of any existing approvals that are relevant to the species or

population.

(3) A species impact statement must include the following information as to Not required as indicated by
ecological communities: NPWS

(a) a general description of the ecological contmunity present in the area that is Not required as indicated by
the subject of the action and in any area that is likely to be affected by the action; NPWS

(b) for each ecological community present, details of its local, regional and state- Not required as indicated by
wide conservation status, the key threatening processes generally affecting it, its NPWS

habitat requirements and any recovery plan or any threat abatement plan

applying to it;

(c) a full description of the type, location, size and condition of the habitat of the Not required as indicated by
ecological community and details of the distribution and condition of similar NPWS

habitats in the region;

(d) a full assessment of the likely effect of the action on the ecological Not required as indicated by

ERM MITCHELL MeCOTTER
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Table 2.1
T8C ACT 1995

CHAPTERS IN THIS REPORT ADDRESSING SECTION 110 OF THE

Matter to be Addressed

community, including, if possible, the quantitative effect of local populations in
the cumulative effect in the region;

(e) a description of any feasible alternatives to the action that are likely to be of
lesser effect and the reasons for justifying the carrying out of the action in the
manner proposed, having regard to the biophysical, economic and social

considerations and the principles of ecologically sustainable development;

(f) a full description and justification of the measiures proposed to mitigate any
adverse effect of the action on the ecological community, including a compilation

(in a single section of the statement) of those nieasures;

(g) a list of any approvals that must be obtained under any other Act or law
before the action may be lawfully carried out, including details of the conditions

of any existing approvals that are relevant to the ecological contmunity.

(4) A species impact statement must include details of the qualification and
experience in threatened species conservation of the person preparing the
statement and of any other person who has conducted research or investigations
relies on in preparing the statement.

(5) The requirements of subsections (2) and (3) in relation to information
concerning the statewide conservation status of any species or population, or
any ecological community, are taken to be satisfied by the information in that
regard supplied to the principal author of the species impact statement by the
National Parks and Wildlife Service, which information that Service is by this

subsection authorised and required to provide.

Section in Which Matter is
Addressed
NPWS

Not required as indicated by
NPWS

Not required as indicated by
NPWS

Not required as indicated by
NPWS

Appendix B

Appendix D

2.1.2 Study Team

The persons involved in the field investigations, report writing, desktop research and
liaison were suitably qualified. A list of the study team and their curricula vitae are
presented in Appendix B.

2.2 NPWS DIRECTOR-GENERAL’S REQUIREMENTS

The Director-General (DG) requires that this SIS meets all of the matters specified in
Section 109 and 110 of the TSC Act with the exception of those matters listed in

ERM MITCHELL McCOTTER
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Section 2.1.1 above. In addition, the DG requires that the matters described in Table
2.2 be addressed.

Furthermore, the DG has requested that this SIS be formatted to reflect the sections
and subsections provided in Sections 109 and 110 of the TSC Act and the DG’s
requirements. The DG’s requirements were used as a basis in preparing the format
of this SIS. In some circumstances the requirements requested information that was
better presented and/or discussed in other sections of the documents so as to enable
a more structured report. Consequently, it was agreed with NPWS (L. Baker, NPWS,
pers. comm.) that necessary changes to the requested format were acceptable
provided that a table, outlining the DG'’s requirements and chapters where they are
addressed, was included. This table is presented below (Table 2.2).

Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING THE DIRECTOR
GENERAL’S REQUIREMENTS

Matters To Be Addressed Chapters In Which
The Matters Are
Addressed

1. Description

This includes the following information:

Study Area

All maps should be presented at the same scale so that they can be overlain.

1.1 The nature of the action proposed must be detailed. This must include the timetable — Section 1.4
for the carrying out of the proposed development, the number of hectares affected, the
number of hectares of each vegetation type within the study area, details of the location of

any auxiliary infrastructure and all components of the proposed developnient.

1.2 A vegetation map of the study area must be provided. This map will show the Figure 3.3 in Section
location and type of vegetation communities present within the study area and the scale 88

of the map. The map niust be presented in colour. The vegetation units mapped should

follow a standard classification such as Walker and Hopkins (1990), and include

dominant species in each vegetation unit.

1.3 An aerial photograph (or reproduction of such a photograph), preferably colour, of Figure 1.3 in Section
the locality must be provided, separate to the vegetation map. This aerial photograph 1%

should be clearly marked with the study area and the scale of the photograph, and the

location of the proposal.

1.4 A topographic map of the locality at an appropriate scale must be provided. This Appendix C

map will detail the location of the proposal, major land tenure units such as National

Parks, Nature Reserves and State Forests, boundaries of the study area and areas of high

human activity such as townships, regional centres and major roads.

1.5 _In defining the study area consideration shall be given to possible indirect effects of Chapter 6

ERM MITCHELL McCOTTER
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING THE DIRECTOR
GENERAL’S REQUIREMENTS

Matters To Be Addressed Chapters In Which
The Matters Are
Addressed
the development on the area surrounding the subject site, for example habitat
fragmentation, vegetation corridors, altered hydrology regimes, soil erosion or pollution
and increased human presence.

1.6 In describing the study area, consideration must be given to the previous land uses Chapter 6
and the effect of these land uses on the study area. Relevant historical events may

include sandmining, fore history, clearing, logging, recreational use and agricultural

activities. Reference to the land zoning or any proposed rezoning, and any government

planning initiatives (eg Interim Deferred Forest Areas and the subsequent State Forest

estate identified to become part of the reserve system under the Government’s Upper and

Lower North East forestry decision, reserve proposals, etc.) which may impact on the

study area or adjacent lands must be made.

Threatened and Significant Species Habitat Assessment

1.7 A list of subject species must be provided. In determining these species, Chapter 2
consideration shall be given to the habitat types present within the study area, records of

subject species in the locality and their known distribution. Note: Subject Species

includes species that are not listed in the TSC Act, but are considered to be of regional or

local significance. Criteria to be used to identify include those outlined by Sheringham

and Westaway (1995).

1.8 The subject species must include, but need not be limited to, the following species: Chapter 2
o Green-thighed frog Litoria brevipalmata;

e Green and golden bell frog Litoria aurea;

e Stuttering frog mixophyes balbus;

e Giant barred frog Mixophyes iteratus;

e Wallum froglet Crinia tinnula;

e Brush-tailed phascogale Phascogale tapoatafa;

e Koala Phascolarctos cinereus

e Spotted-tailed quoll Dasyurus maculatus

e Squirrel glider Petaurus norfolcensis

o Yellow-bellied glider Petaurus autralis

e Eastern chestnut mouse Pseudomys gracilicaudatus
e Long-nosed potoroo Potorous tridactylus

o Red-legged pademelon Thylogale stigmatica

e Common Wombat Vombatus ursinus

ERM MITCHELL McCOTTER
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING

GENERAL’S REQUIREMENTS

THE DIRECTOR

Matters To Be Addressed

Chapters In Which

The Matters Are
Addressed
e Common Planigale Planigale maculata
e All microchiropteran bats, but particularly:
e Golden-tipped bat Kerivoula papuensis
o Eastern freetail bat Mormopterus norfolkensis
e Little bent-wing bat Miniopterus australis
e Bush stone-curlew Burhinus grallarius
e Glossy Black-cockatoo Calyptorhynchus lathami
e Osprey Pandion haliaetus
e Square-tailed kite Lophoictinia isura
e Masked owl Tyto novaehollandiae
e Sooty owl Tyto tenebricosa
e Powerful ol Ninox strenua
o Turquoise Parrot Neophema pulchella
e Swift parrot Lathamus discolor
e Regent honeyeater Xanthomyza phrygia
e Black bittern Ixobrychus flavicollis
e Black-necked stork Ephippiorhynchus asiaticus
o Comb-crested jacana Jacana gallinacea
e Superb fruit-dove Ptilinopus magnificus
e Rose-crowned fruit-dove Ptilinopus regina
e Wompoo fruit-dove Ptilinopus magnificus
e Stephen’s banded snake Hoplocephalus stephensii
e Pale headed snake Hoplocephalus bitorquatus
e Eucalyptus fergusonii ssp. fergusonii
e Grevillea guthrieana
e Macrozamia pauli-guiliemimim ssp. flexuosa
e Plectranthus suaveolens
e Tetratheca juncea
1.9 A description of the habitat requirements of subject species must be provided. Chapter 4;
Particular attention must be paid to the subject species listed in 1.8 above. Appendix D

38067 /MAY 1999 2 6
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING THE DIRECTOR
GENERAL’S REQUIREMENTS

Matters To Be Addressed Chapters In Which

The Matters Are
Addressed
1.10 The habitat of each species found within the study area must be represented on a Figure 4.1

map of the study area. NPWS predicted habitat models (contained at Appendix E of this
SIS) should be used as an indication of the presence of suitable habitat for subject species
in the locality.

1.11 A description of fauna and flora habitat components such as frequency and size of
tree hollows and stags, density of understorey vegetation, substrate and presence and
nature of wetlands, rock outcrops etc. must be given. The location of tree hollows and
stags within the study area must be mapped. The condition of the habitat within the
study area must be discussed, including the prevalence of introduced species.

The importance of the study area for all lifecycle stages of the subject species in the
locality shall be identified and discussed. Particular attention must be given to which
areas are used by the following species including identification of the purposes for which
these areas are used (eg. roosting, feeding, nesting or breeding etc):

e Green thighed frog Litoria brevipalmata

e Green and golden bell frog Litoria aurea

e Stuttering frog Mixophyes balbus

e Wallum froglet Crinia tinnula

e Brush-tailed phascogale Phascogale tapoatafa

e Koala Phascolarctos cinereus

e Squirrel glider Petaurus norfolcensis

o Yellow-bellied glider Petaurus australis

e Eastern chestnut mouse Pseudomys gracilicaudatus

o Bush stone-curletwv Burhinus grallarius

e Golden tipped bat Kerivoula papuensis

e Stephen's banded snake Hoplocephalus stephensii

e Eucalyptus fergusonii ssp fergusonii

e Grevillea guthrieana

¢ Macrozamia pauli-guiliemimim ssp flexuosa

e Plectranthus suaveolens

e Tetratheca juncea

Survey Methods

1.12 A fauna and flora survey is to be conducted in the study area. Additional targeted

ERM MITCHELL McCOTTER
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING
GENERAL’S REQUIREMENTS

THE DIRECTOR

Matters To Be Addressed

surveys must be conducted for all affected species. As a mininum, survey methods must
follow those detailed, unless justification for variation from these methods can be
provided to the satisfaction of NPWS. Field survey and identification of species and
habitat must be undertaken by suitably qualified and experienced persons. Species of
taxonomic uncertainty must be confirmed by a recognised authority such as the

Australian Musewm or NSW National Herbarium.

1.13 A full description of the methods used in the fauna and flora surveys and habitat
assessment must be provided, including survey techniques employed, number and
location of traps and transects, size of survey sites, dates of surveys, the time spent on
surveys and prevailing weather conditions. Where appropriate this information must be
provided in map format at the same scale as the previous maps. Surveys must be
undertaken at the tine of year when the subject species are most likely to be detected and,
where possible, in appropriate climatic conditions. A table must be provided indicating

compliance with the survey methods outlined.

1.14 The time of the year for each component of the survey, prevailing weather
conditions and limitations of survey techniques employed must be considered and
discussed with respect to the results of the survey.

1.15 Areas which may act as local or regional corridors between the study area and other
areas of likely habitat for subject species must be identified and described. A map
showing identified corridors must be provided.

1.16 A full list of protected fauna and native plant species (as defined by the National
Parks and Wildlife Act 1974) found during the course of surveys must be included.
Such information is indicative of the habitat quality of the site. This list must indicate
the significance of each species, whether the species is introduced, and the survey site
location or habitat in which each species was recorded.

Survey Results and Discussion

1.17 The location of the subject species recorded during the SIS survey and other recent
surveys where available, must be represented on a map of the study area. The map base
must include the topographic features shown on the vegetation map and be provided in
map format at the same scale as previous maps.

1.18 Where available, information provided for each subject species must include the
name, date recorded, name of person who made the record, type of record (eg scat
identification, trapped, sighted), specific use of habitat (eg nesting, roosting, foraging),
and number of individuals recorded.

1.19 Discussion and justification must be included in determining which of the subject

Chapters In Which
The Matters Are
Addressed

1

Chapter !

Chapter 5

Figure 4.1

Chapter 5: Appendix

D; Appendix H

Figure 4.1; Chapter 5

Appendix D;
Appendix H

Chapter 3; Chapter 4
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING THE DIRECTOR
GENERAL’S REQUIREMENTS

Matters To Be Addressed Chapters In Which
The Matters Are
Addressed

species are regarded as affected species for the purpose of the SIS
2. Assessment of Likely Impacts
This section expands upon Section 110(2) of the TSC Act, points (b), (¢) and (). Chapter 3; Chapter 6
The assessment matters listed below must be addressed:
2.1 For each affected species, the SIS shall state the following
e the location, nature and extent (numbers of hectares) of each vegetation community

to be removed or modified;
e the location, nature and extent (numbers of hectares) of habitat removal or

modification whicl may result fron the proposed action;
o discuss the potential impact of the removal or modification of the vegetation

communities and habitat;
o the likely contribution of the proposed action to all threatening processes (not

restricted to key threatening processes) acting on populations of those species in the

locality; and
e adescription of the level of the representation of affected species, or their habitats,

within conservation reserves (or other similar protected areas) in the sub-region and

locality.
2.3 A discussion of other populations of affected species in the locality must be provided Chapter 4; Chapter 6;
particularly in reQard to their long term security ie: the land zoning, land tenure and Chapter 7
land management practices. The relative significance of the subject site for affected
species in the locality must be discussed in light of the above.
2.4 If local or regional habitat corridors for affected species area present within the Chapter 6
subject site, the impact of the proposal on these areas must be discussed. Impacts of
barrier effects must be discussed for both flora and fauna.
2.5 Consideration must be given to possible indirect effects of the activity on the area Chapter 6
surrounding the subject site, for example, edge effects on vegetation and habitat, altered
hydrological regimes, soil erosion or pollution.
3. Mitigation
The following issues must be addressed:
3.1 Where a draft recovery plan prepared in accordance with the NSW TSC Act is n/a
relevant to any affected species, consideration must be given to the information contained

in these plans and whether any draft recovery plan recommendation is applicable to the

proposal.
3.2 In discussing alternatives to the proposal, justification must be provided for the Chapter 8

ERM MITCHELL McCOTTER
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Table 2.2 CHAPTERS IN THIS REPORT ADDRESSING THE DIRECTOR
GENERAL’S REQUIREMENTS

Matters To Be Addressed Chapters In Which
The Matters Are
Addressed
decision to select the current proposal, in terms of relative impacts on affected species.
3.3 Detail must be provided of the measures proposed to mitigate the effect of the Chapter 7
proposal. Measures for minimising the number of road kills of affected species should be
identified. These may include fauna over or underpasses, exclusion fencing, tunnels,
retention of median vegetation for arboreal species. Other mitigation measures should be
identified including appropriate revegetation and habitat restoration in adjacent areas
and/or provision of compensatory habitat. The techniques used must employ current best
practice and be supported by a literature review.
3.4 Proposals for monitoring the effectiveness of the proposed mitigation measures and Chapter 7
the impact of the proposal on affected species, must be provided and discussed. Details of
such monitoring must be provided including site location, frequency of monitoring and
duration of program. A discussion of possible options for changes to mitigation measures

in the light of monitoring results must be included.

3.5 Details of any habitat restoration or improvement programs proposed for the study Chapter 7
area must be provided, including the proposed time frame for habitat

restoration/improvement, and the likely impact on flora and fauna, particularly during

the time between the impact on the habitat and any habitat restoration/improvement.

Habitat restoration and rehabilitation works should commence before project completion.
4. Additional Information
4.1 A list of approvals required must be provided, including: Chapter 2

e any consents required under Part IV of the Environmental Planning and
Assessment Act 1979 including the name of the consent authority and when it is

proposed to make the development application; or

o any approvals required under Part V of the Environmental Planning and
Assessment Act 1979 including the name of the determining authority(ies), the

basis for approval and when these approvals are proposed to be obtained.

4.2 Flora and fauna locality data recorded during surveys must be provided. Appendix H

2.3  DEFINITIONS

The following definitions are applicable to these Requirements and the SIS:

ERM MITCHELL McCOTTER
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= abundance means a quantification of the population of the species or
community;

a activity has the same meaning as in the Environmental Planning as Assessment
Act 1979;

2 affected species means subject species likely to be affected by the proposal;

z conservation status is regarded as the degree of representation of a species or

community in formal conservation reserves;

i development has the same meaning as the Environmental Planning and
Assessment Act 1979;

a Director-General means the Director-General of National Parks and Wildlife;

a locality means the area within a 10 km radius of the study area (refer to
Section 2.4 below);

.| NPWS means the NSW National Parks and Wildlife Service.

region means, for the purposes of the provision in which it is used, a
bioregion defined in a national system of bioregionalisation that is
determined (by the Director-General by order published in the Gazette) to be
appropriate for those purposes. If the bioregion occurs partly outside New
South Wales, the region consists only of so much of the bioregion as occurs
within New South Wales (refer to Section 2.6 below);

a significant species means species not listed in the TSC Act but considered to
be of regional or local significance;

2 subregion means an area based around Raymond Terrace to the south and
Bulahdelah to the north. Catchment or sub-catchment boundaries may be
used to help define the sub-region (refer to Section 2.5 below);

2 study area is the subject site and any additional areas which are likely to be
affected by the proposal, either directly or indirectly;

0 subject site means the area which is proposed for development/activity;

£ subject species means those threatened and significant species which are
considered known or likely to occur in the study area. These are listed in
Section 2.7 below.
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3 threatening process includes all processes considered to be threatening, not
limited to key threatening processes as defined in the TSC Act.

All other definitions are the same as those contained in the TSC Act.

24 THE STUDY AREA AND SUBJECT SITE

The study area and subject site are defined and described in Section 1.3.

2.5 THE LOCALITY

The Director-General’s Requirements for the SIS (Appendix A) defines the “locality” as
“the area within a 10 km radius of the study area”. Section 1.4 of the Director-General’s
Requirements states that a topographic map of the locality must be provided at an
appropriate scale. Due to the extensive size of the study area, this topographic map
has been provided on a scale of 1:25,000. As well as being illustrated on this map,
major land tenure units (of potential conservation significance) including National
Parks, Nature Reserves and State Forests are discussed in the following sections.
This topographic map is attached at Appendix C.

2.6 THE SUB-REGION

The sub-region has been defined to enable the assessment of the representativeness
and reservation of habitat on a more detailed scale. NPWS has defined the sub-
region as an area between the Williams River catchment in the south and Wang
Wauk River catchment in the north. This area has been further delineated by
determination of catchment boundaries, and is illustrated in Figure 2.1.

2.7 THE REGION

As defined in the NSW TSC Act (1995), the region means a bioregion defined in a
national system of bioregionalisation which is determined by the Director-General of
NPWS. In May 1996 the Director-General gave notice pursuant to section 4 (1) of the
TSC Act 1995, and section 4 (6A) of the EP&A Act 1979, that the national system of
biogeographic regionalisation, identified in An Interim Biogeographic Regionalisation for
Australia: A Framework for Setting Priorities in the National Reserves System Cooperative
Program (Thackway and Cresswell (eds) 1995) is appropriate for the purposes of the
provisions in which the term ‘region’ is used.

ERM MITCHELL MeCOTTER
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The Sub-region within which the study area is located falls within both the North
Coast region (NNC) and the Sydney Basin region (SB). The NSW North Coast region
has been given the IBRA code NNC, whereas the Sydney Basin region has the IBRA
code of SB. The boundaries of these regions are illustrated on the map “Boundaries
of IBRA Regions”, (Thackway and Cresswell 1995), Map Version 4.0, as illustrated in
Figure 2.2.

The North Coast region is characterised by a humid climate, hills coastal plains and
sand dunes; Eucaluptus - Lophostemon confertus tall open forests, Eucalyptus opn
forests and woodlands, rainforest often with Araucanc Cunninghamii  (complex
notophyll and microphyll vine forest), Melaleuca quinquenervia wetlands and heaths
(Thackway and Cresswell (eds) 1995).

The Sydney Basin region is characterised by mesozoic sandstones and shales;
dissected plateaus, forests, woodlands and heaths; skeletal soils, sands and podzolics
[Thackway and Cresswell (eds) 1995].

2.8  SPECIES CONSIDERED

The list of threatened species that are the subjects of this SIS are listed below. It was
derived in consultation with the NSW NPWS, by examination of NPWS and NSW
State Forests threatened species records made within the region and assessment of
the habitats of the study area.

In accordance with Section 110 of the TSC Act (1995) and the NPWS Director-General
requirements, species profiles have been prepared for each species potentially
affected by the proposed Upgrade. These are contained in Appendix D.

Species profiles provide detailed information on ecological requirements and other
characteristics such as:

| statewide, regional, sub-regional and local abundance and conservation
status;

5 habitat requirements, including home range, feeding, roosting and breeding
requirements;

This information has been used to assist in assessing impacts of the proposed
Upgrade on each of the subject species and in developing appropriate mitigation
measures.

A list of the subject species is provided in Table 2.3.

ERM MITCHELL McCOTTER

38067 /MAY 1999 2:13



Table 2.3 THREATENED AND SIGNIFICANT SPECIES KNOWN OR

CONSIDERED LIKELY TO OCCUR WITHIN THE STUDY AREA

Family/Common Name

FLORA

MYRTACEAE

PROTEACEAE

FAUNA
AMPHIBIANS
Green-thighed frog
Green and Golden Bell frog
Stuttering frog

Giant Barred frog
Wallum froglet
REPTILES

Stephen’s banded snake
Pale-headed snake
MAMMALS
Brush-tailed phascogale
Koala

Common wombat
Spotted-tailed quoll
Squirrel glider

Yellow-bellied glider

Scientific Name

Plectranthus suaveolens™

Eucalyptus glaucina*

Eucalyptus ferqusonii subsp fergusonii**
Callistemon acuminatus*

Melaleuca groveana*

Grevillea guthrieana*

Tetratheca juncea**

Prostanthera densa*

Syzygium paniculatunt™

Asperula asthenes*

Macrozamia pauli-guilemimim subsp flexuosa*

Goodenia fordiana*

Litoria brevipalmata**
Litoria aurea
Mixophyes balbus
Mixophyes iteratus

Crinia tinnula

Hoplocephalus stephensii*

Hoplocephalus bitorquatus*

Phascogale tapoatafa*
Phascolarctos cinereus™
Vombatus ursinus*
Dasyurus maculatus**
Petaurus norfolcensis**

Petaurus australis**

Status

RoTAP
\
RoTAP
RoTAP
\%
RoTAP

\%
RoTAP
RoTAP

= < < H =
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BACKGROUND:
This map has been developed through cooperative efforts of the Australian and State and Termitory
nature conservation agencies. The map provides a broad framework for developing the National Reserves
System for Australia. NB: Please consult the report “Thackway, R. and 1.D. Cresswell (Eds) (1995).

An Interim Biogeographic Regionalisation of Australia, Australian Nature Conservation Agency, Canberra.”
For information on assumptions, limitations and caveats regarding use of this map.

SOURCES:
ANCA (1995). ‘IBRA digital data set’.
AUSUIG (1993). ‘Coastline digital data set'.

CAVEATS:

Some of the Biogeographic regions are at the scale of sub-regions or environmental provinces but

are recognised and illustrated as part of the planning framework of State/Territory jurisdictions.

Further analysis is required to ensure a uniform level of heterogeneity is established between regions within
all States and Termitories.

Projection: Albers Equal Area

Standard Paralleis: 18 and 36 deg. south
Central Meridian: 132 deg. east
Australian Spheroid

SCALE: 1:15,000,000

IBRA CODE: IBRA NAME
AA: Australian Alps

AW: Avon Wheatbelt

BBN: Brigalow Belt North
BB8S : Bngalow Beit South
BEN: Ben Lomond

BHC: Broken Hill Complex
BRT: Burt Plain

CA: Central Arnhem

CAR: Camnarvon

CH: Central Highlands

CHC: Channel Country

CK: Central Kimberley
CMC: Central Mackay Coast
COO: Coolgardie

CP: Cobar Peneplain

CR: Central Ranges

CYP: Cape York Peninsula
DAB: Daly Basin

DE: D'Entrecasteaux

DEU: Desert Uplands

DL: Dampieriand

DRP: Darling Riverine Plains
EIU: Einasleigh Uplands
ESP: Esperance Plains
EYB: Eyre and Yorke Blocks
FIN: Finke

FOR: Flinders and Otary Ranges
FRE: Freycinet

FUR: Furneaux

GD: Gibson Desert

GFU: Gult Fall and Uplands
GS: Geraldton Sandplains
GSD: Great Sandy Desert
GUC: Gutf Coastal

GUP: Gulf Plains

GVD: Great Victoria Desert
HAM: Hampton

JF: Jarrah Forest

LB: Lofty Biock

LSD: Little Sandy Desert
MAC: MacDonnell Ranges
MAL: Mallee

MDD: Murray-Darling Depression
MGD: Mitchell Grass Downs
MiIl: Mount Isa Inlier

ML: Muiga Lands

MUR: Murchison

NAN: Nandewar

NCP: Naracoorte Coastal Plain
NET: New England Tableland
NK: Northern Kimberley

NNC: NSW North Coast

NSS: NSW South western Slopes
NUL: Nullarbor

OVP: Ord-Victoria Plains

PCA : Pine-Creek Arnhem
PIL: Pilbara

RIV: Riverina

SB: Sydney Basin

SCP: South east Coastal Plain
SEC: South East Corner

SEH: South Eastern Highlands
SEQ : South Eastern Queensiand
SSD: Simpson-Strzelecki Dunefields
STP: Stony Plains

STU: Stunt Plateau

SWA: Swan Coastal Plain
TAN: Tanami

TEC: Top End Coastal

TM: Tasmanian Midlands

VB: Victoria Bonaparte

VM : Victorian Midlands

VVP: Victorian Volcanic Plain
WAR: Warren

WOQ: Woolnorth

WSW: West and South West
WT: Wet Tropics

YAL: Yalgoo
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Table 2.3 THREATENED AND SIGNIFICANT SPECIES KNOWN OR
CONSIDERED LIKELY TO OCCUR WITHIN THE STUDY AREA

Family/Common Name

Eastern chestnut mouse
Long-nosed potoroo
Red-legged pademelon
Common planigale
Golden tipped bat
Eastern freetail bat
Little bent-wing bat
Large bent-wing bat
Large footed myotis
AVIFAUNA

Bush stone-curlew
Glossy black-cockatoo
Osprey

Square-tailed kite
Masked owl

Sooty owl

Eastern grass owl
Powerful owl

Barking owl
Turquoise parrot
Swift parrot

Regent honeyeater
Black bittern
Black-necked stork
Comb-crested jacana

Superb fruit-dove

Rose-crowned fruit-dove

Wompoo fruit dove

Scientific Name

Pseudomys gracilicaudatus

Potorous tridactylus**
Thylogale stigmatica
Planigale maculata*

Kerivoula papuensis

Mormopterus norfolkensis**

Miniopterus australis**
Miniopterus schreibersii*™

Muyotis adversus**

Burhinus grallarius®

Calyptorhynchus lathami**

Pandion haliaetus
Lophoictinia isura*
Tyto novaehollandiae**
Tyto tenebricosa

Tyto Capensis**
Ninox strenua*

Ninox connivens*
Neophema pulchella*
Lathamus discolor*
Xanthomyza phrygia*

[xobrychus flavicollis*

Epippiorhynchus asiaticus**

Jacana gallinacea

D41l o k.l
Ptilinopus magnificus
Ptilinopus regina*

Ptilinopus magnificus*

Status

o 8 =2 € € =#€ 1€ 5 =

< = g € H 4 H £ 5 € =€ = €5 € € 5§ =5 ™+

Notes: E= Listed as endangered on Schedule 1 of the Threatened Species Conservation Act 1995.

V= Listed as vulnerable on Schedule 2 of the Threatened Species Conservation Act 1995.

RoTAP = Rare or Threatened Australian Plant with Regional, State or National Significance but not listed on TSC

Act (1995).
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**= Species detected in the study area.

*= Species not detected in the study area, but expected to occur based upon data from adjacent areas and habitats
present in the study area.

Fauna species without status are considered to have conservation significance at a regional, state or national level, but

are not listed on the TSC Act (1995)

29 LIMITATIONS AND MODIFICATIONS TO SIS REQUIREMENTS

The Director General has stated that the following Section 110 matters need not be
addressed in the SIS:

| All reference to endangered populations and endangered ecological
communities. The TSC Act does not currently list any endangered
populations or ecological communities within the locality.

a Section 110(2)(e). This section is a replication of 110(2)(a).

m| All references to critical habitat. There is currently no declared critical habitat
in NSW.

5 Section 110(2)(g). The matters raised in this section of the Act have been

clarified by the requirements outlined in the Director-General’s requirements.

210 COMMONWEALTH GOVERNMENT REQUIREMENTS

2.10.1 Endangered Species Protection Act (1992)

The Endangered Species Protection Act (1992) applies to the proposed Upgrade
because the actions, approvals or decisions to be applied could threaten with
extinction, or significantly impede the recovery of a listed species or ecological
community.

The objects of this Act are to:

J promote the recovery of species and ecological communities that are
endangered or vulnerable;

J prevent other species and ecological communities from becoming
endangered;

ERM MITCHELIL MecCOTTER
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i reduce conflict in land management through readily understood mechanisms
relating to the conservation of species and ecological communities that are
endangered or vulnerable;

a provide for public involvement in, and promote public understanding of, the
conservation of such species and ecological communities; and

3 encourage cooperative management for the conservation of such species and
ecological communities.

The proposed Upgrade is consistent with the objects of this Act.

2.10.2 Australian Heritage Commission Act (1975)

The provisions of the Act enabled the formation of the Australian Heritage
Commission. The function of the Commission is to advise the Commonwealth
Government on matters relating to the National Estate which (Woodward Clyde
1998). Its primary role is to maintain the Register of the National Estate identifies
important sites for the natural and cultural/built environment (Woodward Clyde
1998).

The Commission was consulted during the preparation of the SIS and no places on
the Register have been identified within the study area.
2.10.3 Environment Protection (Impact of Proposals) Act (1974)

The objective of this Act is to ensure, to the greatest extent possible, that matters
affecting the environment to a significant extent are fully examined and taken into
account in relation to the:

E| formulation of proposals;

2| carrying out of works and other projects;

| negotiation, operation and enforcement of agreements and arrangements
(including agreements and arrangements with, and with authorities of, the
States);

a making of, or the participation in the making of, decisions and

recommendations; and
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a incurring of expenditure by, or on behalf of, the Australian Government and
authorities of Australia, either alone or in association with any other
government, authority, body or person.

The proposal satisfies this objective.

2.10.4 Other Issues of Commonwealth Importance

In addition to the above mentioned legislation, other issues of Commonwealth
importance are required to be considered.

The National Wetlands Program was established in January 1989 to address issues
regarding the loss and degradation of wetland habitats in Australia. The program is
a cooperative project between the Commonwealth, State and Territory governments,
intended to promote the conservation and better management of Australia’s
wetlands and to ensure that Australia meets its obligations under the Ramsar
Convention. One element of the National Wetlands Program has been the
preparation of A Directory of Important Wetlands in Australia (ANCA 1996) which
lists wetlands of national significance. Within NSW, 94 wetlands have been included
in the Directory (Woodward Clyde/Landmark Ecological Services 1998). Myall
Lakes, a wetland of national significance is approximately 0.5 kilometres to the east
of the proposed Upgrade at Nerong Village.

Australia is a Contracting Party to the Ramsar Convention on Wetlands of
International Importance. = The RAMSAR Convention addresses Australia’s
obligations to wetlands of international importance. There are 45 wetlands in
Australia currently listed on the RAMSAR Convention listing, however none of these
wetlands are located within, or in close proximity to the study area.

Other international agreements include the Japan-Australia and China-Australia
Migratory Bird Agreements (JAMBA and CAMBA). Appendix F contains a list of
JAMBA and CAMBA species potentially occurring within the study area and their
likely sensitivity to the development.

211 ADDITIONAL INFORMATION AND REQUIRED APPROVALS

An Environmental Impact Statement (EIS) has been prepared to assess the impacts of
the proposed Upgrade and determine the mitigation actions that are necessary to
ensure protection of the environment during construction and operation of the
proposal. The EIS is accompanied by a series of Working Papers that address specific
environmental issues. These Working Papers are:

ERM MITCHELIL McCOTTER
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| No 1 Preferred Concept and Design Report (RTA 1999).

4 No 2 Transportation, Traffic and Economic Assessment
(ERM Mitchell McCotter 1999a).

2 No 3 Noise Assessment (ERM Mitchell McCotter 1999b).
| No 4 Air Quality Assessment (ERM Mitchell McCotter 1999c¢).
4 No 5 Water Quality and Hydrology Assessment
(ERM Mitchell McCotter 1999d).
i} No 6 Archaeological Assessment (ERM Mitchell McCotter 1999e).
| No 7 Aquatic Fauna and Habitat Assessment

(ERM Mitchell McCotter 1999f).

i} No 8 Soils and Geotechnical Assessment
(ERM Mitchell McCotter 1999g).

5 No 9 Visual and Landscape Assessment
(ERM Mitchell McCotter 1999h).

| No 10 Consultation (ERM Mitchell McCotter 1999i).

A number of these working papers have used in the preparation of this SIS.

2.11.1 Required Approvals

All activities carried out for the proposed Upgrade must comply with the relevant
provisions of certain NSW legislation and regulations. Those requirements are
described in Table 2.4.

ERM MITCHELL McCOTTER
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Table 2.4 APPROVALS UNDER NSW ACTS

Act
National Parks and Wildlife Act

1974

Clean Waters Act 1970

Clean Air Act 1961

Noise Control Act 1975

Environmentally Hazardous
Chemicals Act 1985

Pollution Control Act 1975

Authority

National Parks and
Wildlife Service

Environment Protection

Authority

Environment Protection

Authority

Environment Protection

Authority

Environment Protection

Authority

Environment Protection

Authority

Requirements

Require consent, with or without
salvage, prior to destroying or
disturbing Aboriginal relics or places
under S90.

The RTA would liaise with the EPA to
determine arrangements for a pollution
control approval and licence required
to construct, and discharge from,

pollution control structures.

Scheduled premises, such as concrete
batch plants, fuel burning equipment
and premix bitumen plants, require
licences to operate. Generally, licences
are issued for specific plants which can
be moved and used according to
licence conditions. The Act also
regulates air quality and emissions
such as dust.

The proposed Upgrade is not a
scheduled premise and would not
require approval or licensing.
Construction noise is regulated, where

practical, by the EPA’s Environment
Noise Control Manual.

Individual fixed and mobile plant may

also require licences to operate.

Requires that the keeping or
distribution of certain chemicals that
are notified from time to time by the
EPA is licensed under the Act.

The Act provides for the issue of a
single approval or licence under the

above four Acts.
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Table 2.4 APPROVALS UNDER NSW ACTS

Act

Waste Minimisation and
Management Act 1995

Soil Conservation Act 1938

Native Vegetation Conservation

Act 1997

Rivers & Foreshore Improvenents

Act 1948

Water Act 1912

Authority

Environment Protection

Authority

Department of Land and

Water Conservation

Department of Land and

Water Conservation

Department of Land and

Water Conservation

Department of Land and

Water Conservation

Requirements

Certain activities, including crushing or
grinding works are controlled waste
facilities and require a licence to
operate. Concrete batch plants are
exempt from licensing but must

comply with requirements of the Act.

Licences are also required for
generating or storing certain hazardous
wastes which would include the
contractor’s site compound and a
concrete batch plant.

Requires a permit to clear vegetation on

land with slopes greater than 18 .

Requires development consent from the
Minister of LaWC for clearing on State
protected land. This clearing includes
trees, understorey plants, groundcover
and wetland plants. No development
consent is required for vegetation
clearance to facilitate road works by a

road authority.

Requires a permit for excavation within
40 m of the bed or banks of a river or
lake under Part 3A. The RTA benefits
from an exemption under S22H.
Licenses are required to be obtained for
extraction of water or realignment of
stream beds. In this case, this would
apply to removal of water for dust
control or Compaction, or stream re-
alignment for culvert

installation/bridge construction.
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Table 2.4 APPROVALS UNDER NSW ACTS

Act

Fisheries Management Act 1994

Heritage Act 1977

Local Government Act 1993

Bush Fires Act 1949

Authority

NSW Fisheries

NSW Heritage Office

Great Lakes Council

Great Lakes Council

Requirements

Give notice for dredging or reclamation
in any waters under 5199. Obtain
permit prior to construction if passage
of fish obstructed in creeks or flowing
streams of water under 5219.

Require excavation permit for
disturbing sites known or suspected to

contain relics.

Require approvals for site buildings

and effluent disposal.

Require permits prior to burning

during prescribed periods.
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Chapter 3

FLORA ASSESSMENT

This chapter describes the methodology for the flora assessment of the study area and details
the results of the flora survey undertaken. Vegetation communities in the study area are
detailed and their conservation significance discussed. Rare, threatened and regionally
significant flora species identified during the survey or likely to occur in the study area are
also identified and discussed.

3.1 BACKGROUND TO THE FLORA STUDY

Flora investigations have been undertaken within the study area for the preparation
of a Review of Environmental Factors (REF) and for this Species Impact Statement
(SIS). Furthermore, other ecological studies pertaining to the proposed Upgrade
have been completed within and closely adjacent to the study area. This SIS
considers the results of all available information from previous investigations.

The methods used for the flora survey conducted for this SIS (including those of the
REF) are provided below.

3.2 METHODOLOGY

Flora surveys were conducted over 20 days in December 1997, January, July, October
and November 1998.

The primary objectives of the flora survey were:

| to map and describe the vegetation communities occurring within the study
area using the classification scheme of Walker and Hopkins (1990) as a basis;

5 to compile a list if flora occurring in the vegetation communities, identifying
any threatened, nationally, regionally or locally significant species and
communities; and

3| to assess the likely impacts of the proposed development and formulate
recommendations for minimising impacts on the flora in the study area.

ERM MITCHELL MecCOTTER
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3.2.1 Aerial Photograph Interpretation and Vegetation Community
Mapping

Air photograph interpretation (API) of vegetation initially involved the examination
of 1:8,000 scale aerial photographs to delineate vegetation polygons (textural and
colour differences). It is involved examination of NPWS habitat models (Appendix E)
and qualitative field observations to identify broad vegetation communities within a
one kilometres corridor adjacent to the existing road alignment (that is, 500 m on
either side of the existing road).

Vegetation maps were drafted at a scale of 1:16,000. Mapping was undertaken up to
a distance of 500 m on either side of the existing road alignment. Mapping accuracy
was maintained at a high standard for approximately 300 m, however beyond this
distance, mapping was undertaken with less detail and accuracy, due mainly to time
constraints.

3.2.2 Plot and Opportunistic Surveys

Plot surveys (20 x 20 m) and opportunistic transects (using the random meander
method outlined in Cropper 1993) were used to verify forest types and vegetation
communities identified during API (whilst taking into consideration physical site
attributes, including aspect, slope and elevation). All communities identified during
API were visited and sampled either opportunistically or via structured survey plots.
A total of 32 sites were surveyed by structured methods (plots being located in the
most common communities and/or those that are likely to be impacted in some way
by the proposed upgrade). Plot surveys and the opportunistic recording path are
illustrated on Figure 3.1.

Plant species lists were compiled for each plant community visited. A list of flora
species recorded during the field investigations is located at Appendix G. Species
identification was made using a variety of texts, including Robinson (1994), Tame
(1992), Williams et al. (1984), Auld and Medd (1987), Brooker and Kleinig (1996),
Brooker et al. (1997) and Harden (1990 - 1993). Plant species nomenclature is based
on Harden (1990 - 1993).

The vegetation structure within each plant community was described using the
system developed by Walker and Hopkins (1990). This method uses growth form,
height and crown cover of the dominant taxa in each of the strata layers that are
identifiable (Hunter 1998a).

The quality of vegetation communities up to 500 m from either side of the highway
was assessed by considering the following criteria:

ERM MITCHELL McCOTTER
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a extent of weed infestation;

J information about fire history;

a evidence of anthropogenic disturbances; and
=] fragmentation.

3.2.3 Threatened, Rare and Regionally Significant Plant Species

Three main sources of information were used to determine taxa of national and state
significance found within the study area These included the national list of rare or
threatened Australian plants (RoTAP) (Briggs and Leigh 1996), the NSW Threatened
Species Conservation (TSC) Act (1995) and the Commonwealth Endangered Species
Protection (ESP) Act (1992).

Protected native flora species (as defined by the National Parks and Wildlife Act
1974) were noted when observed. The DG’s requirements state that the presence of
these species is indicative of the habitat quality of the site.

Furthermore, potential habitats and known occurrences of significant species within
the study area were determined from the following sources:

5| the knowledge of botanists undertaking the field studies;

J liaison with NPWS and NSW State Forests staff who possess a comprehensive
knowledge of the area;

& perusal of NPWS habitat models (contained at Appendix E);

4 NSW NPWS Wildlife Atlas Database (NPWS 1997 and 1998), including
listings of Rare or Threatened Australian Plants (RoTAPs) and species listed
on the schedules to the TSC Act previously found in the locality; and

] a review of literature documenting findings of research conducted in the
locality.

Targeted flora surveys were conducted in habitats deemed suitable for threatened,
rare and regionally significant plant species, particularly those areas under direct
threat by the proposed upgrading. The random meander technique was selected to
sample the study area in search of significant plant species potentially occurring.
This method ensured that the full range of potential habitats for threatened species
occurring within the alignment were sampled (Cropper 1993).

ERM MITCHELL McCOTTER
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Where threatened species were found, such as Tetratheca juncea, supplementary field
studies were undertaken to establish base line data that can be used in future
monitoring programs. In an effort to determine the size of the Tetratheca juncea
populations on both the eastern and western side of the existing highway adjacent to
Mount Karuah;

1. the extent of the populations were determined by traversing the sites in all
directions;

2. the perimeter of the populations was determined, surveyed and marked on a
map;

3. random quadrats were placed within the population area and the number of
individuals in each were counted. The quadrat size utilised was 5 x 40 m (200
m’); and

4. following plant counting, the average number of plants per quadrat was

used to calculate the number of individuals per hectare.

The location of sampling sites for the T. juncea populations are illustrated in
Figure 3.2,

3.2.4 Assessment of Conservation Significance

The conservation status of each vegetation community was determined from
reference to a number of key texts. These included Forestry Commission of NSW
(1989a and 1989b), Hager and Benson (1994), Specht et al. (1995) and other relevant
reference material gathered as part of the literature search.

33 RESULTS

3.3.1 Mapping

Nine forest types based on Research Note Number 17 standard, (Forestry
Commission of NSW 1989b) and 36 vegetation communities (determined following
the classification scheme of Walker and Hopkins 1990) were identified occurring
adjacent to the existing highway as documented in Table 3.1. The distribution and
extent of the vegetation communities are illustrated in Figure 3.3.
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Table 3.1 FOREST TYPES AND VEGETATION COMMUNITIES
Forest Types Vegetation Community Mapping Code Extent within Study Percentage of Study
Area (Ha) Area (%)
1. Tall Shrubland Melaleuca nodosa tall shrubland 8 27.1 0.72
2. Very Tall Shrubland M. linariifolia /M. quinquenervia/M. styphelioides /Casuarina glauca very tall 22 21 0.56
shrubland
M. nodosa very tall shrubland b 96.9 2.58
3. Very Tall Open Woodland Eucalyptus globoidea / Angophora costata / Corymbia gummifera very tall open 4 32.4 0.86
woodland.
E. globoidea very tall open woodland 6 7.2 0.19
E. globoidea/A. costata very tall open woodland 29 18 0.48
4. Very Tall Woodland E. globoidea/A. costata very tall woodland 1 355.6 9.48
5. Mid-High Open Forest Pinus radiata/E. microcorys/Co. maculata mid-high open forest 24 82.1 2.19
6. Tall Open Forest Ca. glauca tall open forest 18 3.1 0.08
7. Very Tall Open Forest E. globoidea/ A. costata very tall open forest 7 39.6 1.06
E. microcorys/Co. maculata very tall open forest 5 383.9 10..24
Co. gummifera/E. capitellata/A. costata very tall open forest 8 95.3 1.47
Co. maculata/E. propinqua very tall open forest 11 6.9 0.18
E. pilularis /E. microcorys very tall open forest 12 69.1 1.84
E. microcorys/E. capitellata/A. costata very tall open forest 13 20.8 0.55
Co. maculata very tall open forest 14 292 0.77
E. pilularis / A. costata/E. globoidea very tall open forest 15 10.5 0.28
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Table 3.1 FOREST TYPES AND VEGETATION COMMUNITIES
Forest Types Vegetation Community Mapping Code Extent within Study Percentage of Study
Area (Ha) Area (%)

E. propinqua/A. costata/E. microcorys very tall open forest 16 20.5 1.49
A. costata/Eucalypt spp very tall open forest 17 10.7 0.28
A. costata/M. quinquenervia/E. resinifera very tall open forest 19 111 0.30
E. umbra/Co. gummifera/A. costata very tall open forest 34 81.9 2.18
E. tereticornis very tall open forest 20 55.5 1.48
E. microcorys/E. propinqua /M. quinquenervia very tall open forest 23 6.9 0.18
Co. gummifera/Co. maculata/E. capitellata very tall open forest 25 7.6 0.20
A. costata/E. microcorys/E. globoidea very tall open forest 28 69 1.84
A. costata/E. microcorys very tall open forest 31 n/a
Co. maculata/E. fibrosa very tall open forest &2 4.1 0.11
A. costata/E. fibrosa/E. capitellata/Co. gummifera very tall open forest 33 118.9 8.17
E. globoidea very tall open forest 27 2449 6:53
E. tereticornis/E. propinqua very tall open forest 2 19.2 0.51

8. Very Tall Closed Forest Eucalypt spp. very tall closed forest 9 441 1.18
E. microcorys/E. propinqua very tall closed forest 30 26 0.07
E. microcorys/E. propinqua/Co. maculata very tall closed forest 35 1.8 0.05
E. microcorys very tall closed forest 36 213 0.57

9. Extremely Tall Closed Forest E. pilularis/E. robusta extremely tall closed forest 10 30.2 0.81
E. propinqua/A. costata/E. resinifera/Co. maculata extremely tall closed 26 22.1 0.59
forest
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3.3.2 Forest Types and Vegetation Communities

The nine forest types and 36 vegetation communities identified occurring within the
study area are discussed below. The discussion covers structural and floristic
composition, condition, taxa of conservation significance and the number of hectares
to be removed or modified by the proposed Upgrade.

5 Tall Shrubland
a. Melaleuca nodosa tall shrubland (map code 3)

A moist tall shrubland that occurs in lower lying areas predominantly in the
northern end of the proposed upgrade. Composition of this forest has changed
significantly from a eucalypt dominated forest to a Melaleuca shrubland, due to
logging/clearing practices.

W Structure

Owerstorey:  the canopy extends to a maximum height of three metres and is
dominated by ball honeymyrtle ( Melaleuca nodosa), with smooth-barked apple
(Angophora costata) being an occasional emergent species to a height of 20 m. The
overstorey has a percentage cover of approximately 80%.

Understorey: the understorey is generally absent due to the density of the over-storey
cover. Where an understorey does occur, it is dominated by juvenile ball
honeymyrtle (M. nodosa), Sydney golden wattle (Acacia longifolia) and narrow-leaved
geebung (Persoonia linearis).

Groundcover: the groundcover is dense (approximately 75 to 85 %) and consists of a
variety of native grasses including kangaroo grass (Themeda australis), wallaby grass
(Danthonia sp.), tufted hedgehog grass ( Echinopogon caespitosus), plume grass
(Dichelachne sp.), pigeon grass ( Setaria sp.) and blady grass ( Imperata cylindrica).
Other common groundcover species include blue-flax lily ( Dianella caerulea),
hardenbergia (Hardenbergia violaceae), bracken fern (Pteridium esculentum) and kurnell
curse (Hydrocotyle bonariensis).

a Condition

Weeds are common in this community. Some areas have been, and are still most
likely to be subject to grazing by stock and frequent low intensity fire. Although the
community is fragmented in some places by private roads, there are generally few
tracks present. There are few tree hollows present.

— ~ ERM MITCHELL M¢COTTER
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=| Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

G Number of hectares to be removed

2.38 hectares.

ii. Very Tall Shrubland

a. Melaleuca linariifolialM. quinquenervialM. styphelioides/Casuarina glauca

very tall shrubland (map code 22)
J Structure

Owerstorey: This community is dominated by M. linariifolia, M. quinquenervia, M.
styphelioides and C. glauca. The overstorey extends to a maximum height of six m and
has a cover of approximately 60% (mid-dense).

Midstorey: The midstorey is absent.

Understorey: Due to the density of the overstorey vegetation, the understorey is
extremely sparse having a percentage cover of approximately five to 10 %. It extends
to a maximum height of one metre and is dominated by a variety of juvenile
overstorey species.

Groundcover:  The groundcover is rated as sparse in this community and is
dominated by a range of grasses.

m] Condition

Weeds are relatively common in this community, including lantana (Lantana camara)
and blackberry (Rubus discolor). Tree hollows are absent due to previous logging
practices. It has been recently burnt as is evident by charred trunks. Tracks are
common and evidence exists of cattle grazing.

1 Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

x] Number of hectares to be removed
Nil.
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b. Melaleuca nodosa very tall shrubland (map code 2)
d Structure

Owerstorey: The overstorey in this community extends to a height of six m and is
dominated by ball honeymyrtle ( Melaleuca nodosa) with smooth-barked apple
(Angophora costata) being an occasional emergent species to a height of 20 m. The
overstorey has a percentage cover of approximately 75 %.

Midstorey: The midstorey is absent.

Understorey: The understorey is generally absent due to the density of the overstorey.
Where an understorey does occur, it is dominated by juvenile ball honeymyrtle (M.
nodosa), Sydney golden wattle ( Acacia longifolin) and narrow-leaved geebung
(Persoonia linearis).

Groundcover: The groundcover is moderate to dense (50-60%) and consists of a
variety of grasses including kangaroo grass ( Themeda australis), wallaby grass
(Danthonia sp.), tufted hedgehog grass ( Echinopogon caespitosus), plume grass
(Dichlachne sp.), pigeon grass (Setaria sp.) and blady grass (Imperata cylindrica). Other
common groundcover species include blue-flax lily ( Dianella caerulea), hardenbergia
(Hardenbergia wviolaceae), bracken fern (Pteridium esculentum) and kurnell curse
(Hydrocotyle bonariensis).

a Condition

Weeds are common in this community. Some areas have been subject to grazing by
stock and frequent low intensity fires. Few tracks are present.

| Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
£ Number of hectares to be removed

2.84 hectares.
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iil. Very Tall Open Woodland

a. Eucalyptus globoidealAngophora costata/Corymbia gummifera very tall
open woodland (map code 4)

| Structure

Overstorey: This community extends to a maximum height of 30 m and is dominated
by stringybark (E. globoidea), smooth-barked apple (A. costata) and red bloodwood (C.
gummifera). The canopy cover is sparse.

Midstorey: ~ The midstorey in this community is dominated by forest oak
(Allocasuarina torulosa) and juvenile overstorey species. It extends to a maximum
height of 15 m and is rated as sparse.

Understorey: The understorey extends to a maximum height of three metres and is
dominated by smooth geebung ( Persoonia linearis), mountain devils ( Lambertia
formosa), hill banksia (Banksia spinulosa), common hop bush (Dodonaea triquetra) and
prickly moses (Acacia ulicifolia).

Groundcover: The groundcover is moderate in density and extends to a height of 70
m. It is dominated by mat-rush (Lomandra longifolia), forest grass trees (Xanthorrhoea
resinosa) and a variety of grasses.

i| Condition

Weeds are relatively common in this community and include lantana ( Lantana
camara) and bracken fern (Pteridium esculentum). The presence of burnt tree boles in
some areas suggests that this vegetation type is subject to occasional fires of
moderate intensity.

= Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
A Number of hectares to be removed

1.03 hectares.
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b. Eucalyptus globoidea very tall open woodland (map code 6)
4 Structure

Owerstorey:  This community is dominated by stringybark ( E. Globoidea). Red
bloodwood (Corymbia gummifera) and smooth-barked apple (Angophora costata) occur
occasionally. The overstorey layer extends to a maximum height of 25 m and the
canopy cover is sparse.

Midstorey: The midstorey extends to a height of 12 m and is dominated by prickly-
leaved tea tree ( Melaleuca styphelioides) and forest oak (Allocasuarina torulosa), with
juvenile overstorey species occurring intermittently.

Understorey: The understorey is sparse to moderate, with commonly occurring
species being black wattle (Acacia irrorata), lemon-scented tea tree ( Leptospermum
polygalifolium), snow-in-summer ( Melaleuca linariifolia), large mock olive (Notelaca
longifolia), pink lantana (Lantana camara) and breynia (Breynia oblongifolia).

Groundcover: Groundcover is moderate to dense, and consists primarily of grasses
and other species including mat-rush (Lomandra longifolia), blady grass ( Imperata
cylindrica), rib-wort (Plantago sp.), native violet (Viola hederaceae), einadia (Einadia
hastata) and blackberry (Rubus sp.).

a Condition

Weeds are relatively sparse in this community, although roadside weeds such as
giant parramatta grass (Sporobolus sp.), cobblers pegs (Bidens pilosa) and purple top
(Verbena bonariensis) are common on the forest fringe. Some areas on private
property are currently subject to cattle grazing. The presence of burnt tree trunks
suggests occasional or frequent low intensity fires. Although the community is
fragmented in some places by private or forestry roads, there are few tracks present.
Previous logging activity is evident by the presence of sawn stumps and an absence
of mature or dead trees in the canopy. There are few medium and large hollows
occurring in this community.

0 Taxa of conservation signiticance

No taxa of conservation significance were recorded within this community.

m| Number of hectares to be removed
Nil.
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o Eucalyptus globoidealAngophora costata very tall open woodland (map
code 29)
B Structure

Overstorey: This community extends to a maximum height of 25 m and is dominated
by stringybark ( E. globoidea) and smooth-barked apple ( A. costata).  Sydney
peppermint ( E. piperita) occasionally occurs as a sub-dominant species in this
community. The canopy cover is rated as sparse.

Midstorey: The midstorey in this community is dominated by forest oak (A. torulosa)
and juvenile overstorey species. It extends to a maximum height of 15 m. It is rated
as sparse.

Understorey: The understorey extends to a maximum height of three metres and is
dominated by common hop-bush (Dodonaea triquetra), prickly moses (Acacia ulicifolia),
smooth geebung (Persoonia linearis), mountain devils (Lambertia formosa), hill banksia
(Banksia spinulosa) and sandfly zieria (Zieria smithii).

Groundcover: The groundcover is moderately dense and extends to a height of 70 m.
It is dominated by a variety of grass species, including wallaby grass (Danthonia sp.),
kangaroo grass (Themeda australis), and blady grass (Imperata cylindrica). Mat rush
(Lomandra longifolia), purple flag (Patersonia glabrata) and blue flax-lily ( Dianella
caerulea) also occur commonly.

m Condition

Weeds are relatively sparse in this community although roadside weeds such as
paspalum (Paspalum sp.), cobblers pegs ( Bidens pilosa) and purple top (Verbena
bonariensis) are common in the forest fringe. Some areas on private property are
grazed by stock. The presence of burnt tree trunks in some areas is indicative of fire.
Although this community is fragmented in some places by private roads, there are
few tracks present. Previous logging activity is evident by the presence of sawn
stumps and an absence of mature or dead trees in the canopy and there is a notable
absence of medium to large hollows.

a Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

a Number of hectares to be removed
Nil.
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iv. Very Tall Woodland
a. Eucalyptus globoidealA. costata very tall woodland (map code 1)
8| Structure

Overstorey: This community extends to a maximum height of 35 m and is dominated
by stringybark (E. globoidea) and smooth-barked apple (A. costata). The canopy cover
is sparse.

Midstorey:  The midstorey in this community is dominated by forest oak
(Allocasuarina torulosa). It extends to a maximum height of 20 m and is moderately
sparse.

Understorey: The understorey extends to a maximum height of 4.5 metres and is
dominated by smooth geebung ( Persoonia linearis), mountain devils ( Lambertia
formosa), geebung ( P. levis), juvenile forest oak ( A. littoralis), common hop bush
(Dodonaea triquetra) and hill banksia (Banksia spinulosa).

Groundcover: The groundcover is moderate in density and extends to a height of 50
m. It is dominated by mat-rush (Lomandra longifolia), fish bones (L. obliqua), blue flax
lily (Dianella caerulea) and forest grass trees (Xanthorrhoea resinosa).

a Condition

Weeds are relatively common in this community, including lantana (Lantana camara)
and blackberry (Rubus sp.). Tree hollows are sparse and evidence exists of previous
extensive clearing practices. Tracks are common and the area is grazed by cattle.

% Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

= Number of hectares to be removed

25.44 hectares.

(6 Mid-high Open Forest

a. Pinus radiata/Eucalyptus microcorys/Corymbia maculata mid-high open

forest (map code 24)

3 Structure
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Querstorey: This community is the result of regrowth in a former pine plantation.
The dominant species are pine trees ( P. radiata), tallowwood ( E. microcorys) and
spotted gum (C. maculata). It extends to a maximum height of 10 m. It is moderately
dense.

Midstorey: A midstorey is absent.

Understorey: The understorey is extremely sparse, however, where it occurs it is
dominated by overstorey species (saplings) which extend to a maximum height of
two metres.

Groundcover: A groundcover is generally absent, and where it occurs it is dominated
by a variety of grasses.

&) Condition

This community can be considered to be a disclimax community. It is dominated by
an introduced species (P. radiata). Species diversity is low due primarily to the effects
of the toxin present in the pine needles which restricts the growth of many plant
species.

=] Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
| Number of hectares to be removed

4.76 hectares.

vi. Tall Open Forest
a. Casuarina glauca tall open forest (map code 18)
5| Structure

Ouerstorey: This community is dominated by river oak (Casuarina glauca). Swamp
mahogany (Eucalyptus robusta) occasionally occurs as an emergent species that
extends to a maximum height of 30 m. The canopy however only extends to a height
of 20 m. It is moderately dense.

Midstorey: Generally, a midstorey is absent, however occasional juvenile swamp
mahogany (E. robusta) and river oak (C. glauca) occur to a height of 10 m.

Understorey: ~ The understorey is generally composed of willow bottlebrush
(Callistemon salignus) and saw sedge (Gahnia sieberana). A number of epiphytes
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(namely staghorns) and vines and creepers (including Stephania japonica and
Hardenbergia violaceae grow amongst the understorey.

Groundcover: The groundcover is moderate to dense and consists primarily of grasses
and sedges including mat-rush (Lomandra longifolia), nut grass ( Cyperus brevifolius)
and blady grass (Imperata cylindrica). Other species include buttercup ( Ranunculus
sp.), native violet (Viola hederaceae), white root ( Pratia purpurescens) and centella
(Centella asiatica).

a Condition

Few weeds exist in this community, except on the forest fringe where purple top
(Verbena bonariensis), giant parramatta grass ( Sporobolus sp.) and verbena (Verbena
officianalis) occur. Very few hollows exist in this community and leaf and other
ground litter are sparse. The community occurs adjacent to the village of Nerong
and so rubbish occurs throughout.

4 Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
a Number of hectares to be removed

1.23 hectares.

vil. Very Tall Open Forest
a. Eucalyptus globoideal Angophora costata very tall open forest (map code 7)

This is one of the most common communities (associations) occurring along the
existing highway.

a Structure

Owerstorey: ~ The dominant species in the overstorey is smooth-barked apple
(Angophora costata) and white stringybark ( Eucalyptus globoidea), followed by red
bloodwood (Corymbia gummifera) and blue-leaved stringybark (E. agglomerata). Other
canopy species that intermittently occur are pink bloodwood (C. intermedia), spotted
gum (C. maculata), tallowwood ( E. microcorys), grey ironbark (E. placita), brown
stringybark ( E. capitellata) and thin-leaved stringybark ( E. eugenioides).  The
overstorey extends to a maximum height of 25 m.

Midstorey: The midstorey is absent.
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Understorey: The understorey varies from sparse to dense and extends to a maximum
height of 1.5 metres. Common species include prickly moses (Acacia ulicifolia),
Sydney golden wattle (A. longifolia), hill banksia ( Banksia spinulosa), common hop-
bush (Dodonaea triquetra) and matchheads (Comesperma ericinum).

Groundcover: Groundcover extends to a maximum height of 60 cm and is moderate
to dense, containing species such as mat-rush ( Lomandra longifolia), tish-bones (L.
obliqua), shivery grass ( Briza maxima), coral heath (Epacris microphylla) and woolly
xanthosia (Xanthosia pilosa).

a Condition

Weeds are relatively common in this community, particularly roadside weeds along
the forest fringe. Lantana (Lantana camara) and blackberry (Rubus ulmifolius) are also
scattered throughout the community. Some areas of this community fringing the
roadside showed signs of recent and frequent fires, as indicated by reduced species
diversity and fire-tolerant species being dominant in the understorey. The
understorey is dominated by immature trees, with a distinct lack of mature trees
with hollows, hence indicative of past canopy thinning. The largest portion of this
community occurs in Nerong State Forest. Within the Nerong State Forest,
fragmentation of the community by tracks is generally limited to within 150 m of the
road reserve. However, fragmentation due to the cutting of roads and previous
clearing of forest contained on privately owned property is extensive in some areas,
particularly toward the southern end of the proposed Upgrade. The plant species
diversity within this community is generally low due to past disturbance.

=] Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
| Number of hectares to be removed

1.57 hectares.

b. Eucalyptus microcorys/Corymbia maculata very tall open forest (map code
5)
! Structure

Overstorey: The canopy of this community ranges between 25 and 30 m high with an
estimated cover of 40%. The dominant canopy species are tallowwood ( E.
Microcorys) and spotted gum (C. maculata). Mistletoes (Amyema sp.) occur throughout
portions of this community.

ERM MITCHELL MeCOTTER
38067 /MAY, 1999 3.16



Midstorey: The midstorey is five to eight metres high, with an estimated cover of
30%. The dominant species are prickly-leaved tea tree ( Melaleuca styphelioides),
broad-leaved paperbark (M. quinquenervia) and black she-oak (Allocasuarina littoralis).

Understorey: The understorey is sparse to moderate and consists of such species as
cherry ballart ( Exocarpos cupressiformis), snow-in-summer (M. linariifolia) and hakea
(Hakea dactyloides).

Groundcover: The groundcover is sparse to moderate, with an estimated cover of
approximately 30%. The dominant species is mat-rush (Lomandra longifolia), with nut
grass (Cyperus brevifolius), fish bones (L. obliqua), breynia (Breynia oblongifolia), coral
heath (Epacris microphylla) and native violet (Viola hederaceae) also occurring
commonly.

3 Condition

Weeds are relatively sparse in this community although roadside weeds such as
clover (Trifolium sp.), bushy starwort (Aster subulatus) and michaelmas daisy (A. novi
- belgi) are common on the forest fringe. Some areas are currently subject to cattle
grazing. The presence of burnt tree trunks in some areas suggests that this
community is subject to occasional moderate intensity fires. The community is
fragmented in some places by cattle tracks. Previous logging activity is evident by
the presence of sawn stumps, and a general paucity of mature and dead trees in the
canopy. Medium to large hollows occur occasionally.

=) Taxa of conservation significance

The RoTAP species Eucalyptus fergusonii ssp. ferqusonii was recorded occurring on the
mid to upper slopes within this community.

| Number of hectares to be removed
15.1 hectares.

o Corymbia gummiferalEucalyptus capitellata/Angophora costata very tall
open forest (map code 8)

| Structure

Owerstorey: The canopy is dominated by red bloodwood (C. gummifera), stringybark
(E. capitellata) and smooth-barked apple (A. costata). It extends to a maximum height
of 25 m and is moderately dense.

Midstorey: The midstorey is dominated by forest oak (Allocasuarina torulosa) and
juvenile overstorey species. It ranges in height from 10 to 15 m. Other species
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occurring include prickly-leaved tea tree ( Melaleuca styphelioides) and ball
honeymyrtle (M. nodosa).

Understorey: The understorey is generally moderately dense and consists of a variety
of species including mountain devils ( Lambertia formosa), hill banksia ( Banksia
spinulosa), geebung (Persoonia spp.) and cherry ballart (Exocarpos cupressiformis).

Groundcover: The groundcover is dominated by mat-rush (Lomandra longifolia), forest
grass trees (Xanthorrhoea resinosa) and blady grass (Imperata cylindrica).

| Condition

Weeds are sparse in this community, although roadside weeds such as paspalum
(Paspalum sp.), cobblers pegs (Bidens pilosa) and purple top (Verbena bonariensis) are
common on the forest fringe. It is likely that this community has been subject to
occasional fires. It is fragmented by a network of small roads and has been heavily
logged in the past.

J Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
5| Number of hectares to be removed

1.73 hectares.

d. Corymbia maculatalEucalyptus propinqua very tall open forest (map code
11)
0 Structure

Overstorey: The canopy of this community ranges between 25 and 30 m with an
estimated cover of 50 %. The dominant canopy species are spotted gum ( C. maculata)
and grey gum (E. propinqua).

Midstorey: The midstorey is five to eight metres tall, with an estimated cover of
approximately 30%. The dominant species are ball honeymyrtle (Melaleuca nodosa)
and black she-oak (Allocasuarina littoralis).

Understorey: The understorey is sparse to moderate and consists of such species as
cherry ballart ( Exocarpos cupressiformis), snow-in-summer (M. linariifolia) and hakea
(Hakea dactyloides).
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Groundcover: The groundcover is sparse to moderate, with an estimated cover of
approximately 30%. The dominant species are mat-rush (Lomandra longifolia), with
nut grass (Cyperus brevifolius), fish bones (L. obliqua), breynia (Breynia oblongifolia) and
coral heath (Epacris microphylla).

2 Condition

Weeds are relatively sparse in this community, although roadside weeds such as
paspalum (Paspalum sp), cobblers pegs ( Bidens pilosa) and purple top (Verbena
bonariensis) are common on the forest fringe. Some areas on private property are
currently subject to grazing by stock. The presence of burnt tree trunks in some areas
suggests that this vegetation is subject to occasional or frequent low intensity fire.
Although this community is fragmented in some places by private roads there are
few tracks present. Previous logging activity is evident by the presence of sawn
stumps, and an absence of mature and dead trees in the canopy and there is a notable
absence of medium to large hollows.

& Taxa of conservation significance

The RoTAP Eucalyptus fergqusonii ssp fergusonii was recorded occurring within this
community on the mid to upper slopes.

5| Number of hectares to be removed

Nil.

e Eucalyptus pilularis/E. microcorys very tall open forest (map code 12)
u Structure

Owerstorey: The overstorey in this community is dominated by blackbutt (E. pilularis)
and tallowwood (E. microcorys) which extend to a maximum height of 35 m. The
overstorey is rated on moderately dense.

Midstorey: The midstorey in this community ranges in height from 10 to 15 m. A
number of species occur including black she-oak (Allocasuarina littoralis), juvenile
overstorey species, black wattle (Calicoma serratifolia) and cheese tree ( Glochidion
ferdinandi).

Understorey: The understorey is comprised of bush peas (Pultenaea spp.), myrtle
wattle ( Acacia myrtifolia), muttonwood ( Rapanea variabilis), lily pily (Acmena smithii)
and juvenile cheese tree (Glochidion ferdinandi).
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Groundcover: The groundcover extends to a height of one metre and dominant
species include creeping christian (Commelina cyanea), white root (Pratia purpurescens),
maidenhair fern (Adiantum aethiopicum), mat-rush (Lomandra longifolia) and Hibbertia

spp-
8] Condition

Weeds are relatively common in this community, including lantana (Lantana camara)
and bracken fern (Pteridium esculentum). Tree hollows are sparse and evidence exists
of previous extensive clearing practices. Tracks are common and the area is grazed
by cattle.

& Taxa of conservation significance

No taxa of conservation significance were recorded within this community.
a Number of hectares to be removed

4.01 hectares.

f. Eucalyptus microcorys/Eucalyptus capitellata/Angophora costata very tall
open forest (map code 13)

= Structure

Querstorey: The canopy of this community ranged in height between 25 and 30 m
with an estimated cover of 45%. The dominant canopy species are tallowwood
(Eucalyptus microcorys), stringybark ( E. capitellata) and smooth-barked apple
(Angophora costata).

Midstorey: The midstorey is five to eight m high, with an estimated cover of
approximately 30%. It is dominated by forest oak (Allocasuarina torulosa) and juvenile
canopy species.  Willow bottlebrush ( Callistemon salignus) and cherry ballart
(Exocarpos cupressiformis) also occur commonly.

Understorey: The understorey is sparse to moderate and consists of bracken fern
(Pteridium esculentum), Pultenaea sp., immature smooth geebung ( Persoonia linearis)
and sandfly zieria (Zieria smithii).

Groundcover: The groundcover is sparse to moderate, with an estimated cover of
approximately 30%. The dominant species is mat rush ( Lomandra longifolia), with
nut-grass ( Cyperus brevifolius), breynia (Breynia oblongifolia) and Phyllanthus sp.
occurring commonly.

m} Condition
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Weeds are relatively sparse in this community, although roadside weeds such as
purple top (Verbena bonariensis), verbena (V. officianalis), giant Parramatta grass
(Sporobolus sp.) and clover (Trifolium spp.) are common along tracks and on the forest
fringe. Some areas are currently grazed by stock. The presence of well burnt tree
trunks in some areas suggests that this community is subject to occasional moderate
intensity fires. The community is fragmented in some places by tracks. Previous
logging activity is evident with mature trees being sparse.

Q Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

& Number of hectares to be removed.

Nil.

g, Corymbia maculata very tall open forest (map code 14)
a Structure

Owerstorey: This community is dominated by spotted gum (Corymbia maculata). It
extends to a maximum height of 25 m and is moderately dense.

Midstorey: The midstorey in this community is sparse and where it occurs it consists
of juvenile spotted gum and black she oak (Allocasuarina littoralis).

Understorey: The understorey of this community is also sparse, attributable to
previous clearing practices and cattle grazing. Where an understorey does occur it is
dominated by common hop bush ( Dodonaea triguetra) and a number of Acacia
species.

Groundcover: Groundcover is generally dominated by a number of grasses including
blady grass (Imperata cylindrica) and whisky grass (Andropogon virginicus). Bracken
fern (Pteridium esculentum) also occurs frequently.

o) Condition

Weeds are relatively sparse in this community. The presence of burnt tree boles in
some areas suggest that this vegetation type is subject to occassional fires of
moderate intensity. The community suffers from minor fragmentation caused by the
construction of tracks and fences. Previous logging activity is evident by the
presence of sawn stumps, and an absence of mature and dead trees in the canopy.
There is a notable absence of medium to large hollows.

5 Taxa of conservation significance
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No taxa of conservation significance were recorded within this community.

| Number of hectares to be removed
Nil.
h. Eucalyptus pilularis/Angophora costata/Eucalyptus globoidea very tall open

forest (map code 15)
s Structure

Overstorey:  This community, which extends to a maximum height of 35 m, is
dominated by blackbutt (E. pilularis), smooth-barked apple ( A. costata) and
stringybark (E. globoidea). It is moderately dense.

Midstorey: The midstorey of this community is dominated by juvenile overstorey
species that range in height from 10 to 15 m.

Understorey: The understorey of this community comprises prickly moses (Acacia
ulicifolia), hill banksia (Banksia spinulosa), common hop bush (Dodonaea triguetra) and
matchheads (Comesperma ericinum). It grows to a maximum height of two metres.

Groundcover: The groundcover grows to a maximum height of 60 cm and is rated as
dense. The dominant species are mat-rush ( Lomandra longifolia), fish-bones (L.
obliqua), shivery grass ( Briza maxima), coral heath (Epacris microphylla) and woolly
xanthosia (Xanthosia pilosa).

| Condition
=] Taxa of conservation significance

No taxa of conservation significance were recorded within this community. Number
of hectares to be removed

3.6 hectares.

L Eucalyptus propinqual Angophora costatal/E. microcorys very tall open forest
(map code 16)

This vegetation type is restricted to relatively fertile and well drained sites along the
proposed Upgrade.

m| Structure

Querstorey: The overstorey is 25 to 30 m high and provides approximately 50 %
cover. The dominant canopy species are grey gum ( Eucalyptus propinqua), smooth
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barked apple ( Angophora costata) and tallowwood ( E. microcorys). Other canopy
species that occur occasionally are grey gum ( E. punctata), spotted gum ( Corymbia
maculata) and cabbage gum (E. amplifolia).

Midstorey: The midstorey is eight to 12 m high and provides approximately 40%
cover. The dominant midstorey species include prickly-leaved tea-tree ( Melaleuca
styphelioides), forest oak (Allocasuarina torulosa) with juvenile canopy species
occurring intermittently.

Understorey: The understorey is sparse to moderate, with commonly occurring
species being black wattle (Acacia irrorata), lemon-scented tea-tree ( Leptospermum
polygalifoliun), snow-in-summer ( Melalewca linariifolia), large mock olive (Notelaea
longifolia) pink lantana (Lantana camara) and breynia (Breynia oblongifolia).

Groundcover:  The groundcover is moderately dense, with blady grass ( Imperata
cylindrica) being the dominant species. Other commonly occurring species include
prickly rasp fern (Doodia aspera), small sickle fern (Pellaea falcata var. nana), blue flax-
lily ( Dianella caerulea), dwarf trumpet (Brunoniella pumilio), muttonwood ( Rapanea
variablis), blackthorn (Bursaria spinosa), zieria (Zieria smithii), common buttercup
(Ranunculus lappaceus) and rib-wort (Plantago debilis).

a Condition

Weeds are relatively common in this community, including lantana (Lantana camara)
and bracken (Pteridium esculentum). The presence of burnt tree boles in some areas
suggests that this vegetation type is subject to occasional fires of moderate intensity.
The community suffers from minor fragmentation caused by fire trails. Previous
logging activity is evident by the presence of sawn stumps and an absence of mature
and dead trees in the canopy and there is a notable absence of medium to large
hollows.

2 Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

a Number of hectares to be removed

1.6 hectares.

s Angophora costata/Eucalypt spp. very tall open forest (map code 17)
a Structure

Owerstorey:  The dominant species in the overstorey are smooth-barked apple
(Angophora costata), tallowwood ( Eucalyptus microcorys), Sydney peppermint ( E.
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piperita), brown stringybark ( E. capitellata) and grey ironbark (E. paniculata). The
overstorey extends to a maximum height of 30 m.

Midstorey: The midstorey is dominated by cherry ballart ( Exocarpos cupressiformis),
black she-oak (Allocasuarina littoralis) and smooth geebung ( Persoonia levis). It
extends to a maximum height of 12 m.

Understorey: The understorey varies from sparse to dense and extends to a maximum
height of 2.5 metres. Common species include forest grass trees ( Xanthorrhoea
resinosa), Sydney golden wattle ( Acacia longifolia), hill banksia ( Banksia spinulosa),
common hop bush (Dodonaea triquetra) and matchheads (Comesperma ericinum).

Groundcover: Groundcover extends to a maximum height of 60 m and is moderate to
dense, containing species such as mat rush ( Lomandra longifolia), fish bones (L.
Obligua), shivery grass (Briza spp.) and woolly xanthosia (Xanthosia pilosa).

| Condition

Weeds are relatively common in this community, including lantana (Lantana camara)
and bracken fern (Pteridium esculentunt). Tree hollows are sparse and evidence exists
of previous extensive clearing practices. Tracks are common and the area is grazed
by stock.

3 Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

| Number of hectares to be removed
Nil.
k. Angophora costata/Melaleuca quinquenervialEucalyptus resinifera very tall

open forest (map code 19)

| Structure

Owerstorey: This is a moist community that lies directly adjacent to the existing
highway at the township of Nerong. It is dominated by smooth-barked apple
(Angophora costata), broad-leaved paperbark (Melaleuca quinquenervia) and red
mahogany (Eucalyptus resinifera). Other species that occur include large fruited grey
gum (E. canaliculata) and grey gum (E. propinqua). The canopy in this community
extends to a maximum height of 30 m and has a percentage cover of approximately
40%.
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Midstorey:  The midstorey extends to a height of approximately 10 m and is
dominated by swamp oak (Casuarina glauca) and broad-leaved paperbark (Melaleuca
quinquenervia).

Understorey: The understorey is sparse in this community. Where it occurs it is
dominated by saw sedge (Gahnia aspera).

Groundcover: The groundcover is approximately 50 m high in this community and is
dominated by various sedges, rushes and grasses.

&) Condition

Weeds are sparse throughout this community, except on the forest fringe where
purple top (Verbena bonariensis), verbena (V. officianalis) and Parramatta grass
(Sporobolus sp.) occur. Tracks are sparse, however rubbish occurs throughout.

J Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

& Number of hectares to be removed
0.97 hectares.
m. Eucalyptus umbra/Corymbia gummiferal Angophora costata very tall open

forest (map code 34)
a Structure

Owverstorey: The overstorey is 25 to 30 m high and provides approximately 50 %
cover. The dominant canopy species are broad-leaved white mahogany (Eucalyptus
umbra), red bloodwood ( Corymbia gummifera) and smooth-barked apple ( Angophora
costata). Sydney peppermint (E. piperita) and red ironbark (E. fibrosa) occurred less
commonly.

Midstorey: The midstorey extends to a maximum height of 10 m and is dominated by
forest oak (Allocasuarina torulosa) and juvenile canopy species. It is rated as sparse.

Understorey: The understorey ranges from sparse to dense and is dominated by
Pultenaea sp., Gymea lily ( Doryanthes excelsa) and lemon-scented tea-tree
(Leptospermum polygalifolium).
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Groundcover: The groundcover is moderately dense with blady grass ( Imperata
cylindrica) being the dominant species. Other commonly occurring species include
prickly rasp fern (Doodia aspera), small sickle fern (Pellaea falcata var. nana), blue flax-
lily ( Dianella caerulea), dwarf trumpet (Brunoniella pumilio), muttonwood ( Rapanea
variabilis), blackthorn (Bursaria spinosa), sandfly zieria (Zieria smithii), common
buttercup (Ranunculus lappaceus) and ribwort (Plantago debilis).

2] Condition

Weeds are relatively common in this community including lantana (Lantana camara),
and bracken fern (Pteridium esculentum). The presence of burnt tree boles in some
areas suggests that this vegetation type is subject to occasional fires of moderate
intensity. Previous logging activity is evident by the presence of sawn stumps, and
an absence of mature and dead trees in the canopy. There is a notable lack of
medium to large hollows, and there appears to be a low to moderate level of
biodiversity within this community.

| Taxa of conservation significance

Tetratheca juncea occurs in this community amongst blady grass and other
groundcover species where the understorey was sparse to absent.

0 Number of hectares to be removed
0.67 hectares.
. Eucalyptus tereticornis very tall open forest (map code 20)

This is a moist open forest of limited extent that occurs on wetter poorly drained clay
soils of the study area.

Q Structure

Overstorey: The canopy extends to a maximum height of 30 m and is dominated by
forest red gum (Eucalyptus tereticornis) and with the occasional occurrence of cabbage
gum (E. amplifolia). Other canopy species include grey ironbark (E. paniculata), grey
gum (E. canaliculata).

Midstorey: A midstorey is generally absent.

Understorey: The understorey varies from sparse to dense. The dominant species are
swamp oak (Casuarina glauca) and prickly-leaved paperbark (Melaleuca styphelioides).
Other species that occur occasionally include swamp paperbark (M. ericifolia), ball
honeymyrtle (M. nodosa), snow in summer (M. linariifolia) and sieber’s paperbark (M.
sieberi).
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Groundcover: Groundcover is moderate to dense, and consists primarily of grasses
and sedges including species such as mat-rush ( Lomandra longifolia), nut grass
(Cyperus brevifolius), saw sedge (Gahnia sieberana) and blady grass (Imperata cylindrica).
Other species that occur occasionally include ribwort (Plantago debilis), native violet
(Viola hederaceae), einadia (Einadia hastata), centella (Centella asiatica) and blackberry
(Rubus ulmifolius).

| Condition

Weeds are relatively sparse in this community, although roadside weeds such as
paspalum (Paspalum sp.), cobblers pegs ( Bidens pilosa) and purple top (Verbena
bonariensis) are common of the forest fringe. Some areas on private property are
currently subject to grazing by stock. The presence of burnt tree trunks in some areas
suggests that this vegetation is subject to occasional or frequent low intensity fire.
Although the community is fragmented in some placed by private or forestry roads,
there are few tracks present. Previous logging activity is evident by the presence of
sawn stumps, and an absence of mature and dead trees in the canopy and there is a
notable absence of medium to large hollows.

| Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

| Number of hectares to be removed
Nil.
0. Eucalyptus microcorys/E. propinqualM. quinquenervia very tall open forest

(map code 23)

This community occurs in low lying portion of the alignment, particularly in the
central and southern sections.

) Structure

Owerstorey: The canopy ranges in height between 25 and 30 m with an estimated
cover of approximately 40%. The dominant canopy species are grey gum ( Eucalyptus
propinqua), tallowwood ( E. Microcorys) and broad-leaved tea-tree ( Melaleuca
quinquenervia). Smooth-barked apple also occasionally occurs. Epiphytes, namely
elkhorns (Platycerium bifurcatum) occur in portions of this community.

Midstorey: The midstorey is five to eight metres high, with an estimated cover of
approximately 30 %. The dominant species are prickly-leaved tea-tree ( Melaleuca
styphelioides) broad-leaved paperbark (M. quinquenervia) and ball honeymyrtle ( M.
nodosa).
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Understorey: The understorey is sparse to moderate and consists of such species as
cherry ballart (Exocarpos cuppresiformis), snow-in-summer (Melaleuca linariifolia), black
wattle (Acacia irrorata) and Hakea sp.

Groundcover: The groundcover is sparse to moderate, with an estimated cover of
approximately 30%. The dominant species is mat-rush ( Lomandra longifolia), with
saw sedge (Gahnia sieberana), nut grass (Cyperus brevifolius), orange thorn (Citriobatus
pauciflorus), coral heath (Epacris microphylla) and native violet (Viola hederaceae) also
occurring commonly.

_1 Condition

Weeds are sparse in this community, although roadside weeds such as clover
(Trifolium spp.), bushy starwort (Aster subulatus) and michaelmas daisy (Aster novi-
belgii) are common on the forest fringe. Some areas are currently subject to cattle
grazing. The presence of burnt tree trunks in some areas suggests that this
community is subject to occasional moderate intensity fire. The community is
fragmented in some places by tracks used by cattle. Previous logging activity is
evident by the presence of sawn stumps, and a general paucity of mature and dead
trees in the canopy. Medium to large hollows exist within this vegetation
community, although not in abundance. There appears to be a moderate level of
plant species diversity within this community.

al Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

5| Number of hectares to be removed

Nil.

p- Corymbia gummiferalC. maculatalE. capitellata very tall open forest (map
code 25)

a Structure

Querstorey: The overstorey in this community is 25 to 30 m high and provides
approximately 45 % cover. The dominant canopy species are red bloodwood
(Corymbia gummifera), spotted gum (C. maculata) and brown stringybark ( Eucalyptus
capitellata).
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Midstorey: The midstorey is eight to 10 m high and provides approximately 40 %
cover. The dominant midstorey species include black she-oak (Allocasuarina littoralis)
and juvenile canopy species.

Understorey: The understorey is sparse to moderate, with commonly occurring
species being black wattle (Acacia irrorata), lemon-scented tea-tree ( Leptospermum
polygalifoliun), snow-in-summer ( Melaleuca linariifolia), coral heath (Epacris
microphylla) and matchheads (Compesperma ericinum).

Groundcover: The groundcover is moderately dense, with blady grass ( Imperata
cylindrica) being the dominant species. Other commonly occurring species include
prickly rasp fern (Doodia aspera), small sickle fern (Pellaea falcata), blue flax lily
(Dianella caerulea), purple flag (Patersonia glabrata), blackthorn (Bursaria spinosa) and
common buttercup (Ranunculus lappaceus).

Al Condition

Weeds are relatively sparse in this community. The presence of burnt tree boles in
some areas suggests that this vegetation type is subject to occasional fires of
moderate intensity. The community suffers from minor fragmentation caused by the
construction of tracks and roads. Previous logging activity is evident by the presence
of sawn stumps, and an absence of mature and dead trees in the canopy. There is a
notable absence of medium to large hollows.

= Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

| Number of hectares to be removed
Nil.
q. Angophora costatalEucalyptus microcorys/Eucalyptus globoidea very tall

open forest (map code 28)
4 Structure

Owerstorey: This community extends to a maximum height of 30 m and is dominated
by stringybark (Eucalyptus globoidea), tallowwood (E. microcorys) and smooth-barked
apple (Angophora costata). The canopy cover is moderately dense.

Midstorey: ~ The midstorey in this community is dominated by forest oak
(Allocasuarina torulosa) and juvenile overstorey species. It extends to a maximum
height of 15 metres and is sparse.
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Understorey: The understorey extends to a maximum height of three metres and is
dominated by common hop bush (Dodonaea triquetra), prickly moses (Acacia ulicifolia),
smooth geebung (Persoonia linearis), mountain devils (Lambertia formosa), hill banksia
(Banksia spinulosa) and sandfly zieria (Zieria smithii).

Groundcover: The groundcover is moderately dense and extends to a height of 70 m.
It is dominated by a variety of grass species, including wallaby grass (Danthonia sp.),
kangaroo grass ( Themeda australis) and blady grass ( [mperata cylindrica). Mat rush
(Lomandra longifolia), purple flag (Patersonia glabrata) and blue flax lily ( Dianella
caerulea) also occur commonly.

a Condition

Weeds are relatively sparse in this community although roadside weeds such as
paspalum (Paspalum sp.), cobblers pegs ( Bidens pilosa) and purple top (Verbena
bonariensis) are common on the forest fringe. Some areas on private property are
currently subject to grazing by stock. The presence of burnt tree trunks in some areas
is indicative of fire. Although tracks and roads fragment this community, there are
few tracks present. Previous logging activity is evident by the presence of sawn
stumps and an absence of mature and dead trees in the canopy and there is a notable
absence of medium to large hollows.

g Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
s Number of hectares to be removed

0.21 hectares.

i Angophora costatalEucalyptus microcorys very tall open forest (map code
31
4 Structure

Owerstorey: The overstorey is 25 to 30 m high and provides approximately 50% cover.
The dominant canopy species are smooth-barked apple ( Angophora costata) and
tallowwood (E. microcorys). Other species that occur occasionally are grey gum ( E.
propinqua) and stringybark (E. globoiden).

Midstorey: ~ The midstorey extends to approximately 10m high and provides
approximately 35% cover. The dominant midstorey species are prickly leaved tea
tree (M. styphelioides), forest oak (Allocasuarina torulosa) with juvenile canopy species
occurring intermittently.
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Understorey: The understorey is sparse to moderate, with commonly occurring
species being black wattle (Acacia irrorata), lemon-scented tea tree ( Leptospermum
polygalifolium), snow-in-summer ( Melaleuca linariifolia), large mock olive (Notelaea
longifolia), pink lantana (Lantana camara) and breynia (Breynia oblongifolia).

Groundcover: The groundcover is moderately dense, with blady grass ( Imperata
cylindrica) being the dominant species. Other commonly occurring species include
prickly rasp fern (Doodia aspera), small sickle fern (Pellaea falcata var. nana), blue flax-
lily ( Dianella caerulea), common buttercup ( Ranunculus lappaceus) and rib-wort
(Plantago debilis).

a Condition

Weeds are relatively common in this community including lantana (Lantana camara)
and bracken fern (Pteridium esculentum). The presence of burnt trees in some areas
suggests that this vegetation type is subject to occasional fires of moderate intensity.
The community suffers from minor fragmentation by tracks and roads. Previous
logging activity is evident by the presence of sawn stumps and an absence of mature
and dead trees in the canopy and there is a notable absence of medium to large
hollows.

& Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

3 Number of hectares to be removed

Nil.

5, Corymbia maculatal/Eucalyptus fibrosa very tall open forest (map code 32)
o Structure

Owerstorey: The overstorey is 25 to 30 m high and provides approximately 45% cover.
The dominant canopy species are spotted gum (Corymbia maculata) and red ironbark
(Eucalyptus fibrosa). Other species that occur occasionally include grey gum
(Eucalyptus propinqua).

Midstorey: The midstorey is eight to 10 m high and provides approximately 15%
cover. The dominant species are juvenile canopy species and occasional black she-
oak (Allocasuarina littoralis).

Understorey: The understorey is sparse and where it occurs mat rush ( Lomandra
longifolia) is the most common species.
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Groundcover: The groundcover in this community is very sparse, a result of grazing
cattle. The most common species are introduced grass species used for pasture
improvement purposes, such as kikuyu (Penisetum clandestinum) and common couch.

a Condition

This community has been altered extensively in the past by logging and pasture
improvement works. The canopy has been thinned and the undergrowth almost
completely removed. Fires are likely to be frequent, but of a low intensity. Fires
would be lit for the purpose of ‘rubbish’ control and for the instigation of new grass
growth to be exploited by stock.

¥ Taxa of conservation significance

No taxa of conservation significance were recorded occurring in this community.

Gl Number of hectares to be removed
Nil.
& Angophora costatalEucalyptus fibrosalE. capitellata/Corymbia gummifera

very tall open forest (map code 33)
a Structure

Owerstorey: The canopy ranges in height between 25 and 30 m with an estimated
cover of approximately 45%. The dominant canopy species include smooth-barked
apple ( Angophora costata), red ironbark (Eucalyptus fibrosa), brown stringybark
(Eucalyptus capitellata) and red bloodwood (Corymbia gummifera). Sydney peppermint
(Eucalyptus piperita) occasionally occurs in this community.

Midstorey: The midstorey is five to eight metres high with an estimated cover of
30%. The dominant species are prickly leaved tea tree (Melaleuca styphelioides), broad-
leaved paperbark (Melaleuca quinquenervia) and ball honeymyrtle (Melaleuca nodosa).

Understorey: The understorey is sparse to moderate and consists of such species as
cherry ballart ( Exocarpos cupressiformis), dogwood ( Jacksonia scoparia), snow-in-
summer ( Melaleuca linariifolia), black wattle (Acacia irrorata) and hakea (Hakea
dactyloides).

Groundcover: The groundcover is moderate to dense, with an estimated cover of
85%. The dominant species is mat rush (Lomandra longifolia), and with a number of
native grasses being common.

5| Condition
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Weeds are relatively sparse in this community, although roadside weeds such as
clover (Trifolium spp.), verbena ( Verbena officianalis) and giant parramatta grass
(Sporobolus sp.) are common on the forest edge. The presence of burnt tree trunks in
some areas suggests that this community is subject to occasional moderate intensity
fire. The community is fragmented is some places by tracks and roads. Previous
logging activity is evident by the presence of sawn stumps, and a general paucity of
mature and dead trees in the canopy. Medium to large hollows exist within this
vegetation community, although not in abundance.

= Taxa of conservation significance

Tetratheca juncea was observed occurring within this community on the western side
of the existing alignment.

a Number of hectares to be removed

14.78 hectares.

T Eucalyptus globoidea very tall open forest (map code 27)
i} Structure

Owverstorey: This community is dominated by stringybark (Eucalyptus globoidea). Red
bloodwood (Corymbia gummifera) and smooth-barked apple (Angophora costata) occur
occasionally. The overstorey layer extends to a maximum height of 30 m and the
canopy cover is moderately dense.

Midstorey: The midstorey extends to a height of 12 m and is dominated by prickly-
leaved tea tree ( Melaleuca styphelioides) and forest oak (Allocasuarina torulosa), with
juvenile overstorey species occurring occasionally.

Understorey: The understorey is sparse to moderate, with commonly occurring
species being black wattle (Acacia irrorata), lemon-scented tea tree ( Leptospermum
polygalifolium), snow in summer ( Melaleuca linariifolia), mountain devils ( Lambertia

formosa) and hill banksia (Banksia spinulosa).

Groundcover: Groundcover is moderate to dense, and consists primarily of grasses
and other species including mat rush (Lomandra longifolia), blady grass ( Imperata
cylindrica), native violet (Viola hederacea) and a variety of Poa species.

) Condition

Weeds are relatively sparse in this community, although roadside weeds such as
giant Parramatta grass ( Sporobolus sp.), cobblers pegs ( Bidens pilosa), purple top
(Verbena bonariensis) and scotch thistle (Cirsium vulgare) are common on the forest
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fringe. Some areas on private property are currently subject to cattle grazing. The
presence of burnt tree trunks suggests occasional low intensity fires. Although the
community is fragmented in some places by private of forestry roads, there are few
tracks present. Previous logging activity is evident by the presence of sawn stumps
and an absence of mature or dead trees in the canopy. There are few medium and
large hollows occurring in this community.

a Taxa of conservation significance
Eucalyptus ferqusonii spp ferqusonii was recorded occurring within this community.
J Number of hectares to be removed

21.1 hectares.

V. Eucalyptus tereticornis/Eucalyptus propinqua very tall open forest (map
code 21)
4 Structure

Owerstorey: The overstorey in this community is dominated by forest red gum
(Eucalyptus tereticornis) and grey gum ( Eucalyptus propinqua) which extend to a
maximum height of 30 m. The overstorey is moderately dense.

Midstorey: The midstorey in this community ranged in height between eight and
10 m. A number of species occur, including forest oak ( Allocasuarina torulosa) and
juvenile canopy species. The midstorey is rated as sparse.

Understorey: The understorey is generally sparse and is dominated by saw sedge
(Gahnia aspera) and saplings of the overstorey species.

Groundcover: The groundcover is moderately dense and is dominated by a number of
sedges, rushes and grasses which are suited to moist conditions.

5 Condition

This community has been extensively altered in the past, primarily as a result of
logging practices and the construction of logging tracks and roads. Weeds are
relatively sparse. Bracken fern (Pteridium esculentum) sometimes occurs.

= Taxa of conservation significance

No taxa of conservation significance were recorded within this community.
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1 Number of hectares to be removed

Nil.

viii. ~ Very Tall Closed Forest
a. Eucalyptus spp. very tall closed forest (map code 9)
8| Structure

Owerstorey: The overstorey of this community is comprised of a mixed stand of
eucalypts.  Species include blackbutt ( Eucalyptus pilularis), Sydney blue gum
(Eucalyptus saligna), grey gum (Eucalyptus propinqua), brown stringybark ( Eucalyptus
capitellata) and tallowwood (Eucalyptus microcorys). The dense overstorey extends to
a height of 30 m.

Midstorey: The midstorey in this community ranges in height between 15 and 20 m.
It is dominated by black wattle (Callicoma serratifolia), juvenile canopy species and
cabbage trees palms (Livistona australis).

Understorey:  The understorey is comprised of immature cabbage tree palms
(Livistona australis), lily pily (Acmena smithii), cheese tree (Glochidion ferdinandi) and
false bracken fern (Calochlaena dubia). Numerous vines and creepers twine their way
through the understorey including climbing sarsparilla ( Smilax glyciphylla), love
creeper (Glycine clandestina) and monkey rope (Stephania japonica). It extends to a
height of approximately five metres.

Groundcover: The groundcover extends to a height of 40 m and dominant species
include creeping christian (Commelina cyanea), white root ( Pratia purpurescens),
maidenhair fern (Adiantum aethiopicum) mat rush (Lomandra longifolia) and twining
guinea flower (Hibbertia dentata).

Q Condition

Weeds are sparse in this community, except where outbreaks of bracken fern
(Pteridium esculentum) occur. The presence of burnt tree boles in some areas suggests
that this vegetation type is subject to occasional low intensity fires. The community
suffers from minor fragmentation by tracks. Previous logging activity is evident by
the presence of sawn stumps, and an absence of mature and dead hollows.

d Taxa of conservation significance
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No taxa of conservation significance were recorded within this community.
1 Number of hectares to be removed

1.66 hectares.

b. Eucalyptus microcorys/E. propinqua very tall closed forest (map code 30)
J Structure

Overstorey: The canopy ranges in height between 25 and 30 m with an estimated
cover of approximately 65 %. The dominant canopy species are tallowwood
(Eucalyptus microcorys) and grey gum (Eucalyptus propinqua).

Midstorey:  The mid-storey is 10 to 12 m high, with an estimated cover of
approximately 35%. The dominant species are prickly-leaved tea tree ( Melaleuca
styphelioides), black she-oak (Allocasuarina littoralis) broad-leaved paperbark
(Melaleuca quinquenervia) and ball honeymyrtle (Melaleuca nodosa).

Understorey: The understorey is sparse to moderate and consist of such species as
cherry ballart (Exocarpos cupressiformis), snow in summer (Melaleuca linariifolia), black
wattle (Acacia irrorata) and juvenile black she-oak (Allocasuarina littoralis).

Groundcover: The groundcover is moderate to dense, with an estimated cover of
approximately 80%. The dominant species is mat rush (Lomandra longifolia), with saw
sedge (Gahnia sieberana), nut grass ( Cyperus brevifolius), orange thorn (Citriobatus
pauciflorus), coral heath (Epacris microphylla) and native violet (Viola hederaceae) also
occurring commonly.

0 Condition

Weeds are sparse in this community, although roadside weeds such as clover
(Trifolium spp.), bushy starwort ( Aster subulatus) and michaelmas daisy (Aster
novibelgii) are common on the forest fringe. Some areas are currently subject to cattle
grazing. The presence of burnt tree trunks in some areas suggests that this
community is subject to occasional moderate intensity fire. The community is
fragmented in some places by tracks used by cattle. Previous logging activity is
evident by the presence of sawn stumps, and a general paucity of mature and dead
trees in the canopy. Medium to large hollows exist within this vegetation
community, although not in abundance.

5| Taxa of conservation significance
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No taxa of conservation significance were recorded within this community.

a Number of hectares to be removed
Nil.
& Eucalyptus microcorys/Eucalyptus propinqualCorymbia maculata very tall

closed forest (map code 35)
i Structure

Owerstorey: The overstorey is 25 to 30 m high and provides approximately 70% cover.
The dominant canopy species are tallowwood ( Eucalyptus microcorys), grey gum
(Eucalyptus propinqua) and spotted gum (Corymbia maculata).

Midstorey: The midstorey is eight to 10 m high and provides approximately 35%
cover. The dominant species are juvenile canopy species and occasional black she-
oak (Allocasuarina littoralis) and lemon-scented tea tree (Leptospermum polygalifoliunt).

Understorey: The understorey is moderate and is dominated by saw sedge (Gahnia
aspera) and lantana (Lantana camara).

Groundcover:  The groundcover in this community is moderately dense. Itis
dominated by mat rush (Lomandra longifolia). Other species include blady grass
(Imperata cylindrica), prickly rasp fern (Doodia aspera), blue flax lily ( Dianella caerulea)
and common buttercup ( Ranunculus lappaceus) as well as a variety of herbs and
grasses.

i Condition

Weeds are relatively common in this community including lantana (Lantana camara)
and bracken fern (Pteridium esculentum). The presence of burnt trees in some areas
suggests that this vegetation type is subject to occasional fires of moderate intensity.
The community suffers from minor fragmentation by tracks and roads. Previous
logging activity is evident by the presence of sawn stumps, and an absence of mature
and dead trees in the canopy. There is a notable absence of medium to large hollows.

4 Taxa of conservation significance

No taxa of conservation significance were recorded within this community.

5 Number of hectares to be removed
Nil.
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d. Eucalyptus microcorys very tall closed forest (map code 36)
| Structure

Overstorey: The canopy is dominated by tallowwood (Eucalyptus microcorys) with the
occasional occurrence of grey gum ( Eucalyptus propinqua). The canopy extends to a
maximum height of 35 m and has a cover of approximately 75%.

Midstorey: The midstorey is dominated by forest oak (Allocasuarina torulosa) and
extends to a maximum height of 15 metres.

Understorey: The understorey varies from sparse to dense. The dominant species are
juvenile forest oak ( Allocasuarina torulosa), smooth geebung ( Persoonia linearis),
Leucopogon juniperinus, bush peas (Pultenaea spp.) and hill banksia (Banksia spinulosa).

Groundcover: The groundcover is moderately dense and extends to a height of 50 m.
It is dominated by a variety of grasses including wallaby grass ( Danthonia sp.),
kangaroo grass ( Themeda australis) and blady grass (Imperata cylindrica). Mat rush
(Lomandra longifolia), purple flag (Patersonia glabrata) and blue flax lily ( Dianella
caerulea) also occur commonly.

3 Condition

Weeds are relatively sparse in this community although roadside weeds such as
paspalum (Paspalum sp.), cobblers pegs ( Bidens pilosa) and giant Parramatta grass
(Sporobolus sp.) are common on the forest fringe. Some areas are grazed by stock.
The presence of burnt tree trunks in some areas is indicative of fire. Although this
community is fragmented in some placed by private roads, there are few tracks
present. Previous logging activity is evident by the presence of sawn stumps and an
absence of mature or dead trees in the canopy. There is a notable absence of medium
and large hollows.

1 Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
a Number of hectares to be removed

Nil.

Ix. Extremely Tall Closed Forest

a. Eucalyptus pilularis/E. robusta extremely tall closed forest (map code 10)
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3 Structure

Overstorey: This community extends to a maximum height of 40 m and is dominated
by blackbutt (Eucalyptus pilularis) and swamp mahogany (Eucalyptus robusta). The
canopy cover is dense at approximately 75%. Grey gum ( Eucalyptus propinqua)
occasionally occurs throughout the canopy.

Midstorey: The midstorey in this community ranges high between 15 and 20 m. Itis
dominated by black wattle (Callicoma serratifolia), juvenile canopy species, cabbage
tree palms (Livistona australis) and cheese tree (Glochidion ferdinandi).

Understorey: The understorey is comprised of juvenile cabbage tree palms ( Livistona
australis), lily pily ( Acmena smithii), sandpaper fig (Ficus coronata), cheese tree
(Glochidion ferdinandi) and saw sedge (Gahnia aspera). The understorey extends to a
height of five metres.

Groundcover: The groundcover extends to a height of 40 cm and dominant species
include false bracken fern (Calochlaena dubia), mat rush (Lomandra longifolia),
maidenhair fern (Adiantum aethiopicum) and a number of grass species.

oy Condition

Weeds are sparse in this community, except where outbreaks of bracken fern
(Pteridium esculentum) and lantana (Lantana camara) occur. The presence of burnt tree
boles in some areas suggests that this vegetation type is subject to occasional low
intensity fires. The community suffers from minor fragmentation by tracks.
Previous logging activity is evident by the presence of sawn stumps, however
occasional medium to large hollows remain in the canopy.

4 Taxa of conservation significance
No taxa of conservation significance were recorded within this community.
= Number of hectares to be removed

0.76 hectares.

b. Eucalyptus propinqualAngophora costatalE. resiniferal Corymbia maculata
extremely tall closed forest (map code 26)

a Structure
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Owerstorey: The canopy of this community ranges in height between 35 and 40 m
with an estimated cover of 70%. The dominant canopy species are grey gum
(Eucalyptus propinqua), smooth-barked apple ( Angophora costata), red mahogany
(Eucalyptus resinifera) and spotted gum (Corymbia maculata).

Midstorey:  The midstorey is 10 to 15 m high, with an estimated cover of
approximately 30%. It is dominated by forest oak (Allocasuarina torulosa) and juvenile
canopy species.  Willow bottlebrush ( Callistemon salignus) and cherry ballart
(Exocarpos cupressiformis) also commonly occur.

Understorey: The understorey is sparse to moderate and consists of bracken fern
(Pteridium esculentum), bush peas (Pultenaea spp.), wedge pea ( Gompholobium
pinnatum), immature smooth geebung ( Persoonia levis) and sandfly zieria (Zieria
smithii).

Groundcover: The groundcover is sparse to moderate, with an estimated cover of
approximately 30%. The dominant species is mat rush ( Lomandra longifolia) with
blady grass ( Imperata cylindrica) and kangaroo grass ( Themeda australis) occurring
commonly.

| Condition

This community has been extensively altered in the past, primarily as a result of
logging practices and the construction of logging tracks and roads. Weeds are
relatively common.  Bracken fern ( Pteridium esculentum) is common in the
understorey.

8| Taxa of conservation significance

No taxa of conservation significance were recorded within this community.
i Number of hectares to be removed

3.26 hectares.

The above information has been considered in the following sections detailing the
conservation value of the vegetation communities.
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3.3.3 Conservation Status of Recorded Communities

The conservation status of the vegetation communities recorded in the study area has
been determined using a number of key references including Hager and Benson
(1994), Specht et al. 1995), Forestry Commission (1989b) and RACAC (undated).
Conservation status is based on the same or equivalent vegetation community/type
protected in reserves.

————————— ERM MITCHELL McCOTTER
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

Melaleuca nodosa tall shrubland

M. linariifolia/M.
quinquenervia/M.
styphelioides/Casuarina glauca

very tall shrubland

M. nodosa very tall shrubland

Eucalyptus globoidea/Angophora
costata/Corymbia gummifera

very tall open woodland

E. globoidea very tall open

woodland

E. globoidea/A. costata very tall

open woodland

Conservation Status According
to Hager and Benson (1994)

Similar to WTF003b which is
adequately conserved.

Similar to W00Zb which is

adequately conserved.

Similar to WTF003b which is

adequately conserved.

Similar to EF117¢ which is
not/poorly conserved; similar to
EF331c which is inadequately
conserved and to EF146i which is

adequately reserved.

Similar to EF117¢ which is is

not/poorly conserved.

Similar to EF117¢ which is
not/poorly conserved. Also
similar to EF146i which is

adequately conserved.

Conservation Status According
to Specht et al. (1995)

No information

Similar to T354c - reasonably

conserved.

No information

Similar to T706 which is
adequately conserved. Also
similar to T349 which is

reasonably conserved.

Similar to T706 which is

adequately conserved.

Similar to T706 which is
adequately conserved. Also
similar to EF1461 which is

adequately conserved.

Forestry Commission (1989b)

No information

Similar to forest type 31. Largely
confined to seaboard locations in
NSW, including the Myall Lakes
area. This forest type has been

extensively cleared.

No information

Similar to forest type 127 which is
widespread on the south coast but
extends into the southern part of
the north coast. Also similar to
type 41 which is widespread on

deep sand deposits.

Similar to forest type 127 which is
widespread on the south coast
andextends into the southern part
of the north coast.

This is similar to forest type 127
which is widespread on the south
coast and extends into the southern

part of the North Coast. Also

RACAC (undated)

No information

No information

No information

Similar to smooth-barked apple -
Sydney peppermint - stringybark -
59%. Also similar to stringybark -
apple - 61%.

Equivalent to dry grassy

stringybark - 112%

Equivalent to stringybark - apple -
61[,’/0
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

E. globoidea/A. costata very tall

woodland

Pinus radiata/E. microcorys/C.

maculata mid-high open forest

C. glauca tall open forest

E. globoidea/A. costata very tall

open forest

E. microcorys/C. maculata very

tall open forest

Conservation Status According

to Hager and Benson (1994)

Similar to EF117c which is
not/poorly conserved. Also
similar to EF146i which is

adequately conserved.

No information

Similar to WTF001b which is

adequately conserved.

Similar to EF117¢ which is
not/poorly conserved. Also
similar to EF146i which is

adequately conserved.

Similar to EF040a which is

not/poorly conserved.

Conservation Status According
to Specht et al. (1995)

Similar to T706 which is
adequately conserved. Also
similar to EF146i which is

adequately conserved.

No information

Similar to CW19d which is

adequately conserved

Similar to T706 which is
adequately conserved. Also
similar to T349 which is

reasonably conserved.

Similar to T706d which is

reasonably conserved and T707f

Forestry Commission (1989b)

similar to type 41 which is

widespread on deep sand deposits.

This is similar to forest type 127

which is widespread on the south

coast and extends into the southern

part of the North Coast. Also

similar to type 41 which is

widespread on deep sand deposits.

This is a modified (harvested)

version of forest type 218 (Forestry

Plantations).

Similar to forest type 32. Occurs
along coastal areas of NSW,
particularly near estuaries

including the Myall Lakes area.

This is similar to forest type 127

which is most widespread on the
South Coast, but extends into the
southern parts of the north coast.

Also similar to type 41 which is

widespread on deep sand deposits.

This is similar to forest type 70. It

is widespread throughout the

RACAC (undated)

Equivalent to stringybark - apple -
61%

No information

Equivalent to swamp oak - 43%.
Also similar to casuarina woodland
- 80%

Equivalent to stringybark - apple -
61%

No information
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

C. gummifera/E. capitellata/A.

costata very tall open forest

C. maculata/E. propinqua very

tall open forest
E. pilularis/E. microcorys very

tall open forest

E. microcorys/E. capitellata/A.

costata very tall open forest

C. maculata very tall open

forest

Conservation Status According

to Hager and Benson (1994)

Similar to EF331c which is

inadequately conserved.

Similar to EF040a and EF040d

which are not/poorly conserved

Similar to EF145b which is

not/poorly conserved

Similar to EF117¢ which is
not/poorly conserved. Also
similar to EF1461 which is

adequately conserved.

Similar to EF040a which is

not/poorly conserved

Conservation Status According

to Specht et al. (1995)

which is adequately conserved.

Similar to T706 which is

adequately conserved.

Similar to T707f which is

adequately conserved

Similar to T707 which is poorly
conserved, and T710 and T710e

which are adequately conserved

Similar to T706 which is
adequately conserved. Also
similar to T349 which is

reasonably conserved.

Similar to T706d which is

reasonably conserved and T707f

Forestry Commission (1989b)

coastal districts, usually ate

elevations below 300 m.

Similar to forest type 106, with red
bloodwood becoming dominant
rather than Sydney Peppermint.
This community is very common in
the Sydney District and it occurs
north of the central coast.

This is similar to forest type 74 and
is widespread on the South Coast.

It extends to the north of the State.

This is similar to forest type 37. It
is widely distributed and can be
found from the central South Coast

northwards into Queensland.

This is similar to forest type 127. It
is widespread on the South Coast
and extends into the southern part
of the North Coast. Also similar to
type 41 which is widespread on
deep sand deposits.

This is similar to forest type 70. It

is widespread throughout the

RACAC (undated)

No information

Equivalent to foothills grey - gum -

spotted gum - 94%
Equivalent to dry grassy blackbutt -

tallowwood - 35%

No information

No information
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

E. pilularis/A. costata/E.

globoidea very tall open forest

E. propinqua/A. costata/E.

microcorys very tall open forest

A. costata/Eucalypt spp. very

tall open forest

A. costata/M. quinquenervia/E.

resinifera very tall open forest

E. umbra/Co. gummifera/A.

Conservation Status According
to Hager and Benson (1994)

Similar to EF146h which is

adequately conserved.

Similar to EF165a which is

adequately conserved.

No information

Similar to EF203b which is

adequately conserved.

Similar to EF203b which is

Conservation Status According
to Specht et al. (1995)

which is adequately conserved

Similar to T706 which is
adequately conserved. Also
similar to T349 which is

reasonably conserved.

Similar to T707 which is poorly

conserved

Similar to T706 which is
adequately conserved. Also
similar to T350e which is

adequately conserved.

Similar to T354 which is
adequately conserved. Also
similar to T354c which is

reasonably conserved.

Similar to T711b which is poorly

Forestry Commission (1989b)

coastal districts usually at

elevations below 300 m.

This is similar to forest type 42
which is found in the Central Coast
from near Bulahdelah in the north
to Bateman’s Bay in the south. It is
particularly common in the Sydney

area.

No information

This is similar to forest type 105.
This type is found scattered
through the coastal districts and
examples occur in the Myall Lakes

area.

This is similar to forest type 105.
This type is found scattered
through the coastal districts and
examples occur in the Myall Lakes

area.

Similar to forest type 126. In its

RACAC (undated)

Similar to stringybark - apple -
61%. Also similar to blackbutt -
Sydney peppermint - smooth-
barked apple - 80%.

Similar to dry grassy tallowwood -
grey gum - 77%. Also similar to
grey gum - stringybark - apple -
544%

Similar to mixed moist hardwood -
28%

No information

No information

38067MAY 1999

3.45

ERM MITCHELL MeCOTTER



Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

costata very tall open forest

E. tereticornis very tall open

forest

E. microcorys/E. propingua/M.
quinquenervia very tall open

forest

C. gummifera/C. maculata/E.

capitellata very tall open forest

A. costata/E. microcorys/E.

globoidea very tall open forest

A. costata/E. microcorys very tall

open forest

Conservation Status According

to Hager and Benson (1994)
adequately reserved. Also
similar to EF331c which is
inadequately reserved.

Similar to EF050a which is

inadequately reserved.

Similar to EF075a which is
not/poorly conserved. Also
similar to WT002a which is

adequately conserved.

No information

Similar to EF117¢ which is
not/poorly conserved. Also
similar to EF146i which is
adequately conserved.
Similar to EF117¢ which is
not/poorly conserved. Also
similar to EF146i which is

adequately conserved.

Conservation Status According
to Specht et al. (1995)

to reasonably conserved in

NSW.

According to Specht et al (1995)
this community is not conserved
in NSW.

Similar to T707 which is poorly

conserved.

Similar to T706d and T349 which

are reasonably conserved.

Similar to T706 which is
adequately conserved. Also
similar to EF146i which is

adequately conserved.

Similar to T706 which is

adequately conserved.

Forestry Commission (1989b)

various forms it occurs from the
central South Coast to the North
Coast.

According to Forestry Commission
(1989) this forest type is one of the
most common along the NSW

coast. It is similar to forest type 92.

No information

This is similar to forest type 126. In
its various forms it occurs from the
central South Coast to the North

Coast.

No information.

No information

RACAC (undated)

Equivalent to eastern red gums -
95%

Similar to dry grassy tallowwood -

grey gum - 77%

No information

Similar to stringybark - apple - 61%

No information
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

C. maculata/E. fibrosa very tall

open forest

A. costata/E. fibrosa/E.
capitellata/C. gummifera very

tall open forest

E. globoidea very tall open

forest

E. tereticornis/E. propinqua very

tall open forest

Eucalypt spp very tall closed

forest

E. microcorys/E. propinqua very

tall closed forest

E. microcorys/E. propinqua/C.

Conservation Status According

to Hager and Benson (1994)
Similar to EF040e which is

inadequately conserved.

Similar to EF117¢ which is
not/poorly conserved; to EF331c
which is inadequately conserved
and EF146i which is adequately

reserved.

Similar to EF117¢ which is

not/poorly conserved.

Similar to EFO50f which is

not/poorly conserved.

No information

Similar to EF165a which is

adequately conserved.

Similar to EF040d which is

Conservation Status According

to Specht et al. (1995)

No information.

Similar to T706 which is
adequately conserved. Also
similar to T349 which is

reasonably conserved.

Similar to T706 which is

adequately conserved.

No information

Similar to T707b which is
reasonably to adequately

conserved.

Similar to T707 which is poorly

conserved

Similar to T707 which is poorly

Forestry Commission (1989b)

This is similar to forest type 70. It
is widespread throughout coastal
districts, usually below elevations
of 300 m.

This is similar to forest type 127.
The type is most widespread on the
south coast, but extends into the
southern part of the North Coast.
Also similar to type 41 which is

widespread on deep sand deposits.

Similar to forest type 127 which is
widespread on the south coast and
extends into the southern part of
the north coast.

Similar to forest type 92 which
occurs frequently within most of

the coastal districts within NSW.

Similar to forest type 37 which has
a wide distribution on the north

coast.

This is similar to forest type 45 and

it is not widespread.

Similar to forest type 45 which is

RACAC (undated)

Equivalent to hunter spotted gum -
ironbark - 17%.

Similar to ironbark - stringybark -
236%. Also similar to sandstone
ironbark - 411%.

No information

Equivalent to lowland red gum -
31%

No information

Equivalent to dry grassy

tallowwood - grey gum - 77%

No information
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Table 3.2

CONSERVATION STATUS OF VEGETATION COMMUNITIES

Vegetation Community

maculata very tall closed forest

E. microcorys very tall closed

forest

E. pilularis/E. robusta extremely

tall closed forest

E. propinqua/A. costata/E.

Conservation Status According

to Hager and Benson (1994)
not/poorly conserved.
Equivalent to EF165a which is
adequately conserved.

Similar to EF099a which is
adequately conserved. Also
similar to EF145a which is
not/poorly/inadequately
conserved.

Similar to EF040d which is

Conservation Status According
to Specht et al. (1995)

conserved.

No information

Similar to T354b which is

reasonably conserved.

Similar to T707 which is poorly

Forestry Commission (1989b)

not widespread.

Similar to forest type 45 which is
not widespread.

This is similar to forest type 36. It

is found from the central South

Coast northwards into Queensland.

This is similar to forest type 60. It

RACAC (undated)

Equivalent to tallowwood - 49%

No information

Similar to foothills grey gum -

resinifera/C. maculata extremely — not/poorly conserved. Also conserved. is found at altitudes to above 300m  spotted gum - 94%
tall closed forest similar to EF096b which is in the North Coast and Central

inadequately conserved and to Coast Regions.

EF165a which is adequately

conserved.
Note: Reference to Hagar and Benson (1994), Specht et a (1995), Forestry Commission (1989b) and RACAC (undated) to explain the definition of various conmunity types listed.
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3.3.4 Number of Hectares to be Removed

Table 3.3 indicates the area (in hectares) to be removed of each vegetation community
occurring within the study area. The table allows a comparison between area to be
removed from each community with conservation status. Conservation status has
been determined from reference to RACAC (undated) as this is the most recent
information pertaining to the conservation status of plant communities within NSW.
Where few similarities to the RACAC classification scheme were observable,
conservation status was determined by reference to three other key texts (as well as
RACAC), including Forestry Commission (1989b), Hager and Benson (1994) and
Specht et al. (1995) which have been summarised in Table 3.2 above.

Table 3.3 SUMMARY OF HECTARES TO BE REMOVED AND
CONSERVATION STATUS OF VEGETATION COMMUNITIES

Community Map Code  Conservation ;Iumber of Hectares
Status to be Removed

Melaleica nodosa tall shrubland 3 2 2.38
M. linariifolia/M. quinquenervia/M. 22 2 nil
styphelioides/Casuarina glauca very tall
shrubland
M. nodosa very tall shrubland 2 2 2.84
Eucalyptus globoidea/Angophora 4 1 1.03
costata/Corymbia gummifera very tall open
woodland
E. globoidea very tall open woodland 6 2 nil
E. globoidea/A. costata very tall open woodland 29 1 nil
E. globoidea/A. costata very tall woodland 1 1 25.44
Pinus radiata/E. microcorys/Co. maculata mid- 24 nd 4.76
high open forest
Ca. glauca tall open forest 18 1 1.23
E. globoidea/A. costata very tall open forest 7 1 1.7
E. microcorys/Co. maculata very tall open forest 5 1 15.1
Co. gummifera/E. capitellata/A. costata very tall 8 2 1.75
open forest
Co. maculata/E. propinqua very tall open forest 11 1 nil
E. pilularis/E. microcorys very tall open forest 12 1 4.01
E. microcorys/E. capitallata/A. costata very tall 13 2 nil

open forest
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Table 3.3 SUMMARY OF HECTARES TO BE REMOVED AND
CONSERVATION STATUS OF VEGETATION COMMUNITIES

Community Map Code  Conservation Number of Hectares
Status to be Removed
Co. maculata very tall open forest 14 1 nil
E. pilularis/A. costata/E. globoidea very tall open 15 2 3.6
forest
E. propinqua/A. costata/E. microcorys very tall 16 1 1.6
open forest
A. costata/Eucalypt spp very tall open forest 17 1 nil
A. costata/M. quinquenervia/E. resinifera very 19 2 1.0
tall open forest
E. umbra/Co. gummifera/A. costata very tall 34 ] 0.7
open forest
E. tereticornis very tall open forest 20 1 nil
E. microcorys/E. propinqua/M.quinquenervia 23 1 nil
very tall open forest
Co. qummitera/Co. maculata/E. capitellata very 25 1 nil
tall open forest.
A. costata/E.microcorys/E.globoidea very tall 28 1 0:21
open forest
A. costata/E.microcorys very tall open forest 31 1 nil
Co. maculata/E. fibrosa very tall open forest 32 1 nil
A. costata/E. fibrosa/E. capitellata/Co. gummifera 33 2 14.78
very tall open forest
E. globoidea very tall open forest 27 2 2 al
E. tereticornis/E. propinqua very tall open forest 21 1 nil
Eucalypt spp. very tall closed forest 9 nd 1.66
E. microcorys/E. propinqua very tall closed 30 1 nil
forest
E. microcorys/E. propinqua/Co. maculata very 35 1 nil
tall closed forest
E. microcorys very tall closed forest 36 1 nil
E. pilularis/E. robusta extremely tall closed 10 1 0.76
forest
E. propinqua/A. costata/E. resinifera/Co. maculata 26 1 3.26
extremely tall closed forest.
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Table 3.3 SUMMARY OF HECTARES TO BE REMOVED AND
CONSERVATION STATUS OF VEGETATION COMMUNITIES

Community Map Code Conservation Number of Hectares
Status to be Removed
Other unclassified Strip Vegetation n/a nd 139
Total 122.66 hectares.

Conservation Codes (modified from Hager and Benson 1994 and RACAC undated)
1 Inadequately conserved (including those communties where conservation targets have not been met)
2 Adequately conserved

nd  Not determined due to lack of data

From the information contained within the above table, it is evident that a large
majority of the vegetation communities occurring within the study area are of
conservation significance. Of the total amount of forest to be cleared for the
proposed upgrade (122.66 hectares) approximately 54.91 hectares of forestis
considered to be of conservation significance.

3.3.5 Threatened, Rare and Regionally Significant Species Likely to Occur
in the Study Area

The significant flora species listed in Table 3.4 are those that are known or likely to
occur within the study area. The location of all previous and new threatened species
records within the study area are illustrated in Figure 4.1.

Table 3.4 THREATENED, RARE AND REGIONALLY SIGNIFICANT FLORA
SPECIES LIKELY TOOCCLUR IN THE STUDY AREA

Scientific Name TSC listing ESP listing RoTAP Likelihood of Occurrence
classification
Plectranthus suaveolens Not listed Not listed 3KC- High. Known to occur in

the locality.

Eucalyptus glaucina Schedule2 -  Part2 - 3VCa High. Known to occur in
Vulnerable Vulnerable the locality.

Tetratheca juncea Schedule2-  Part2 - 3VCa Recorded within the study
Vulnerable Vulnerable area.

Prostanthera densa Schedule2-  Part2 - BVC- High. Known to occur in
Vulnerable Vulnerable the locality.

Syzygium paniculatium Schedule2-  Part2 - 3VCi High. Known to occur in
Vulnerable Vulnerable the locality.

Melaleuca groveana Schedule 2 - Not listed 3RC- High. Known to occur in
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Table 3.4 THREATENED, RARE AND REGIONALLY SIGNIFICANT FLORA
SPECIES LIKELY TO OCCUR IN THE STUDY AREA

Scientific Name TSC listing ESP listing RoTAP Likelihood of Occurrence
classification
Vulnerable the locality.
Asperula asthenes Schedule2-  Part2 - 3VC- High. Known to occur in
Vulnerable Vulnerable the locality.
Eucalyptus ferqusonii Not listed Not listed 3KC- Recorded within the study
ssp. fergusonii area.
Grevillea guthrieana Not listed Part 1 - 3V High. Known to occur in
Endangered the locality.
Macrozamia pauli- Not listed Part 1~ 2K High. Known to occur in
guilemimim ssp flexuosa Endangered the locality.
Callistemon acuminatus Not listed Not listed 3RC- High. Known to occur in

the locality

Goodenia fordiana Not listed Not listed 2RC- High. Known to occur in

the locality.

Notes: 1. ESP Act = Endangered Species Protection Act, 1992.

2. TSC Act = Threatened Species Conservation Act, 1995.

3. RoTAP = Rare or Threatened Australian Plant (Briggs and Leigh 1996)

Key to Briggs and Leigh (1996)

Distribution Category
2 geographic range less than 100 km
3 geographic range more than 100 km

Conservation Status
E  Endangered - species in serious risk of disappearing from the wild state within one to two decades if
present land use and other causal factors continue to operate
V' Vulnerable - species not presently endangered but at risk of disappearing from the wild state over a
longer period (20 - 50 years) through continued depletion, or which largely occur on sites likely to
experience changes to land use that would threatened the survival of the species in the wild
R Rare - species considered rare in Australia, represented by a relatively large population in a very
restricted area or by smaller populations spread over a wider range.
K Poorly known - taxon that is suspected, but not definitely known, to belong to one of the above
categories. At present, accurate field distribution information is inadequate..

Conservation Reservation and Adequacy Code
C  population reserved - known to be represented within a conservation reserve (national park or other
proclaimed reserve).
a  population considered adequately reserved with a population of 1000 plants or more known to occur

within conservation reserves.
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i population considered inadequately reserved with a total population of less than 1000 plants kiown to
occur within a conservation reserve.
the species has been recorded from within a conservation reserve but the population size within the

reserve is unknown
3.3.6 Habitat of Threatened Flora Species Known or Likely to Occur

Table 3.5 lists flora species of conservation significance that are known or likely to
occur within the study area, and the vegetation communities in which they
potentially occur. Following the Tabe 3.5 is a discussion on the habitat requirements
for each species.

Table 3.5 SPECIES OF CONSERVATION SIGNIFICANCE AND VEGETATION
COMMUNITIES IN WHICH THEY ARE KNOWN TO OR
POTENTIALLY OCCUR IN THE STUDY AREA

Species Vegetation Community

Asperula asthenes Eucalyptus spp very tall closed forest
E microcorys/E propinqua very tall closed forest
E microcorys/E propingua/Corymbia maculata very tall closed forest
E microcorys very tall closed forest
E pilularis/E robusta extremely tall closed forest

E propinqua/A costata/E resinifera/Co maculata extremely tall

closed forest

Casuarina glauca tall open forest

E tereticronis very tall open forest

E tereticornis/E propinqua very tall open forest
Callistenon acuminatus Melaleuca nodosa tall shrubland

M linariifolia/M quinquenervia/M styphelioides/Ca glauca very tall
shrubland

M nodosa very tall shrubland

E globoidea very tall open forest

E microcorys/Co maculata very tall open forest

Co maculata very tall open forest

Co maculata/E propinqua very tall open forest
Eucalyptus ferqusonii ssp ferqusonii E globoidea very tall open forest’

E microcorys/Co maculata very tall open forest’

Co maculata/E propinqua very tall open forest’

ERM MITCHELL MeCQTTER

38067 /MAY 1999 353




Table 3.5 SPECIES OF CONSERVATION SIGNIFICANCE AND VEGETATION
COMMUNITIES IN WHICH THEY ARE KNOWN TO OR
POTENTIALLY OCCUR IN THE STUDY AREA

Species

Eucalyptus glaucina

Goodenia fordiana

Grevillea guthrieana

Macrozamia pauli-guilielmi ssp

flexuosa

Melaleuca groveana

Plectranthus suaveolens

Prostanthera densa

Syzygium paniculatum

Vegetation Community

E tereticronis very tall open forest
E tereticornis/E propinqua very tall open forest

This species potentially occurs within all sclerophyll

communities of the study area.
E microcorys/E propingua/Corymbia maculata very tall closed forest

E propinqua/A costata/E resinifera/Co maculata extremely tall

closed forest
E tereticornis very tall open forest
E tereticornis/E propinqua very tall open forest

May occur in a variety of the dry sclerophyll forest types.

Particularly:

Co maculata very tall open forest

Co maculata/E fibrosa very tall open forest
M nodosa very tall shrubland

M linariifolia/M quinquenervia/M styphelioides/Ca glauca very tall
shrubland

M nodosa very tall shrubland

E umbra/Co qunumifera/A costata very tall open forest
E globoidea/A costata very tall open forest

E globoidea/A costata very tall open woodland

E globoidea/A costata/C gummifera very tall open woodland
E globoidea very tall open woodland

E globoidea/A costata very tall woodland

E globoidea very tall open forest

E microcorys/Co maculata very tall open forest

Co maculata very tall open forest

Co maculata/E propinqua very tall open forest

The shrubland and dry forest communities all potentially

provide suitable habitat for this species.
Eucalyptus spp very tall closed forest

E microcorys/E propinqua very tall closed forest
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Table 3.5 SPECIES OF CONSERVATION SIGNIFICANCE AND VEGETATION
COMMUNITIES IN WHICH THEY ARE KNOWN TO OR
POTENTIALLY ©CCUR IN THE STUDY AREA

Species Vegetation Community

E microcorys/E propingua/Co maculata very tall closed forest
E microcorys very tall closed forest
E pilularis/E robusta extremely tall closed forest

E propinqua/A costata/E resinifera/Co maculata extremely tall

closed forest
Tetratheca juncea Co gummifera/E capitellata/A costata very tall open forest
E umbra/Co gummifera/A costata very tall open forest’

A costata/E fibrosa/E capitellata/Co qummifera very tall open forest’

Note: # denotes communities in which the species are known to occur

L. Asperula asthenes

This species grows in damp locations, often along river banks (Harden 1992).
Therefore, it is likely that suitable habitat exists for this species surrounding the
creeklines within the study area. The species has been recorded within the locality
approximately three kilometres to the southwest of the township of Bulahdelah
(NPWS Wildlife Atlas 1997). Table 3.5 lists those communities in which this species
may occur.

1L Callistemon acuminatus

This species predominantly occurs on exposed dry rocky slopes on sandstone.
However, at least three near coastal occurrences are known, including a site at Tea
Gardens. The communities in which the species are found are varied. When
occurring on rocky slopes the species is found in woodlands and shrublands. The
species has also been found growing amongst closed forest emergents such as
Ceratopetalum  gummiferum and Schizomeria ovata, amongst riparian vegetation
(Sheringham and Westaway 1997) and also amongst coastal shrublands (N. Barkwill,
ERM Mitchell McCotter, pers. obs.).

Areas of suitable habitat for the species (both coastal and rocky) exist within the
study area. Table 3.5 lists those communities in which this species may occur.
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iii. Eucalyptus fergusonii ssp fergusonii

This species occurs in wet sclerophyll forest or woodland on sandy soils (Harden
1991).

Known habitat for the species exists at numerous sites within the locality. It has been
observed at Burdekin’s Gap, within Nerong State Forest, at Fame Cove and on
Mount Karuah (N. Barkwill, ERM Mitchell McCotter, pers obs). The species
generally occurs on skeletal soil derived from sandstone parent material. It has also
been observed occurring at Fame Cove by Scotts et al. (1997). At the Mount Karuah
and Fame Cove sites, the species has been recorded as a co-dominant, frequently in
association with spotted gums and other iron barks (N. Barkwill, ERM Mitchell
McCotter, pers obs; Scotts et al 1997). Table 3.5 lists those communities in which this
species are known to or may occur.

. Eucalyptus glaucina

The habitat for this species is grassy woodland on moderately fertile and well
watered soil (Harden 1992).

Extensive areas of suitable habitat for this species exist, particularly in the central,
low lying portions of the study area where the communities are dominated by forest
red gum (Eucalyptus tereticornis) and where cabbage gum ( Eucalyptus amplifolia)
frequently occurs as a sub or co-dominant. Table 3.5 lists those communities in which
this species may occur.

v. Goodenia fordiana

The habitat for the species is sclerophyll forest on the lower escarpment ranges
(Harden 1992). Table 3.5 lists those communities in which this species may occur.

vi. Grevillea guthrieana

This species grows on sandstone derived loam on creek lines in moist eucalypt forest
(Olde and Marriott 1994). The species is only known from two locations in NSW.
The first is at a site approximately three kilometres east of Booral (along Booral
Creek) beyond the northern limit of the proposed Upgrade (Olde and Marriott 1994;
1995).

The species therefore potentially occurs at various locations throughout the study
area, particularly at the northern and southern ends of the proposed Upgrade where
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the soils have been derived from sandstone parent material. Table 3.5 lists those
communities in which this species may occur.

vii. Macrozamia pauli-guilielmi ssp flexuosa

This species grows in sclerophyll forests on the coast and coastal ranges (Harden
1990). Within the locality, the species has been recorded at Fame Cove where the
species was rare, being observed in only dry spotted gum-ironbark forests (Scotts et
al. 1997). Table 3.5 above those communities in which this species may occur.

viii.  Melaleuca groveana

This species grows in heath, often in exposed sites restricted to higher areas (Harden
1991). Although habitat for the species exists throughout the locality, optimal habitat
suitable for the species is rare throughout the study area. Sub-optimal habitat in the
form of woodland or open forest communities with a heathy understorey occur
commonly. Table 3.5 lists those communities in which this species may occur.

IX. Plectranthus suaveolens

Hunter (1998a) and Harden (1992) document the habitat of the species being rocky
and shallow soils sites in exposed situations. It frequently occurs in habitats that
have an altitudinal range of 900 to 1300 m.

Within the locality, the species has been recorded at the Fame trig station (Scotts et al.
1997). Table 3.5 lists those communities in which this species may occur.
% Prostanthera densa

The habitat for this species is sclerophyll forest and shrubland, on coastal headlands
and near coastal ranges, chiefly on sandstone. Table 3.5 lists those communities in
which this species may occur.
xi. Syzygium paniculatum

This species grows in subtropical and warm temperate rainforest (Harden 1991).

There is no rainforest within the study area, therefore, the extent of suitable habitat
for this species is minimal. It has however been recorded within the subregion and
Table 3.5 lists those communities in which this species may occur.
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Xii. Tetratheca juncea

This species grows in sandy, occasionally swampy heath and in dry sclerophyll
forest, chiefly in the coastal districts from Bulahdelah to Lake Macquarie (Harden
1992). Payne (1993) states that the species is known from a variety of landscapes
with vast differences in vegetation community structure. It has previously been
recorded in Angophora costata/Eucalyptus haemastoma open forest, Angophora costata
woodland with a mid-storey of Allocasuarina as well as Banksia aemula heathland on
sand dunes (Payne 1993). More frequently the species occurs in Angophora
costata/Eucalyptus haemastoma/Corymbia gummifera forests.

Payne (1993) states that the species is frequently located where the
understorey/groundcover is dominated by Acacia myrtifolia, Lomandra obliqua,
Dodonaeae triquetra, Pimelea linifolia, Pultenaea villosa and Lambertia formosa. Also, the
grass Themeda australis is nearly always a dominant groundcover species.

Winning (cited in Payne 1993) found that generally, populations of Tetratheca juncea
are present on ridges or upper slopes and favour a southernly or easterly aspect.

Table 3.5 lists those communities in which this species is known or may occur.

3.3.7 Threatened, Rare and Regionally Significant Species Recorded During
this Survey

One threatened species, Tetratheca juncea (listed on Schedule 2 (Vulnerable) of the
TSC Act) was recorded during this survey. Additionally, one species listed by Briggs
and Leigh (1996) as a rare or threatened Australian plant (rated as poorly known)
was recorded, this being species Eucalyptus ferqusonii ssp. fergusonii. The location of
the distribution and the extent of the Tetratheca juncea populations are illustrated in

Figure 3.2, with the location of Eucalyptus ferqusonii ssp fergusonii illustrated in Figure
4.1.

Due to the direct threat of plant destruction resulting from the proposed Upgrade,
base-line data were gathered to enable effective long-term monitoring of the
remaining population of Tetratheca juncea. Unlike Tetratheca juncea, Eucalyptus
fergusonii was not sampled extensively as part of the preparation of this SIS. It is
considered that the proposed Upgrade would not impact on this species to the extent
that a viable local population would be placed at risk of extinction due to the low
number of individual plants in close proximity to the proposed Upgrade. Where
individuals do occur, they grow on moderately steep slopes which are unsuitable for
the construction of the proposed Upgrade.
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Of primary interest during the Tetratheca juncea survey was the extent of the
population, the number of plants comprising the population, the composition of the
plant community in which the population occurs and a variety of abiotic factors,
including topography, aspect, slope and drainage characteristics. These were noted
in the field and are documented in Table 3.6. The estimated extent of the T. Juncea
population on the southern side of the Pacific Highway is approximately 10.3
hectares (12,215 individuals), while the estimated extent of the population on the
northern side is approximately 5.7 hectares (2770 individuals).
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Table 3.6 TETRATHECA JUNCEA SURVEY RESULTS
Site  Easting/Northing Overstorey Overstorey Mid-storey Understorey Groundcover Groundcover Tetratheca juncea
Composition Foliage Composition Composition Composition  Foliage Cover  plants per quadrat
Cover (%) (%)
Southern Side of Highway
E1l 407300/ 6488600 Angophora 45 Allocasuarina Doryanthes excelsa ~ Dianella 100 92
costata, Corymbia littoralis, caerulea,
gummifera, juvenile A. Themeda
Eucalyptus costata australis,
propingua, E. Imperata
globoidea cylindrica
E2 407316 /6388551 A. costata 40 Al littoralis Leptospernium X. resinosa, 100 28
polygalifolium Gahnia sp.,
Adiantum
aethiopicum
E3 407107 /6388390 E. piperita, E. 65 juvenile A. D. excelsa Pteridium 100 13
microcorys, C. costata & C. esculentum,
gummifera, A. Qummifera, Al. Hakea sp., I.
costata littoralis cylindrica
E4 407370/6388545 A. costata, E. 40 juvenile A. Pultenaea sp. P. esculentum 95 1
eugenioides, C. costata, A. and other
gummifera littoralis grasses
E5 407507 /6388513 A. costata, E. 55 juvenile A. absent Lomandra 100 20
piperita, C. costata and longifolia,

gummifera, E. other juvenile

eugenioides Eucaltypus sp.

Gahnia sp., P.

esculentum
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Table 3.6 TETRATHECA JUNCEA SURVEY RESULTS (Contd)
Site  Easting/Northing Overstorey Overstorey Mid-storey Understorey Groundcover  Groundcover Tetratheca juncea
Composition Foliage Composition Composition Composition  Foliage Cover  plants per quadrat
Cover (%) (%)
E6 407570/6388528 E. piperita <5 Al littoralis L. polygalifolium X. resinosa, 100 9
Gahnia sp., Ad.
aethiopicum
E7 407584 /6388499 A. costata, C. 15 absent L. polygalifolium variety of 80 3
gummifera, E. grasses
piperita, E.
globoidea
Average 1186
population
size per
hectare"’
Northern Side of Highway
W1 407900/6388432 E. piperita, A. 25 juvenile A. Banksia spinulosa, P. esculentum, 100 12
costata, C. costata, Al. juvenile Al Hakea sp., I.
Qummifera littoralis littoralis, cylindrica
Xanthorrhoea
resinosa, L.
polygalifolium
W2 408015/6388471 A. costata, C. 40 Al littoralis Hakea sp., L. variety of 100 12
gummifera polygalifolium, grasses
W3 408028 /6388485 C. gummifera, E. 50 Al. littoralis, X. resinosa, Hakea P. esculentum, 90 7
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eugenioides, A. juvenile sp. variety of
costata Eucalyptus spp. grasses
W4 407857 /6388495 A. costata, E. 10 juvenile A. juvenile Al X. resinosa, L. 75 8
piperita, C. costata, E. littoralis polygalifolium
Qummifera piperita, C.
gumumifera
Average 486
population
size per
hectare "’
Notes: 1. Calculated by determining average number of plants per 200m (40m x 5m quadrat) multiplied by 50 to obtain an estimation of population size per 10,000m1 (one hectare).

2. Calculated for eastern side of the road

3. Calculated for western side of the road
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3.3.8 Protected Flora Species

Protected flora species are those that are listed on Schedule 13 (Protected Native
Plants) of the NPW Act 1974. Table 3.7 lists the protected species that were sampled
within the study area during the vegetation surveys.

Table 3.7 PROTECTED SPECIES RECORDED DURING THE SURVEY

Scientific Name Common Name Map Code of Communities

where Observed

Boronia polygalifolium Milkwort Boronia 4,29, 7,8, 18,15, 28, 58,

Boronia spp. 29..3, 15, 28, 33,17, 34

Dendrobium spp. 26

Doryanthes excelsa Gymea Lily 34, 33, 8,

Livistona australis Cabbage Tree Palm 36,26, 10

Lomatia silaifolia Crinkle Bush Most dry forest community
types

Adiantum aethiopicum Maidenhair Fern 36:26:10.20, 22..5,35

Adiantum sp 36

Platycerium sp Elkhorn 18

3.3.9 Restrictions to the Flora Survey

A number of restrictions to the flora survey were experienced. These are discussed
below.

The detection and identification of some flora species was restricted due to
seasonality of surveys and a consequent lack of suitable flowering or fruiting
material for some species.

The study area encompasses approximately 3675 hectares along 36.75 km of Pacific
Highway between Bulahdelah and Karuah. This area is made up of a wide variety of
habitats and micro-habitats, not all of which could be adequately sampled in the
limited time available for field sampling. Therefore, only portions of those habitats
deemed suitable for threatened flora species, as identified from topographic maps,
API and ground truthing, were sampled during the current survey.

The CRA habitat models (contained in Appendix E) have been found to be inaccurate.
The broad nature of the stratification means that some vegetation communities have
been included in the wrong strata. For example, ground truthing during the current
surveys revealed that forest red gum (Eucalyptus tereticornis) is the dominant canopy
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species west of the existing highway between Waterholes Gap and Nerong
Waterholes. However, CRA mapped the dominant species in this area as spotted
gum (Corymbia maculata) and grey gum ( E. propinqua). CRA mapping identified
extensive areas of grey gum (E. propinqua) dominant forest along the study corridor,
however, ground truthing revealed relatively few areas of forest where grey gum
was a dominant canopy species. Furthermore, ground truthing during the current
survey revealed that smooth-barked apple ( Angophora costata) was a commonly
occurring species throughout the study area, and a dominant canopy species in the
Mount Karuah area. However the CRA mapping failed to indicate the proliferation
of this species within the study area, and indicated that spotted gum (C. maculata)
and grey gum (E. propinqua) were the dominant species at Mount Karuah.

It is difficult to accurately determine the conservation (reservation) status of

vegetation communities since a large number of nature reserves and National Parks
have recently been or are about to be gazetted and unfortunately, no data regarding
the type and extent of vegetation communities in these areas are available.

A difficulty in identifying all stringybark species due to morphological similarities
and the potential of hybridisation was experienced. Misidentification of these
species may have led to the incorrect determination of a community’s
reservation/conservation status.
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Chapter 4

FAUNA HABITAT ASSESSMENT

This chapter describes the methodology for fauna habitat assessment of the study area. It
details the habitat types and determines the potential habitats for threatened species known or
likely to occur in the study area.

4.1 HABITAT ASSESSMENT METHODOLOGY

Vegetation communities reflect differences in community structure and plant species
composition. The majority of fauna species select habitat based primarily on

structural characteristics of vegetation communities rather than their composition of
plant species (ERM Mitchell McCotter 1996). One notable exception is the koala

(Phascolarctos cinereus), which selects habitat based on the presence of particular plant
species. Structural characteristics of vegetation communities include the height of
the dominant layer, the number of distinctive layers and the density of vegetation.

Many specialised faunal groups may also rely upon the availability of water or
specific micro-climatic characteristics (for example. leaf litter, caves, rocks, logs, tree
hollows) in order to survive. Human activities, particularly those that alter the
structure or cover of vegetation, have the potential to change faunal habitat
characteristics, which, in turn, may result in modifications to the composition of
fauna within an area.

Investigations for the SIS sought to identify and assess the type and quality of fauna
habitats occurring along the proposed Upgrade. Assessment of fauna habitat types
and quality was derived from a qualitative assessment of various habitat
characteristics adjacent to the length of the existing alignment. The existing highway
was traversed for a maximum distance of 200 m on both the eastern and western
sides, and the following characteristics recorded:

J dominant vegetation type;

| structural vegetation characteristics;

| presence of potential threatened flora and/or fauna habitat;

8! level and type of disturbance (ie. fire history, rubbish dumping, logging,

grazing activity);
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= density of ground litter (ie. logs, leaf litter); and

a presence/absence of standing or flowing water (modified from SWC
Wetlands and Ecological Management Consultancy 1994).

The results of these investigations are presented in the following sections.

4.2  RESULTS OF HABITAT ASSESSMENT

4.2.1 Habitat Types

Based on the structural characteristics of the vegetation communities identified in
Chapter 3, a total of six fauna habitats have been identified within the study area.
These habitat types are:

| Dry Open Forest;
a Swamp Forest;

J Closed Forest;

a Woodland;

a Shrubland; and

) Grassland.

Each habitat type is discussed below. Figure 4.1 illustrates the extent and distribution
of each habitat type within the study area.

L. Dry Open Forest

This is one of the most common habitat types occurring throughout the study area.
Extensive areas of dry open forest occur within Nerong State Forest, Waterholes Gap,
west of Nerong Waterholes and both sides of the existing Pacific Highway at Mount
Karuah.
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Dominant vegetation types

Eucalyptus globoidea/ Angophora costata very tall open forest;
. microcorys /Corymbia maculata very tall open forest;
. gummifera/ E. capitellata/ A. costata very tall open forest;

- maculata/E. propinqua very tall open forest;

L

C

-

E. pilularis/ E. microcorys very tall open forest;

E. microcorys/E. capitellata/ A. costata very tall open forest;

C. maculata very tall open forest;

E. pilularis/ A. costata/E. globoidea very tall open forest;

E. propinqua/ A. costata/E. microcorys very tall open forest;

. costata/ Eucalypt spp very tall open forest;

- costata/ M. quinquenervia/E. resinifera very tall open forest;
. umbra/C. gummifera/A. costata very tall open forest;

. microcorys/E. propinqua/M. quinquenervia very tall open forest;
. gummifera/C. maculata/E. capitellata very tall open forest;

. costata/E. microcorys/E. globoidea very tall open forest;

. costata/ E. microcorys very tall open forest;

. maculata/E. fibrosa very tall open forest;

. costata/E. fibrosa/E. capitellata/C. gummifera very tall open forest;

M 0 =2 3008 0 3 B

. globoidea very tall open forest; and

Pinus radiata/E. microcorys/C. maculata mid-high open forest

Structural vegetation characteristics

The overstorey vegetation is generally between 25 to 30 m high with a foliage cover
of between 40 and 50%. The midstorey vegetation is usually between five and 15 m
high with a foliage cover of between 10 and 30%. The understorey vegetation is
usually between 1.5 and 2.5 metres high. The foliage cover of the understorey is
generally sparse to moderate in density. However, the density of the understorey
vegetation in this habitat type often increases substantially in the vicinity of
ephemeral drainage channels. The groundcover vegetation is generally less than one
metre high with a moderate density of between 30 and 80% foliage cover.
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£ Level and type of disturbance

Dry open forest communities are in a relatively natural state in that they are
dominated by native plants and have very few weeds. However, they have been
disturbed by forestry activities and low to moderate intensity fires. Consequently,
the trees are relatively small and lack large tree hollows required by larger arboreal
fauna. Previous clearing for agricultural activities is the major cause of habitat
fragmentation in the study area. The existing Pacific Highway represents another
major form of fragmentation of this habitat type in the study area. The powerline
easement has also caused significant fragmentation of this habitat type near the
Nerong township, through Waterholes Gap and Nerong Waterholes and in the
southern portion of the study area from Viney Creek Road to Mount Karuah.

d. Density of ground litter

This habitat type generally has a moderate cover of ground litter. There are
relatively few areas within this habitat type that have either sparse or dense
groundcover of litter.

e. Presence/absence of water

There are only two permanently flowing watercourses within the study area
(Bundabah and Bulga Creeks), both of these occur within this habitat type. All other
watercourses in this habitat type have intermittent flow. However, most of the
named watercourses contain semi-permanent ponds. Furthermore, this habitat type
contains large areas of poorly drained soils that enable small pools to remain on the
surface for up to several weeks depending on prevailing weather conditions.

1. Closed Forest

This habitat type is restricted to moist sheltered areas in protected gullies and
riparian zones of the ephemeral watercourses throughout the study area.

a. Dominant vegetation types
] Eucalyptus spp. very tall closed forest;
| E. microcorys/E. propinqua very tall closed forest;
8| E. microcorys/E. propinqua/Corymbia. maculata very tall closed forest;
a E. microcorys very tall closed forest;
ERM MITCHELL McCOTTER
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= E. pilularis/E. robusta extremely tall closed forest; and
& E. propinqua/A. costata/E. resinifera/C. maculata extremely tall closed forest.
b. Structural vegetation characteristics

The overstorey vegetation varies in height between 25 and 40 m with a foliage cover
of between 65 and 75%. The midstorey vegetation is usually between 10 and 20 m
high with a foliage cover of 30 to 35%. The understorey vegetation is approximately
five metres high with a sparse to moderate foliage cover. The groundcover vegetation
is generally 40 to 50 cm high with a moderate density of between 30 and 80% foliage
cover.

&, Level and type of disturbance

Closed forest communities are in a relatively natural state in that they are dominated
by native plants and have very few weeds. However, they have been disturbed by
forestry activities and infrequent low to moderate intensity fires. Consequently, the
trees are relatively small and lack large tree hollows required by larger arboreal
fauna. Previous land clearing for agricultural activities represents the major cause of
fragmentation in this habitat type. The existing Pacific Highway also represents one
of the major forms of fragmentation of this habitat type in the study area. Other
causes of fragmentation include the formation of cattle tracks by grazing activity and
the formation of fire trails within State Forest areas. The powerline easement has
also caused fragmentation of this habitat type along several of the watercourses
including Grey Gum Creek, Jacks Creek, Bundabah Creek and Bulga Creek.

d. Density of ground litter

This habitat type generally has a moderate to dense cover of ground litter. There are
relatively few areas within this habitat type that have a sparse cover of ground litter.

e. Presence/absence of water

This habitat type is generally associated with riparian vegetation communities
within the study area. However, only ephemeral watercourses occur within this
habitat type, although many of these contain semi-permanent ponds. Furthermore,
this habitat type contains large areas of poorly drained soils that enable small pools
to remain on the surface for up to several weeks depending on prevailing weather
conditions.
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iil. Swamp Forest

This habitat type is restricted to low lying areas with poorly drained soils within the
study area. An extensive area of swamp forest occurs west of the existing highway
between Waterholes Gap and Nerong Waterholes, and extends east along the
northern fringe of Nerong Waterholes. A small area also occurs immediately south
of the Nerong township.

a. Dominant vegetation types

m| Casuarina glauca tall open forest;

4 E. tereticornis very tall open forest; and

1 E. tereticornis /E. propinqua very tall open forest.
b. Structural vegetation characteristics

The overstorey vegetation is generally between 20 and 30 m high with a foliage cover
of between 40 and 50 %. The midstorey vegetation is usually absent or sparse with a
height of eight to ten metres. The sparse understorey vegetation is usually between
1.5 and 2.5 cm high. The groundcover vegetation is generally less than one metre
high with a moderate density of between 30 and 60 % foliage cover.

e. Level and type of disturbance

With the exception of the E. fereticornis very tall open forest, swamp forest
communities are in a relatively natural state in that they are dominated by native
plants and have very few weeds. However, the Eucalypt dominated communities
have been disturbed by forestry activities and occasional low intensity fires.
Consequently, the trees are relatively small and lack large tree hollows required by
larger arboreal fauna. Previous land clearing for agricultural activities represents the
major cause of fragmentation in this habitat type. Other major causes of habitat
fragmentation appear to be the construction of the Pacific Highway and powerline
easement. The remaining areas of this habitat type occur immediately south of the
Nerong township and west of the highway between Waterholes Gap and Nerong
Waterholes. The latter area has been further fragmented by the formation of forestry
trails.

The grazing of livestock still takes place on the heavy moist soils of this habitat type
in the vicinity of Nerong Road. This appears to have caused noticeable disturbance
to the soil surface and litter layer.
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d. Density of ground litter

This habitat type generally has a sparse cover of ground litter. There are relatively
few areas within this habitat type with a moderate or dense cover of ground litter.

e. Presence/absence of water

Several small ephemeral drainage lines occur within this habitat type. These
watercourses appear to contain semi-permanent ponds that dry up only during
extended dry periods. This habitat type occurs on flat poorly drained soils within the
study area. During periods of high rainfall large expanses of this habitat type
become inundated. Pools of water may be retained in soil depressions for up to
several weeks depending on prevailing weather conditions.

1. Woodland

An extensive area of this habitat type occurs west of the existing highway between
Bundabah Creek and the Crayhaven aquaculture farm.

a. Dominant vegetation types

= Eucalyptus globoidea/Angophora costata/Corymbia  qummifera very tall open
woodland;

. E. globoidea very tall open woodland;

<] E. globoidea/A. costata very tall open woodland; and

a E. globoidea/A. costata very tall woodland.

b. Structural vegetation characteristics

The overstorey vegetation varies between 25 and 35 m high with a sparse foliage
cover. The midstorey vegetation is usually between 15 and 20 m high with a sparse
foliage cover. The understorey vegetation is approximately three to five metres high
with a sparse to moderate foliage cover. The groundcover vegetation is generally 50
to 70 cm high with a moderate density of between 30 and 80% foliage cover.

ERM MITCHELL MecCOTIER

38067 /MAY 1999 4.7



C. Level and type of disturbance

Woodland communities are in a relatively unnatural state due to extensive thinning
of canopy vegetation and the abundance of weed species. They have been disturbed
by forestry activities and occasional moderate intensity fires. Consequently, the trees
are relatively small and lack large tree hollows required by larger arboreal fauna.
Previous land clearing for agricultural activities represents the major cause of
fragmentation in this habitat type. The existing Pacific Highway also represents one
of the major forms of fragmentation of this habitat type in the study area. Other
causes of fragmentation include the formation of vehicle access tracks along property
boundaries, the rock quarry, powerline easement and clearing for commercial
activities such as the Crayhaven Aquaculture Farm and Ayers Rock roadhouse.

d. Density of ground litter

This habitat type generally has a sparse cover of ground litter. There are relatively
few areas within this habitat type with a moderate or dense cover of ground litter.

e. Presence/absence of water

Permanent waterbodies within this habitat type are mainly restricted to occasional
artificial dams. Small ephemeral drainage lines within this habitat type contain
small ephemeral or semi-permanent pools. The poorly drained soils that underlie
the study area may also enable small pools to remain on the surface for up to several
weeks depending on prevailing weather conditions.

0. Shrubland

This habitat type is primarily restricted to flat poorly drained land north of
Burdekin’s Gap. A smaller area also occurs south of Nerong Waterholes
approximately 500 m from the existing highway.

a. Dominant vegetation types
@ Melaleuca nodosa tall shrubland;

] M. linariifolia/M. quinquenervia/ M. styphelioides /Casuarina glauca very tall
shrubland; and

| M. nodosa very tall shrubland.
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b. Structural vegetation characteristics

The overstorey vegetation varies from three to six metres high with a foliage cover of
between 60 and 80%. The midstorey and understorey strata are usually absent. The
groundcover vegetation is generally 50 to 70 cm high with a moderate to dense
foliage cover of between 30 and 80%.

. Level and type of disturbance

The shrubland communities are in a relatively unnatural state. They are
predominantly regrowth vegetation with an abundance of weed species present.
Occasional moderate-intensity fires occur in most parts of this habitat type. Previous
land clearing for agricultural activities represents the major cause of fragmentation in
this habitat type. The existing Pacific Highway also represents one of the major
forms of fragmentation of this habitat type in the north of the study area. Other
major causes of fragmentation include the formation of vehicle access tracks along
property boundaries and clearing of vegetation for grazing and rural activities. The
powerline easement represents a major cause of fragmentation in this habitat type
near Nerong Waterholes.

d. Density of ground litter

This habitat type generally has a sparse cover of ground litter. There are relatively
few areas within this habitat type with a moderate or dense cover of ground litter.

e. Presence/absence of water

This habitat type occurs on flat poorly drained soils within the study area. During
periods of high rainfall large expanses of this habitat type become inundated and
may remain in a waterlogged state for up to several weeks depending on prevailing
weather conditions.

Vi Grassland

Grassland is the most common habitat type in the study area. Extensive areas of
grassland occur east of the existing highway between Jack’s Creek, Waterholes Gap,
Nerong Waterholes south to Viney Creek Road. Further large areas occur on the
western side of the existing highway south of Nerong Waterholes to Viney Creek
Road and in the vicinity of Bulga Creek.

a. Dominant vegetation types

Predominantly introduced pasture grass species and native grass species.
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b. Structural vegetation characteristics

Overstorey, midstorey and understorey stratas are usually absent. Occasional
individual trees and small wood lots have been retained presumably to provide
shade for livestock. The groundcover vegetation is generally 20 to 100 cm high with
a moderate to dense foliage cover of between 50 and 100%.

o Level and type of disturbance

This is a highly disturbed habitat type that has been predominantly cleared of native
vegetation for rural activities.

d. Density of ground litter

This habitat type generally has a sparse cover of ground litter. There are relatively
few areas within this habitat type with a moderate cover of ground litter.

e. Presence/absence of water

Artificial dams are common within this habitat type. Some dams contain dense
stands of aquatic emergent vegetation such as typha that provide good potential
habitat for amphibians and waterbirds. Small ephemeral drainage lines contain
small temporary pools. Surface water from rainfall events would either drain into
dams or evaporate within a few days due to the lack of substantial shading
vegetation.

4.3 HABITAT OF THREATENED FAUNA SPECIES KNOWN OR
LIKELY TO OCCUR

In order to determine the relationships between habitats and the occurrence of
threatened species it is necessary to identify the habitat requirements for each
threatened species to enable a comparison with known habitat characteristics. The
following discussion identifies the habitat requirements for each threatened species
known or likely to occur within the study area and relates these requirements to the
habitat components of each main habitat type within the study area.

For the purposes of this SIS, each habitat type within the study area that represents
potential habitat for a threatened species is classified as either “primary habitat” or
“secondary habitat”. The term “primary habitat” indicates that a particular habitat
type contains the essential habitat components to satisfy the needs of a threatened
species. The term “secondary habitat” indicates that a particular habitat type
contains some resources that may be utilised by a threatened species but are not
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recognised as essential habitat components. Table 4.1 summarises the potential
habitats within the study area for each threatened species known or likely to occur.
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Table 4.1

POTENTIAL HABITATS FOR THREATENED FAUNA SPECIES KNOWN OR LIKELY TO OCCUR
WITHIN THE STUDY AREA.

Class

Amphibians

Reptiles

Mammals

Scientific Name

Litoria brevipalmata
Litoria aurea

Mixophyes balbus
Mixophyes iteratus

Crinia tinnula
Hoplocephalus stephensii
Hoplocephalus bitorquatus
Phascogale tapoatafa
Phascolarctos cinereus
Dasyurus maculatus
Petaurus norfolcensis
Petaurus australis
Pseudomys gracilicaudatus
Potorous tridactylus
Aepyprymnus rufescens
Thylogale stigmatica
Planigale maculata

Kerivoula papuensis

Common Name

Green-thighed frog

Green and golden bell frog

Stuttering frog

Giant barred frog
Wallum froglet
Stephen’s banded snake
Pale-headed snake
Brush-tailed phascogale
Koala

Spotted-tailed quoll
Squirrel glider
Yellow-bellied glider
Eastern chestnut mouse
Long-nosed potoroo
Rufous bettong
Red-legged pademelon
Common planigale

Golden tipped bat

Primary Habitat

(65}

nil
nil
nil

nil

Secondary
Habitat

Likelihood of

Occurrence
known to occur
low
low
low
low
high
high
moderate
known to occur
known to occur
known to occur
known to occur
low
known to occur
moderate
low
high

low
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Table 4.1 POTENTIAL HABITATS FOR THREATENED FAUNA SPECIES KNOWN OR LIKELY TO OCCUR

WITHIN THE STUDY AREA.
Class Scientific Name Common Name Primary Habitat Secondary Likelihood of
Habitat Occurrence

Mormopterus norfolkensis Eastern freetail bat 1:2:3:4 5;6 known to occur
Miniopterus australis Little bent-wing bat nil 1;2;8;4;5;6 known to occur
Miniopterus schreibersii Large bent-wing bat nil 1:2;3:4:5-6 known to occur
Muyotis adversus Large-footed myotis 1322874 6 known to occur
Vombatus ursinus ** Common wombat ** nil 2;4 low

Aves Burhinus grallarius Bush stone-curlew nil 2;4;,6 low - moderate
Calyptorhynchus lathami Glossy black-cockatoo nil 1,2:3 known to occur
Pandion haliaetus Osprey nil 2 low
Lophoictinia isura Square-tailed kite 1::2:4 B3:5:6 high
Tyto novachollandiae Masked owl nil 2:3;4 known to occur
Tyto tenebricosa Sooty owl nil 1 228 low
Ninox strenua Powerful owl nil 1;2;3;4 high
Ninox connivens Barking owl nil 1;2;:3: 4 high
Tyto capensis Eastern grass owl nil 5,6 known to occur
Neophema pulchella Turquoise parrot nil 2;4;6 moderate - high
Lathamus discolor Swift parrot nil 2;3 moderate - high
Xanthomyza phrygia Regent honeyeater 2;3 1;4 moderate
Ixobrychus flavicollis Black bittern 2 1 high
Epippiorhynchus asiaticus Black-necked stork nil 126 known

38067 MAY 1999

4.13

ERM MITCHELL

MecCOTTER




R -,

Table 4.1 POTENTIAL HABITATS FOR THREATENED FAUNA SPECIES KNOWN OR LIKELY TO OCCUR

WITHIN THE STUDY AREA.
Class Scientific Name Common Name Primary Habitat Secondary Likelihood of
Habitat Occurrence

Irediparra gallinacea Comb-crested jacana nil 1;2;6 low
Ptilinopus superbus Superb fruit-dove nil 1 low - moderate
Ptilinopus regina Rose-crowned fruit-dove nil 1 low - moderate |
Ptilinopus magnificus Wompoo fruit-dove nil 1 low - moderate

Key: =

Habitat Type:

1 Closed Forest

[ 8]

|
%
Not listed on NSW TSC Act, however is a species of conservation concern. |
Dry Open Forest

> Swamp Forest
4 Woodland
5 Shrubland
6 Grassland
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4.3.1 Green-thighed Frog

Litoria brevipalmata is known to inhabit primarily rainforest and wet sclerophyll
forest. However, it has also been recorded in dry open forest and coastal swamp
forest. Breeding aggregations of this species utilise grassy margined, semi-
permanent and permanent ponds in late spring and summer usually after heavy
rainfall.

The primary habitat components for this species are:
& stands of lowland temperate forest;

i small permanent streams with well established fringing vegetation that are
subject to periodic flooding; and

2 ephemeral overflow or ponding areas beside these creeks.

This species has been recorded within the swamp forest habitat despite there being
no permanently flowing watercourse present. All other primary habitat components
are contained within this habitat type. Sheltering habitat is likely to exist within the
dry open forest and closed forest habitats. However, suitable breeding habitat, in the
form of large flooded grassy areas is unlikely to exist.

4.3.2 Green and Golden Bell Frog

The preferred habitat of Litoria aurea has been described as vegetation beside
permanent water such as streams, swamps, lagoons, farm dams and ornamental
ponds (Goldingay 1996). In NSW the species tends to use disturbed sites and breeds
mostly in ephemeral ponds (Pyke and White 1996). The species is rarely found
within forested lands (Lemckert 1996). Ephemeral ponds free of predatory fish
appear essential for successful breeding because fish are significant predators on the
eggs and tadpoles of L. aurea (Pyke and White 1996). Conversely recent studies
suggest that bell frogs can breed in water that contains high densities of predatory
fish if the waterbodies have adequate submergent vegetation and benthic detritus to
provide protection (Goldingay 1996; van de Mortel and Goldi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>