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1TINTRODUCTION

1.1 BACKGROUND

The Sydney Catchment Authority (SCA) was established in 1999 to manage water supply and
protect catchments, supply bulk water and regulate activities within the catchment areas to
improve water quality, protect public health and the environment. The Authority was created as a
result of the Sydney Water Inquiry, headed by Peter McClellan QC. This Inquiry investigated the
water quality incidents experienced by Sydney Water between July and September 1998. The
main finding of the Inquiry was that the catchments were seriously compromised by many possible
sources of contamination and that Sydney Water did not have sufficient regulatory control of the
catchments to guarantee safe drinking water.

The Sydney Catchments Authority has produced an Environmental Plan (2000-2005) that draws
together “all of its objectives strategies and targets for the next five years.” One of the main
initiatives is to “manage its infrastructure, Special Areas and other landholdings for the provision of
high quality raw water and for the conservation and enhancement of ecological health and natural
and cultural values.” One of the mechanisms that has been used to implement this objective is the
Special Areas Strategic Plan of Management (SASPoM). This document has been jointly
prepared by SCA and NPWS and outlines principles, goals, actions and strategies to be applied to
the Special Areas of Warragamba, Woronora, Metropolitan, O’'Hares and the Blue Mountains. The
document addresses issues such as ecological integrity, fire prevention and control, cultural
heritage, water quality and access.

One of the key responsibilities of the SCA is the management of the biodiversity values across the
catchments. The lands managed by the SCA are extensive and as such make an enormous
contribution to the protection of biota not only to the Sydney Basin Bioregion but also to national
and state conservation pricrities as well. The Special Areas Senior Managers (SASM) have
sought to cover information shortfalls in these areas by implementing a comprehensive biodiversity
survey and mapping program across the Special Areas. Detailed information that maps and
describes the type, extent, condition and conservation status of native vegetation communities on
lands managed by the SCA has been one such research objective. Information of this type will
assist in implementing several critical indicators that track the performance of the Environment
Plan strategies. These include:

* Extent and Condition of Native Vegetation on SCA owned and managed lands, and
o Flora and fauna species of conservation significance in the water supply catchment area.

This information also delivers a resource that meets Objective 8 of the Environment Plan. This
seeks to improve scientific knowledge in the area of catchment protection, water quality and
environmental management; and utilise this knowledge to enhance operational and environmental
decision-making.

This particular report deals with the Native Vegetation of the Woronora, O’'Hares and Metropolitan
Catchments.

1.2 VEGETATION CLASSIFICATION AND MAPPING OBJECTIVES
This project aims to:

e Develop a classification system that describes the vegetation communities within the
Woronora, O'Hares and Metropolitan Catchments using systematic field data (provided by the
SCA) and quantitative analytical methods.

6 The Native Vegetation of the Woronora, O'Hares and Metropolitan Catchments



¢ Review existing vegetation survey and mapping collected at a scale of 1:25000 for inclusion in
the mapping products;

+ Delineate the extent of native vegetation cover using recent large-scale (1:25000) aerial
photography.

e Map the current distribution of the vegetation communities defined through the above aims.

+» Examine relationships between the vegetation communities described in the catchments to
those occurring elsewhere in the Sydney Basin Bioregion and the reservation status of each of
the vegetation communities within both local and regional contexts.

» Map the intensity and type of disturbance present within each vegetation community in the
Study Area using recent large-scale aerial photography.

1.2.1 Approach

Classifying and mapping vegetation in NSW has been undertaken using a wide variety of methods
and approaches (Benson, 1999; FEWG, 1997). Each method comes with strengths and
weaknesses in terms of accuracy, efficiency and rigour (NPWS, 1997). The adoption of
systematic field methods provides an explicit and repeatable means to describe recurring patterns
in floristic assemblages, hereafter termed Vegetation Communities. These methods afford the
application of quanlitative classification techniques that provide robust supporting data to
vegetation community definition. In addition, comparison and assessment of broader regional
vegetation patterns is more easily achieved and is less clouded by subjective judgements.

The Sydney Catchment Authority completed systematic botanical survey across the Study Area in
1999. This data provided the foundation for the classification tools used in this project.

Mapping of vegetation communities defined by field data is always a process of extrapolation. In
this project, Aerial Photo Interpretation (API) and extensive field traverses have been used to
assist in this process by drawing on relationships between field observations and patterns
identifiable from aerial photos. It has also been used to delineate the boundaries of vegetation
cover in detail to ensure that the information generated is useful for catchment management
purposes.

1.3 STUDY AREA

The Woronora, O’'Hares and Metropolitan Catchments occur on the Woronora Plateau, south west
of Sydney. The Study Area covers the water catchments of Nepean, Avon, Cordeaux, Cataract
and Woronora Rivers and O'Hares Creek. These catchments combined cover an area of 105,039
hectares of which nearly 87 percent is covered by native vegetation. Map 1 shows the location of
the catchments on the Woronora Plateau in relation to Dharawal State Conservation Area, Royal
and Heathcote National Parks and Holsworthy Military Area.

The environmental characteristics of the Woronora Plateau have been well documented in existing
studies and reports (see Hazelton et al., 1990; Bowman, 1974; Davis, 1941a; Keith, 1994; Benson
& Howell, 1994). The following provides a brief summary of that information.

1.3.1 Geology and Soils

Map 2 presents the broad geological classes present in the Study Area. Much of the plateau is
dominated by underlying sandstone geologies, primarily derived from the Hawkesbury and
Mittagong Formations. The derived material produces a relatively infertile acidic soil and as a
resuit, the prevailing vegetation is a composite of dry sclerophyllous woodlands, forests and
heaths. The Mittagong Formation sandstones that form an intergrading sandstone and shale
based soil are more common along the western boundary of the Metropolitan Catchment. The
resultant landscapes are characterised by very broad flat ridges. Hawkesbury Sandstone is more
prevalent within the eastern and central sections of the Study Area.

ONAL PARK s |

The Native Vegetation of the Woronora, O'Hares and Metropolitan Catchment”” .| .~ T T4 7




J
K'/ , R, .

1@3 JE ?‘ NOLLONGONG
4

I

-

_.

(= oy En

ooooooo

BBBBBBBB
ssssssss

Map 1: Study Area

The Native Vegetation of the Woronora, O 'Hares and Metropolitan Catchments




o PICTON

el

ROBERTSON

® LIVERPOOL

S{:"aﬂ/ Lo,

p

SHELLHARBOUR

o WOLLONGONG

SUT

@ Towns

N/ Coastiina

Catchmants

[ study Area

Geology

Alluyiums

Dowments

] Hawkesbury Sandstones
Mittagong Shales

Narrabsen Sandstones
Quatsroary

{ Wianamatta Shales
| water

Map 2: Geology

0 1 2 3 4 Klomaters
e —

PROJECTION  Zone 56

Printed By
CADU, NPWS
28 August 2002

The Native Vegetation of the Woronora,

O’Hares and Metropolitan Catchment



Amongst the Hawkesbury Sandstones, Quaternary Sand deposits, known as “dells” (Young,
1986), are widespread across the catchments, although they are most extensive in the east,
particularly near Maddens Plains. The soil is a combination of coarse sand and heavy organic
material, producing a poorly drained substrate that is subject to varying degrees of inundation
depending on topographic position.

Hawkesbury Sandstone bedrock in the Woronora and O'Hares Catchments contain substantial
areas that support a lateritic mantle. This mantle, termed ironstone, is of varying thickness and
structure. The lateritic material is characterised as either highly fragmented plates or lateritic
pebbles bound in conglomerate like clusters. This mantle is poorly described in existing geology
or soil literature (Bowman, 1974; Hazelton et al., 1990), although vegetation surveyors have
discussed such features (Keith, 1994; French et al., 2000; Benson & Howell, 1994).

Elsewhere, Narrabeen Group Geology appears in the heavily dissected valleys south of Appin
Road. The derived soils are a combination of both lithic sandstones and fine-grained chocolate
shales and mudrocks. They are a richer soil, with a greater content of clay providing a higher
moisture retaining capacity than the siliceous sandstones. While the sandstones within the
Narrabeen Group are similar to the properties found within Hawkesbury Sandstones, they are
invariably enriched to varying degrees by the more easily eroded shale material (Davis, 1941a).
Narrabeen Geology is not extensive in the Study Area. The variations in sail types found amongst
the series are not well defined or mapped in existing literature.

Shales of the Wianamatta Group are a residual shale soil occurring patchily throughout the Study
Area. The largest patches of shale remain in an arc along the southern and south western area of
the Nepean Catchment between Robertson and Wilton. Patches remain across all catchments,
although most are isolated and small. The shale material appears to vary depending on the
thickness of the soil. Siliceous materials found within the underlying sandstone bedrock can
influence the compaosition of the shale soil.

Soils derived from volcanic material are prevalent on the Robertson Plateau on the far south of the
Study Area and a small area of adjoining Lake Cordeaux. These Tertiary Basalt and Crinanite
geologies provide the most fertile sails of the region, producing a rich red loam. As a result native
vegetation has largely been cleared from these environments. Basaltic necks are found at Izards
Knob and Cupitts Forest, and a Trachyte intrusion is present at Mount Cotopaxi. Thomas (1990)
also notes that a small area of basalt is present in Allen Creek in the Cataract Catchment.

1.3.2 Elevation

The Woronora Plateau has been termed the “Nepean Ramp” owing to the gradual decline in
elevation along a south to north west axis (Young & Young, 1988). The highest point reaches 850
metres near East Kangaloon. Elevations above 500 metres form about a quarter of the total Study
Area. Map 3 shows that the lowest elevations are reached in the gullies behind Lake Woronora in
the far north. The elevations at this point are around 110 metres and fall further as the river
descends toward the Georges River. The majority of the catchments lie between 250 and 550
metres. The gentle dip between the east and west means that rivers flow west from the lilawarra
Escarpment edge from elevations of around 400 metres to around 70 metres on the Wianamatta
Shales of the Cumberland Plain at Campbelltown.

1.3.3 Rainfall and Temperature

Mean annual rainfall follows a broad decline as distance from the escarpment edge increases. At
Mt. Kembla the mean annual rainfall level reaches 1700 millimetres per annum, with falls up to
1800 millimetres recorded at Mt. Keira (Benson & Howell, 1994). Map 4 illustrates that the rainfall
level declines to around 750 millimetres near Campbelltown and Bargo on the western edge of the
Metropolitan Catchment. Almost half of the Study Area receives over 1000 millimetres per year.
Thomas (1990) notes that the eastern edge of the Cordeaux and Avon Catchments are subject to
occasional dramatic deluges that have reached 430 millimetres in a 24 hour period.
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The temperature variations more closely follow elevation patterns. In the west, near Bargo and
Picton, summers are generally warmer as they are not cooled by the mitigating summer sea
breezes. Temperature are hottest in January (with a mean of 29°C at Picton; 25°C at Upper Avon
River) and coldest in July-August (mean of 15°C at Picton; 13°C at Kangaloon). Cooler
temperatures are also a feature of the higher elevations of the Southern Highlands, between
Robertson and Alpine. Fogs are frequent along the escarpment edge between Lake Avon and Mt.
Keira and also north from Bulli.

Winds are characterised by south east summer breezes and gusty south westers during the winter
months.

1.3.4 Fire History

Map 5 presents information describing the frequency with which the Study Area has been affected
by fire since 1970. O'Hares, western Cordeaux, and southern Nepean Catchments have been
most frequently burnt. Recent wildfires during December 2001 and January 2002 were the most
extensive in the Study Area since 1968. The Catchments of Woronora, O'Hares, Nepean and
Avon were all extensively burnt during this period.

1.3.5 Land Use History

At the time of European arrival, the Woronora Plateau was inextricably bound with the culture of
the indigenous people occupying the land. The Dharawal Tribe is known to have used the area
extensively. Widespread archaeological artefacts and art sites are examples of the material
evidence of such use. Present day oral histories are likely to be equally compelling in their
references to food resources, travel routes and sites of significance.

Less than five years after the Port Jackson settlement in 1788 Europeans were frequenting the
llawarra. This area was targeted by the new settlers for Red cedar (Toona ciliata) that grows
amongst the lush warm temperate and subtropical rainforests. Much of the sandstone plateau
was rejected for agricultural pursuits because of its infertile soils. However, on the richer basaltic
soils on the Robertson Plateau and Cordeaux Crinanite, and the shale soils between Bargo and
Liverpool, agricultural and pastoral activities were approached with earnest. Extensive land
clearing has resulted, leaving only fragments of once extensive rainforests, forests and
woodlands. Thomas (1990) notes that prior to 1900, around fifteen percent of the catchments
were covered by agricuitural holdings.

In the 1860's a Royal Commission resclved that the Upper Nepean Scheme should be
implemented in order to meet the growing demand for water from the Sydney. Between 1900 and
1935 five dams were constructed, flooding the Avon, Nepean, Cataract, Cordeaux and Woronora
River Valleys. Land that was not already dedicated for water supply purposes was resumed
gradually. Villages present in Cordeaux Valley and Sherbrooke near Cataract Creek slowly
declined and today are non existent. However, previous disturbance from logging and land
clearing is evident today with simplified, disturbed and regenerating vegetation present near
accessible areas. Agricultural and pastoral activities remain within the Metropolitan Catchment in
the Robertson-Mittagong area, and orchards and horse riding farms are still present at Darkes
Forest and Kembla West.

The discovery of coal in the llilawarra in 1794 established mining as one of the primary industries
of the region. Long wall mining has resulted in a network of ventilation shafts at numerous
locations across the plateau. These shafts extend to the lllawarra Coal Measure stratigraphy,
which lies around 200 metres below the surface. These coal mining activities also contribute to
the plethora of transmission line easements, pipelines, access routes and fire trails that span the
ridgelines of the plateau. More recently the Eastern Gas pipeline has dissected the southern and
eastern portions of the Metropolitan Catchment. The F6 Freeway, Appin and Picton Roads, and
the Princes Highway provide the main public thoroughfares through the Woronora Plateau.
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1.4 REGIONAL CONTEXT

The Woronora Plateau is situated within the Sydney Basin Bioregion (Thackway & Creswell,
1995). It has been identified as one of 80 Australian Bioregions in the Interim Biogeographic
Regionalisation of Australia (IBRA). These Bioregions are identified and mapped on the basis of
similarity between climate, geological and vegetation features. Map 6 illustrates the location of the
Sydney Basin Bioregion. It extends from near Ulladulla on the south coast to the Hunter Valley
and west to include the Blue Mountains Sandstone Plateaux.

The IBRA was implemented to examine the reservation status of broad regions to assist with the
ongoing development of a National Reserve System. It provides a useful context for examining
the conservation status of vegetation communities within the Woronora, O’Hares and Metropolitan
Catchments in a consistent and rigorous manner.
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2 METHODS

2.1 REVIEW OF EXISTING INFORMATION

The native vegetation of the Woronora Plateau has been the focus of several previous studies that
have examined particular types of vegetation or particular areas within it. Davis (1936, 1941a,
1941b) produced several papers describing the distribution of plant communities in the Bulli
District. More recently, Benson & Howell (1994) have produced a detailed profile of many of the
vegetation communities present, and mapped these at a broad regional scale of 1:100000. Keith
(1994) completed a detailed study of the vegetation communities of the O'Hares Creek
Catchment. This work incorporated some of his previous work on the upland swamps (Keith &
Myerscough, 1993). Thomas (1990) and Mills & Jakeman (1995) have examined the rainforests of
the catchments and adjoining escarpment. In the northern Woronora Plateau, beyond the
Woronora Catchment, detailed studies have been produced for the Holsworthy Military Area
(French et al., 2000), the Georges River Catchment (NPWS, 2000c¢) and for the Campbelltown
LGA (NPWS, 2000e). David Keith has completed preliminary mapping for Royal National Park.
Recent survey and mapping of the Cumberland Plain (NPWS, 2000d) has covered some small
areas of shale forests along the western fringe of the Study Area. The vegetation of the Southem
Highlands has had preliminary descriptions compiled by Benson & Howell (1994). NPWS (2000a)
mapped parts of Wingecarribee Shire Council as part of the Southern Regional Comprehensive
Regional Assessment and more recently Eco Logical Australia (2002) mapped the vegetation of
the entire Local Government Arca (LGA). In addition, Kodela (1996) investigated the historical
context of vegetation on the Robertson Plateau in his palaeogeographical study. NCC (1999)
summarised much of the available literature in order to describe the vegetation communities
occurring in the greater lllawarra region. The Wollongong Escarpment and Coastal Plain has also
recently been mapped (NPWS, 2002) in order to meet long term environmental planning and
assessment needs. Numerous smaller vegetation studies also exist that have dealt with particular
development and environmental impact issues.

TABLE 1: EXISTING REGIONAL SITE DATA

Number of Sites

NPWS (2000d)
D. Keith
NPWS (2000a) Eco Logical Australia (2002)
SCA and NPWS

. SCA

Keith (1994)

NPWS (2002)
French et al. (2000)
NPWS (2000b)

A review of existing information serves two purposes. Firstly, existing information provides
important descriptions and supporting information that guides survey design, implementation and
vegetation classification. Secondly, the review can highlight existing systematic site data that can
be used to augment data collected for this project. A large number of systematic sites were
available for use in this project. These have been listed in Table 1 and describe those datasets
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used to help classify the native vegetation of the Woronora, O’'Hares and Metropolitan Catchments
in relation to both the entire Woronora Plateau and the Sydney Basin Bioregion.

2.2 SURVEY STRATIFICATION AND SITE SELECTION

The primary dataset for the Study Area was collected by the SCA in 1999. A total of 376 sites
were completed across Avon, Nepean, Cordeaux, Cataract and Woronora Catchments. These
data were collected to examine changes in floristic composition and diversity within vegetation
communities that result from fire. The Study Area was stratified using five ‘time since fire’ classes
(0-2 years, 3-7 years, 8-12 years, 12-30 years, 30+ years) and at least seven vegetation map units
as described by Benson & Howell (1994): Sandstone Ridgetop Woodland (10ar); Sandstone Gully
Forest (10ag); Upland Swamps (21s); Moist Forests (61 and 6j); Rainforests (8d) and Shale
Forests (10x and 9mf). The road and trail network was buffered to a distance of 100 metres to
identify easily accessible areas and overlaid on the strata using a GIS system. A random point
generator was then used to allocate sites to strata within the buffered area (C. Chafer, pers.
comm.).

Field survey sites completed in Holsworthy Military Area, O’'Hares Creek Catchment, Royal
National Park, the Wollongong Escarpment and Coastal Plain, Western Sydney and
Wingecarribee Shire were stratified among categories of parent material, vegetation structure and
topography. Details on these studies are found in Keith (1994), French et al. (2000), NPWS
(2000d, 2002) and Eco Logical Australia (2002).

For the purposes of review, a new stratification was employed to examine the sampling adequacy
of all available sites in relation to the environmental variation present in the Study Area. A
combination of dominant lithology (five classes), rainfall (four classes) and aspect (four classes)
was created. Data layers were derived in a G!S system and combined. Sites were then overlaid
on the derived strata to examine sampling performance.

2.3 FIELD METHODS

Standard field sites completed by the SCA were fixed to 0.04 hectares (20mX20m). At each site
all vascular plant species were recorded and assigned a cover abundance score using a six point
Braun-Blanquet scale (Poore, 1955): 1-rare few individuals present and cover <5%; 2-common
and <5% cover; 3-cover >5% and <25%; 4-cover >25% and <50%; 5-cover >50% and <75%; 6-
cover >75%. Coarse notes on the structure of the vegetation at each site were sometimes
completed. This included dominant species of each stratum, height and cover abundance.

Identical plot sizes were used for other studies although a modified seven point Braun-Blanquet
abundance score was used in Royal, O'Hares Creek, Holsworthy, Campbelltown LGA, lllawarra
and Wingecarribee Shire Vegetation Mapping. The seven point scale is as follows: 1-rare few
individuals present and cover <5%; 2-uncommon and <5% cover; 3-common and <5%; 4-very
abundant and cover <5% OR cover >5% and <25%; 5-cover >25% and <50%; 6-cover >50% and
<75%; 7-cover >75%.

2.4 DATABASE STORAGE

Field data was been collated from various electronic formats and entered into an ACCESS
database. This database ensures that all species are allocated a standard coding system using
the Census of Australian Vascular Plant Species (CAPS). New species or subspecies, as
identified by the Royal Botanic Gardens (4/3/02), not previously listed in the CAPS were assigned
new codes to the master CAPS database.

2.5 TAXONOMIC REVIEW

For this project, all nomenclature was reviewed and standardised across data sets for analysis.
Species lists already available in Benson & Howell (1994) and Keith (1994) were also used as a
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guide during the review. Synonyms were updated to reflect currently accepted revisions. The
treatment given in Harden (1990-93) and revisions (Harden, 2000, 2002) were used as a standard.
The principle outcomes of the taxonomic review were:

o All exotic species were identified and excluded from the analysis dataset.

+ The review highlighted species that were likely to have been incorrectly identified or incorrectly
entered into the database. Original field sheets were reviewed to determine the status of
these species and where data entry errors were detected changes were made to the
database. Where data entry errors were not detected, species were reviewed against existing
literature. Where this indicated them to be outside their likely range, and no confirmation had
been made, the record was deleted.

e The review highlighted inconsistently collected records of species containing subspecies or
varieties. In such cases, subspecies were either lumped to species level or were assigned to
a single subspecies or variety if only one taxa is present in the Study Area.

e The review identified species hybrids that are not recognised formally in the literature. These
were assigned to one or other of the species based on the predominance of either in
proximate environments.

» The review highlighted species identified to genus level only. These were deleted from the
analysis dataset.

o The taxonomic review identified that there were inconsistently identified species amongst
different observers for particular closely related species. An example of this problem occurred
with the species of Scribbly gum Eucalypts. There were inconsistent identifications between
observers for Fucalyptus sclerophylla, E. racemosa, E. haemastoma and hybrids between the
latter species. ltis likely that all three species exist, although for the purposes of the analyses,
all scribbly gums were defined as Eucalyptus racemosa.

o Some recent taxonomic revisions could not be accommodated. Examples include Hakea
dactyloides, which was known to have two forms — multi-stemmed, which has now been
named H. laevipes subsp. laevipes and a single-stemmed form that remains as H. dactyloides.
Not all observers identified to the form level and consequently data could not be consistently
transformed.

The complete list of species recorded during surveys is provided in Appendix C.

2.6 STANDARDISING SPECIES ABUNDACE DATA

A number of different existing surveys employed different methods of measuring species
abundance at a site. The main differences were between those sites that used a six point Braun-
Blanquet scale to those that used a seven point scale (French et al., 2000; NPWS, 2000d, 2002).
Data from O’Hares Creek was originally recorded using absolute abundance for all species. All
data was standardised to a 6 point scale as the majority of the data conformed to this measure.
Table 2 below describes the conversion rules.

2.7 VEGETATION CLASSIFICATION

Quantitative numerical analyses have already been applied to subsets of the data to help classify
vegetation communities in parts of the Study Area (Keith, 1994; NPWS, 2000b, 2000c, 2000d,
2002). The aim is to understand these communities and to reassess their hierarchal structure with
the addition of new field data.

Several different iterations were run on the combined dataset. The Bray-Curtis and Kulczyski
coefficients were generated to identify dissimilarity between survey sites. The PATN (Belbin,
1994) package was used for this purpose. An association matrix calculating dissimilarity scores
between all pairs of sites was produced. An unweighted pair group arithmetic averaging (UPGMA)
clustering strategy was applied to the matrix to derive a hierarchical classification. The defauit
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TABLE 2: TRANSFER BETWEEN 6 POINT AND 7 POINT ABUNDANCE SCORES

Cover abundance $cale 1-/ 1 6 ecale convarsion
4r-: b - <5% - rare or few individuals i

~ <5% - uncommon

| <5% - common
<5% - very abundant

15 -25%

- 75-100%

beta value of —0.1 was used on all analyses. These analyses were also repeated on the same
dataset with abundance scores reduced to a simple presence (value of 1) or absence (value of 0)
score. The purpose of the latter technique was twofold. Firstly, 346 sites were originally stratified
on fire history and as a result may falsely identify patterns on the basis of post fire abundance
scores recorded for some species. Secondly, a large number of observers were present in the
dataset with potential for wide variations in abundance scoring, botanical experience and
identification skill. While the assessment of presence and absence data increases the ability of
rare species to influence the classification, it does avoid abundance score bias that can arise from
inexperienced observers.

Dendrograms were produced to display the hierarchical relationships between individual sites and
groups of sites for all iterations. Homogeneity analysis (Bedward et al., 1992) was used as an
initial guide to the variation of floristic data within potential groups of sites. Perfect homogeneity of
floristic assemblages within groups would only occur where each site in the data set is considered
as an individual group. No two sites in vegetation sampling are ever identical given the natural
continuums in the landscape. The question facing the analyst is to what degree are differences
worthy of justifying unique groups of sites. These decisions are based on field observations and
analysis of site data, and purpose of the classification and mapping exercise.

Sites that had been subject to previous analyses were identified and examined in relation to new
field data. An initial broad grouping of sites provided the start point for further analyses. Groups
of sites were examined using the species that characterise the group, structural features such as
height and eucalypt cover, and physical characteristics such as geology, topographic position and
aspect. Each broad group was split to uncover finer scale floristic assemblages in a sequential
manner. Broad groups were split where an obvious variation in canopy species was present in
order to assist field identification.

A number of communities have been provisionally identified from field traverse and aerial
photograph interpretation only.

2.8 REGIONAL VEGETATION DATA COMPARISON

Vegetation communities identified in this report were reviewed in order to determine their
reservation status within the Sydney Basin Bioregion. The inclusion of site data beyond the
boundary of the Special Areas also affords an understanding of vegetation characteristics within
neighbouring areas. Descriptions of regional status have been derived by tracking sites used in
this analysis to their parent community identified in existing literature. Vegetation communities,
particularly those in the southern catchments, were compared qualitatively to those described
during the South Coast Comprehensive Regional Assessment process (NPWS, 2000a).

20 The Native Vegetation of the Woronora, O'Hares and Metropolitan Catchments



2.9 AERIAL PHOTO INTERPRETATION

Aerial Photo Interpretation (API) was required in order to complete a coverage of the Study Area at
a scale of 1:25000. Detailed APl was available for the O'Hares Creek Catchment (Keith, 1994).
This study utilised 1:16000 scale photos flown in 1991. Given the scale of mapping already
complete and comments suggesting only minor disturbance across the area outside of shale
forests, the area was not remapped. In addition, both the western and eastern edges of the Study
Area have been recently mapped at 1:16000 scale by NPWS (2000a, 2002).

New Aerial Photo Interpretation (API) has been completed across the remaining area using 1994,
1:25000 scale photographs. The coverage of each of the data layers used for this project is
shown in Map 7.

APl completed for this project was tied to explicit mapping rules to ensure consistency in
interpretation of features across the Study Area. The following rules, with minor variations have
been used across the entire Study Area excluding the O'Hares Creek Catchment.

2.9.1 Patterns in Vegetation Cover

Patterns in vegetation cover vary greatly across the Study Area. The variation ranges from native
to introduced vegetation and from fragmented patches to contiguous extensive cover. All
vegetation cover, except O'Hares Creek Catchment, was mapped using consistent criteria as
follows:

No Vegetation Cover (Code X)

This includes obvious features such man made structures, cleared paddocks, parks, ovals, waste
depots and industrial premises. Arcas mapped with no vegetation cover are excluded from further
assessment. Specific non-vegetative features mapped include rock outcrops, landslips, coal
emplacements, landfills and water bodies.

Sparse/Scattered Vegetation Cover (Code Tx/A/B/C)

A regular feature of native vegetation cover in disturbed environments is the presence of scattered
trees above an open or absent understorey in a mosaic of cleared and remnant vegetation. A
code Tx was applied where Crown Canopy Projected Density (CCPD) of tree cover fell below ten
percent. A minimum mapping area of one hectare was used. Vegetation cover coded as Tx was
further assessed to describe the tree species present and the type of land use occurring under the
tree cover, as follows:

Tx/G  scattered trees grazing understorey;
Tx/C  scattered trees cultivated understorey;
Tx/R  scattered trees above rural residential; and

Tx/U  scattered trees above urban development.

Tree cover greater than ten percent Crown Canopy Projection and greater than one hectare
(AA.B/C/DD)

All vegetation cover that displays canopy integrity has been mapped. Canopy integrity has been
defined as having greater than ten percent CCPD. All vegetation cover falling within this class and
is greater than one hectare has been mapped. They cover large expanses of vegetation cover to
remnant patches in a cleared landscape. They are attributed with a code describing the canopy
species present, the nature of the understorey and the type and intensity of disturbance.

2.9.2 Patterns in Canopy Species

All vegetation cover was allocated a canopy species code based on the dominant combinations of
upper strata species. Prior to the commencement of fieldwork potential combinations of species
were identified from the analyses of field survey data. Existing research on vegetation patterns in
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the Study Area (Fuller, 1980; Fuller & Mills, 1985; Benson & Fallding, 1985; Keith, 1994; Benson &
Howell, 1994: NCC, 1999) was also used to assist with the field assessment. A complete table of
vegetation patterns identified by APl is presented in Appendix D.

2.9.3 Understorey Patterns

Broad classes of understorey characteristics were interpreted where they were visible. These
features are described in Table 3. Understorey has been collected for a number of reasons.
Firstly, it provides an additional layer of information that can be used to more accurately delineate
vegetation community distribution. Secondly, it can be used to clarify habitat values for fauna.
Understorey was only collected to refine or describe variations in pattern to that commonly found
in association with the prevailing overstorey and landscape feature. As an example, sandstone
woodlands with a canopy of Scribbly gums (Eucalyptus racemosalsclerophyllalhaemastoma),
Silvertop ash (E. sieberi) and Red bloodwood (Corymbia gummifera) are an extensive feature and
are characterised by a heathy understorey of sclerophyllous shrubs. However, at times the same
combination of canopy species are present above an understorey typical of upland swamps or
bare rock. These unique features have been highlighted with an understorey tag using the codes
below. If no understorey tag is present then the characteristic understorey species can be
assumed to be present.

TABLE 3: API UNDERSTOREY CODES

Understorey Feature

Taller Dense Rainforest Canopy
Mesic/Rainforest Shrub Layer
Drier Shrubs Dominant
Shruhs and Grasses

Grasses Dominant

Melaleuca Dominant

Acacia Dominant
Swampy/Sedgy Ground
Casuarina Dominant

Rock

Mangrove Dominant
Saltmarsh

Lantana

Seagrass

Quarry

Sand

Water Body

Weeds

Understorey Code

2.9.4 Disturbance Patterns

All vegetation cover was assessed for disturbance. Codes to highlight the intensity and type of
disturbance were only applied where these features were visible from aerial photography. Where
disturbance is present, an initial code was applied to indicate the intensity of disturbance based on
a subjective assessment using any combination of disturbance patterns observable from the air.
Three categories were used: High, Medium and Low. These are described in Table 4. The
dominant disturbance type has also been coded. These are described in the Disturbance Feature
Code Column.

2.9.5 Interpretation Reliability

Four classes of interpreter mapping confidence were applied to each mapped polygon. These
classes enable users to understand the reliability of the mapping features. The confidence levels
are presented in Table 5.
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TABLE 4: DISTURBANCE INTENSITY AND DISTURBANCE TYPE CODES

Interpreters Indizales the following patterms Disturbance Disturbance Fealuie (Tu be

Disturbance Feature Code Developed Further)
Assessinent

No visible signs of disturbance from air. Polygon
may have some established tracks dissecting.
Evidence of weeds may not be visible or only
identified during site investigations, generally at
low intensity. Gaps in canopy are more likely to be
natural dynamic between rainforest/Eucalypt
structurcs

Common to the Study Area, a polygon may exhibit
>75% integrity in forest canopy structure but
contains features such as single or multiple
canopy gaps where weed infestations have
developed from light penetration. The polygon
may also be marked by several poorly developed
trails dissecting path or evidence of human
disturbance such as clearing or understorey
patchincss

Weeds minor (<10% polygon)

Tracks minor
Some evidence of regrowth
crowns 0 30%

Weeds infestations present in
small gaps tn canopy (<25%
polygon)

Tracks present high

Tracks present low
Regrowth dominant (>30%)
Regrowth minor

Soil disturbance high

Soil tlistirhanes low
Understorey patchy
Landslip evidence

Weed infestation clear in large
gaps in canopy or across
understorey

Tracks present high

Tracks present low
Regrowth dominant (>30%})
Regrowth minor

Soil disturbance high

Soil disturbance low
Understorey patchy
Landslip evidence

Common around areas of previous mining and
clearing. Dense weed intestations dominate the
understorey or canopy. Structure of vegetation is
limited to canopy and dense weed understorey. In
some areas canopy may include exotic species
amongst natives. Canopy gaps are clearly
apparent. Evidence of soil disturbance may be
apparent, as may be evidence of previous mining
activities or clearing.

TABLE 5: INTERPRETER CONFIDENCE CLASSES

Mapping Confidence Class Criteria

Polygon visited, features checked

Strong correlation of pattern based on extrapolation from adjacent visited polygons

| Patterns consistent with general trend although less certainty with some or all of the
nnlygon attribites

; Feature unusual, API uncertain, uncontident interprétation

2.10 DIGITAL DATA CAPTURE

Mapping linework was transferred from photograph overlays using a three-step process. Firstly,
control points were established on each individual photograph against a stable base of the
1:25000 topographic maps. The linework was then scanned and rectified against these control
points and the 25 metre grid Digital Elevation Model. The rectification is necessary in order to
resolve the spatial distortion that is inherent in oblique aerial photographs. Each polygon is then
labelled in accordance with the API Floristics Code Table (Appendix D). An ArciNFO coverage is
then generated supporting built topology. Standard tolerances (DNRE, 1998) were used to control
for transfer errors. The preliminary coverage was then examined for spatial accuracy against both
the topographic maps and 1:40000 ortho-rectified photo images (SCA, 2002) to identify errors.
Missing or incorrect polygon labels were also identified and returned to the interpreter for
correction. Four polygon fields were established to describe vegetation type, understorey type,
mapping reliability, and disturbance assessment/type.

API coverages for Western Sydney, O'Hares Creek and the Wollongong Escarpment were edge
matched against the new coverage for this study. Linework was corrected in ArcINFO against
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orthorectified digital aerial imagery. Edge matching between the Wollongong Escarpment and this
study occurred during the API fieldwork phase. Boundaries between coverages were split on a
cleared boundary such as a road or powerline easements.

2.11 VEGETATION COMMUNITY DESCRIPTIONS

Vegetation communities have been described in detail using a number of features. Firstly,
combinations of sites defining unique groups in the cluster analysis were used to identify
characteristic flora species. These are presented as a floristic summary in the profiles. Common
species in each vegetation layer are provided along with summary height (metres) and cover (total
projected canopy cover) percentages. These figures are estimates only taken from field notes, as
many sites did not record vegetation structure data.

Each vegetation community has been given a label to describe the structure, dominant or
characteristic species (generally tree species), broad understorey descriptor and/or a geological or
topological feature. Naming strategies are inherently flawed in that they attempt to summarise a
highly variable entity. Rules for naming are generally headlines that rarely hold true for all
samples that describe the community. As a consequence, names that are only broadly descriptive
of habitat rarely provide an initial picture of the vegetation community to the layperson.
Conversely, use of specific features such as dominant tree species are often contradicted by field
data. Despite the limitations of the latter, this project has used these methods to assist community
recognition.

In some cases, naming convention follows that used in previous studies. Some previous names
are no longer appropriate because geographic range or floristic composition has been found to
differ from the original description. As far as possible, Endangered Ecological Communities have
retained their name except in cases where the definition is broad enough to encompass several
distinct communities. Floristic descriptions have been taken from existing NPWS reports (NPWS
2000a, 2000b, 2000c, 2002). In most cases, these communities occur on the edge of the
Catchments and are more comprehensively described elsewhere.

The profile provides a brief summary of key identifying features. These include obvious species
and habitat characteristics. Example locations are also given, as is a sample photograph from a
site used to describe the community in the cluster analysis. The degree of disturbance within the
mapped vegetation community is also presented. Notes are provided on the distribution of the
community outside of the Study Area and within the Sydney Basin Bioregion.

A table providing a list of diagnostic species is provided for all vegetation communities described
using systematically collected site data. Diagnostic species for communities were identified using
criteria employed by Keith & Bedward (1999). This approach recognises that within a given
vegetation community a species may be conspicuous by the frequency and abundance which it is
recorded. However, in other communities the same species may only occur patchily, at low
abundance or not all. These patterns can be quantified by analysing the site data of the Study
Area. Table 6 describes the criteria used to define positive, negative, uninformative and constant
species. Positive species are those that are recorded more frequently within a community and/or
at a higher median cover abundance than in all other vegetation communities. Positive species
also include those that are only recorded within the target community irrespective of their
frequency of detection or abundance. A species that is present in all other communities but is less
common, less abundant or not present at all in the target community is defined as a negative
diagnostic species. A constant species is one that occurs consistently within many communities.
Uninformative species are those that are recorded at lower abundance and less frequently across
all communities. The profiles provide a summary of all positive, negative and constant diagnostic
species.
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TABLE 6: DEFINITIONS OF DIAGNOSTIC SPECIES

Occurrence of Species in-Resldual Map Units

Frequéncy>50% AND  'Frequency <50%:OR _Frequency =0
CiA=2 C/A <2 ‘ :

Frequency :'!.[_l'l:hfcrl.'naﬂk{q
>b0% AND - B
Occurrence of CIA22 5
Species withi 2 2 . =
"e°'°3T‘";f2$ Frequency Negative diagnostic Uninformative Positive diagnostic
Mapunt ~ $30%ORC/A § :
7 <2

Positive diagnostic [Positive diagnostic

CH UL R Negative diagnostic Uninformative
* C/A = Cover abundance

2.12 MAPPING VEGETATION COMMUNITIES

The distribution of vegetation communities has been mapped using a combination of air photo
pattern, geology, elevation and rainfall. Many vegetation communities present within the Study
Area are restricted to distinctive habitats and are easily discernible using aerial photo patterns.
These include rainforests, heaths and mallee-heaths, residual shale forests, swamps and
sedgelands. A large number of map units described from field data were mapped directly during
field traverse during the aerial mapping phase. Map Units 1, 3, 4, 5, 18, 19, 22, 23, 36, and 38 to
48 were mapped by relating directly to analogous aerial mapping codes (see Appendix E).

Habitat characteristics for each vegetation community were identified by using a Geographic
Information System (GIS) to intersect field site data with environmental data layers. These data
layers described rainfall, elevation, aspect and geology. The results derived for each map unit are
presented in Appendix E. To delineate trends median scores were generated for geology classes,
means and minimum and maximum values for raw rainfall and elevation values and modal scores
for aspect classes.

Eucalypt dominant forests and woodlands were allocated map unit codes by using a combination
of canopy species codes, understorey characteristics and environmental characteristics presented
in Appendix E. Sandstone vegetation dominated by Eucalypts (Map Units 25 to 35) exhibited
floristic variation based on gradual changes in environmental conditions. These were not always
discernible using aerial photo pattern, although often a characteristic canopy species observed on
photos can be used to distinguish different communities. Canopy Species codes for these map
units were intersected with elevation and rainfall scores (Appendix E) to delineate the grade from
one community to another. Nearest whole polygons were chosen either side of the mean score
line and allocated to the relevant map unit.

Eucalypt forests found on richer soils (Map Units 7 to 16, and 18) underlain by shale geology or
Narrabeen sandstone were allocated to map unit using soil data. Tall Eucalypt forests found on
basalt were allocated to Map Unit 10. Moist forest polygons (forests with understorey codes A or
B) found on Hawkesbury and Mittagong geology were allocated to Map Unit 9. Tall Forests found
on Narrabeen Sandstones were allocated to a moist forest or tall open forest group using
understorey codes. Dominant canopy species was used to differentiate map units of similar
vegetation structure. Allocation of map unit boundaries at the interface between Hawkesbury and
Narrabeen geologies often produced a discrepancy between the mapped geology and the mapped
aerial mapping code. By way of example, Eucalypt forests that mark this gradation are
characterised by the presence of Eucalyptus piperata. The understorey features a change
however from a dense shrub layer supporting species typical of exposed sandstone environments
to a sparse shrub layer with a ground cover of Lomandra longifolia. Resolving the precise
boundary between map units 26 and 13/14 was not easily achieved, and has for the purposes of
this map selected understorey code to discriminate between map units.
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2.13 CONSERVATION STATUS

2.13.1 Regional Conservation Assessment

Most of the Study Area is comprised of land that is managed by the SCA, with limited access to
the public. Only along the boundaries, particularly in the south, are large areas of land within
private land. The remaining area is managed directly by the SCA, with a clear charter to protect
biodiversity values.

Many vegetation communities described in this report extend beyond the Study Area. The extant
area of each community within the Sydney Basin Bioregion is presented within each community
profile, along with the proportion that is present within NPWS managed lands, such as National
Parks and Nature Reserves.

2.13.2 Disturbance Assessment

The relative condition of each Vegetation Community was examined using a gross disturbance
index mapped during the aerial photo interpretation phase. Each level of disturbance intensity
was calculated as a proportion against the total distribution of each community within the Study
Area. These proportions and the area (hectares) figures have been included within each
vegetation community profile.

The Native Vegetation of the Woronora, O'Hares and Metropolitan Catchment 27



3RESULTS

3.1 FIELD SURVEY DATA

A total of 576 sites were compiled for the analysis. A map showing the locations of all sites used
in the analytical phase is presented in Map 8.

The sampling review suggests that most strata have received replicated survey effort (Appendix
B). The major climatic and elevation gradients have been sampled, as have the dominant
geological patterns. Inaccessible areas in the Avon and Nepean Catchments contain fewer
sample points, as do several of the smaller scale vegetation features, such as heaths and
swamps. Figure 1 below provides an indication of sampling effort against rainfall classes.

FIGURE 1: COMPARISON BETWEEN PROPORTION OF SAMPLING EFFORT TO THE
PROPORTION OF RAINALL CLASSES FOUND IN THE STUDY AREA (X AXIS IS
RAINFALL (MM) AND Y AXIS IS PERCENTAGE SCORE)

B % Area
B % of Sites

3.2 AERIAL PHOTO INTERPRETATION

Aerial photograph interpretation of vegetation patterns has been completed over all areas within
the Special Areas that have not been subject to other recent fine scale mapping. In total over 100
different landscape features have been mapped. These include vegetation patterns, and physical
and structural attributes.

3.2.1 Spatial Accuracy

The spatial accuracy of the API data layer is based on a detailed comparison of ten percent of
polygons against linear and high contrast landscape features obvious in the ortho-rectified 2002
SCA air photo images for the Study Area.

o Over 95 percent were found to be within a tolerance of 37.5 metres. Spatial accuracy is best
on flat to undulating topography of the plateaux and plains and worst on the steep escarpment
slopes and dissected valleys where displacement from air photos is greatest.
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» Coding transfer error between photo linework and digital coverage was found to be less than
one percent.

3.2.2 Vegetation Cover

The combined coverages of vegetation mapping indicate that a total of just under 91,000 hectares
were identified as native vegetation cover greater than 0.5 ha in size. This comprises nearly 87
percent of the Study Area. Table 7 below indicates the proportion of mapping features found in
the Study Area. Map 8 shows the area supporting native vegetation cover within the Study Area.

TABLE 7: BROAD API MAPPING FEATURES WITH AREA AND PROPORTION OF STUDY
AREA

Broad Mapping Feature Area (ha) Proportion (%)

90964.6
8839.8
1400.6
448.0
3385.5
105038.5

La G lLTE L = i

3.2.3 Interpretation Reliability

The classes describing the confidence in the interpretation of the landscape features are shown in
Map 9. Over 90 percent of the Study Area demonstrates a high level of mapping confidence
based on either the visitation of sites or the extrapolation of patterns based on visited areas.
Lower confidence levels were used in areas that presented unique photo patterns to the
interpreter. In most instances these arose in areas that were inaccessible as a result of private
land access or by physical distance. It should be noted that no reliability scores were assigned to
vegetation mapping polygons in the O'Hares Catchment, although many boundaries have been
delineated in the field (Keith, 1994).

3.3 VEGETATION CLASSIFICATION

Vegetation communities have been identified using two methods. Quantitative analysis of site
data was used to identify the dominant vegetation communities wherever possible. Available site
data did not sample all communities described in existing literature. In such cases, these sources
have been used to describe the floristic composition and habitat. Two communities not previously
identified in the literature and lacking field samples have been provisionally identified.

The dendrogram resulting from the hierarchal classification highlighted eight broad groups of sites
from which 41 vegetation communities were identified. A simplified dendrogram is presented in
Figure 2.

The first of the eight major groups describes the vegetation that occurs on residual shale caps and
the interface of shale and sandstone soils along the drier western band of the Study Area.
Vegetation communities here form tall woodlands and forests with an open understorey that
supports species found on both shale soils of the adjoining Cumberland Plain and the sandstone
woodlands of the surrounding plateau. The second broad group describes open woodlands and
dry heath found on Mittagong Sandstone in the far south west of the Study Area.

often supporting a grassy understorey that occupy sheltered habitats on Hawkesbury Sandstone
geologies. The next group presents communities united by exposed habitats, again on infertile
sandstone geology. The third represents the sedgelands and heaths present in the upland
swamps. Rock plate heath and riparian scrubs characterise the fourth and fifth groups. The sixth
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FIGURE 2: SIMPLIFIED DENDROGRAM SHOWING HIERACHIAL STRUCTURE OF NATIVE VEGETATION COMMUNITIES IDENTIFIED
FROM SITE DATA
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summarises the dry open woodlands on transitional shale-sandstone geologies prevalent in the
west of the Study Area. Tall open eucalypt forests on more fertile shales and Narrabeen
Sandstones comprise the seventh group. The final group represents the combination of rainforest
communities.

Full descriptions of each vegetation community are presented in Appendix A.

3.3.1 Mapping Extant Vegetation Communities

A total of 53 landscape features have been mapped. Native vegetation communities are
described and mapped by 48 Map Units. Table 8 indicates the total area of each Map Unit found
within the Study Area and Map 10 shows the distribution over the same area, whereas Map 11
shows the broad community groups.

TABLE 8: MAP UNITS WITH AREA (HECTARES)

Map Unit Vegetation Community Name Arealhal)

lllawarra Escarpment Subtropical Rainforest
Coachwood Warm Temperate Rainforest

Robertson Cool-Warm Temperate Rainforest

Sandstone Riparian Scrub
Cliffine Coachwood Scrub
Moist Blue Gum-Blackbutt Forest
Moist Coastal White Box Forest
Moist Gulty Gum Forest

Nepean Gorge Moist Forest
Robertson Basalt Brown Barrel Forest
Moist Shale Messmate Forest
Highlands Ribbon Gum Gully Forest
Tall Open Guily Gum Forest

Tall Open Peppermint-Blue Gum Forest
Tall Open Blackbutt Forest

Tall Blackbutt-Apple Shale Forest
O'Hares Creek Shale Forest
Highlands Shale Tall Open Forest

Transitional Shale Open Blue Gum Forest
Cumberland Shale Hills Woodland
Cumberland Shale Plains Woodiand

Transitional Shale Dry lronbark Forest

Transitional Shale Stringybark Forest
Highlands Alluvial Red Gum Woodland
Sandstone Gully Apple-Peppermint Forest
Sandstone Gully Peppermint Forest

Nepean Sandstone Gully Forest

Western Sandstone Gully Forest

Exposed Sandstone Scribbly Gum Woodland

Nepean Enriched Sandstone Woodland
Highlands Sandstone Scribbly Gum Woodland
Escarpment Edge Silvertop Ash Forest

Silvertop Ash lronstone Woodland
Sandstone Heath-Woodland
Upper Georges River Sandstone Woodland
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Map Unit Vegetation Community Name Area(ha)
Budawang Ash Mallee Scrub
Dwarf Apple Heath
Rock Pavement Heath
Rock Plate Heath-Mallee
Woronora Tall Mallee-Heath
Highlands Sandstone Allocasuarina Heath
Upland Swamps: Banksia Thicket
Upland Swamps: Tea-tree Thicket

Upland Swamps: Sedgeland-Heath Complex

Upland Swamps: Fringing Eucalypt Woodland
Upland Swamps: Mallee-Heath

Highlands Sandstone Swamp Woodland
Highlands Swamp Gum-Melaleuca Woodland
Acacia Scrub

Turpentine Regeneration

Allocasuarina Heath Regeneration

Weeds and Exotics

Cleared

Artificial Wetlands

Water

3.4 CONSERVATION STATUS

3.4.1 Disturbance Assessment

Some 83 percent of the Study Area displays limited evidence of disturbance from aerial photos.
This is not surprising as much of the area has been protected as water catchment and never
cleared. Evidence of heavy disturbance, including complete vegetation clearance, was observed
across ten percent of the Study Area. This mainly occurs along the western, southern and eastern
edges of the catchment. Higher fertility sails in these areas have been heavily cleared or modified
for agricultural land use. A small area of vegetation (less than three percent) was identified as
supporting moderate patterns of disturbance. Map 12 shows the distribution of disturbance
intensity observable from aerial photographs. Table 9 illustrates the areal (hectares) and
proportional (percentage) figures within the Study Area.

TABLE 9: AREA AND PROPORTION OF DISTURBANCE ASSESSMENT INDEX WITHIN THE
STUDY AREA

Disturbance Intensity Index Area (Hectares)  Proportion Study Area (%)
87206.90
2817.66
802.04
1400.63
170.98
447.98

8672.29
3385.47

144 .48
Total 348.45
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4DISCUSSION

4.1 PATTERNS IN VEGETATION COMMUNITIES

The following discussion summarises the hierarchal structure of vegetation patterns derived from
field site data (Figure 2). A number of additional vegetation communities that have been
described from existing studies (NPWS, 2000d; 2002) and have not been shown in Figure 2 are
also discussed.

4.1.1 Shale-Sandstone Transition Forests and Woodlands

Extensive areas of Transitional Shale Dry Ironbark Forest (Map Unit 22) or “Bargo Brush” occurs
on elevations less than 400 metres on residual shale soils that overlie sandstone bedrock along
the western boundary of the Special Areas. The drier environment in combination with the richer
shale soil results in a grassy woodland and open forest that marks the gradual transition into the
vegetation of the Cumberland Plain. However, NPWS (2000d) notes that as the margins of the
shale approach the sandstone geology the thickness of shale stratum diminishes, resulting in an
influence of sandstone in the underlying soil. This results in a combination of species that mark
the transition between a shale and a sandstone substrate. The canopy is often dominated by
Ironbarks (Eucalyptus crebra, E. paniculata subsp. paniculata and E. fibrosa) and Stringybarks (E.
globoidea and E. eugenioides). Eucalyptus punctata is also frequently recorded. The understorey
is grassy, not unlike the Shale Plains Woodland (Map Unit 21). However, in areas where
sandstone influence in the soil is greater a more pronounced shrub layer is present that includes
species such as Banksia spinosa var. spinosa, Persoonia linearis and Kunzea ambigua. The
boundaries between high and low sandstone influences are not abrupt. Higher sandstone
influences are most often found on the outer bands of the residual shale caps and may be marked
by an increased abundance of Stringybark species such as Eucalyptus globoidea and trees more
typical of sandstone soils such as Corymbia gummifera and E. sclerophylla. The vegetation
community found in these zones has been identified as Transitional Shale Stringybark Forest (Map
Unit 23).

Both of these communities form a component of Shale Sandstone Transition Forest listed on Part
3 of Schedule 1 of the NSW Threatened Species Act (1995).

4.1.2 Elevated Mittagong Sandstone Woodland-Heath

In the far south west of the Study Area, temperatures are distinctively cooler. Here a sandstone
woodland occurs which has the typical canopy species, though it is mainly dominated by
Eucalyptus sclerophylla. Eucalyptus mannifera subsp. mannifera and E. radiata subsp. radiata
are also found occasionally, particularly in minor depressions that form frost hollows. The shrub
layer is comprised of Banksia spinulosa var. spinulosa, Hakea dactyloides and Isopogon
anemonifolius. The ground cover can support a mix of tussock grasses that include Poa
labillardieri var. labillardieri and Joycea pallida. This community has been called Highlands
Sandstone Scribbly Gum Woodland (Map Unit 31).

A unique low growing heath occurs on Mittagong Sandstone (Benson & Howell, 1994) near the
junction at Racecourse. Highlands Sandstone Allocasuarina Heath (Map Unit 41) features a
dense shrub layer of Allocasuarina diminuta subsp. mimica and A. paludosa in combination with
species such as Banksia spinulosa var. spinulosa and Hakea dactyloides. The distribution of this
community is not well known with only a few disjunct locations known from the Sydney Basin
Bioregion.
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4.1.3 Scrubs on Sandy Alluvium

Alluviums derived from siliceous sandstone rock support low growing shrubs that form dense
thickets and scrubs. Amongst the upland swamps, minor drainage lines are found in the gentle
depressions. Upland Swamps: Tea-tree Thicket (MU43) occurs where underlying soils are
waterlogged and is comprised of Leptospermum juniperinum, Melaleuca squarrosa, Gahnia
sieberiana and Gleichenia spp. Riparian Scrubs (Map Unit 4) are also found on sandy deposits,
however, these drainage lines are more sheltered and contain a greater mesic component in the
shrub layer. As a result this community has been included in the discussion on rainforests
(Section 4.1.5).

4.1.4 Tall Open Forests on Enriched Soils

Tall open forests are found on more fertile scils associated with fine-grained sedimentary rock
such as the Narrabeen series, Wianamatta shale and Tertiary basalt flows and intrusions. These
forests are characterised by tall Eucalypts and a sparse shrub and small tree layer. Ground cover
is generally dense with the prominent Lomandra longifolia common and herb and grass species
also abundant

On the mid to upper slopes of Narrabeen Sandstone derived soils, a tall open forest develops.
The characteristic feature of the vegetation is the understorey, a dense cover of Lomandra
longifolia, Pteridium esculentum, Calochlaena dubia and Entolasia stricta. The shrub layer
comprises a mix of sclerophyllous sandstone heath species such as Persoonia linearis and
Banksia spinulosa var. spinulosa, as well as shrubs that prefer moister locations such as
Leucopogon lanceolatus var. lanceolatus, Elaeocarpus reticulatus and Notelaea longifolia.
Eucalyptus piperita and Acacia binervata are the most consistent tree species, although they may
be absent at wetter sites where E. pilularis dominates. Eucalyptus pilularis is a regular associate
species in the Cataract Catchment (Tall Open Blackbutt Forest - Map Unit 15). Tall Open
Peppermint-Blue Gum Forest (Map Unit 14) occurs on exposed locations on valley slopes and
crests north of Mt. Kembla with Eucalypt piperita and E.saligna (incl E. salignaXbotryoides) in
combination with E. globoidea and E. cypellocarpa. South of Mt. Kembla, crests and exposed
slopes comprise tall Eucalyptus smithii, E. piperita, E. muelleriana and E. cypellocarpa are more
common (Map Unit 13).

Residual chocolate shale soil associated with the Narrabeen Group Geology can remain in
exposed locations such as crests or gentle north facing slopes. Species that grow here form a
complex that is not dissimilar to that which grows on the red podsolic socils derived from the
Wianamatta Shale. There is an absence of sclerophyllous shrubs. Instead a moist herb and grass
layer becomes more pronounced and diverse. While Lomandra longifolia and Pteridium
esculentum still dominate, moisture-loving herbs such as Pratia purpurascens, Dichondra repens,
Pseuderanthemum variable, Viola hederacea and Desmodium varians are all present. Eucalyptus
piperita is less frequent from these sites and E saligna, E. salignaXbotryoides or E. pilularis are
more likely to dominate.

An interesting patch of Eucalyptus salignaXbotryoides occurs on a remnant shale scil in the
western Cataract Catchment. It is unusual in that rainfall is considerably lower here than other
areas that support a tall Blue Gum Forest. The understorey is characterised by a grassy and
herbaceous understorey that resembles Transitional Forests found closer to the interface with the
Cumberland Plain. Hence, this community has been described as Transitional Shale Open Blue
Gum Forest (Map Unit 19). All Transitional Forests form a component of the Shale Sandstone
Transition Forest, an Endangered Ecological Community listed under the Threatened Species
Conservation Act, 1995.

Wianamatta Shale capping also occurs within the Woronora and O’'Hares Catchments in the north
of the Study Area. The rainfall is higher here and a tall open forest of Eucalyptus piperita, E.
globoidea and Angophora costata develops on the flat cappings. The understorey is open with
ferns, grasses and Doryanthes excelsa marking a distinctive assemblage from the surrounding
sandstone vegetation. This community is known as the O'Hares Creek Shale Forest (Map Unit
17) and is also listed as an Endangered Ecological Community. Like many of the shale
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communities the understorey can include a number of species from the Proteaceae and Fabaceae
families, depending on the degree of intermixing with surrounding sandstone material.

Further east at Helensburgh and in Royal National Park, the rainfall is again higher providing a
suitable habitat for tall Eucalyptus pilularis, Syncarpia glomulifera subsp. glomulifera, E. piperita
and Angophora costata (Tall Blackbutt-Apple Shale Forest - Map Unit 16). A similar understorey is
present to that found in the O’'Hares Creek Shale Forest although the greater moisture levels can
support rainforest species such as Livistona australis. Eucalyptus globoidea is not present in Tall
Blackbutt-Apple Shale Forest.

Elevation is considerably higher in the south of the Study Area and cooler temperatures result. On
the shale derived soils of the southern Nepean Catchment a tall open forest (Map Unit 18) grows
on the shallower shale soils that still support a sandstone influence. Eucalyptus piperita is still
present with E. radiata subsp. radiata and E. globoidea. A shrub layer of Acacia binervata and A.
longifolia subsp. longifolia is present along with other typical sandstone shrubs that include
Banksias, Hakeas and Geebungs. Grasses are also common, with Poa sieberiana var. sieberiana
and Entolasia marginata, along with the rush Lomandra longifolia.

The western extent of the southern shale supports a different suite of canopy species. Eucalyptus
quadrangulata and E. elata are more frequent along with E. punctata. This combination of canopy
species retains the same characteristic understorey and occurs along the slopes of the Burke
River and near Aylmerton. Also near Aylmerton, alluvial plains feature remnants of woodlands
dominated by Eucalyptus amplifolia subsp. amplifolia (Highlands Alluvial Red Gum Woodland -
Map Unit 24). This map unit as been heavily disturbed, with existing areas subject to continued
grazing pressures on private land.

Drainage lines on shale soil in the far south west of the Study Area support large Eucalyptus
viminalis and E. elata. This community has been classified Highlands Ribbon Gum Gully Forest
(Map Unit 12). Further sampling is required to clarify the composition of this community.
However, it appears that it is most prevalent on shale soil or sandstones that have been enriched
by shale material. Understorey species are typical of gully habitat, and include Lomandra
longifolia as the dominant ground cover and Pittosporum undulatum and Acacia binervata as the
prominent shrub species.

On the deeper shale soils in these high elevations and in the higher rainfall band closer to the
escarpment edge a very tall open forest (reaching 40 metres) develops (Moist Shale Messmate
Forest - Map Unit 11). It is composed of Eucalyptus obliqua, E. piperita, E. cypellocarpa and E.
globoidea. The understorey is again grassy and can include a low abundance of distinctive
treeferns, including Cyathea australis. Moister gradients will include species such as Acmena
smithii, Coprosma quadrifida and Acacia binervata.

These southern shale forests also are characterised by gently sloping drainage lines and
depressions. These areas tend to form ephemeral soaks during periods of heavy rain. The
swampy features support a high abundance of Eucalyptus ovata often in association with very
dense thickets of Melaleuca linariifolia (Highlands Swamp Gum-Melaleuca Woodland - Map Unit
48). The understorey shares a similar dense ground cover of Lomandra longifolia, Dianella
caerulea and Poa sieberiana var. sieberiana. It may also feature sedge and swamp species
common to upland swamps on sandstone, including Schoenus melanostachys. It is also
interesting to note that this community occupies sites where geology appears to change from
shale to basalt. It may be that ground water discharge is present at this interface. Clearing has
removed extensive areas of these forests on depressions and drainage lines of the margins of the
Robertson Plateau.

The Basalt soils on the Robertson Plateau have all but been cleared for agriculture. Only small,
heavily disturbed patches of the once tall forests and rainforests found on these soils remain. The
rainforests (Map Unit 3) that are likely to have once been extensive have previously been
described in Section 4.1.5. Remnants are concentrated in areas above 1300 millimetres mean
annual rainfall. The Eucalypt forests are described from a few isolated localities where tall to very
tall Eucalyptus fastigata, E. cypellocarpa, E. quadrangulata and E. obliqua have been recorded.
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This community has been titted Robertson Basalt Brown Barrel Forest (Map Unit 10). Majestic
examples of E. fastigata line some roadsides between Robertson and East Kangaloon. On
presently available data, understorey varies between a grassy forest dominated by Poa labillardieri
var. labillardieri and one characterised by moist shrubs such as Coprosma quadrifida, Dicksonia
antarctica and Alectryon subcinereus.

At Upper Cordeaux Reservoir, the Cordeaux Crinanite has suffered from a similar level of clearing.
Once a thriving agricultural village, the area has almost entirely been resumed into the
management of the Sydney Catchments Authority. While this area receives an equally high ievel
of rainfall (over 1600 millimetres per year) as the eastern Robertson Plateau, it is around half the
elevation (350-400 metres). As a result the vegetation consists of different combinations of
species to the higher plateau. Firstly, the Cordeaux Crinanite supports the only areas of
Subtropical Rainforest in several of the incised creeklines. Thomas (1990) infers that this
rainforest may once have been more extensive, with large isolated Toona ciliata still present in the
upper catchment.

Regenerating Eucalyptus salignaXbotryoides and E. piperita (Map Unit 14) forests are found in
remnant riparian vegetation on the fringe of cleared paddocks. These remnants are floristically
simple with a ground cover of Lomandra longifolia, Dichondra repens, Pteridium esculentum,
Entolasia stricta and E. marginata. Acacia binervata forms an occasional small tree layer. An
interesting patch of Red gums (Eucalyptus amplifolia subsp. amplifolia and E. tereticornis) occurs
at the crossing of Cordeaux Creek between Cordeaux number 1 and number 2 dams. There are
only two patches of this community remaining on the Crinanite and may mark subtle changes in
geology with the Narrabeen Sandstones and Shales. The understorey is similarly dominated by
Lomandra longifolia, although the sample site supported Gahnia sieberiana and Juncus continuus
amongst typical herbs and grasses. This community has not identified as a separate community
and it awaits further investigation.

A Cupitts Forest and Izards Knob are volcanic necks that rise to around 500 metres above the
Burke and Nepean Rivers. These isolated fertile soils have also been cleared for agricultural
activities. On the areas of deepest soil Eucalyptus tereticomis appears to be the dominant
eucalypt above a cover of grasses that includes Poa sieberiana var. sieberiana and Entolasia
marginata. Eucalyptus quadrangulata is present on the side slopes along with E. elata on
protected aspects. These areas have been included within Map Unit 18. As the volcanic soil thins
a clearly observable transitional forest dominated by Eucalyptus globoidea and E. punctata with
sandstone shrub species found amongst the understorey. This transitional vegetation forms a
concentric outer ring to the more fertile soils and has been included within Map Unit 23.

Mt. Cotopaxi, at just over 630 metres in elevation, supports a modest area of volcanic material
resulting from a trachyte intrusion. The coarse sediments produce a vegetation community that
forms part of the enriched sandstone complex. A tall forest of Eucalyptus piperita and Corymbia
gummifera grows on an exposed crest with a mixed sandstone shrub stratum that includes
Banksia spinulosa var. spinulosa and a prominent ground cover of Lomandra longifolia, Pteridium
esculentum and Patersonia sericea. These trachyte forests are included within Map Unit 30.

4.1.5 Rainforests and Tall Moist Eucalypt Forests

Rainforests

Thomas (1990) documented the distribution and composition of rainforest types found in the
Metropolitan and Woronora Catchments. His conclusions have been supported by additional
fieldwork completed from new floristic data collected and compiled for this project. As Thomas
(1990) indicates, rainforests are mostly condensed within an area less than five kilometres from
the lllawarra escarpment. At these locations rainfall remains high, generally above 1200
millimetres per year, and the soils provide suitable nutrient supply from either the Narrabeen Shale
or the richer basalt rocks found on the Robertson Plateau or Upper Cordeaux area. In addition,
the depth of the gullies that accompany the Narrabeen Geology provide suitable protection from
prevailing winds and warm summer sun to ensure that soil moisture is retained. Poorly structured
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mesic scrubs with rainforest affinities are found in a number of different environments. On infertile
Hawkesbury Sandstones, riparian scrubs develop in narrow ribbons at the base of gorges. They
are also found on the clifflines of the lllawarra escarpment in highly exposed locations, buffeted by
prevailing south easterly winds.

Subtropical influenced rainforest stands are very limited in the catchments. They are restricted to
a number of deeply incised creeklines in the Cordeaux Catchment, found growing on rich igneous
material known as Crinanite. Dendrocnide excelsa, Diploglottis australis, Doryphora sassafras,
Toona ciliata and Cryptocarya spp. are characteristic amongst the tree species. Subtropical
rainforest found in these locations share a similar floristic composition to those found on the
lllawarra Escarpment benches and gullies and have been identified within the same name (Map
Unit 1). Thomas (1990) makes reference to the opinions of a long time resident of the Cordeaux
Catchment who suggests that both Toona ciliata and Dendrocnide excelsa were far more
extensive than they are in the present day. Selective logging and past clearing for agriculture are
likely causes of such a decline, although it is unlikely that this type of rainforest was ever extensive
above the escarpment.

Warm Temperate Rainforest (Map Unit 2) is the most extensive rainforest community within the
catchments. Two species, Ceratopetalum apetalum and Doryphora sassafras dominate the
canopy, often with Acmena smithii. This type of rainforest dominates the deeply incised gullies
and sheltered slopes in high rainfall areas on Narrabeen Shales and Sandstones. There are
variations within the community that respond to moister or drier sites as well as to elevational
gradients. Warm Temperate Rainforest in the Avon Catchment may include some species such
as Eucryphia moorei or Quintinia sieberi that highlight the gradual transition into cool temperate
climates. At other moister sites at lower elevations species such as Sloanea australis, Pennantia
cunninghamia and Schizomeria ovata can be found amongst the canopy. A number of areas of
Coachwood Warm Temperate Rainforest support sites of limited diversity. These depauperate
sites are often the result of significant past disturbance resulting from fire, clearing or grazing in the
Cordeaux and Cataract Catchments. In some deeply dissected gorges in the Nepean Catchment,
small stands of Warm Temperate Rainforest occur. Species composition is less diverse owing to
the much reduced rainfall on the western side of the catchment.

Robertson Cool-Warm Temperate Rainforest (Map Unit 3) is the name given to the rainforest that
occurs on the high elevation basalt soils of the Robertson Plateau. Doryphora sassafras, Quintinia
sieberiana and Acmena smithii are found in the canopy with Coprosma quadrifida, Polyosma
cunninghamii and Hedycarya angustifolia forming a subcanopy. This rainforest type is thought to
have once been extensively distributed across the basalt plateau. With much of it now cleared
and few areas located in formal reserves it has been listed as an Endangered Ecological
Community under the Threatened Species Conservation Act, 1995. Most is located on private
land within the catchment, although one stand is protected at Macquarie Hill above Macquarie
Pass.

Riparian Scrub (Map Unit 4) is a very simple rainforest community that mixes elements of Warm
Temperate Rainforest species with sclerophyllous shrubs. It is mainly restricted to gully lines and
gorges of Hawkesbury Sandstone. Generally a low scrub, this community comprises Tristaniopsis
laurina, Backhousia myrtifolia, Ceratopetalum apetalum and Allocasuarina littoralis. Shrubs of
Tristania neriifolia, Lomatia myricoides and Acacia obtusifolia are typical. A dense cover of ground
ferns, such as Sticherus flabellatus var. flabellatus, may occur. Composition of the community
varies depending on exposure. A closely related assemblage occurs on clifflines of the lllawarra
escarpments (Map Unit 5), described in Section 4.1.9.

Tall Moist Eucalypt Forests

On the chocolate shale soils of the Narrabeen series in deeply protected topographic positions,
such as incised gullies and southerly aspects, tall stands of Coachwood Warm Temperate
Rainforest (Map Unit 2) form patches that are rarely larger than ten hectares (Thomas, 1990). In
less favourable locations a tall moist eucalypt forest develops on the fringe of the rainforest. In the
Cataract Catchment this forest is most often typified by Eucalyptus salignaXbotryoides, Syncarpia
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glomulifera subsp. glomulifera and E. pilularis. Moist Blue Gum-Blackbutt Forest (Map Unit 6) has
a well developed moist shrub layer that includes species such as Doryphora sassafras, Acmena
smithii, Tasmannia insipida and Livistona australis. In the Avon and Cordeaux Catchments,
additional tree species can include Eucalyptus smithii, E. elata, E. muelleriana and E. cypellocarpa
(Moist Gully Gum Forest - Map Unit 8). These forests are characterised by the diverse
combination of warm temperate rainforest species that dominate the small tree layer. Map Unit 8
is also found on the igneous Crininanite socils that form a mini-scarp to the west of the Cordeaux
valley. The elevation rises from around 315 metres in elevation to almost 500 metres at the top of
the scarp. The scarp is relatively steep and a tall moist forest of Eucalyptus quadrangulata, E.
smithii, E. muelleriana and E. salignaXbotryoides are found above Acmena smithii, Doryphora
sassafras and Cryptocarya spp. Gullylines running down the scarp support regenerating
Coachwood Warm Temperate Rainforest (Map Unit 2).

In the Nepean Catchment conditions are drier and the soil material is derived from Hawkesbury
and Mittagong bedrock. In the deepest east-west running gorges, Nepean Gorge Moist Forest
(MU9) carries a well developed mesic subcanopy and shrub layer though this is considerably
simpler than the moist forests to the east. Tree species tend to include Eucalyptus elata, E.
punctata and E. agglomerata with Cerapetalum apetalum and Backhousia myrtifolia forming the
subcanopy layer. Species such as Cryptocarya glaucescens, Livistona australis and Synoum
glandulosum subsp. glandulosum are common to the eastern moist forests but no longer occur in
the drier locations associated with Nepean Gorge Moist Forest.

4.1.6 Exposed Sandstone Woodlands and Heath

The dry open woaodlands that occur on the sandstone plateau are the most extensive vegetation
complex of the catchments. Early explorers described the Woronora Plateau as a “barren
wasteland, of little use to anyone” and a “nuisance” (Young and Young, 1988). Such a
classification is understandable as the country features highly acidic, infertile and shallow sandy
soils which afforded no opportunities for agricultural pursuits. However, these environments
support a highly diverse flora.

There are some distinctive patterns in the species assemblages that appear to respond to gradual
changes in rainfall as it decreases from east to west and in elevation as it rises from north to
south. There are also patterns that arise from geological changes, where laterites and ironstones
characterise environments in the north east and where Mittagong Formation Sandstones dominate
Hawkesbury Sandstones in the western band of the Study Area.

Table 10 provides a comparison between the frequency of occurrence for selected species across
the sandstone woodlands. The eastern edge of the catchments, from south to north receives high
levels of annual rainfall. Under these conditions the sandstone woodland comprises a typical
overstorey of Corymbia gummifera, Eucalyptus racemosa and E. sieberi. At times Eucalyptus
sieberi may dominate completely. The Stringybark Eucalyptus oblonga is infrequently recorded.
The heath layer is diverse and dense, with Banksia serrata, B. ericifolia subsp. ericifolia,
Leptospermum trinervium and Acacia suaveolens characteristic. As the rainfall level falls below
1000 millimetres per year, Eucalyptus oblonga becomes more frequent in the canopy and E.
sieberi becomes less prominent. The heathy understorey becomes less diverse with Banksia
spinulosa var. spinulosa replacing B. ericifolia subsp. ericifolia as the dominant Banksia species.
Banksia serrata is also less frequently recorded. Cyathochaeta diandra, Lomandra cylindrica and
L. obliqua are the dominant ground covers. These changes are gradual and have been mapped
as one complex Exposed Sandstone Scribbly Gum Woodland (Map Unit 29)

In the Nepean Catchment, a sandstone woodland (Nepean Enriched Sandstone Woodland - Map
Unit 30) occurs on soils derived from the Mittagong Formation geologies. The interbanding
stratum of shale and sandstone produces enriched sandstone results in a taller woodland with a
less abundant and less diverse shrub layer. Banksia spinulosa var. spinulosa, Bossiaea
obcordata, Persoonia levis and Acacia terminalis comprise the shrub layer while the ground
supports a greater cover of grasses such as Entolasia stricta and Austrostipa pubescens, and the
herb Patersonia sericea.
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TABLE 10: FREQUENCY OF OCCURRENCE (%) OF SELECTED SPECIES ACROSS
SANDSTONE WOODLANDS OF THE STUDY AREA. GROUP DATA HAS BEEN
DERIVED FROM TRANSFORMED PRESENCE AND ABSENCE DATA USING
BRAY-CURTIS COEFFICIENT

Royal National Exposed Sandstone ]
Park(n=29) . . Scribbly Gum Woodland  S¢ribl and Se iz Scribb
(Eastern form) (n=56) { eim 10M) (N=3 { ) Woodlanc

Map Unit Number Not Mappéd MU2Y AU2¢ AU30 MU31

NP* Not Present

This contrasts to the environments of the northern catchments that occupy lower elevations and
are generally warmer. North of Appin Road, the catchments of Woronora River and O'Hares
Creek lie on remnants of an extensive lateritic mantle. These rocks have been termed ironstone
and have been used to delineate a variant of the sandstone woodlands known as Silvertop Ash
l[ronstone Woodland (Map Unit 33) based on work by Keith (1994). Ironstone provides a richer
red-yellow ochre soil than the bleached siliceous soils of typical sandstone. Eucalyptus sieberi is
often the most dominant species in this assemblage, with other typical sandstone woodland trees
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infrequent. The understorey is marked by the presence of the lily Doryanthes excelsa, amongst
the shrub species typical of sandstone woodlands.

These ironstone mantles also appear to influence a number of other vegetation communities in
this area. On the broad flat plateaux of both Woronora and O’Hares Catchments the soil is often
deep sand with a thin highly fragmented mantle of ironstone. This produces very low open
woodland with a very dense and diverse heath understorey. The tree canopy has typical species
(Corymbia gummifera, Eucalyptus sclerophyila) albeit in stunted form. A heath comprised of
Petrophile pulchella, Grevillea oleoides, Hakea dactyloides, Banksia ericifolia subsp. ericifolia, B.
serrata and Isopogon anemonifolius occurs with Actinotus minor, Dampiera stricta and Lepyrodia
scariosa prominent ground covers. Dwarf Apple Heath (Map Unit 37) forms a low open heath with
scattered Eucalyptus sclerophylla and Corymbia gummifera occurring in the low open canopy.
Angophora hispida distinguishes this from other heath types. It occurs with other species such as
Leptospermum trinervium, Petrophile sessilis, Hakea dactyloides, Banksia oblongifolia and
Pultenaea elliptica.

Upper Georges River Sandstone Woodland (Map Unit 35) represents another enriched sandstone
environment occurring in the western band of the northern Catchments. Again the Mittagong
Sandstone formations provide the interbanding shale influence in the soil that supports a canopy
dominated by Corymbia gummifera, Eucalyptus punctata, E. sclerophylla and stringybarks from
the E. oblongalgloboidealeugenioides complex. Unlike other woodlands, Banksias are not
prominent in this assemblage with shrub species more often comprising Acacia ulicifolia, A.
terminalis, Leptospermum trinervium and Persoonia linearis. Grasses including Entolasia stricta,
Austrostipa pubescens and Themeda australis often dominate the ground cover.

Sandstone ridgetops also support areas of Mallee-Heath. These comprise a very similar
combination of heath and ground cover species to woodlands, although the structure of the
vegetation is characterised by low open cover of mallee trees. In the Woronora and O'Hares
Catchments, Eucalyptus luehmanniana is the most frequent and prominent. It is found amongst
rock outcrops at the end of north facing spurs and also on sandstone ridgetops where massive
rock plates occur beneath the skeletal sandy soil. To the south, dramatic sandstone tors outcrop
in the Avon and Cordeaux Catchments. Mallees here are either Eucalyptus apiculata or E. stricta
with a shrub layer of Leptospermum arachnoides, L. trinervium, Hakea dactyloides and Banksia
ericifolia subsp. ericifolia.

4.1.7 Sandstone Gully Forests

Four Sandstone Gully Forests have been described. These sheitered forests follow distribution
trends found amongst the ridgetop woodlands. In the northern catchments of Woronora River and
O’Hares Creek, two sandstone gully forests have been previously described (Keith, 1994). In the
east, two tree species (Angophora costata and Eucalyptus piperita) dominate. Tall shrubs of
Banksia serrata and Ceratopetalum gummiferum rise above a lower shrub layer of Banksias,
Hakeas and Wattles. The ground often supports a dense cover of Doryanthes excelsa amongst
other species such as Lomandra longifolia and Pteridium esculentum. As the forest descends
closer to the creekline, the understorey can become a matting of Gleichenia species and Bauera
rubioides, and may include Ceratopetalum apetalum in the shrub layer. This community,
Sandstone Gully Apple-Peppermint Forest (MU25), extends to the north east of the Holsworthy
Military Area, through Heathcote National Park and is extensive in Royal National Park.

Changes in rainfall and elevation result in a slightly different gully assemblage (Western
Sandstone Gully Forest - Map Unit 28) in the west of the O'Hares Creek Catchment. In areas
where rainfall is less than 1050 millimetres per year the forest is dominated by Angophora costata,
Eucalyptus punctata, E. pilularis, E. agglomerata and Corymbia gummifera (NPWS, 2000b). A
sparse small tree layer of Allocasuarina littoralis and Ceratopetalum gummiferum occurs above
Acacia terminalis, Leptospermum trinervium and Persoonia linearis. This community grades into
Upper Georges River Sandstone Woodland on upper slopes. It features in the gully lines of the
Georges River and lower Cataract River.
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South of Appin Road, between the O'Hares and Cataract Catchments, there is another change
which marks a north-south gradient along the Study Area. Two conspicuous species (Angophora
costata and Doryanthes excelsa) no longer occur in the gullylines and sheltered environments and
the forest is dominated by tall Eucalyptus piperita, Corymbia gummifera, E. sieberi, E. globoidea
and E. agglomerata. Shrub layers remain relatively consistent between the north and southern
catchments, although Banksia serrata is not as prominent. While primarily a gully and sheltered
slope community, the combination of species found in Sandstone Gully Peppermint Forest (Map
Unit 26) are sometimes found in exposed locations such as upper slopes and crests where rainfall
levels are exceptionally high. Examples of this are found in areas close to the escarpment edge.

Amongst the higher elevations in the Nepean and western Cordeaux Catchments another
variation in sandstone gully forest emerges (Nepean Sandstone Gully Forest - Map Unit 27).
Occurring in proximity to Mittagong Formation Sandstone, this tall forest is comprised of
Eucalyptus piperita, E. agglomerata, E. punctata and E. sieberi. Small trees of Allocasuarina
torulosa and A. littoralis are found. Elaeocarpus reticulatus, Leucopogon lanceolatus var.
lanceolatus, Banksia spinulosa var. spinulosa, Ceratopetalum gummiferum and Persoonia linearis
mark the moderately dense shrub layer. Like Map Unit 28, it occurs on the deeply dissected
gorges of the western Study Area and as a result share many species. The grade between the
two map units is most notable south of Broughtons Pass in the Cataract Catchment, where
Eucalyptus pilularis no longer occurs.

4.1.8 Upland Swamp Complex

The Upland Swamp Complex found on the Woronora Plateau is one of the more distinctive
vegetation features. The extensive areas of treeless heaths and sedgelands found at locations
such as Maddens Plains provide a dramatic contrast to the surrounding sandstone woodland.
Early explorer descriptions of the swamps as moor like plains are realistic as often these areas
can be shrouded in fogs as cloud develops and rises rapidly over the escarpment at Bulli. Since
then, both the geomorphology (Young, 1986) and vegetation (Davis, 1941a; Keith & Myerscough,
1993; Keith, 1994) have been well studied.

Young (1986) described these areas as “dells.” These form on quaternary sand deposits and
humic matter (Hazelton et al., 1990). Keith & Myerscough (1993) described five vegetation
communities that grow within these upland swamps. These communities reflected a moisture and
nutrient gradient in the underlying soil. Gradation between these different communities is often
very rapid, and difficult to distinguish using air photo patterns. Tea-tree Thickets (Map Unit 43),
comprised of species such as Leptospermum juniperinum, Melaleuca squarrosa, Gahnia
sieberiana and Gleichenia spp. occur on drainage lines where underlying soils are waterlogged.
An impenetrable cover of Banksia Thickets (Map Unit 42) develop on the edge of larger swamps,
soaks and minor drainage lines and may also encroach into surrounding sandstone woodland.
Banksia ericifolia subsp. ericifolia and Hakea teretifolia are the dominant species of this
assemblage. Three other communities, Cyperoid Heath, Restioid Heath and Sedgeland, have
been described by Keith (1994) but are mapped as one unit (Sedgeland-Heath Complex - Map
Unit 44). Sedges from the Cyperaceae family, including Gymnoschoenus sphaerocephalus and
Lepidosperma limicola, dominate Cyperoid Heath. Low shrubs of Banksia robur and
Leptospermum juniperinum occur patchily. Cyperoid Heath prefers the wetter locations on organic
sandy soils within the upland swamp complex, though it is replaced by Tea-tree Thicket in
drainage lines. Restioid Heath occupies relatively drier sites within the swamp complex, with
sedges from the Restionaceae family forming the dominant ground cover. Species include
Leptocarpus tenax, Empodisma minus and Lepyrodia scariosa. A low spreading shrub layer of
Banksia oblongifolia and Hakea teretifolia is common. Sedgeland occurs on the perimeter of
larger upland swamps or on gently sloping ‘hanging swamps’ in the headwaters of sandstone gully
lines. A thick, low cover of sedge species spreads across the extent of the community. Species
such as Leptocarpus tenax, Schoenus brevifolius, Schoenus paludosum and Lepyrodia scariosa
are frequently recorded. A number of sparsely scattered low shrubs such as Sprengelia incarnata,
Epacris obtusifolia and Symphionema paludosum are also found.
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These patterns are broadly reflected in the available site data in the catchments. However, sites
carried out across 400 square metre quadrats tend to mask some of the micro-scale trends that
are apparent in the data collected by Keith (1994) using 25 square metre sample areas.

Two additional vegetation communities (Map Units 45 and 46) have been described by this
project. The former describes a transitional area between the upland swamp vegetation and the
sandstone woodlands, and is called Fringing Eucalypt Woodland. Essentially this fringing swamp
community shares species from both the Restioid Heath Complex and the Sandstone Woodlands
with a sparse cover of Eucalypts, usually those from the Scribbly Gum complex, Eucalyptus
racemosa/haemastoma. Mallee-Heath (Map Unit 46) has been taken from work completed by
Benson & Fallding (1985) in the southern Avon Catchment. There is no formal site data located in
this community, although the descriptions suggested by these authors indicate that the inclusion of
the mallee Eucalyptus stricta is likely to be a variation to the drier areas within upland swamps
commonly occupied by Banksia Thickets.

Two communities aligned to Upland Swamps are located on Mittagong Formation Sandstone in
the far south west of the Study Area. Highlands Sandstone Allocasuarina Heath (Map Unit 41)
features a high abundance of Allocasuarina paludosa and A. diminuta subsp. mimica in
combination with Banksia spinulosa var. spinulosa and B. oblongifolia. Highlands Sandstone
Swamp Woodland (Map Unit 47) appears to have combinations of species that are found on both
sandstone and shale environments. Eucalyptus ovata, E. radiata subsp. radiata, E. mannifera
subsp. rannifera and E. sclerophylla dominate the open woodland that follows drainage lines and
soaks. Leptospermum juniperinum and Banksia spinulosa var. spinulosa form an occasional
shrub layer above a damp ground that is covered by Lomandra longifolia and Pteridium
esculentum with rushes such as Juncus continuus and Eleocharis sphacelata.

4.1.9 Escarpment Cliffs

The escarpment cliffs and upper escarpment slopes provide habitat for a complex of scrubs,
heaths and mallees. Directly on and below the cliffine, a stunted scrub dominated by
Ceratopetalum apetalum grows in combination with species found more extensively across the
sandstone plateau. Species may include Banksia serrata, Epacris longiflora and Tristania collina.
The escarpment cliff complex has been mapped as one unit, Cliffline Coachwood Scrub (Map Unit
5), although there are several vegetation communities within it. The sheer dliff face and scale of
the variations are too small to define at the mapping scale.

High rainfall contributes to the persistence of mesic species within the sandstone scrubs. At
several disjunct locations along the edge of the escarpment, a unique mallee woodland of
Eucalyptus dendromorpha, Syncarpia glomulifera subsp. glomulifera and E. sieberi is found.
Stunted Ceratopetalum apetalum and Schizomeria ovata were found at the sample site amongst
Leptospermum polygalifolium subsp. polygalifolium and Melaleuca squarrosa. Budawang Ash
Mallee Scrub (Map Unit 36), as it has been described in this report, covers just over twelve
hectares of the Study Area

4.1.10 Cumberland Plain Woodlands

On the western fringe of the Nepean and Cataract Catchments between Bargo and Appin isolated
remnants of the once extensive Cumberland Plain Woodlands remain. Woodlands comprised of
Eucalyptus tereticornis, E. moluccana and E. crebra occur above a sparse shrub cover and very
grassy understorey. These vegetation communities (Map Units 20 and 21) are known as Shale
Plains and Shale Hills Woodlands (NPWS, 2000d) and were extensively distributed across the
Cumberland Plain on Wianamatta Shales at elevations lower than 150 metres. The extent of
depletion, the on-going threat of clearing and poor reservation status led these communities to be
listed as an Endangered Ecological Community under the Threatened Species Conservation Act,
1995.
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4.2 REGIONAL STATUS OF VEGETATION COMMUNITIES

Table 11 describes the regional distribution of each of the communities and provides an estimate
of their area in the Sydney Basin Bioregion. The proportion of each of these communities located
in formal reserves (NPWS Estate) is also given.

TABLE 11: DISTRIBUTION OF VEGETATION COMMUNITIES OF THE STUDY AREA IN THE
SYDNEY BASIN BIOREGION

Uistribution in Sydney Basin Bk N Known'E Extant Area In Extaril Ared aind

Estate (ha/%])

Wawarra 6.5
Escarpment
Subtropical

Rainforest

Coachwood Warm
Temperate
Rainforest

Robertson Cool-
Warm Temperate
Rainforest

Sandstone Riparian

Scrub

Cliffline Coachwood
Gerub

Moist Blue Gum-
Blackbutt Forest

Moist Coastal White
Box Forest

1202.29

Moist Gully Gum
Forest

Nepean Gorge Moist 417.8

I"orest

Robertson Basalt
Brown Barrel Forest

Moist Shale
Messmate Forest
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Map Ve Or Jistribution in Sydney Hasin Bior
Unit Community

Highlands Ribbon
Gum Gully Forest

Tall Open Guily Gum
Forest

Tall Open
Peppermint-Blue
Gum Forest

Tall Open Blackbutt
Forest

Tall Blackbutt-Apple
Shale Forest

O'Hares Creek
Shale Forest
Highlands Shale Tall
Open Forest

Transitional Shale
Open Blue Gum
Forest

Cumberiand Shale
Hills Woodiand

Cumberland Shale
Plains Woodland

Transitional Shaic
Dry Ironbark Forest

Transitional Shalo
Stringybark Forest

Highlands Alluvial 2140

Red Gum Woodland
Sandstonz Cully 11868
Apple-Peppermint

Forest

Sandslune Gully 24500
Meppermint Morest

Nepean Sandstone >15000
Gully Forest

Western Sandstone
Gully Forest

Exposed Sandstone
Suribbly Gurni
Woodland

Nepean Enriched
Gandstone
Woodland

Highlands
Sandstone Scribbly
Gum Woodland
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Listribution in Sydney Basin Bioreg

Escarpment Edge
Silvertop Ash Forest
Silvertop Ash

Ironstone Woodland

Sandstone Heath-
Woodland

Upper Georges
River Sandstone
Woodland
Budawang Ash
Maliee Scrub
Dwarf Apple Heath

Rock Pavement
Heath

Rock Plate Heath- >1500

Mallee
Woronora Tall >547
Mallee-Heath
Highlands
Sandstone
Allocasuarina Heath
Upland Swamps:
Banksia Thicket

>59

>47000*

Upland Swamps: >47000*

Tea-tree Thicket

Upland Swamps: >47000*
Sedgeland-Heath

Complex

Upland Swamps: >47000* 1579.95
Fringing Eucalypt

Woodland
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Map Vegetation Distribution in Sydney Basin Bioregion  Known Extant Extant Area in Extant Area and
Unit Community Areain Catchment (ha) Proportionin NPWS
Bioregion {ha) i Estate (ha/%)
Upland Swamps >47000*
Mallee-Heath

Highlands >439.60
Sandstone Swamp Talal 1 L
Woodland i

18 Highlands Swamp >144
Guin-Melaleuca ) are on th

Wondland Southern Highlan
* Figures for Upland Swamps combined.

4.2.1 Rainforests

The most extensive type of rainforest is Map Unit 2 - Coachwood Warm Temperate Rainforest.
Along with Sandstone Riparian Scrubs it has the most area conserved of the rainforest types in
the Bioregion. Map Unit 1 - lllawarra Escarpment Subtropical Rainforest and Map Unit 3 -
Robertson Cool-Warm Temperate Rainforest are less well conserved, with the latter heavily
depleted from the original distribution on the Basalt soils of the Robertson Plateau. Consequently
it has been listed as an Endangered Ecological Community. Recent mapping for the
Wingecarribee Shire Council (Eco Logical Australia, 2002) suggests that around seventeen
percent of its original distribution remains.

4.2.2 Moist Forests

The Moist Forest vegetation is a feature of protected slopes and gullies of Narrabeen geologies on
the eastern side of the catchments. Map Units 7 and 8 are found along the southern lllawarra
Escarpment as well as within the catchments, albeit in smaller areas. Map Unit 6 - Moist Blue
Gum-Blackbutt Forest has more in common with gully line vegetation along the Hacking River in
Royal National Park. These communities have a relatively high proportion of their extant
distribution located within reserves. A number of Moist Forests located on shale or basalt soils of
the southern highlands are listed on the Threatened Species Conservation Act as Endangered
Ecological Communities. Map Units 10, 11 and 12 are all part of either the Robertson Tall Open-
forest or the Southern Highlands Shale Woodlands determinations. Nepean Gorge Moist Forest is
restricted to the deepest and narrowest gorges in the Nepean Catchment. The moist component
is characterised by a depauperate Coachwood Warm Temperate mesic shrub layer that has
greater affinities to similar habitats on the Nattai Plateau in the Warragamba Special Area.

4.2.3 Tall Open Forests

lall Open Forests are characteristic of exposed locations on richer soils. Soil type may vary from
Wianamatta Shale, Narrabeen Shales and Sandstones to Hawkesbury Sandstone with Shale
lenses. O'Hares Creek Shale Forest (Map Unit 17) is listed as an Endangered Ecological
Community. The area within the catchments represents the total area known in the Bioregion.
Another Endangered Ecological Community, Map Unit 18 (Highlands Shale Tall Open Forest) is
characterised by a canopy species not listed on the determination, although the total floristic
composition is closely matched. The areas within the catchments represent the most extensive
samples of this community in the Bioregion. Transitional Shale Open Blue Gum Forest (Map Unit
19) occurs on a single isolated patch of residual shale in western Cataract Catchment. The
floristics of this site is most closely aligned to Transitional Shale Sandstone Forests (Low
Sandstone Influence) that are found on the rim of the shales of the Cumberland Plain (NPWS,
2000d). Map Units 15 and 16 share a similar forest structure. However, the latter, Tall Open
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Blackbutt-Apple Shale Forest, occurs on isolated caps of shale in the far north east of the
catchment, the biggest of which now lies undemeath the township of Helensburgh. Only a small
portion of this community occurs in Woronora Catchment, with remaining areas found in Royal and
Heathcote National Parks. Tall Open Blackbutt Forest (Map Unit 16) shares greater similarities
with components of both the tall forests of the Hacking River side slopes and to a lesser degree
the Escarpment Blackbutt along the northern Illawarra escarpment. Other tall open forests, Map
Units 13 and 14 are not described elsewhere in the literature and may be restricted to areas within
the catchments.

4.2.4 Shale Woodlands

All vegetation communities comprising this group, except Map Unit 24, are listed as Endangered
Ecological Communities, forming part of the Cumberland Plain Woodlands and Transitional Shale
Sandstone Forests determinations. These communities are all typified by high levels of depletion,
poor reservation status and on-going threatening processes. Map Unit 24 (Highlands Alluvial Red
Gum Woodland) remains unsampled, although his highly likely to also be a component of the
Southern Highlands Shale Woodlands determination.

4.2.5 Sandstone Forests and Woodlands

Variation in sandstone forests and woodlands arises from changes in soil, elevation and rainfall.
Two exposed sandstone communities occur more prominently in sandstone environments south of
the Study Area. Escarpment Edge Silvertop Ash Forest (Map Unit 32) is closely related to Forest
Ecosystem 137: Coastal Escarpment Moist Shrub/Fern Forest (NPWS, 2000a), a forest
ecosystem described for the Southern CRA Region. It is a feature of the eastern Morton plateau,
Budawang National Park and between Fitzroy Falls and Budderoo National Park. The Study Area
represents the northern limit of this community.

Highlands Sandstone Scribbly Gum Woodland (Map Unit 31) occurs in high elevations in the
Nepean Catchment. It is closely related to Forest Ecosystem 139: Northern Coastal Hinterland
Heath Shrub Dry Forest (NPWS, 2000a). This ecosystem is also distributed throughout Budderoo
and Morton National Parks. As a result the reservation levels for these communities are relatively
high.

Exposed Sandstone Scribbly Gum Woodland (Map Unit 29) is the most widespread community in
the Catchment. The flonistics of this community differs from those exposed sandstone
communities found in Warragamba Special Area, Royal National Park and Holsworthy. Further
analyses are required to examine other sandstone woodlands found in Ku-ring-gai Chase,
Marramarra, Wollemi, Yengo and Brisbane Waters National Parks.

Nepean Enriched Sandstone Woodland (Map Unit 30) and Upper Georges River Sandstone
Woodland (Map Unit 35) both occur predominantly on Mittagong Formation Sandstones, a slightly
richer soil than those derived from the Hawkesbury series. Map Unit 35 is more extensively
distributed between Appin and Holsworthy with the area in Cataract Catchment representing a
small portion of the total area of the community.

Sandstone Gully vegetation is also well protected in the current reserve system. Sandstone Gully
Apple-Peppermint Forest (Map Unit 25) occurs across O'Hares and Woronora Catchments and
extends throughout Royal National Park. The closely related Sandstone Gully Peppermint Forest
(Map Unit 26) is not located within formal reserves but is widespread through Cordeaux, Cataract
and Avon catchments. Nepean Sandstone Gully Forest (Map Unit 27) occurs at higher elevations
in drier areas across the Nepean Catchment. A close association with sandstone gullies was
achieved with similar habitats in the Nattai and Burragorang plateaux in the Warragamba Special
Area.

Western Gully Sandstone Forest is less protected in formal reserves as it features along the
interface of the Campbelitown urban area and within Holsworthy Military Area. O'Hares
Catchment supports the largest protected area.
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Two Sandstone Woodland Communities appear to be influenced by a mantle of lateritic material
(ironstone) within the O’'Hares and Woronora Catchments. Silvertop Ash Ironstone Woodland is
concentrated in the eastern half of the O’Hares Catchment, with less frequent occurrences in
Woronora Catchment and Royal National Park. These lateritic soils are often associated with
shale lenses within the sandstones of the Hawkesbury Series. They are generally small and
patchily distributed with occurrences previously noted in Brisbane Waters and Ku-ring-gai Chase
National Parks, Somersby Plateau and the Duffys Forest area. The Duffys Forest Vegetation
Community has been listed as an Endangered Ecological Community under the TSC Act, 1995.
Smith & Smith (2000) have carried out some investigations into the composition and regional
variations in these lateritic communities. They concluded that the Silvertop Ash Ironstone
Woodland found in the O'Hares Creek Catchment is unlikely to be related to Duffys Forest.
Lateritic soils found on the Somersby Plateau are more likely to share floristic similarity (pers.
obs.), particularly as the conspicuous Doryanthes excelsa and Eucalyptus sieberi dominate. Such
conclusions have not been explicitly tested and remain a future endeavour.

Sandstone Heath-Woodland is also characterised by a thin and fragmented cover of laterite on
broad flat ridges. Keith (1994) suggests that more extensive areas occur in the Menai-Holsworthy
Area, though more recent studies in these areas (French et al., 2000; NPWS, 2000c) were unable
to distinguish this assemblage on floristic composition at the scale at which they were mapped.
Other potential localities within the Bioregion include Royal National Park and the Hornsby Plateau
as noted by Keith (1994).

4.2.6 Mallees, Heaths and Scrubs

The broad group of communities that define the Mallees, Heaths and Scrubs have naturally
restricted distributions, with all of them occurring on sandstone substrates. Budawang Ash Mallee
Scrub (Map Unit 36) is highly restricted to the escarpment edge between Coalcliff in the north and
at least as far south as Kiama. While the species Eucalyptus dendromorpha is known from the
Blue Mountains, the assemblage defined here is thinly distributed.

Dwarf Apple Heath (Map Unit 37) described by Keith (1994) occupies a single site within O'Hares
Creek Catchment. The indicator species Angophora hispida in this heath complex, is more widely
distributed in Holsworthy Military Area (French et al., 2000) and may occur sporadically along the
western fringe of the Woronora Catchment. Dwarf Apple heathlands are found in Dharug, Ku-ring-
gai Chase, Yengo and Garigal National Parks and share some species but differ in their complete
assemblage.

Rock Plate Heath Mallee (Map Unit 39) occurs throughout the catchments and into Royal National
Park. Closely related Mallee-Heaths are present throughout the sandstone environments of the
Bioregion, although minor floristic variation occurs. Nattai and Blue Mountains National Parks
support good examples of this assemblage.

Woronora Tall Mallee Heath (Map Unit 40) features Eucalyptus luehmanniana, a species narrowly
confined to the Sydney Bioregion in highly localised patches between O’Hares Creek Catchment
and the Central Coast. The Woronora Catchment supports some of the more extensive patches of
this community. It is present in Heathcote (pers. obs.), Royal, Garigal and Ku-ring-gai Chase
National Parks (Keith, 1994).

Rock Pavement Heath (Map Unit 38) is often overlooked in mapping projects because it is small
and highly localised community, and often difficult to identify using remote sensing mapping
techniques. The total area of this assemblage within the Bioregion is highly underestimated, and it
can be assumed that is more extensive throughout sandstone environments. Keith (1994) notes
that minor floristic differences may arise between areas, although sites in Royal, Heathcote and
Nattai National Parks are likely to be analogous.

Highlands Sandstone Allocasuarina Heath is an unusual community within the Bioregion. lIts
distribution is poorly understood, though Benson & Howell (1994) indicate that a similar
assemblage is present at Heathcote. Like other heath communities the total area within the
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Bioregion is likely to be small with most occupying sites in the extensive sandstone reserve
system.

4.2.7 Upland Swamps

Upland Swamps are a feature of sandstone plateaux across the Bioregion, although nowhere are
they as extensive as those found in the Study Area. The Maddens Plains area is the centre point
of these vegetation communities within the catchments. Keith (1994) notes that sedgeland (a
component of Map Unit 44) has a very limited and patchy distribution. This is supported by
observations during this study. Outside of the Study Area, examples of this vegetation type are
found in Holsworthy and Royal National Park (Keith, 1994), and may be present elsewhere.

Cyperoid Heath is analogous to Forest Ecosystem 141: North Coast (and Escarpment) Wet Heath
Sedge for the Southern CRA Region, although Banksia robur is not part of the assemblage in
these southern locations. However, a substantial proportion of its original distribution remains in
reserves. A similar assemblage is present in the Warragamba Special Area, and in Blue
Mountains, Ku-ring-gai Chase and Brisbane Waters National Parks.

Tea-tree Thickets (Map Unit 43) are poorly mapped within the Bioregion as they are small and
restricted features. Keith (1994) indicates that Royal and Ku-ring-gai Chase National Parks
support examples of this community, as do limited areas within the Warragamba Special Area and
Blue Mountains National Park.

Restioid Heath (a component of Map Unit 44) is extensive throughout the Study Area, although its
distribution in the Bioregion is less well known. Keith (1994) found similarities with vegetation
present amongst the Ku-ring-gai Chase and Brisbane Waters National Parks Upland Swamp
complexes. A loosely related assemblage is described by Ecosystem 144: Northern Coast and
Hinterland Moist Heath (NPWS, 2000a) for areas within Morton National Park.

Banksia Thickets (Map Unit 42) feature throughout the catchment developing a dense perimeter to
the sedgeland and heath complexes. Keith (1994) notes that Banksia Thickets are present
amongst similar upland swamps already described although some differences arise with the
presence or absence of Allocasuarina distyla. Ecosystem 140 Northern Coastal Wet Heath
(NPWS, 2000a) shares a similar composition of species in the south coast region.

As much of the preferred habitat for upland swamps exists in areas that have not experienced
heavy urban development and agricultural pressures, large areas remain in protected areas.

Two further communities (Map Unit 47 and 48) are not well sampled in this survey and are poorly
described elsewhere. Remaining stands of Swamp Gum-Melaleuca Woodland occurs on shale
derived soils and is likely to be poorly reserved.

4.3 ENDANGERED ECOLOGICAL COMMUNITIES

The NSW Scientific Committee have listed a number of vegetation assemblages that occur within
the Study Area as Endangered Ecological Communities under the Threatened Species
Conservation Act, 1995. These communities are:

e Robertson Basalt Tall Open-forest

¢ Southern Highlands Shale Woodlands
e O'Hares Creek Shale Forest

e Cumberland Plain Woodland

» Shale/Sandstone Transition Forest

¢ Robertson Rainforest

These communities are broadly described in the determination using typical habitat and
characteristic plant species present. In a number of determinations particular locations are given
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as examples of the Endangered Community. All of the determinations make clear that the listing
applies to the Sydney Basin Bioregion only.

TABLE 12: RELATIONSHIP BETWEEN ENDANGERED ECOLOGICAL COMMUNITIES (TSC
ACT, 1995) AND VEGETATION COMMUNITIES DESCRIBED IN THIS REPORT

Endangered Ecological Community Name Corresponding Vegetation Community (this report)

O'Hares Creek Shale Forest
Cumberland Shale Plains Woodland
Cumberland Shale Hills Woodland
Transitional Shale Dry lronbark Forest
Transitional Shale Stringybark Forest
Transitional Shale Open Biue Gum Forest
Highlands Alluvial Red Gum Wood!and
Highlands Ribbon Gum Guily Forest
Highlands Shale Tall Open Forest

Robertson Basait Brown Barrel Forest

~ Moist Shale Messmate Forest

. Robertson Cool-Warm Temperate Rainforest

Table 12 indicates the relationship between the determinations and the classification used in this
report. Several of these determinations describe broad vegetation communities that have been
divided into their component parts in this report. The distributions of these communities are shown
in Map 13.

4.4 DISTURBANCE ASSESSMENT:

Users ot data relating to the disturbance assessment need to be cautious with how this information
is applied. The mapping process highlights patterns and indicators of disturbance that may affect
the condition of vegetation. The impact of any disturbance event on the species diversity at any
given site needs to be examined using field based methods. It is inappropriate that the
disturbance assessment be used to disregard the contribution of particular patches of vegetation
to a conservation goal that seeks to maximise biodiversity. Vegetation that presents evidence of
high levels of disturbance may still support significant numbers of native species. As a result
disturbance data is best applied to issues that draw attention to management issues such as
threatening processes (weeds, clearing etc).

However the assessment of disturbance features has been completed in order to develop a
relative index of disturbance intensity for each patch of native vegetation. The process used is
limited by the disturbance patterns observable from aerial photographs and the subjective criteria
used to weight condition.

Such data provides an indication of the degree of threatening processes impacting on a particular
vegetation community across their entire distribution within the Study Area. Some map units are
consistently degraded across their range, with no remnants of that type displaying an absence of
disturbance patterns.

Table 13 lists the proportions of each vegetation community that have low, medium and high
levels of disturbance, as recorded during API. The latter category includes Scattered Trees that is
essentially remnant trees over a completely degraded understorey. The table is sorted in order of
most disturbed to least.

The areas with the most fertile soils, particularly those derived from volcanic substrates, have been
the most effected by disturbance. Coupled with the fact that these areas have suffered the
greatest rates of clearing, the vegetation communities present occupy a far smaller area than their
original extent. The three areas that have suffered the highest disturbance are:

» Robertson Plateau — High levels of clearance, with many remnants consisting of regenerating
Acacia Scrubs, consisting of weeds or planted exotics or subject to high levels of disturbance.
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e Upper Cordeaux — The rainforests and moist forests have been cleared in the past and now
are regenerating as Acacia Scrubs, or exhibit high levels of disturbance.

s Cataract Catchment — Allen Creek in the north has been previously cleared, and much of the
vegetation shows high levels of disturbance, whilst further south around Bellambi and Cataract
Creeks, large areas of Turpentine Regeneration occur, particularly east of the Princes
Highway.

The areas of shale along the western boundary of the Study Area and at isolated patches, such as
at Darkes Forest, have also generally been cleared in the past, and remain in agricultural usage
today. In comparison, the vegetation communities present in the northern, less fertile catchments
of O'Hares Creek and Woronora River, have suffered far less disturbance, with the main
disturbance being associated with powerline easements and tracks established as fire trails and
associated with the mining infrastructure.

TABLE 13: VEGETATION COMMUNITY BY DISTURBANCE INTENSITY (PERCENTAGE OF
EXTANT VEGETATION)

High Disturbance

Map Vegetation Community Name Disturbance

Unit 1%} (%)
~ MUS3 Robertson Cool-Warm Temperate Rainforest 205 5.5 74.0
MU1I {llawarra Escarpment Subtropical Rainforest 19.8 7.0 73.2
MU24 Highlands Alluvial Red Gum Woodiand 111 227 66.1
MU10 Robertson Basalt Brown Barrel Forest 35.6 6.0 58.5
MU20 Cumberiand Shale Hills Woodland 46.2 0 53.8
MU21 Cumberland Shale Plains Woodland 2.3 63.6 34.1
MUY Moist Coastal White Box Forest 60.1 14.8 251
MU18 Highlands Shale Tall Open Forest 77.0 6.2 16.8
MU22 Transitional Shale Dry lronbark Forest 70.9 13.0 16.1
[ MLI1 Moist Shale Messmate Forest 81.1 4.7 14.1
MUB Moist Blue Gum-Blackbutt Forest 451 414 135
MU17 O'Hares Creek Shale Forest 89.0 0 11.0
: MU48 Highlands Swamp Gum-Melaleuca Woodland 82. 7.9 9.7
M4 Tall Open Peppermint-Riue Gum Faorast RQ 3 A5 Q2
‘MU8 Moist Gully Gum Forest 68.3 24.2 73
MU12 Highlands Ribbon Gum Gully Forest 92.5 0.8 6.7
MU13 Tall Open Gully Gum Forest 67.1 27.2 B.6
MU15 Tall Open Blackbutt Forest 79.6 15,7 46
MU33 Silvertop Ash Ironstone Woodland 93.1 Fallg 4,2
MU2 Coachwood Warm Temperate Rainforest 71.9 24.2 38
MU31 Highlands Sandslone Scribbly Gum Woudland 941 2.4 35
MU16 Tall Blackbutt-Apple Shale Forest 230 68.1 2.9
MU35 Upper Georges River Sandstone Woodland 92.6 8.2 1.2
MU32 Escarpment Edge Silvertop Ash Forest 98.7 0.4 09
MUZ25 Sandstone Gully Apple-Peppermint Forest 99.3 0.2 0.5
MUZ28| Exposed Sandstone Scribbly Gum Woodland 99.1 0.5 04
MU27 Nepean Sandstone Gully Forest 99.7 0.2 0.1
MU4 Sandstone Riparian Scrub £o.9 0 0.1
MU30 Nepean Enriched Sandstone Woodiand g9.9 0 0.1
MUZ23| Transitional Shale Stringybark Forest 98.3 1.7 0
MU28 Western Sandstone Gully Forest 98.7 1.3 0
MU42 Upland Swamps: Banksia Thicket 99.8 0.2 0
MUZ26| Sandstone Gully Peppermint Forest 100 0 0
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Map Vegetation Community Name Low Dlsturbance Moderate Disturbance  High Disturbance

Unn (%) (%)

- MUS Ciiffiine Coachwood Scrub 100 0 0
b "'ﬁ 9 Nepean Gorge Moist Forest 100 0 0
o J:»jl.l?ﬁ Transitional Shale Open Blug Gum Forest 100 0 0
MUZM Sandstone Heath-Woodland 100 0 0
¥ :I\Iuaﬁ Budawang Ash Mallee Scrub 100 0 0
M'LEZ: Dwarf Apple Heath 100 0 0
_L_gg. Rock Pavement Heath 100 0 0
r,imb Rock Mlate | lcath Mallee 100 0 0
m{no Woronora Tall Mallee-Heath 100 0 0
Hiﬁ: Highlands Sandstone Allocasuarina Heath 100 0 0
; h_ll.ﬂ_a Upland Swamps: Tea-tree Thicket 100 0 0
MI:MA Upland Swamps: Sedgeland-Heath Complex 100 0 0
. - MUA45 Upland Swamps: Fringing Eucalypt Woodland 100 0 0
MU#Q- Upland Swamps: Mallee-Heath 100 0 0
MU47 Highlands Sandstone Swamp Woodland 100 0 0

~ * Includes Scattered Trees

Compared to areas with higher disturbance from agriculture and urbanisation, such as the
lllawarra Coastal and Cumberland Plains, weeds form only a relatively small problem with the
Study Area. Table 14 lists some of the exotic species recorded at survey sites during the various
surveys undertaken in the catchments. This list will not be complete, due to the fact that most
sites are undertaken in areas of minimal disturbance. Other species known to be present include
Pampas grass (Cortaderia selloana) and Willows (Salix spp.).

This disturbance assessment does not take into account fires, particularly the January 2002 fires,
which may have significant effects on the structure and species composition of a vegetation
community.

4.5 RESERVATION STATUS ASSESSMENT

The proportion of a Vegetation Community located within formal reserves is regularly used as one
i<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>