
4  ER/NSWbECC 	 () 

2008/183 	4!WT  

- NN~- - 

' 	 S 

,z 	r' 
/ 	I 	 / f 	/Ole 

; 

T he Native Vegetation of Yen go 
and Parr Reserves and Surrounds 

1 

Department of Environment & Climate Change NSW 



THE NATIVE VEGETATION OF 
YENGO AND PARR RESERVES 
AND SURROUNDS 

bepc'tment of Environment 
Cmate Change (NSW) 

UBRAPY - GOULBURN ST 

Shelf 

Ibno; 



ACKNOWLEDGEMENTS 
For enquiries regarding this report please contact 
the Manager, Information and Assessment 	

This project was funded by the Central Branch, 

Section, Metropolitan Branch, Environment 	
Parks and Wildlife Group, Biodiversity Survey 

Protection and Regulation Group, Department of 	
Priorities Program 

Environment and Climate Change, Hurstville. 

This report should be referenced as follows: 

DECC (2008) The Native Vegetation of Yengo 
Yen go and Parr Reserves and Surrounds. 
Department of Environment and Climate Change 
NSW, Hurstville. 

Map data is supplied by the Department of 
Environment and Climate Change. Maps are 
copyright Department of Environment and Climate 
Change NSW. They are not guaranteed to be free 
from error or omission. The Department of 
Environment and Climate Change and its 
employees disclaim liability for any act done on the 
information in the map and any consequences of 
such acts or omissions. 

Photographs are copyright Department of 
Environment and Climate Change or the individual 
photographer. 

Thankyou to: 

The numerous landowners neighbouring the park 
who provided access through their properties and 
local knowledge, including John Tullock, Rod 
Wallace, Jack Broadbenl, Jim Donavan, Ross 
Darby, Merv Payne, P. Trenchev, June McQueen, 
Dale Segut, Ryan and Leanne Lambert, Tony 
Harvey, Lawson Stein, Jan Scott and Noeline 
Smith. 

Published by: 
Department of Environment and Climate Change 
43 Bridge St, Hurstville NSW 2220 
P0 Box 1967, Hurstville NSW 1482 
Phone (02) 995 5000 (switchboard) 
www.environment.nsw.gov.au  

The Department of Environment and Climate 
Change is pleased to allow this material to be 
reproduced in whole or in part, provided the 
meaning is unchanged and its source, publisher 
and authorship are acknowledged. 

ISBN: 978 1 74122 596 9 

DECC: 2008/1 83 



EXECUTIVE SUMMARY 
This report describes the distribution and composition of the native vegetation of Yengo National Park, 
Parr State Conservation Area, Comleroy State Forest and adjoining private lands and inholdings. The 
project offers a revision of the vegetation classification and mapping studies completed by Sanders et al. 
(1988) and Bell et al. (1993). Since these previous efforts there has been a greater demand placed on 
vegetation maps to delineate the distribution of Endangered Ecological Communities (EECs) and 
threatened species habitats, as well as describe the condition of the vegetation within the reserve system 
to aid reserve management and regional conservation planning. 

The completion of a new digital multi-attribute vegetation map for the study area is part of an incremental 
approach to achieving consistent flora and fauna information for all reserves in the Central Branch of the 
Parks and Wildlife Group under the Biodiversiy Survey Priorities (BSP) program. In particular it is a step 
towards providing key natural resource data for management of the Blue Mountains World Heritage Area. 
In all, data from 124 new floristic sites was collected, providing a total of 441 sites across the reserves 
and adjoining lands. Over 1000 plant species are recognised from site data of which eighteen are listed 
as threatened under the NSW Threatened Species Conservation Act (TSC Act), 1995. Ten of these 
threatened species are also recognised nationally under the Commonwealth Environment Protection and 
Biodiversity Conservation Act, 1999. (EPBC Act). Maps describing the distribution of vegetation 
communities and disturbance patterns were generated by interpretation of recent 1:25 000 aerial 
photography and extensive field traverse. 

The study area is situated within a large rainshadow zone between the coastal escarpment and the Blue 
Mountains-Wollemi ranges. Patterns in the local distribution of vegetation communities are heavily 
influenced by soil type and aspect. However within a broader regional and statewide context the 
vegetation composition relates more directly to the pervading dry and warm climate and infertile 
sandstone sediments that dominate the landscape. 

The native vegetation communities present in the study area conform to several broad statewide 
vegetation classes described by Keith (2004) as follows: 

Sydney Hinterland Dry Sclerophyll Forests extend across the infertile sandstone plateaux. There 
are nine Map Units that fall into this class, offering a high diversity of shrubby forests and 
woodlands. 

Taller forests associated with sandstone gullies have only a low diversity and cover of mesic 
species and are very dry representaticns of the North Coast Wet Sclerophyll Forests. However it 
is in these forests that there are ex:ensive stands of two rare eucalypts, the Hillgrove Gum 
(Eucalyptus michealiana) and a box eucalypt (E. hypostomatica). 

Small areas of depauperate Northern Warm Temperate Rainforests are found on sandstone in 
very deep gullies. Residual basalt peaks of Mount Yengo and Mount Wareng include small areas 
of Dry rainforest with Stinging Tree (Dendrocnide excelsa). 

Coastal Valley Grassy Woodlands are found on small areas of richer soils associated with 
residual shale caps, basalt flows and riverflats. These communities all are typified by the 
indicators of past and current disturbance associated with agricultural land use. Most stands exist 
in highly modified states and Map Units that fall within this vegetation class are mostly 
recognised as Endangered Ecological Communities (EECs) under the NSW TSC Act, 1995. 

Also in the riverflat environments there are examples of Coastal Floodplain Wetlands, Coastal 
Freshwater Wetlands Coastal Swamp Forests and Eastern Riverine Forests, all recognised as 
EECs under the NSW TSC Act, 1995. 

The study area encompasses the eastern half of the Mellong Plateau an area of unusual perched 
sand deposits. These support unique shrubby open woodlands and are recognised with their own 
statewide vegetation class, Sydney Sand Flats Dry Sclerophyll Forests. 

Small areas of Western Slopes Dry Sclerophyll Forests are present on the footslopes of the 
Hunter escarpment. 
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1 INTRODUCTION 
1.1 BACKGROUND 

The Central Branch Parks and Wildlife Group (PWG) of the NSW Department of Environment and 
Climate Change [DECC, formerly NSW National Parks and Wildlife Service (NPWS)] has established a 
Biodiversity Survey Priorities (BSP) program for DECC managed estate within the Branch. This program 
recognises that information which documents biodiversity values held within reserves is fundamental to 
successful reserve management and to generating an improved understanding of the contribution 
reserves make to the protection of vegetat on communities, plant and animal populations and their 
habitats. Currently there is only sparse and incomplete documentation of the role reserves play in 
ensuring the viability of vegetation communities and flora and fauna species across large regions and 
local areas. 

It is an ironic situation that many of the largest reserves, which potentially contribute the most to 
biodiversity conservation, are also the most poorly understood and most deficient in data quality and 
quantity. The BSP program goes some way towards addressing this information shortfall by surveying 
the most poorly known reserves first and combining this work with larger regional conservation 
assessment projects. 

The inscription on the world heritage register of the Greater Blue Mountains Area has reinforced the need 
for comprehensive and consistent information that describes the composition and distribution of 
vegetation communities. Such knowledge is essential for management of issues such as fire, weeds, 
pests, threatened species and Endangered Ecological Communities (EECs). 

The purpose of this project is to improve the scale and accuracy of currently available vegetation 
mapping within Yengo National Park (NP) and Parr State Conservation Area (SCA). The aim is to provide 
a suitable resource to meet the demands of nultiple uses including fire management, the identification of 
EECs, flora and fauna species habitat mapping, cultural heritage studies, pest and weed management 
and land acquisitions, as well as supporting community education and neighbour relations programs. 

	

1.2 	PROJECT AIMS 

This project aims to: 

Review the vegetation classification system developed by Sanders et al. (1988) and Bell et al. (1 993) 
that currently describe the composition and distribution of vegetation communities within the study 
area; 

Carry out multi-attribute aerial photo interpretation (API) mapping using 1:25 000 scale aerial 
photography flown in 2001. 

Carry out field sampling of environments based on new API mapping and any new vegetation 
assemblages identified during field traverses or from survey gaps and limitations identified in the 
reports of Sanders et al. (1988) and Bell et al. (1993). 

Describe the floristic composition of the defined vegetation communities and their distribution within 
the study area. 

Relate the vegetation communities found in the study area to those defined at a regional scale 
(NPWS 2000) and statewide (Keith 2004:. 

Identify and map EECs listed under the NSW Threatened Species Conservation Act 1995 (NSW TSC 
Act, 1995) 

	

1.3 	STUDY AREA 

1.3.1 Location 

The Yengo and Parr reserves cover an extensive area of dissected sandstone plateaux between the 
Hawkesbury River and the Hunter Valley. Parr State Conservation Area is situated less than 50 
kilometres north west of Sydney, while the northern boundary of Yengo NP lies 20 kilometres south of 
Singleton. These reserves, and the adjoinhg private lands east of the Putty Road and north of the 
Hawkesbury River, form a study area of over 240 000 hectares. 
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The study area overlies a major watershed known as the Hunter Range, demarcating north flowing 
creeks that run toward the Hunter River and south flowing creeks that drain into the Hawkesbury-Nepean 
catchment. Rugged sandstone topography dominates the landscape with a network of hills, narrow gully 
and ridge systems and rock outcropping. These are interspersed with alluvial riverflats along the 
Macdonald, Hawkesbury and Wollombi Rivers. The extensive Mellong sandmass is found along the 
western boundary of the study area, and is bisected by the Putty Road. 

Conservation forms the primary landuse of the study area. Both Yengo NP and Parr SCA were dedicated 
in 1989 and cover 172 000 and 35 641 hectares respectively. Yengo NP forms part of the Greater Blue 
Mountains World Heritage Area inscribed by the International Union of Conservation of Nature and 
Natural Resources in 2000. Yengo NP, Parr State Conservation Area (SCA) and other nearby areas of 
crown, lease and freehold land were also nominated as a wilderness area under the Wilderness Act 
(1987). An assessment carried out under the Act identified an area of 105 400 bectares as meeting 
wilderness criteria (NPWS 2001). However, no declaration has yet been made. 

Outside of the reserves, the private lands along the fertile alluvial plains support a variety of agricultural 
activities such as grazing, orchards, plantations and turf farming. Small hobby farms are also 
characteristic of the land uses along the western and eastern boundaries of the study area. 

1.3.2 Biogeography 

Yengo and Parr reserves lie within the Sydney Basin Bioregion (Thackway and Cresswell 1995). This 
Bioregion delineates the landscapes of the sandstone plateaux between Batemans Bay in the south and 
the Hunter Valley in the north. It is characterised by a temperate climate with warm summers and no dry 
season. Approximately 40 percent of this Bioregion is reserved for conservation, largely as National 
Parks and Nature Reserves (NPWS 2003b). 

1.3.3 Geology and geomorphology 

The geology of the study area is characterised by sedimentary rock stratum of different ages. The oldest 
rocks are those associated with the Permian sediments of the Hunter Valley. These are only exposed 
around the northern rim of the study area underneath the cliffs of the Hunter Escarpment. The Permian 
sediments are primarily combinations of sandstones, shales and siltstones of the Wollombi Coal 
Measures (Rasmus, Rose and Rose 1969). 

Above the Permian sediments are two sedimentary strata of Triassic Age. The older of the two, the 
Narrabeen series, consists of quartz-lithic sandstones interbedded with siltstone and claystone (Mclnnes 
1997). The Narrabeen series geology dominates the northern third of the study area and contracts to the 
dissected gullies in the south. This series is highly variable in the field (Sanders et al. 1988) particularly 
where large bands of shale occur. These authors contend that different erodability of the sandstone and 
shale parent material results in shale benches exposed below residual rocky sandstone ridgelines or 
cliffs. The varying combinations of shale and sandstone influence the resultant soil properties within the 
Narrabeen series. 

Overlying the Narrabeen series are thick strata of Hawkesbury Sandstone. This geological unit is 
widespread across the central and southern parts of the study area and is thickest near the Hawkesbury 
River. These coarse-grained quartz sandstones include some minor shale lenses, but are less frequent 
and usually much thinner than those associated with the Narrabeen series (Sanders et al. 1988). As a 
result the overall fertility of the siliceous soils derived from Hawkesbury Sandstone is likely to be lower 
than other sedimentary soils found in the study area (Mclnnes 1997). 

Above the Hawkesbury Sandstone, a residual capping of Mittagong Formation sediments occur along the 
Putty Road near Colo Heights and along Wheelbarrow Ridge in the south-east of the study area. These 
form thin layers of fine-grained iron rich sandstone and lenses of dark shale (Mclnnes 1997). The derived 
sandstone soils are slightly enriched by the eroded clay material. Herbert and Helby (1980) suggest that 
the sandstones are similar to the underlying Hawkesbury strata though finer in texture. Our field 
experience indicates that this stratum is poorly mapped in the study area, often because the size of 
residual capping is too small to be delineated at the scale of available soil and geology mapping. Ashfield 
Shales from the Wianamatta Group are found in close proximity to the Mittagong Formation sometimes 
as residual caps above it. They comprise a dark grey to black claystone-siltstone and laminite (Herbert 
and Helby, 1980) weathering to a moderately fertile soil suitable for agriculture. Colo Heights and 
Wheelbarrow Ridge are the largest of the caps found in the study area. 
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Tertiary aged volcanic rocks are present in the study area, though patches are only small in size. These 
rocks are associated with diatremes or volcaiic plugs. The most prominent of these extrusions are the 
twin peaks of Mount Wareng and Mount Yengo. Diatremes, otherwise known as craters or 'holes' by 
early explorers, are sporadically distributed in the south-west of the study area. Terraborra Craters and 
Devils Hole are two such examples. These diatremes are comprised of breccia, a mixture of igneous and 
sandstone rocks. Early settlers made use of the palatable grasses that grow on the richer soils derived 
from these volcanic rocks. Many diatremes tDday are denuded of their orginal vegetation cover due to 
these past agricultural ventures. 

Quaternary Alluvium occupies two situations in the study area. The first occurs along floodplains and river 
flats along the Macdonald, Hawkesbury and Wollombi Rivers. These comprise a mix of unconsolidated 
sands, silts, clays and gravel (Mclnnes 1997). Similar erosional landscapes occur around the headwaters 
of many minor gullies throughout the sandstone plateaux. Downslope movement of sandy or shale 
material provides a deep infill in the low gradients of creek headwaters. These are either colluvial or 
alluvial in origin and have not been previously mapped in available soil or geological mapping. 

The Mellong Range area, Garland Valley and Howes Swamps form other alluvial deposits however these 
are associated with the unusual upland plateau of the Mellong Range. These deposits form flat wide 
valley floors that are occasionally poorly drained (Mclnnes 1997). The alluvial material is sandy derived 
from the surrounding sandstone ranges and may reach up to 10 metres in depth (Henry, 1988). 

1.3.4 Elevation 

The study area occupies elevations that extend from sea level along the lower Macdonald River to a high 
point of 594 metres above sea level (asl) at the peak of Mount Yengo. Elevation climbs rapidly from the 
Hawkesbury River to around 250 metres after which a gradual tilt in the underlying sandstone stratum 
sees the northern end of Yengo NP conistently reach elevations above 400 metres asl. 

1.3.5 Climate 

The climate of Yengo and Parr reserves is typical of the Sydney Basin hinterlands situated at moderate to 
low elevations. Warm average annual temperatures with warm to hot summers and cool winters are 
common. Temperatures are hottest on the escarpment and footslopes that line the Hunter Valley, while 
south-eastern areas are tempered by a coastal influence. Mean annual temperatures range from 15°C on 
the higher plateaux to 17.5°C on the Macdonald and Wollombi Rivers. 

Rainfall patterns illustrate greater variation across the study area than temperature. Orographic effects 
(elevation) and distance from the coast are the most likely source of these variations. In the north-
eastern and northern escarpment of Yengo NP mean annual rainfall is at its lowest, at just 650 
millimetres per year at Broke (Bureau of Meteorology 2001). In the centre of Yengo NP at Big Yango 
Station rainfall reaches 826 millimetres per year before falling again in the Howes Valley to 737 
millimetres (Sanders etal. 1988). Average annual rainfall is highest at Colo Heights and Kulnura North 
where it reaches around 1000 millimetres (NPWS, 2001). 

1.3.6 Tenure and Land Use 

The study area covers 242 909 hectares of which 201 000 hectares (83%) comprises the Yengo and Parr 
Reserves currently managed by the DECC Hunter Range Area at Bulga and the Yango Area at Gosford. 
The remainder covers around 40 500 hectares comprising Comleroy State Forest, privately owned or 
managed leasehold lands that are either innoldings, or are found on the northern, eastern or western 
boundaries of the reserve. 

The study area covers a region with a lonç history of Aboriginal land use. The Macdonald River area 
including Wollombi and Putty formed part of a territory associated with the Darkinjung people. The 
northern escarpment of Yengo NP was included within the greater Hunter Valley territories of the 
Wonnarua people (NPWS 2001). Mount Yergo continues to be recognised as a site of ethnographic and 
cultural significance to Aboriginal society (NPWS 2001). It is believed that some of the evidence of 
Aboriginal occupation including rock art sites, engravings and tools relate to the importance of Mount 
Yengo. Burragurra and Finchley are two such sites found in the east of Yengo NP. 

Aboriginal use of the natural resources of the study area are not well understood although some 
references are made by early explorers to Aboriginal burning practices (Parr, 1817 in Macqueen, 2004). 
It is highly likely that, like other parts of the Sydney Basin, the well-watered and fertile environments 
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would have been extensively used, with the remote and rugged environments providing sites of spiritural 
and cultural significance and temporal resources. 

European settlement established quickly in the early 1800s due to the proximity of the area to Sydney. 
Early exploration identified the suitability of the alluvial valleys of Webbs Creek and the Macdonald and 
Wollombi Rivers. Strom (1981) suggests that settlement most likely began at Webbs Creek around 1800. 
Away from the alluvial flats the land was quickly recognised as sterile (Strom, 1981) with land holdings 
running up the Macdonald River until the flats petered out. The rapid development of the Hunter Valley 
produced demands by the landed gentry for a land crossing between Sydney and Newcastle to overcome 
the dependency on sea transport. Between 1810 and 1830 explorers such as Parr, Howe, Morriset, 
Blaxland and Finch traversed routes across the study area in search of an easy passage to the Hunter 
Valley. Some of these remain today including the Putty Road in the west, the Great North Road and the 
Wollombi Road. Access opened up areas for grazing at Colo Heights, the Putty Valley, Boree and 
Wollombi Valley as well as rough grazing near watered sites in the diatremes and flats of the sandstone 
plateau itself. Agricultural endeavours are still in practice in these areas today. Evidence of past 
landuses on marginal lands is still present across the Yengo and Parr reserves. While much of it remains 
localised to small diatremes and alluvial flats, it remains a testament to how far and remote early settlers 
were prepared to search for suitable lands. 

Timber getting took hold in the area after the 1950s (NPWS 2001). Until then, selective logging had 
supplied landowners with timber for housing, fencing and firewood. Mechanised harvesting techniques 
targeted Ironbarks, Blue Gums, Turpentine, Stringybarks, Blackbutt and Cabbage Gum and fed sawmills 
located in Colo Heights, Putty and Muswellbrook. With the declaration of the Yengo and Parr reserves in 
1989 logging ceased. However, evidence of logging remains today where regrowth stands of Blue Gum 
(Eucalyptus saligna), Ironbark (E. crebra) and Blackbutt (E. pilularis) mark gullies and sheltered slopes 
accessible from logging trails off the Putty Road. 

Other bocalised landuses in the study area include mining of volcanic rock for 'blue-metal' at Pierces 
Quarry and sand mining at the Mellong Swamps near the western boundary of the study area. Bushrock 
collecting appears to have been an intensive practice along some of the ridges of the western portions of 
the study area (NPWS 2001). 

1.4 	PROJECT TEAM 
This project was completed by the Biodiversity Survey and Data Group within the Information and 
Assessment Section, Metropolitan Branch, Environment Protection and Regulation. Additional technical 
assistance was provided by Bob Wilson (Aerial Photograph Interpretation and Digital Mapping) and 
Stephen Bell (botanical survey). 
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2 METHODS 
2.1 	REVIEW OF EXISTING INFORMATION 

Some fascinating early descriptions of the native vegetation of the study area are revealed in the 
surveying notes of Parr and Howe who traversed what is now Putty Road between 1817 and 1820 
(Macqueen 2004). These descriptions, and those of the early botanical explorer Allan Cunningham in 
1825, offer a rare view of the landscape at the time of early settlement. While the well-grassed areas of 
the Putty and Howes Valleys offered some possibilities for settlement, the rugged terrain of the 
sandstone plateau held little interest for agricultural pursuits and offered no exploitable mineral resources. 
There appears to have been little additional commentary on the native vegetation of the plateau itself until 
the early 1980s when Howard (1981), Benson (1982), and Doherty (1985) documented the sandy 
swamps of the Mellong Range and Garland Valley. 

Sanders et al. (1988) was the first to document the floristic values of the sandstone plateau using 
systematic sampling techniques and a numerically based approach to the classification of the vegetation. 
This study afforded a unique insight into the relationships between vegetation composition and key 
environmental variables. Vegetation communities were described in detail using 102 sample sites and 
were accompanied by aerial photograph interpretation of major vegetation formations using 1984 1:50 
000 black and white aerial photography. This study area focused on Yengo NP south of Howes Trail. 

Bell et al. (1993) extended the systematic collection of field data work into northern Yengo NP. This 
provided the first numerically based vegetation classification for Yengo NP in its entirety. The derived 
vegetation communities were mapped using GIS based on associations between sample sites and 
elevation, mapped 1:25 000 geological features, satellite imagery and aspect. The purpose of this map 
was to classifiy and map communities to assist in understanding fire behaviour across the sandstone 
plateau. 

Smaller scale 1:100 000 mapping was carried out by Ryan etal. (1995) for the St Albans 1:100 000 Map 
Sheet, which covers the southern half of Yengo NP and Parr SCA. This mapping relied on the 
classification of Bell et al. (1993) for the area covered by the reserve and was mapped using 1:50 000 
aerial photographs and satellite imagery. Since then small areas of Yengo NP were included within 
vegetation classification and mapping projects for the CRA/RFA process (NPWS 1998) and the Lower 
Hunter and Central Coast Regional Environment Strategy (NPWS 2000). Additions to Yengo NP near 
Little Darkey Creek (the MacTaggart lands) have also been recently surveyed (Peake and Hill 2003). 

2.2 	EXISTING SITE DATA 

Existing vegetation survey data and mapping has been compiled for all of Yengo NP and Parr SCA and 
adjoining lands in order to provide a complete overview of the reserve. Table 2.1 provides an overview of 
the studies of relevance to this project and the number of survey sites utilised from each. 

Table 2.1: Existing survey data in the study area 

Survey Area Sites Utilised 	Survey Method Source 

Southern Yengo NP and Parr SCA 143 	20X20 quadrat; 1-6 Braun- Sanders etal. (1988) 
blanquet 

North Yengo 92 	20 X 20 quadrat; 1-6 Braun- Bell et al. (1993) 
Blanquet 

Hunter Region in the Lower North East 12 	20 X 20 quadrat; 1-6 Braun- NPWS (1998) 
CRAIRFA program Blanquet 

MacTaggart Addition, Little Darkey Creek 11 	20 X 20 quadrat; 1-6 Braun- Peake and Hill (2003) 
Blanquet 

Hunter Valley Remnant Vegetation Study 3 	20 X 20 quadrat; 1-6 Braun- Peake (2006) 
Blanquet 

Wollemi National Park and Surrounds 9 	20 X 20 quadrat; 1-6 Braun- NPWS (various) 
Blanquet 

State Forests Morriset Management Area 5 	20 X 50 quadrat; 1-6 Braun- Binns (1996) 
Blanquet 
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Other florisitic data outside the study area was gathered in order to examine the relationships between 
the vegetation communities found in the study area to other sandstone environments in the Sydney Basin 
Bioregion. Only data that had been classified using similar numerical analysis and mapping techniques 
were included. Table 2.2 cites the primary vegetation data sets from which this data has been drawn as 
well as the accompanying vegetation mapping report. 

Table 2.2: 	Survey data and reports sourced for regional analysis 

Survey Area 	 Sites 	Survey Method 
Utilised 

Wollemi National Park 	 358 	20X20 quadrat; 1-6 Braun-Blanquet 

Warragamba Special Area 	984 	20 X 20 quadrat; 1-6 Braun-Blanquet 

Lower Hunter and Central Coast 	1142 	20 X 20 auadrat: 1-6 Braun-Blanquet 

Nattai National Park and Bargo State 364 
	

20 X 20 quadrat; 1-6 Braun-Blanquet 
Conservation Area 

Erskine, Woodford Ranges and 	240 
	

20 X 20 quadrat; 1-7 Braun-Blanquet 
Narrowneck Peninsula 

Woronora, O'Hares Creek and 	576 
	

20 X 20 quadrat; 1-6 Braun-Blanquet 
Metropolitan Special Areas 

Western Blue Mountains 	 1257 
	

20 X 20 quadrat; 1-6 Braun-Blanquet 

2.3 	AERIAL PHOTO INTERPRETATION 

2.3.1 Objectives 

Source 

Bell (1998) 

NPWS (2003b) 

NPWS (2000) 

NPWS (2004) 

DEC (2006 
draft) 

NPWS (2003a) 

D EC(2005) 

Extensive Aerial Photo Interpretation (API) was required to generate a map showing the distribution of 
landcover elements across the full spatial extent of the study area. An experienced aerial photograph 
interpreter was used to stereoscopically map the variation in photo pattern. These patterns were related 
to vegetation, geological and topographical features that were observed and callibrated during extensive 
field traverses. Both field work and interpretation occur simultaneously, with the interpreter annotating 
aerial photographs during field traverses. 

The API component of this project had several objectives, as follows: 

To quantify the extent of native vegetation cover across the study area. 

To guide and inform the mapping of vegetation communities derived from field data. 

To provide an index of relative vegetation condition for all native vegetation cover. 

2.3.2 Area mapped and photography used 

A single interpreter completed air photo interpretation of the study area using 1:25 000 scale aerial 
photos. Table 2.3 shows the date and coverage of aerial photographs used. 

2.3.3 Aerial photo interpretation and landcover classification 

API of landcover elements essentially involved categorising the variability in the landcover continuum 
according to a set of prescribed but open-ended criteria. 

An API stratification of all landcover within the study area was undertaken by applying the following 
attribute classes to each polygon. (Each are described in greater detail in the text that follows). 

Feature Code 

Crown Cover 

Visible Rock 

API Confidence 

Understorey Characteristics 

Disturbance Severity and Type of Disturbance 
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To ensure consistency in the interpretation of features across the study area, interpretation was tied to 
explicit mapping thresholds within each of the above themes. Figure 2.2 illustrates the mapping pathway. 
The prescribed minimum patch size for mapping was one hectare. However, smaller patch sizes were 
mapped at the interpreter's discretion. Small areas considered significant enough to map included rock 
outcrops, rainforest patches, sedgeland and heathland. 

Table 2.3: 

Map Sheet 

Cessnock 

Cessnock 

Cessnock 

Cessnock 

Cessnock 

Cessnock 

Cessnock 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 

Gosford 
Howes Valley 

Howes Valley 

Howes Valley 

Howes Valley 
Howes Valley 

Howes Valley 
Howes Valley 

Howes Valley 

Howes Valley 
St Albans 

St Albans 
St Albans 
St Albans 

St Albans 

St Albans 
St Albans 
St Albans 

St Albans 

St Albans 
St Albans 

Aerial photography interpreted 

Run Prints Date 

7 94-95 24/08/1994 

8 11-13 24/08/1994 

9 67-69 24/08/1994 

10 61-64 24/08/1994 

11 18-20 24/08/1994 

12 109-111 24/08/1994 

13 67-7 1 24/08/1994 

1 228-231 23/10/2001 

2 03-06 23/10/2001 

3 58-63 23/10/2001 

4 68-73 23/10/2001 

5 03-07 29/10/2001 

6 55-60 29/10/2001 

7 62-67 29/10/2001 

8 12-16 29/10/2001 

9 70-74 18/03/2002 

10 27-28 18/03/2002 

6 55-57 01/02/1993 

7 3-7 27/11/1992 

8 49-54 27/11/1992 

9 95-99 20/1 0/1 992 

10 82-88 20/1 0/1 992 

11 32-40 20/1 0/1 992 
12 45-53 20/1 0/1 992 

13 75-79 20/1 0/1 992 

13 229-22 1 03/10/2004 

1 52-67 13/12/2002 

2 35-49 13/12/2003 

3 02-16 13/12/2003 

4 38-53 13/12/2003 

5 38-52 13/12/2003 

6 69-56 13/12/2003 

7 86-101 13/12/2003 

8 107-119 13/12/2003 

9 38-51 13/12/2003 

10 57-68 13/12/2003 

11 190-200 13/12/2003 

2.3.4 API feature code 

A primary requirement of the API was to map homogenous patterns in the vegetation species 
composition, structure and substrate. The conventional process of delineating such areas by drawing a 
line of best fit between areas that are typically occupied by a species or group of species has the effect of 
categorising the variability of the landcover into "canopy types" found within homogeous soil or geological 
characteristics. Feature codes were described using a two level hierarchy. The first level in the hierarchy, 
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Level 1, described a broad, consistently occurring pattern in upper strata species within a unique habitat. 
This unique habitat reflected similar geological substrates and topographic positions. The second level in 
the hierarchy, Level 2, was allocated for distinct patterns of canopy species that could be identified within 
the broader patterns described in Level 1 wF-ile retaining the same environmental characteristics. 

Field traverses were used to relate photo patterns with environmental features and canopy species 
composition. A total of 40 days were spent traversing the vegetation in the field to assist photo pattern 
recognition. 

A table of feature codes was compiled thrcughout the course of the project from field observation and 
reference to other data sources such as plot based floristic survey and previous vegetation mapping (see 
Table 2.1). All vegetation cover classified as having a crown cover greater than ten percent was allocated 
a canopy species code based on the dominant combinations of the upper strata species. A species code 
was not applied to polygons with a canopy of less than ten percent crown cover. A complete list of feature 
codes is provided in Appendix A. The list of feature codes also includes other landcover features, 
including non-vegetated and highly modified landcover such as infrastructure and cleared lands. 

2.3.5 Canopy cover 

An adapted eight-scale classification of Crown Separation Ratio was utilised as a relative measure of 
canopy cover for all native vegetation cover (Figure 2.1). 

Figure 2.1: 	Canopy Cover Classes 

waciaT 
• à 

L LA 
80% 	5O 	071. 	101XI 	0.37 	0.211. 

T 	 Y 	 Y 	 V 

Field critea 	Touci-ovedap 	
Touch-slight 	Clearly 	

Well separated Well separated Well separated Isolated plants iso ated dumps 
separatioo 	separated 	 to isolated 

Crown cover % 	80% 	80-50% 	50-2C% 	20-10% 	10-3% 	3-0.2% 	<0.2% 	<0.2% 

CrownSeparation I 	<0 - 	0- 0.25 	0.25- 1 I 	I - 2 	1 	2 - 	5- 20 1 	>20 	I 	>20 
Ratio 	 - 	 ---- 	------ 

Map code 	 1 	2 	3 	4 	5 	6 	7 	8 

Adapted from Walker and Hopkins (1990) 

Closed, Mid-dense to Sparse Vegetation Ccver: canopy map codes 1-4 

All vegetation cover that displays canopy integrity has been mapped. Canopy integrity has been defined 
as having a Crown Separation Ratio less than two (equivalent to canopy cover greater than ten percent). 
All vegetation cover falling within this class and with an area greater than one hectare has been mapped. 
This encompasses large expanses of vege:ation cover to remnant patches in cleared landscapes. They 
are attributed with a code describing the canopy species present, visible rock, the nature of the 
understorey, the severity and main types of disturbance present and an API confidence index. 

Sparse Vegetation Cover: canopy map code 5 

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. Areas having a 
Crown Separation Ratio between two and five (equivalent to canopy cover between three and ten 
percent) are considered not to display canoy integrity and as such have not been attributed with a code 
describing the canopy species present and the nature of the understorey. Attributes indicating visible 
rock, the severity and main types of disturbance and an API confidence index have been included. 

Sparse to Very Sparse Vegetation Cover: canopy map codes 6-8 

This includes obvious features such as bu It structures, cleared paddocks, etc. Specific non-vegetative 
features attributed include: landslides, rock outcrops and water bodies. Areas having a Crown Separation 
Ratio greater than five (equivalent to canopy cover less than three percent) are considered not to display 
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canopy integrity and as such have not been attributed with a code describing the canopy species present 
and the nature of the understorey. 

Visible rock (Table 2.4) was interpreted for the purpose of providing information that may be of interest for 
further scientific survey investigation (herpetological, botanical, etc.) as well as for fire management and 
logistics (fuel and bushfire behaviour mapping, helicopter access points) etc. It delineates rocky ground 
cover, exposed rock plates and rock outcrops. The degree of exposed rock can be interpreted using the 
table below. 

Table 2.4: 	Visible rock classes 

Code Class 

0 NIL 

1 Visible —10% 

2 10-25% 

3 25-50% 

4 50-75% 

5 75-100% 

2.3.6 API confidence 

Vegetation maps rarely support an equivalent degree of attribute accuracy across the mapping area. This 
is because some areas are less well sampled or are inaccessible. To address some of these 
shortcomings and guide future endeavours three classes of interpreter mapping confidence were applied 
to each polygon (Table 2.5). These classes enable users to assess the reliability of the mapping features. 

Table 2.5: 	Interpreter confidence classes 

Mapping Confidence Class 	 Confidence Assessment Criteria 

Confident extrapolation from localised sampling 

t Hi h 	 • Interpretability of features considered high, consistent with features g 	
sampled elsewhere 

Representative sites visited, features checked 

Not visited 
2: Medium 	 • Similarity with features sampled elsewhere 

Some uncertainty in species interpretation 

Site or locality not visited 

3: Low 	
• Remote area 

Inconsistent with features sampled elsewhere 
Low confidence in species interpretation 

2.3.7 Understorey classes 

Understorey characteristics were interpreted where they were visible and grouped into a number of broad 
classes, as in Table 2.6. 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. 
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Table 2.6: 	API understorey codes 

Understorey Code 

10 

lOb 

11 

hr 

1 2x 

12r 

13 

13r 

14 

15 

16 
18a 

18e 

20 
21 

90 
90e 

NA 

Dominant Understorey Elements 
Mesic/Rainforest 

Grey Myrtle abundant 

Intermediate Dry Shrubs 

Intermediate Dry Shrubs on rocky sites 

Drier Shrubs (Xeric Heath Shrubs/Scrub) 

Drier Shrubs/Scrub/Heath on rocky sites 

Dry Shrubs and Grasses 

Dry Shrubs and Grasses on rocky sites 

Shrubs Grasses/Herbs on Volcanic Derived Soils 

Grasses/Herbs on Alluvium 

Acacia 

Swamp Shrubs/Sedges on Gully Alluvium 

Estuarine Rush and Grasses 
Intermediate - Moist Ferns/Shrubs 
Riparian Complex 

Understoey cleared, pasture etc 
Non-Native Vegetation 

Not Assessed 

2.3.8 Disturbance severity classes 

All vegetation cover was assessed for disturbance. An initial code was applied to indicate the severity of 
the visible disturbance based on a subjective assessment using a number of predefined indicators. A 
three-class system ranks each disturbance as Low, Medium or High. The two most dominant types of 
disturbance were recorded in separate fields. Disturbance severity classes are shown in Table 2.7. 

Table 2.7: 	Disturbance severity classes and indicators 

Code 	Severity Indicators of Disturbance 
• Tracks may be present but not clearly evident from API 

Lowest 	
• Weeds not clearly evident from API 

Disturbance 	• Canopy gaps likely to oe natural 

• Regrowth <10% 
• Limited areas of weed infestation evident (eg. in canopy gaps) 
• Trails clearly evident 
• Canopy gaps and regrowth associated with trails (timber extraction) evident 
• Moderate disturbance associated with clearing or part clearing evident 

Moderate 2 	
Disturbance 	• Regrowth 10 - 30% 

• Past grazing activity evident (small dams, yards, buildings, etc.) 
• Scattered or clustered areas of Eucalypt regeneration, Acacia spp., 

Kunzea spp. etc. 

• Limited areas of erosion, bare soil or Iandslip 

• Severe disturbance associated with community or industrial infrastructure 
Such as roads and powerline easements are clearly evident 

• Severe weed infestation evident 
High 	• Regrowth >30% 

Disturbance 
• Continuous, even-agcd stands of Eucalypt regeneration, Acacia spp., 

Kunzea spp. etc 

• Large areas of erosion, bare soil or Iandslip 

Additional attributes were collected to describe the type of disturbance that was most prominent on the 
photographs. A descriptive field is includei within the digital data layer that highlights disturbance 
patterns such as canopy gaps, weeds, regrowth forests, fire, tracks and trails, buildings and plantations. 
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- 
The transfer of API line work to a GIS format was undertaken using a scanning and phctogrammetric 
rectification process for each annotated aeria photograph. Nine ground control points were established 
on each photo frame using 1:25 000 topographic maps and 1:25 000 series of digital orthographic 
photos. These control points were used to rectify (the adjustments used to compensate for iistortion due 
to change in elevation) and geo-reference (reference the spatial location by using the locations of known 
features) for each photograph. Following this process, the raster data was converted to vectors, cleaned, 
and in turn converted to polygons. A digital data layer supporting topology was cleaned and built in the 
Arclnfo GIS package. Polygons were then attr buted values identified during interpretation process as per 
the feature code table (Appendix A) and the tables described above. Each polygon supports a value for 
each of the attributes below: 

Feature Code (Formation, Sub-formation, Feature) 

Crown Cover 

Visible Rock 

API Confidence Class 

Understorey 

Disturbance Severity 

Disturbance Feature (two fields) 

	

2.5 	SURVEY STRATIFICATION AND SITE SELECTION 

Previous studies have adopted a stratified sampling regime that uses combinations of geology, aspect 
and landform (Sanders et al. 1988; Bell et aL. 1993) and rainfall (NPWS 2000) to identify homogenous 
units or 'strata' of environmental space present in the study area. Replicated sampling of each of these 
units ensures that the full range of environmental variation is examined. The spatial configuration of each 
unit relies on the accuracy of source data layers that describe patterns in substrate, climate and aspect. 
In the study area, published geology and so Is mapping (Rasmus et al. 1969; Bryan 1966; Kovac and 
Lawrie 1991; Mclnnes 1997) varies between - :250 000 and 1:100 000 scale. Further, climatic data relies 
on interpolations of patterns from weather stations situated within or adjoining the study area. The 
remoteness of the landscape means that few climatic stations are available from which to make reliable 
extrapolations. The consequence of these shortcomings is that vegetation communities identifiable in the 
field have previously been overlooked or have been difficult to map (Bell et al. 1993; Sanders et al. 1988; 
NPWS 2000). 

For this study, API feature codes were used as the primary strata in order to sample floristic variations 
commensurate with the scale of final map production (1:25 000). Each feature code represents unique 
patterns in vegetation structure, dominant canopy species and soil/geological characteristics. 

A total of 37 API feature codes were used as stratum. Existing sites were overlaid on the stratum to 
assess sampling adequacy. Strata were ranked from those that included the largest portiors of the study 
area to the smallest. Strata were considered to be adequately sampled if sampling effort matched or 
bettered the proportion of area of each strata found in the study area. New survey effort was allocated to 
those strata that were unsampled followed by those that were undersampled. Given the overall purpose 
of the study, priority was given to those strata that were unsampled and situated within the reserves of 
the study area. 

	

2.6 	FIELD SAMPLING 

New field sampling was undertaken between May and June 2006 and between March and June 2007. 
Sites were selected by identifying unsampled stratum in relation to access points in areas of minimum 
disturbance. Sampling was carried out in teams of two people consisting of a botanist and an assistant. 

Standard field sites were fixed to 0.04 hectares in size. The area was marked out using a 20 by 20 metre 
quadrat, although in some communities (suci as riparian vegetation) a rectangular configuration of the 
plot (eg. 10 by 40 metres) was required. With n each survey plot all vascular plant species were recorded 
and assigned a 1-6 cover abundance score using a modified six point Braun-Blanquet scale (Poore 1955) 
as follows: 
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1-Rare, few individuals (three or less) present and cover <5% 

2-Common (consistent throughout plot) and <5% 

3- >5% and <25% 

4-Cover >25% and <50% 

5-Cover >50% and <75% 

6-Cover >75% 

Species that could not be identified in the field were recorded to the nearest possible family or genus and 
sampled for later identificaion. Species that could not be identified confidently were lodged with the NSW 
Herbarium for identification. At each site estimates were made of the height range, projected foliage 
cover and dominant species of each vegetation stratum recognisable at the site. Measurements of slope, 
aspect and horizon azimuths were taken. Notes on geology, soil type and depth were also compiled. 
Estimations of the percentage of rock out-cropping, surface rock, litter and bare soil were made. 
Evidence of recent fire, erosion, clearing, grazing, weed invasion or soil disturbance was recorded. The 
location of the site was determined using a Global Positioning System (GPS) or a topographic map where 
a reliable reading could not be taken. Elevation values were recorded from both GPS and from 1:25 000 
topographic maps. Digital photographs were also taken at each site. 

2.7 	SITE NOMENCLATURE 

For the purpose of managing existing and new field data, each survey plot was given an eight digit 
alphanumerical survey identification number. A separate survey identification code was also given to all 
data to distinguish its source. This system enables the reader to understand basic geographical 
information about the survey site. 

For example, site number BLG13P8M: 

The first three letters "BLG" refer to the first three consonants of the 1:25 000 topographic mapsheet 
name, in this case the Bulga map sheet. 

The fourth and fifth characters "13" refer to the site number by mapsheet, ie. the thirteenth site on this 
map sheet. 

The sixth character "P' refers to the geological substrate evidenced at the site, in this case Permian 
Sandstone. The geologies found within the study area were coded as follows: 

N = Narrabeen Sandstone 

H = Hawkesbury Sandstone 

P = Permian Sediments (rrostly sandstone, siltstone and shale) 

W = Wianamatta Shale 

B = Basalt 

A = Alluvium 

o = Quaternary sand 

The seventh character "8" refers to the aspect observed at the site (NE in this case) using the following 
categories: 

1 = 67.60  - 112.50  or E 

2 = 112.60 - 157.50 or SE 

3 = 157.60  - 202.50  or S 

4 = 202.60  - 247.50  or SW 

5 = 247.60  - 292.50  or W 

6 = 292.60 - 337•50 or NW 

7 = 337.60  - 22.50  or N 

8 = 22.60 - 67.50  or NE 
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The eighth and final character "M" is used to describe the morphology. Morphology coding is as follows: 

C = Crest 

U = Upper Slope 

L Lower Slope 

M = Mid Slope 

0 = Open Depression 

D = Closed Depression 

S = Simple Slope 

F = Flats 

R = Ridge 

	

2.8 	DATABASE STORAGE 

All data collected during field surveys was entered into a Microsoft Access 2000 database. This database 
was developed by DECC to facilitate the storage, entry and manipulation of systematic floristic survey 
data. Database entry windows are similar to those used for field proformas to minimise entry errors. All 
species recorded are coded using the Census of Australian Vascular Plant Species (CAPS). New species 
or subspecies, as identified by the Royal Botanic Gardens, not previously listed in the CAPS were 
assigned new codes to the master CAPS database. An extensive data validation procedure was 
undertaken to ensure that the data entered into the Microsoft Access 2000 database matched what had 
been recorded in the field. Accuracy of survey site location was also reviewed against original field 
datasheets. 

	

2.9 	TAXONOMIC REVIEW 

For this project, all species nomenclature was reviewed and standardised across data sets for analysis. 
This was particularly important, as survey effort has been carried out over many years, over which time 
large numbers of species have undergone some form of taxonomic revision. Synonyms were updated to 
reflect currently accepted revisions. Nomenlature was standardised to follow Harden (1 990-1993 and 
revised editions 2000-2002). Recent taxonomic revisions have been identified using the PlantNET 
Website that has been developed by the Royal Botanic Gardens (2002). The principle outcomes of the 
taxonomic review are as follows. 

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 from the database. 

The review highlighted inconsistently collected records of species containing subspecies (subsp.) or 
varieties (var.). In such cases, subspecies were either lumped to species level or were assigned to a 
single subspecies or variant if only one variety was found to be present in the study area. 

Eucalyptus beyeriana and Angophora euryphylla were included as E. crebra and A. costata 
respectively, given inconsistency in identification between observers over time. 

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

The review identified species identified to genus level only. Samples identified to genus only level 
which were low in number and low in cover scores (less than five percent cover) wee deleted from 
the analysis dataset. Genus-only samples that were numerous but could not be clearly assigned to a 
single species were left unchanged. 
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2.10 VEGETATION CLASSIFICATION 

Two stages were undertaken as part of the data analysis. Firstly, all species abundance raw data from 
sites available from the study area was analysed using the PATN program (Belbin 1994). The Bray-Curtis 
coefficient was generated to identify dissimilarity between survey sites. An association matrix displaying 
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 default beta value of —0.1 was used on all analyses. 

Homogeneity analysis (Bedward et al., 1992) was initially used to identify the number of groups that 
maximises returns to within-group floristic variation while minimising the total number of groups. A 
nearest neighbour analysis using a purpose built program 'GDFcheck" was applied to identify possible 
misclassified sites within groups. 

A dendrogram was then produced to display the hierarchical relationships between individual sites and 
groups of sites. Both groups and sites were tracked against similar analyses performed by Sanders et al. 
(1988), Bell et al. (1993) and NPWS (2000). Clusters of sites were labelled in the dendrogram using 
vegetation community labels of previous studies. Each of the defined groups were then analysed to 
uncover finer scale floristic assemblages where these related to changes in substrate or canopy species 
dominance. New groups were created where distinct changes in substrate, vegetation structure or 
canopy species dominance matched consistent patterns observed in the field. 

A second analysis, using the same methods, was performed on a larger dataset that comprised site data 
held by DECC within the greater Sydney Basin Region. The purpose of this analysis was to examine 
relationships between the vegetation communities present in the Yengo and Parr reserves and other 
sandstone environments in the Sydney Basin Region (NPWS, 2000; Bell, 1998; NPWS 2003a; NPWS 
2003b, DEC, 2006 draft). Provisional allocation of sites to vegetation communities from the first analysis 
was used to track site allocation in the second analysis. The second analysis was supplemented by 
labels identifying site allocation to vegetation communities described in studies listed above for Wollemi 
NP, Warragamba Special Area; Blue Mountains NP and the Woronora Plateau. 

2.11 MAPPING OF EXTANT VEGETATION COMMUNITIES 

Mapping of vegetation communities relied on the allocation of Level 2 API codes (Appendix A) to floristic 
groups derived from numerical analysis of field data. The allocation process was informed by the 
relationship between the mapped distribution of API codes and the location of floristic sites. Where 
relationships were unclear, the use of expert knowledge, alternative spatial layers such as slope and 
aspect and/or fine scale habitat attributes (such as understorey type, rock cover and crown cover) were 
examined to help resolve allocation decisions. 

Initially site locations were intersected with API feature codes using a Geographic Information System. 
Each site was systematically examined against the API spatial layer to examine potential errors arising 
from spatial inaccuracies in the data. This was necessary as a significant proportion of sample data was 
collected prior to the availability of portable field Global Positioning Systems (GPS). In addition an 
inherent inaccuracy in the transfer of stereoscopic linework from aerial photos to two dimension digital 
formats also introduces possible error. Errors may also arise from incorrect attribution of API polygons. 

A table was produced to indicate which API codes corresponded to each of the floristic groups identified 
by the numerical analysis. To assist in identifying obvious errors, unique API codes were summed to their 
parent classification described by the Level 1 API code (Appendix A) and compared to the Broad Floristic 
Unit (Figure 3.1) derived from data analysis. Sites that presented a mismatch between Broad Floristic 
Unit and Level 1 API code (eg. moist forest sample falling within an exposed sandstone woodland API 
code) were examined first. Sites and API attribution was reviewed using location descriptions, floristic 
composition, canopy dominants, habitat type and aerial photography. Where errors were confirmed to 
arise from spatial inaccuracies sites were then reallocated to an API code of best fit within 50 metres of 
the sample, provided the location description remained accurate. 

From this, a new table was created to calculate two values that could be used to inform the allocation of 
an API code to floristic group: (1) the proportion of all sites within a unique floristic group that could be 
allocated to a single API code and (2) the proportion of all sites that fell within each API code that could 
be ascribed to the target floristic group. The allocation process then commenced for those floristic groups 
(Map Units) that corresponded to a single API code and for which no other alternative allocation could be 
achieved based on site data (ie. all samples falling within the API code conformed to the same floristic 
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group) . The understorey attribution tags allocated to the candidate API code was then reviewed to 
highlight inconsistencies between the habitat and floristic composition of the sample sites and the 
vegetation patterns observed during API. Where the sample(s) and the API code and understorey 
attributes were considered to match, the allocation was considered final. Where understorey attributes 
appeared to conflict with the habitat and floristic characteristics of the sample(s) these were excluded and 
were not assigned a floristic group until all other codes were allocated. 

Sample sites defining some floristic groups corresponded to multiple API codes. In such cases each 
candidate code was considered and reviewed sequentially. 

Codes for which no other alternative allocation was possible using Level 2 code or understorey 
attributes were finalised first. Again understorey attribution was examined and those considered 
a poor match to the sample site(s) f oristic characteristics were not allocated and were revisited 
later. 

API codes were not assigned to the target group if they comprised only a small proportion (less 
than five per cent) of all sites descriing the floristic group and/or supported a low proportion of 
sites located within the API code conforming to the target floristic group (less than 10 per cent). 
These unassigned codes were visited later. 

Where alternative allocations to a floristic group were possible for a given API code, sample sites 
were examined in relation to the corresponding understorey attribution. Allocation to one or other 
was completed where a majority relationship existed between different floristic groups based on 
understorey attribute. Where no majority relationship could be gleaned, alternative spatial layers 
were employed to identify possible ecologically meaningful splits in the API code. If none were 
found then expert judgment was used to finalise allocation. 

The remaining pool of unassigned API codes and associated understorey types were then revisited. 
Where site data could not inform the alloca:ion to a floristic group, an expert review of the floristic and 
landscape characteristics of each code was undertaken. Allocation to an existing floristic group was 
completed where it was considered to conform to the habitat, canopy and understorey characteristics and 
was situated in proximity to codes already allocated to the target floristic group. If no suitable allocation 
could be found a new floristic group was identified and assigned a new Map Unit label. 

2.12 DESCRIPTION OF VEGETATION COMMUNITIES 

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 summary for each community in Appendix D of this report. Each vegetation 
community has been given a map unit name that describes a broad regional descriptor for its distribution 
within the Sydney Basin region, dominant or characteristic species (generally tree species), and/or a 
geological or topographical feature. 

Each profile provides a brief summary of key identifying features. These include commonly occurring 
plant species and habitat characteristics. Example locations are also given, as is a sample photograph 
from a site used to describe the communi:y in the cluster analysis. The degree of disturbance found 
within the mapped vegetation community is also presented along with figures highlighting the total extant 
area. Data describing the vegetation structire (height and vegetation cover) has been generated from 
field sample points. 

Each profile includes a list of diagnostic species. This species list is derived from the field site data and 
can be used to help define the floristic composition of a community in relation to all others present in the 
study area. A concept known as 'fidelity' applied in Keith and Bedward (1999) based on Westhoff and van 
der Maarel (1978) provides a systematic method for identifying 'diagnostic' or 'characteristic' species 
within an assemblage. This approach reconises that, within a given vegetation community, a species 
may be conspicuous by the frequency aid abundance at which it is recorded. However, in other 
communities the same species may only occur sparsely, at low abundance or not at all. Analysing the 
performance of each individual species fcund within each community may reveal patterns useful to 
classification. Table 2.8 describes the criteria used to define positive, negative, uninformative and 
constant species. Positive species 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 or abundant or not 
present at all in the target community is deined as a negative diagnostic species. A constant species is 
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one that occurs consistently within many communities. Uninformative species are those that are recorded 
at lower abundance and less frequently across all communities. The profile for each vegetation 
community lists all species classified as positive, negative and constant. In addition, some species that 
were classed as uninformative in the analysis have been included in the species list to aid field 
identification. 

Table 2.8: 	Definitions of diagnostic species 

Occurrence of Species in Residual Map Units 

Occurrence of 
Species within 

Target Map Unit 

Frequency>=35% Frequency<35% Frequency=0 AND C/A>=2 OR C/A.2 

Frequency>=35% Constant Positive Positive 
AND CIA>=2 Diagnostic Diagnostic 

Frequency<35% Negative Uninformative Positive 
OR C/A<2 Diagnostic  Diagnostic 

Frequency=O Negative 
Diagnostic Uninformative - 

CIA = Cover Abundance 

2.13 REGIONAL SIGNIFICANCE OF VEGETATION COMMUNITIES 

A number of conservation based assessments were carried out in order to provide information on the 
regional significance of the vegetation communities found in the study area. These assessments include: 

The regional distribution of the vegetation communities. Relationships between sites located in the 
study area and others within the Sydney Basin Region. Each vegetation community has been 
reviewed to determine the estimated extent of the community beyond the study area. Area figures 
(hectares) have been provided based on currently available knowledge presented in broader regional 
studies including Tozer et al. (2006), NPWS (2000), NPWS (2003a 2003b), Bell (1998) and Peake 
(2006). 

The reservation status of each community within the formal reserve system. The area of each 
vegetation community (hectares) found within the reserve system managed by DECC has also been 
calculated from the above sources. 

Disturbance. The proportion of disturbance classes found within each vegetation community has 
been calculated. 

Endangered Ecological Community status. Vegetation communities have been reviewed against 
Endangered Ecological Community determinations made under the NSW TSC Act (1995), current to 
March 2008. 

An analysis of the species richness within each community. Mean (and associated Standard 
Deviation) values were generated using the field site data (0.04ha quadrats) used to the classify the 
communities. 
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3 RESULTS 
3.1 SITES 

A total of 124 new floristic survey sites were sampled over the course of this project. The total number of 
sites available for analysis was 441, equating to a sampling density of around one site per 450 hectares 
within the Yengo and Parr reserves and one site per 550 hectares across the study area. 

Map 2 displays the location of all sites situated within the reserves and on other tenures within the study 
area. 

3.2 	FLORISTIC DIVERSITY AND SPECIES RICHNESS 

Raw data collected from all field sites indicates that over 1000 indigenous vascular plant species have 
been recorded within the study area. The full lisi of species is presented in Appendix B. This list includes 
all original identifications made by many different obervers over more than twenty years. It was revised 
and reduced to provide a consistent, taxonomically current dataset for analysis purposes. 

A total of 64 introduced plant species were recorded during field surveys, listed in Appendix C. 

Species richness was calculated as the mean number of plant species found within the survey sites 
(0.04ha in area) located in each vegetation community. Mean richness scores varied between 5 and 46. 
The results for each individual community are included with the profiles in Appendix D of this report. The 
alluvial wetland communities possess the lowest richness scores. Of the sclerophyll forests the lowest 
scores were found in the communities that occupy the low rainfall band associated with exposed 
Narrabeen sandstone in northern Yengo NP. The highest richness values were obtained from the 
exposed and sheltered Hawkesbury sandstone communities. 

3.3 	AERIAL PHOTOGRAPH INTERPRETATION MAPPING 

A total of 64 feature codes (including cleared, infrastructure and native vegetation cover) were mapped. 
These were distributed across 28 500 polygons, which were mapped across 243 000 hectares, giving an 
average polygon size of 8.5 hectares. A summary of all attributes collected during the API phase is given 
in Table 3.1. 

Table 3.1: 	Results of multi-attribute mapping 

Attribute 	 Comment 

Crown Cover 	 Map 3 shows the distribLtion of crown cover classes in the study area. Over 65 percent 
fall within classes 3 and 4, indicating that much of the native vegetation cover conforms 
to the woodland structure classification of Walker and Hopkins (1990). 

Visible Rock 	 Map 4 shows that around 85 percent of the study area has greater than ten percent 
Outcropping 	 cover of outcropping rock visible in each polygon. 

Mapping Confidence 	Map 5 shows the distribution of confidence levels associated with the interpretation of 
features. Almost 87 percent of mapping has been classed as having high to very high 
levels of confidence. This reinforces the value of extensive fieldwork. Less than one 
percent is considered to be low confidence. 

Understorey Codes 	Map 6 illustrates the variation in broad understorey types. As expected almost 70 percent 
of the mapping area falls within class 12, indicating a dominance of dry shrubs. It is 
noteworthy that the guIl systems are considered to be intermediate dry shrubs rather 
than mesic. 

Disturbance Severity 	Map 7 shows the distribution of disturbance severity classes. Around six percent of the 
study area exhibits high levels of disturbance (as visible from aerial photographs). The 
disturbance is restricted to just a few of the Map Units that are associated with richer 
soils. 

Disturbance Type 	Describes the type of disturbance that is visible from aerial photographs. This includes 
logging, clearing, weeds, and soil and canopy disturbance. 

Comments 	 A large number of notes are made pertaining to interesting characteristics within a 
polygon. This might incl!Jde potential unusual vegetation, fauna habitat, and soil and 
landscape characteristics. 
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3.4 VEGETATION CLASSIFICATION 
Forty-three vegetation communities have been defined within the study area. Thirty-six of these have 
been classified using numerical analysis of systematically collected field data. An additional seven 
communities were described based on field traverse and aerial photo interpretation only. These 
communities were cross referenced to existing literature describing the vegetation of the study area 
(Sanders et al. 1988; Bell et al. 1993; Ryan et al. 1996). Figure 3.1 presents a simplified dendrogram that 
provides a hierarchical understanding of the vegetation patterns present within the study area. It 
illustrates eleven broad floristic classes, each encompassing 36 recognisable vegetation communities. 
Description of these broad classes and units follow as they occur in the dendrogram. 

3.4.1 Sheltered Hawkesbury Sandstone Dry Forests 
Three moderately tall dry shrub forest communities mostly associated with Hawkesbury Sandstone soils 
are shown in the first of the broad floristic classes. These can be considered part of the gully complexes 
of Keith's Sydney Hinterland Dry Sclerophyll Forests (Keith 2004). In Parr SCA, Comleroy State Forest 
and south east Yengo NP some sheltered sandstone slopes carry a dry sclerophyll forest that includes 
Blackbutt (Euca!yptus pilu!aris) (Map Unit 16). Situated on Hawkesbury and Narrabeen Sandstones, this 
forest shares many species with both Map Units 18 and 17. The dry open shrub layer is composed of 
Dodonaea triquetra, Podo!obium i!icifo!ium, Persoonia !inearis and Acacia !inifo!ia. Taller A!!ocasuarina 
toru!osa was consistenty recorded. The presence of Blackbutt and the increased frequency of Kangaroo 
Grass (Themeda austra!is) amongst the ground cover point toward some subtle changes in soil 
properties. Available mapping of geology and soils (Mclnnes 1997; Rasmus et al. 1969) do not identify 
the presence of enriched sandstone or shale material, though Ryan et al. (1996) suggests the presence 
of thin capping of Mittagong sandstones may be important influences. While most of the sample sites of 
Map Unit 16 were proximate to residual shale capping, not all included E. pllu!aris in the canopy, nor were 
they situated in the Wheelbarrow Ridge area. This indicates that minor shale lenses in the Hawkesbury 
Sandstone stratum are likely to support a similar community, though are unlikely to be mapped as they 
cannot be identified using available soils mapping or API. 

Map Unit 35 defines a complex of vegetation types associated with sand deposits along flood zones of 
major streams, colluvial deposits and shallow rocky gully lines. Two sample sites occupying very different 
situations help describe the complexity of this map unit. The first is a rocky riparian complex associated 
with a sandstone gully. The second is situated on a ferny drainage line within an elevated sandmass of 
the sandstone plateau. Both sites support low growing Water Gums (Tristaniopsis !aurina) with sparse 
cover of small trees along with hardy mesic species such as Grey Myrtle (Backhousia myrtifo!ia) and 
Black Wattle (Ca!!icoma serratifo!ia). A wide variety of overhanging species from the surrounding dry 
shrub forests may be observed such as Banksia spp., Tea Trees (Leptospermum spp) and Blueberry Ash 
(Elaeocarpus reticu!aris). Saw sedge (Gahnia spp.) is common in deep sands. A number of other riparian 
vegetation communities associated with riverbanks have not been sampled, but have been included 
within this Map Unit. 

A drier sandstone shrub forest (Map Unit 17) is situated on mid to upper sheltered slopes on Hawkesbury 
Sandstone. Soil depth is marginally deeper than ridgelines though rock outcropping and benches are 
common. A familiar combination of tree species occurs, with Sydney Peppermint (Euca!yptus piperata), 
Smooth-barked Apple (Angophora costata) and Red Bloodwood (Corymbia gummifera) the most 
frequently recorded. Taller understorey species such as Christmas Bush (Ceratopeta!um gummiferum) 
are a common member of the community. However, like the ridgetop vegetation, a diverse shrubby flora 
is present, featuring Geebungs, Wattles and Banksias along with a sparse cover of Bracken (Pterdium 
esculentum) and wire grasses including Ento!asia stricta. 

Map Unit 20 differs from others in this broad floristic unit in that it occurs on Mittagong Sandstone. This 
sandstone layer is recognised as an interbanding mix of shale and sandstone sediments (Herbert and 
Helby 1980). The greater clay content appears to marginally enrich the surrounding sandstone soil, and 
the resultant impact on the vegetation is a transitional mix of shale and sandstone species (Tozer 2003). 
A slightly taller dry shrub forest of Red Bloodwood (Corymbia gummifera) and Narrow-leaved Stringybark 
(Euca!yptus sparsifo!ia) forms stands interspersed with Blue Mountains Mahogany (E. notabilis). The 
shrub layer is typical of the surrounding sandstone woodlands with an array of prickly leaved species 
such as Banksias, Tea Tree and Geebungs. The shallow rooted species tend to exhibit the most 
influence of the residual shale material with Austrostipa pubescens and Themeda austra!is both patchily 
distributed on the forest floor. As the community name suggests Map Unit 20 is found across the Sydney 
Hinterland at low elevations near the interface of shale and sandstone geology. It is considered to form a 
component of Shale Sandstone Transition Forest, an EEC listed under the NSW TSC Act, 1995. 
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Figure 3.1: 	Summary hierachical classification of vegetation communities 
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34.2 Narrabeen Sandstone Dry Sclerophyll Woodlands 

Exposed situations on coarse-grained lithic Narrabeen Sandstone ridges carry a low open woodland with 
a moderate cover of shrubs and a patchy grass cover. This community, Map Unit 25, is most pronounced 
in the northern regions of Yengo NP, particularly between Howes Valley and the Hunter Escarpment. 
This low open woodland features a combination of Stringybark (Eucalyptus sparsifolia), and Grey Gum 
(E. punctata) with a localised abundance of Yellow Bloodwood (Corymbia eximia). Distinctive clusters of 
Black Cypress Pine (Callitris endlecheri) are very occasionally seen clustered on rocky exposed slopes 
and cliff edges. Much of the distribution is aligned to areas defined as Narrabeen sandstone (Kovac and 
Lawrie 1991; Rasmus et al. 1969) though may also be associated with Hawkesbury sandstone along the 
Hunter Range. We hypothesise that the Hawkesbury stratum is thin in this area, blending with Narrabeen 
sandstones on wider ridgetops. Unlike other Hawkesbury Sandstone Woodlands in the south of the study 
area that occupy rocky ridgetops and slopes, this woodland aligns with slightly deeper soil profiles where 
rock outcrops are mostly absent. There are some characteristic tree species that overlap with 
Hawkesbury Sandstone Woodlands elsewhere (Map Unit 30) such as Yellow Bloodwood (Corymbia 
eximia) and Narrow-leaved Apple (Angophora bakeri). However differences lie in the understorey where 
shrub species Leptospermum trinervium and Lambertia formosa are absent from the woodland, leaving 
an understorey with a more open appearance sometimes with a patchy cover of grass including 
Themeda austalis. 

3.4.3 Narrabeen Series Shale and Sandstone Dry Sclerophyll Forests 

The Narrabeen series substrates are widespread across northern Yengo NP and diminish toward the 
south where they lie below the Hawkesbury Sandstone strata exposed only around the deeper incisions 
of the major river systems. Near the Hawkesbury River, the Hawkesbury Sandstone stratum is so thick 
that Narrabeen bedrocks are only exposed on the lower footslopes below the escarpment of the 
Macdonald Valley. The soils derived from the Narrabeen series are variable, as layers of shale are 
common between thick bedrocks of quartz lithic sandstone. In response to these changes, subtle 
transitions in vegetation composition can occur over a relatively short distance. This patterning blurs the 
boundaries of many vegetation communities that are aligned with the Narrabeen geology. 

The sheltered Narrabeen Sandstone slopes of the Hunter Escarpment supporting a dry sclerophyll forest 
(Map Unit 19) is the most dissimilar of the Map Units found within this broad floristic class. Grey Gum and 
Ironbarks (E. fibrosa/E. crebra) dominate the canopy above an open shrub layer that is similar to that 
found on more exposed sites nearby (Map Unit 25). However, it is the low growing open cover of Grey 
Myrtle (Backhousia myrtifolia) found amongst the sandstone benches and boulders that most easily 
distinguishes the community. The area around the Hunter Escarpment is a barren, dry, fire prone 
environment that discourages the prevalence of mesic shrubs. 

By contrast the next five Map Units of this broad floristic class are aligned to shale influenced soils mostly 
occurring as bands or lenses in either the Narrabeen series, Hawkesbury Sandstone strata or remnant 
shale caps. Most are a shrubby and grassy Ironbark dominated woodland and forest complex that does 
not easily conform to the Sydney Hinterland Dry Sclerophyll Forests class of Keith (2004). Map Unit 20 is 
typical of the exposed Narrabeen shale/sandstone soils and is widespread across the study area. The 
height and composition of the community can vary depending on the relative abundance of clay and sand 
in the soil. These variations are reflected in the dendrogram, though they are not mappable at the scale 
adopted for this project. A constant however, is that the canopy includes one or more of the ironbark 
species Eucalyptus crebra, E. beyeriana, E. fibrosa or the rare E. fergusonii subsp. dorsiventralis. 
However, Corymbia eximia, Angophora costata or E. punctata may be more abundant within a given site. 
Ground covers include an open and patchy cover of grasses such as Aristida vagans and Themeda 
aust rails. 

The final two Map Units of this broad floristic class describe dry grassy communities associated with 
shale capping. The first of these (Map Unit 15) is associated with residual capping of the fertile 
Wianamatta shale around Colo Heights. It supports an open grassy forest of limited distribution in the 
study area, and is considered to be a component of Sydney Sandstone Shale Transition Forest EEC 
listed under the NSW TSC Act, 1995. Aligned to the flora of the Cumberland Plain and other Coastal 
Valley Grassy Woodlands (Keith 2004), this is a tall open grassy forest with a sparse shrub layer. The 
grass layer has abundant Kangaroo Grass (Themeda australis) and Threeawn Speargrass (Aristida 
vagans) forming dense tussocks. With their black deeply furrowed barks, lronbark trees (Eucalyptus 
paniculata and E.crebra) are prominent members of the canopy while Turpentine (Syncarpia glomulifera 
subsp. glomulifera) often form a dense stand of smaller trees. Historically referred to as "Parrs Brush" by 
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early settlers, this forest was recognised by Parr himself as covered in ". . . .rich meadow grass and indigo 
bushes" (in MacQueen 2004)... there is not better land to graze cattle... the trees are Iron, Stringy Bark, 
Forest Oak Gum Box and Apple Tree" however patches were "of the thickest brush I ever experienced." 
These "brush" descriptions match those used for similar vegetation found near earlier settlements at 
Bargo in the south of Sydney. The taller lronark Forests with shrubby and grassy understoreys were 
labelled "Bargo Brush" and at times were also considered near impenetrable. 

Further north in the study area residual shale caps occur along the old Bulga Road in northern Yengo 
NP. Only small in area, these grassy woodlands (Map Unit 13) are dominated by Forest Red Gum (E. 
terticornis), Ironbark (E. crebra) and Grey Box (E. molucanna). Despite their isolation, the abundance of 
grass covers encouraged rough grazing on many of the patches during early European settlement. Today 
small diameter regrowth trees typify stands. The understorey is grassy often with an abdundance of 
Kangaroo Grass (Themeda australis), and Wira Grasses (Aristida spp.) 

3.4.4 Hunter Escarpment Permian Footsiopes Dry Sclerophyll Forests 

The Hunter Escarpment footslopes mark a change in geology from the Triassic sandstone plateau to the 
Permian sediments found on the Hunter Valley floor. A mix of shales, conglomerates and sandstones are 
found on these lower slopes, and while still an area of very low rainfall (around 650 millimetres per 
annum) the soil is more fertile than the plateai. above. There are two distinctive communities described in 
this area, both of which evoke the Western Slopes Dry Sclerophyll Forests of Keith (2004). The first of 
these communities is Map Unit 23, an open woodland of Narrow-leaved Ironbark, Grey Box and Black 
Cypress Pine. A shrub layer is present, though sparse in cover because of the numerous small-leaved 
species such as Olearia elliptica and Bursaria spinosa. The diversity of grass species sets this 
community apart from the woodlands found on the sandstone plateau. The species found here are 
widespread in vegetation remnants of the Hunter Valley floor. These dry sites also contain infrequently 
recorded inland species such as the sub-shrub Hibiscus sturtli subsp. sturtii. 

The north-facing Hunter Escarpment also features dense even-aged stands of the blue-green leaved 
Acacia bulgaensis ( Map Unit 31). Found on steep rocky soils these depauperate scrubs of prolific wattle 
growth repress the development of other ground cover or shrub taxa. The floristic composition of these 
sites overlaps with those describing Map Unit 23, however species richness rarely exceeds a few 
individuals per site. Hunter (2005) indicates tat this scrub is one of several Acacia dominated scrubs in 
North Eastern NSW that are thought to arise from infrequent intense fire events. 

3.4.5 Freshwater Wetlands 

On the river flats small drainage channels can be cut off from the main river channel by levee banks 
leading to free water and permanent waterloçged soils (Ryan etal. 1996). These wetlands appear to be 
highly variable (Stricker and Wall 2000). On a tributary of the Macdonald River one site describes a 
freshwater reedland dominated by Eleocharis sphace!ata (Map Unit 41) On the Mellong Plateau, 
wetlands are sometimes an open profuse cover of sedges dominated by Carex appressa (Map Unit 42). 
Nearby, even-aged stands of Melaleuca linariifo/ia (Map Units 38 and 39) form thickets around the 
perimeter of the wetland and along minor watercourses. Additional shrubs are present such as Acacia 
parramattensis, and the ground cover maintaiis the diversity of water loving sedges, herbs and grasses. 

The proliferation of Melaleuca linariifolia may -epresent the consequences of large- scale land clearing on 
these riverflats. The removal of deep-rooted eucalypts allows the shallow watertable to rise closer to the 
surface, leading to permanent saturated soils In response plant species, such as Melaleuca spp., which 
are tolerant of these conditions are encouraged while those that require drier habitats are excluded. 

3.4.6 Dry Rain forest 

The peaks of Mount Wareng and Mount Yengo are old volcanic Iandforms and the rich soil located here 
provides sufficient moisture retention and nutrients to support an unusual dry rainforest, despite low 
annual rainfall (< 800mm per annum). On the south facing slopes of Mount Yengo tall Giant Stinging Tree 
(Dendrocnide excelsa) and Red Cedar (Toona ciliata) stand proudly above a rainforest sub-canopy and 
shrub layer. On exposed slopes or rocky scree, the rainforest is stunted and is dominated by the 
sprawling limbs of Figs (Ficus rubiginosa). Few examples of this community remain protected in reserve 
systems of the Sydney Basin region and as a result it is of high conservation value 
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3.4.7 Me/long Sandmass Woodlands 

The low relief of the shallow incised valleys of the Mellong Plateau and Garland Valley are an anomalous 
landform in the Sydney Basin region (Henry 1988). These are perched sites of deep infill, comprising a 
mix of clayey and muddy sands. The sands are of sufficient depth to sustain a local sand extraction 
industry. There is still conjecture as to the evolutionary processes of this unique landform although Henry 
(1988) points toward changes in topography associated with the uplift along the Lapstone monocline. 

The early search for passage to the Hunter Valley by Parr in 1817 is likely the first recorded description of 
these swamps. Howes 1819 Journal (in Macqueen 2004) describes walking through a "flat sandy and 
rushy bottom interspersed by long swamps tho not deeper than over the Shoes and seldom that'. Little 
has changed to the present day. 

These dry sandy deposits and swamps are part of a series of sandy deposits of the Sydney Basin with 
similar landforms found at Kurri Kurri, Agnes Banks, Wyong, Thirimere and Ulan. Recognised as the 
Sydney Sand Flats Dry Sclerophyll Forests class of Keith (2004) these vegetation communities often 
include the presence of Drooping Red Gum (E. parramattensis subsp. parramattensis) and one of the 
Scribbly Gums (E. scierophylla, E. signata and E. rossi,). However at each of these locations there is 
considerable variation in the understorey taxa (Doherty 1985; NPWS 2000). 

There are three shrubby sclerophyll communities described and mapped on the sandy deposits in the 
study area. The most widespread of these recognises the open woodland of widely spaced scribbly gums 
(E. scierophylla) (Map Unit 28). A prominent shrubby layer of Banksias, Tea Trees and Hakeas is present 
and resemble the sandstone ridgetop flora of the Sydney Basin. A variation in overstorey species arises 
in the Garland Valley (Sanders etal. 1988) where Rough-barked Apple (Angophora floribunda) replaces 
E. sclerophy!la (Map Unit 26). On minor drainage lines and depressions of these sand deposits soil 
properties change, perhaps with an increased clay and peat content (Doherty 1985). These poorly 
drained sites support an open woodland with a low growing sedge and shrub understorey (Map Unit 27). 
The uncommon eucalypt E. parramattensis subsp. parrramattensis is typical with Me!aleuca thymifolia 
and Cal!istemon citrinus often found amongst the shrub layer along drainage channels. The ground layer 
is periodically water-logged and features an array of species from the Restionacae/Cyperacae families 
such as Leptocarpus tenax. 

3.4.8 Hawkesbury Sandstone Exposed Woodlands 

Shrub dominated woodlands and low open woodlands and heath grow in exposed situations on 
Hawkesbury sandstone across the hinterland of the Sydney Basin. These communities form a 
component of the Sydney Hinterland Dry Sclerophyll Forests of Keith (2004) a diverse class of vegetation 
communities situated on lower to mid elevation sandstone plateaux. The landscape is typified as much by 
the fire scarred, low growing twisted eucalypts and hard-leaved shrubs as it is by exposed boulders, rock 
plates and thin cover of yellow and white sandy soils. Within the study area the most common vegetation 
community on Hawkesbury Sandstone is Map Unit 30. The community is restricted to isolated rocky 
outcrops and peaks north of Howes Trail, however to the south it is widespread on ridgetops and north 
facing slopes. The tessellated yellowish plates found on the bark of the Yellow Bloodwood (Corymbia 
eximia) is more prominent than the other commonly recorded tree species, the lower growing Narrow-
leaved Apple (Angophora baken). An open shrub layer is always present with taller species 
Leptospermum trinervium and Persoonia linearis mixed with distinctive flowering shrubs such as Banksia 
spinulosa var. collina and Lambertia formosa. 

Map Unit 21 is very closely related to the previous community in the habitat in which it occurs as well as 
the species that occur within it. Both occur in exposed situations on Hawkesbury Sandstone, however in 
this map unit Red Bloodwood (Corymbia gummifera) replaces Yellow Bloodwood (C. eximia) and is the 
dominant member of the ridgetop woodland canopy. This is particularly the case in the south and east of 
the study area in the Wrights, Mogo and Webbs Creek catchments where this forest appears to become 
more widespread as annual rainfall levels are higher. 

Also in the south and east of the study area Map Unit 29 and Map Unit 32 describe a low growing 
woodland and heath community that is distributed on skeletal Hawkesbury Sandstone soils found in Parr 
SCA and south-eastern Yengo NP along the Great North Road. These communities present a mosaic of 
vegetation structures including low open woodland, woodland and heath. Their distinguishing feature is 
the low growing Dwarf Apple (Angophora hispida) with its broad stalkless grey-green leaves and profuse 
post fire flowering habit. A dense and diverse sandstone shrub layer is also common and includes 
Banksias, Hakeas, Drumsticks, Wattles and Peas. Where a eucalypt canopy is very sparse or absent, the 
community is recognised as a heath (Map Unit 32). Map Unit 29 recognises the woodlands where a low 
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growing canopy of Scribbly Gums (E. haematoma/E.racemosa) occur and Angophora hispida is less 
abundant. Both Map Units are found in two situations in the study area. The first is associated with small 
knolls at the end of minor ridgelines where soils are extremely thin and rocky. The second is on broader 
ridgelines on deposits of bleached white sands, particularly along the Great North Road. 

3.4.9 Hawkesbury and Narrabeen Sandstone Wet Scierophyll Forests and Rain forests 

Yengo NP occupies a zone of lower annual rahfall (650 - 850mm per annum), compared to the coastal 
escarpment of the Watagan Ranges less than tan kilometres east and the Colo Plateaux to the west. The 
decrease in moisture availability coupled with high frequency fire severely restricts the availability of 
suitable habitat to encourage the abundance and diversity of warm-temperate waxy leaved trees and 
shrubs. Unlike Wollemi NP where slot canyons provide year round protection, the topography of the 
Yengo and Parr reserves are punctuated by shallower gully systems exposed to sun, drying winds and 
frequent intense fire. As a consequence rainfo-est and coastal wet sclerophyll forests are rare. Instead, 
sheltered sites carry very tall open eucalypt forests that have a simple mixed shrub layer of low-growing 
mesic and sclerophyll species, as well as rapid recolonisers such as small ferns, vines and herbs that 
depend on shelter provided by the micro halitat formed by sandstone benches, rocks and boulders. 
Prevalent across the sheltered forests are sub-canopy stands of Forest Oak (Allocasuarina torulosa) 
where the shedding of their needle-like leaves contributes to an abundant litter layer in long unburnt 
areas. Only the fire tolerant rainforest tree Grey Myrtle (Backhousia myrtifolia) is found consistently on 
these infertile sandstone soils. These eucalyp: forests represent the driest margins of the North Coast 
Wet Sclerophyll Forests class of Keith (2004). 

The dendrogram shown in Figure 3.1 presents four Eucalypt dominated communities, most of which are 
associated with Narrabeen sandstone gullies and sheltered slopes. However the first describes moister 
forests situated on Hawkesbury Sandstone (Map Unit 18). In the most protected situations, such as 
gullies and beneath south-facing clifflines and benches, these infertile soils support a forest to 30 metres 
tall. The forest is characterised by Turpentine (Syncarpia glomulifera subsp. glomulifera), Smooth-barked 
Apple (Angophora costata) and Forest Oak (A'Iocasuarina torulosa) with a mix of shrub species such as 
Hop Bush (Dodonaea triquetra) and prickly—leaved shrubs such as Mountain Holly (Podolobium 
ilicifolium). Localised occurrence of Grey Myrtle (Backhousia myrtifolia) is also frequent. 

The tallest eucalypt forests in the study area ae the Blue Gum (E. dean/land E. saligna) and Turpentine 
(Syncarpia glomulifera subsp. glomulifera) gully forests (Map Unit 4). They are more common in the 
eastern and southern areas of the reserves particularly in the Mogo and Wrights Creek catchments 
where rainfall levels exceed 800mm per year This forest is characterised by a relatively simple mesic 
shrub layer compared to the coastal gully forests to the east. Small rainforest trees are few, and, where 
present, the hardy Grey Myrtle dominates. The understorey is ferny and contains a high number of vines 
and twiners that scramble across the forest flcor and amongst the shrub layer. Several species listed on 
the Rare or Threatened Plants list (R0TAP), such as Callistemon shires/i and Acacia prominens, have 
been encountered within these forests. By contrast, gully systems in central Yengo NP support an 
uncommon vegetation community in the region (Map Unit 5). It is dominated by the tall, spotted white 
bark of the rare eucalypt, Hillgrove Gum (E. michaeliana) and is found on lower slopes above minor 
streams between the upper Macdonald River and St Albans. This zone of Yengo NP receives only low to 
moderate annaul rainfall (less than 800mm per year). Consequently this sheltered forest is characterised 
by a dense cover of the hardy Backhousia myrtifolia in the understorey where it forms a sprawling shrub 
amongst the sandstone. 

Another community supporting an uncommon eucalypt canopy composition is Map Unit 14. Situated on 
shale influenced Narrabeen soils on steep south facing aspects in northern Yengo NP this tall open forest 
comprises two rare eucalypts of the Sy:iney Basin, Coast Box (E. hypostomatica) and the 
abovementioned Hillgrove Gum. However, Grey Gum (E. punctata) and Ironbarks (E. crebra/E.fibrosa) 
are more frequently recorded. Tall Forest OaK (A. torulosa) is also common amongst the tree stratum, 
with soft leaved forbs and grasses providing a moderate to sparse ground cover. Other than Rapanea 
variabilis there are very few mesic shrubs prominent withinin the Map Unit. Across the sandstone 
plateaux there is greater shelter from the nortiern sun wherever gullylines become pinched and deeper. 
In these situations Backhousia myrtifolia assumes increasing dominance in the small tree layer, where, at 
its most developed, it forms a dense stand of small trees of even height (Map Unit 3). This map unit can 
be considered a depauperate form of Keiths (2004) Dry Rainforest class as it includes a greater 
frequency of rainforest species such as Clerodendrum tomentosum, Rapanea variabilis, Ficus coronata 
and Acmena smith/i although these provide oily a sparse cover. In the Drews and Vault Creek areas in 
the far north east of Yengo NP there are scattered occurrences of species such as Schizomeria ovata, 
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Guoia semiglauca and Endiandra sieberi that are hints of the grander dry-subtropical rainforests found 
along the Watagan Range and Hunter Escarpments. 

3.4.10 Alluvial and Basalt Herb and Grass Forests and Woodlands 

The dendrogram (Figure 3.1) presents a distinct grouping of sites that largely describe tall open grassy 
forests and woodlands growing on deeper clay rich soils associated with flats and drainage lines of major 
rivers and creeks. The major riverfiats run through central Yengo NP on the various branches of the 
Macdonald River and trace the eastern perimeter of the reserve along the Wollombi River. Similar small 
elevated floodplain-like landforms are found on the Mellong Plateau and near the Putty Valley. Within the 
reserves there are also areas of inf ill that form colluvial fans or minor flats at the headwaters of minor 
gullies and on lower terraces of steep slopes across the sandstone plateau. These are often a mix of 
eroded Narrabeen shales and sands and support an open forest similar to those found on the wider 
riverfiats. 

The easy terrain, abundance of palatable grasses and access to water has meant that much of the 
original vegetation on these soils has been cleared for agriculture. As a result what remains today are 
often stands of regrowth eucalypts with prolific growth of recolonising species such as Acacias along with 
invasive weed species such as Large-leaved Privet (Ligustrum lucidum). The current condition of these 
forests belies their grandeur described in 1817 by Parr in the Putty Valley and Boggy Swamp Creek "I 
never saw anything so picturesque and fine in all my travels. The surface is, as if coverered with a fine 
young wheat and not a bush nor bough of a tree to be seen upon it.... the trees which are Apple and Gum 
are very thin (sparse) upon the ground, but the Apple trees are the largest / ever saw. I measured three, 
the circumferences of which were 23 feet 6 inches (7 metres), 22 and 20 feet. They are also extremely 
tall' (in Macqueen 2004). These notes also suggest how open these grand tall forests were "....the trees 
which are Apple and Gum are very large but thinly set on the land, in some places two or three acres 
together has not a single tree or bush upon it...." (ibid). 

Today the forests alluded to by Parr are described and mapped as Map Unit 12 where Rough-barked 
Apple (Angophora fioribunda), Cabbage Gum (E. amplifolia) and Paperbark (Melaleuca linariifolia) are 
prominent. The ground cover is still a sweep of grasses including Microlaena stipoides var. stipoides. 
These forests are found on the broader flats of the Mellong Plateau. They are recognised as a 
component of River-flat eucalypt forest on Coastal Floodplains, an EEC listed under the NSW TSC Act, 
1995. A closely related fcrest community (Map Unit 11) occurs patchily across the sandstone plateau on 
flats associated with gully headwaters. Here the colluvial and alluvial fans are narrower with shallower 
sandy soils and are surrounded by steeply rising sandstone slopes. These forests have Angophora 
floribunda in the tree layer alongside Thin-leaved Stringybark (E. eugenioides). As the fan broadens, or in 
sites where there is higher clay content in the soil, Sydney Blue Gum (E. saligna) and/or Cabbage Gum 
(E. amplifolia) assume dominance. These forests are found around Big Yango station, Wallabadah and 
Boree. Many of these sites have also have a long history of logging, clearing and agricultural land use. 

The lower Macdonald, Wrights Creek and Wollombi Valley support several additional riverfiat 
communities. These communities differ from those described above by the presence of several rainforest 
species, indicating that perhaps gallery rainforests were once a part of the riverflat systems in zones of 
better soil and higher rainfall. Grey Myrtle (Backhousia myrtifolia), Lillipilli (Acmena smithil), Cheesetree 
(Glochidion ferdinandii var ferdinandii) and White Cedar (Melia azederach) have been recorded at some 
sites. This hypothes is supported by historical evidence of cedar-getting along the Hawkesbury River 
(Macqueen 2004) and further in 1933 a Sydney newspaper described "For a great many years, and until 
recently, a big cedar tree grew outside The Settlers Arms (pub at St Albans on the Macdonald River). It 
was such a magnificent specimen that it always caused comment" (Hutton Neve 1978) 

Other floristic attributes are similar with the riverfiat terraces dominated by tall eucalypts, primarily 
Cabbage Gum and Rough-barked Apple (Map Unit 7). However in a small creekline in Parr SCA not far 
from the Hawkesbury River, Swamp Mahogany (E. robusta) occurs near the perimeter of a large 
floodplain wetland (Map Unit 8). This tree is common around sea level not far from the coastline and its 
occurrence here approaches the western limit of its distribution in the Sydney Region. 

Tall narrow stands of River Oak (Casuarina cunninghamiana subsp cunninghamiana) are found on the 
banks of the Wollombi and Macdonald Rivers (Map Unit 34). These forests occupy sites of high flood 
disturbance where sands, pebbles and gravels are scoured or deposited along the river. As a result the 
floristic composition of any given site can be highly variable and susceptible to infestation of water carried 
weeds. 
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Four Map Units have been recognised from vegetation patterns associated with Basalt soils. Two (Map 
Units 1 and 9) were explicitly identified from numerical analysis, while an additional two Map Units (10 
and 37) were discriminated from floristic groups using soil and landform characteristics rather than 
floristic composition. 

Basalt soils mix with the underlying Narrabeen Sandstone to form a 'breccia" on the slopes of these 
peaks. Map Unit 9 describes the forest community that is characterised by Forest Red Gum (E. 
tereticornis), Grey Gum (E. punctata) and/or Grey Box (E. moluccana). A rare and distinctive wattle 
Acacia fulva is found on these richer soils and is locally abundant where present. The high grass cover, 
comprising Themeda australis amongst others, once encouraged clearing and rough grazing by early 
settlers. A small area of ground water seepage between the basalt and sandstone strata supports a 
grove of Paperbark (Melaleuca styphelioides) (Map Unit 37). 

There are just a few small igneous plugs within study area, variously known as holes, clears, craters, 
vents or diatremes. These oval shaped depressions occupy the headwaters of minor drainage lines. Soils 
are a mix of basaltic and sandstone material. These richer soils produce an abundant cover of grasses 
and herbs and thus it is not surprising that, irrespective of the size of the patch or its remoteness many 
have been cleared. Map Unit 10 illustrates the location of these diatremes and describes the flora that 
grows on them. While further sampling is required, the forest can be dominated by a combination of 
Rough-barked Apple (Angophora floribunda), Thin-leaved Stringybark (E. eugenioides) and Narrow-
leaved Ironbark (E. crebra) with Cabbage Gum (E. amp/ho/ia) occupying drainage depressions within the 
diatreme. At a diatreme at Pierces Hole, the canopy includes Yellow Box (E. melliodora), an unusual 
species in hinterland environments of the Sydney Basin. 

3.4.11 Sandstone Warm Temperate Rain forest 

Warm-temperate rainforest only occurs in isolated and small patches in the reserves. These stands are 
only moderately tall and maintain a closed canopy of Coachwood (Cerapetalum apetalum), Lillipilli 
(Acmena smithii) and Grey Myrtle (Backhousia myrtifolia) (Map Unit 2). These rainforests are restricted to 
the south-eastern area of Yengo NP and Parr SCA where annual rainfall exceeds 900mm per annum. 

3.4.12 Other Vegetation Communities 

Five vegetation communities have been described for which there was no systematic sampling effort. 
These have been identified from aerial photography and field traverse. Most occur outside of the reserves 
on the flats of the Macdonald River. Two estuarine communities situated at the junction of the 
Hawkesbury River are small in area (Map Units 36 and 40) though are more extensive on the coastal 
plain to the east. Further up the valley, dense stands of Paperbark (Mela/euca linari/folia and M. 
stypheliodes) (Map Unit 39) form groves along drainage lines, depressions and around the perimeter of 
open wetlands. Each of these floodplain communities are referable to several EECs under Schedule 3 of 
the NSW TSC Act, 1995. 

Within the reserves, two additional communities were identified. The first (Map Unit 43), identifies two 
small areas of sedgelands associated with sandstone, otherwise known as 'upland' or 'hanging swamps'. 
The second (Map Unit 35), represents a complex of vegetation formations and landscape features 
associated with the riparian environment along the Macdonald River. A complex mosaic of open water, 
sand banks, riparian scrubs and tall eucalypts are all present within this map unit. This patterning 
changes rapidly over distance as the river meanders through the dissected sandstone plateau. It also 
likely to change over time as floods periodically alter the location of sand deposits and vegetation on 
banks, as well as the width of the river itself. 

One further community has emerged from further systematic survey in the adjoining Putty and Howes 
Valleys (DECC 2008b). Map Unit 49 is situated on lower slopes and undulating grades of shale 
influenced Narrabeen soils. It is characterised by combinations of Rough-barked Apple (Angophora 
floribunda), Narrow-leaved Ironbark (E. crebra) and Grey Gum (E. punctata) with Forest Red Gum (E. 
tereticornis) common near minor drainage lines. A sparse layer of shrubs is common and includes 
numerous Wattles (Acacia spp.) and Blackthorn (Bursar/a spinosa) and small trees such as Forest Oak 
(Al/ocasuarina torulosa). The ground cover is distinctly grassy and this has led to a variety of agricultural 
pursuits throughout the study area. Much of the extant distribution of this community supports open even 
aged regrowth with widespread evidence of human disturbances such as tracks, fences and canopy 
gaps. Only small areas are present in Yengo NP near the interface with private tenures in the Howes 
Valley area. 
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