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PROJECT SUMMARY

This report describes a project undertaken for the Resource and Conservation Assessment
Council as part of the regional assessments of western New South Wales. The Resource
and Conservation Assessment Council advises the State Government on broad-based land
use planning and allocation issues. An essential process for the western regional
assessments isto identify gapsin datainformation and the best ways in which to proceed
with data gathering and evaluation.

Project objective

The BBS Targeted Flora Survey and Mapping Project was established to provide
biodiversity information on the flora of the Brigalow Belt South Bioregion (BBSB) for
use in the design of regional conservation and resource mangement strategies.

Methods

This project involved data collation and audit to identify floristic data gaps and compile
autecological dataon significant taxa. Targeted field surveys of priority taxawere
undertaken to confirm species localities and collect additional site information. PATN
analysis of systematic dataand areview of APl mapping provided information on
significant plant communities. Predictive modelling of priority taxa and plant
communitiesidentified potential habitat areas and an assessment of vegetation cover
identified potential core habitat areas and corridors.

Key results

This study has established that the flora of the BBSB is surprisingly diverse, with at |east
2,075 native taxa. The vegetation of the bioregion is also regarded as complex, with at
least 75 woody and 109 herbaceous communities identified by the project from various
sources. The plant communities range from Snow Gum forests to rainforest, to
sclerophyll woodland, mallee and heath. Communities more widespread in far western
NSW are also represented, including Poplar Box-Belah semi-arid woodland and River
Red Gum-Coolabah forest. New plant species continue to be discovered and this report
lists seven taxa awaiting formal description. At least 100 other species are considered to
berare or threatened. Several areas of rare plant concentrations have been identified in
the vicinity of the Warrumbungles, Kaputar National Park, Warialda State Forest and
Severn State Forest.

In addition to the research findings that directly relate to the flora and vegetation of the
BBS, this study has applied state-of-the-art analytical techniques to the modelling of plant
community distributions, including Generalised Additive Modelling (GAM) and
Generalised Dissimilarity Maodelling (GDM). The striking correspondence between the
outputs of these quite different modelling techniques demonstrates the power of the
geostatistical approach to the study of plant-environment relationships.
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1. INTRODUCTION

1.1 BACKGROUND

The NSW Government initiated the Western Regional Assessment (WRA) process within the
Brigalow Belt South Bioregion (BBS) in 1999, in order to guide future planning and
encourage partnerships to protect the environment. The Resource and Conservation
Assessment Council (RACAC) is coordinating the assessment which also involves the
National Parks and Wildlife Service (NPWS), State Forests of NSW (SF), the Department of
Land and Water Conservation (DLWC) and the Department of Mineral Resources (DMR), as
well aslocal and regional stakeholders. The Western Regional Assessment is a broad-based
process applying to areas not already covered by NSW forest agreements. The WRA
considers environmental, economic and social values of forest and non-forest land systems
focusing on conservation, land management and regional planning (RACAC web site, 2001).

The BBS assessment processis being implemented in two stages. Stage 1 was concluded in
February 2000 and was concerned with the assessment of State Forest, National Park and
Vacant and Reserved Crown land south of Narrabri within the BBS (Stage 1 project reports
may be viewed and downloaded at the RACAC web site http://www.racac.nsw.gov.au/).
Stage 2 of the assessment is focussed mainly on forest and woodland ecosystems across all
land tenure within the entire BBS. Stage 2 assessments include fauna, flora, vegetation,
cultural heritage, socio-economic, and environmental factors.

1.2 THE TARGETED FLORA PROJECT

1.2.1 Project Objectives

The BBS Targeted Flora Survey and Mapping Project was established to provide biodiversity
information on the flora of the BBS for use in the design of regional conservation and
resource mangement strategies through the following avenues:

= Assessment of conservation values across the landscape (eg. high conservation
values)

= |dentification of a Comprehensive, Adequate and Representative Protected Area
Network (CAR Reserve System)

= Development of conservation criteria, targets and protocols

= |dentification of how management and fire history has affected species and their
habitat.

Ay
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Asdetailed in the project specification (WRA 16), the objectives of the Targeted Flora Survey
and Mapping Project Project are to:

* Provide new data using targeted flora surveys on the distribution and, if possible,
abundance of specified florafor usein verifying future habitat mapping, species and
habitat modelling.

= Collect information on specified flora and their habitat to fill as many gaps as possible,
focusing on rare and threatened (using Rare or Threatened Australian Plants (ROTAP) list
of Briggs and Leigh (1996). (ROTAP), regionally significant, overstorey dependant
species or communities and old growth components.

= Collate information on the known and predicted regional distribution of each targeted
species to provide regional context to the project.

» Assistin theidentification of High Conservation Values (HCV).

= Assist theidentification of a Comprehensive, Adequate and Representative (CAR)
Protected Area Network.

» Assistin developing conservation protocols as part of Ecologically Sustainable Forest
Management (ESFM).

The following project aims were formulated in order to meet these specific project objectives:

= Collate all readily available information on the vascular floraand vascular plant
communities of the Greater BBS and (where appropriate) store thisinformation in an
accessible digital format.

= Compilealist of al vascular plant species known to occur with the bioregion.

= |dentify vascular plant species listed on the Commonwealth Environment Protection and
Biodiverity Conservation Act 1999 (EPBC Act), the NSW Threatened Species
Conservation Act 1995 (TSC Act) or the Rare or Threatened Australian Plants (ROTAP)
list of Briggs and Leigh (1996).

» |dentify vascular plant species of conservation priority at abioregional level using
explicit criteriaand/or expert botanical input.

= Undertake targeted rare plant surveysin order to validate existing locality records, collect
autecological information, and to locate previously undiscovered rare plant populations.

=  Where possible, undertake appropriate analyses in order to model the distribution of rare
plant species.

» Undertake appropriate analyses in order to identify, characterise and map the vascular
plant communities of the bioregion.

= Undertake appropriate research in order to identify any vascular plant communities of
conservation priority that occur within the bioregion, including any communities listed on
the EPBC Act or the TSC Act or otherwise considered to be of conservation priority by
Specht et al. (1995) or other botanical experts.

» |dentify areas of priority for the conservation of plant biodiversity within the BBS.

[EEY
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1.2.2 Project Resourcing

The Resource and Conservation Assessment Council (RACAC) contributed $49,120 to the
Targeted Flora Survey and Mapping Project (TFP). Stage 1 was completed in February 2000
and produced a draft strategy for targeted flora surveys. A total of $43,809 remained unspent
at the completion of Stage 1, and these funds were rolled-over to Stage 2. This funding was
supplemented by the NSW National Parks and Wildlife Service (NPWS) in recognition of the
importance of the project for biodiversity conservation and bioregional planning. NPWS
have provided significant in-kind support to the TFP. This support included resources from
the WRA Unit for scientific research and review, data entry and analysis, documentation,
administration, 4WD survey vehicle, survey equipment, field work expenses, and GIS
assistance. Additional support was provided by expert botanical input from the NPWS
Western Directorate, NPWS Northern Directorate, and specialist analytical input from the
NPWS GIS Research and Development Unit based at Armidale.

Other than the results of targeted rare plant surveys specifically undertaken for this project,
survey datawas collated from pre-existing datasets, including data recently acquired as part
of the RACD Joint Vegetation Mapping Project (WMP). As such, expenses associated with
field surveys were relatively modest. In addition, the various analytical approaches adopted to
meet project objectives were in part designed to mimise project costs.

1.3 ABOUT THIS REPORT

This report details the aims, methods and results of the Targeted Flora Survey and Mapping
Project (TFP) in three discrete chapters. Chapter 1 provides an overview of the project and
the natural environments of the BBS. Chapter 2 deals specifically with plant species
inventory, mapping, and analysis, whilst Chapter 3 addresses issues of regionally significant
plant communities.

1.4 THE BRIGALOW BELT SOUTH BIOGEOGRAPHIC REGION

1.4.1 Location and Boundaries

The BBS Biogeographic Region was first described by Morgan and Terry in 1992 in their
publication ‘Nature Conservation in Western New South Wales'. The boundaries of the
region were later revised by Thackway and Cresswell (1995) as part of the bioregionalisation
of Australia. According to Thackway and Cresswell, the BBS s the sixth largest bioregion in
Australia, comprising an area of 279,496km? and extending from north-western NSW into
southern Queendand.

The WRA Assessment deals specifically with the NSW component of the BBS, which
measures 52,458 km? in area (6.5% of the state). For the purpose of analysis, data collation
and reporting, a 15km buffer has been applied to the BBS; the BBS and 15km buffer is
hereinafter referred to as the Greater BBS (Figure 1).

IS
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Figure 1: Location of the BBS South Bioregion in NSW

Notes. The BBS South Bioregion is shaded and surrounded by a 15 km buffer used for data analysis
and modelling.

1.4.2 Geographic Provinces

The BBS equates to the Northern Sandstones described by Morgan and Terrey (1992) who
separated the region into seven provinces on the basis of functional and geological differences
(Table 1: Figure 2). The mgjor differences are between those provinces formed on aluvia
and colluvia deposits, those dominated by basalts, and those formed largely on Mesozoic
bedrock. Areas dominated by sandstone have relatively infertile soils and large areas of native
forest. Whilst the steeper basalt areas also have native forest, the more undulating areas and
alluvial and lower slope areas with a basaltic influence, have been widely cleared and
cultivated. A more detailed description of the provinces and environments of the BBS can be
found in the Brigalow Belt South Bioregion Scoping Report (NPWS, 2002).

=
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Figure 2: Provinces within the BBS South Bioregion
After Morgan and Terrey (1992).

ga:Northern Ouitwash S

8c:Pilliga O wiw ash

8f:Pilliga

8z:Talhragar Valley

8e:MNorthern Basalis

8h:Liverpool Plains

8d:Liverpool Range

Notes. The BBS has been subdivided into provinces by Morgan and Terry (1992), principally on the basis of
geology and geomorphology. The Northern Outwash, Liverpool Plains and Pilliga Outwash provinces are
characterised by alluvia and colluvia deposits. The Pilligaand Talbragar Valley provinces are characterised by
Mesozoic sediments. The Northern Basalt and Liverpool Range provinces are characterised by Tertiary basalts.

TABLE 1: PROVINCES OF THE BBS (NORTHERN SANDSTONES)

Province Description Dominant Lithology
Northern Outwash Gently Sloping fans, grey clays

Liverpool Plains Plains, black earths Alluvials and colluvials
Pilliga Outwash Plains, deep sandy texture-contrast soils

Liverpool Range High ranges Basalt

Northern Basalt Undulating, sandstone in valleys

Pilliga Coarse sediments, sandy soils Mesozoic sediments
Talbragar Valley Fine to medium sediments, red loams

=y
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1.4.3 Climate

Rainfall

The BBS experiences an annua mean rainfall from about 550 mm in the west at Gilgandra to
823 mm on the eastern edge of the bioregion at Murrurundi. On the north - south gradient,
annua mean rainfall is 587 mm in Dubbo, 651 mm at Narrabri and 659 mm at Texas on the
Queendland border. Substantial rainfalls can occur at any time of the year but there is a peak
in summer and asmaller peak in winter. The dominance of the summer rainfall decreasesto
the south, with the exception of Murrurundi on the higher atitudes of the south east. At
Dubbo, the distribution of rainfall throughout the year is relatively even with the lowest
rainfal in April.

Temperature

Monthly mean temperatures range from a maximum of 33°C in January to a minimum of 3°C
in July but daily maximum can reach 45°C and stay above 40°C for several days. Minimum
temperatures can be aslow as-9°C. Frosts are common with up to 100 days of frost each
winter possible in the southern areas. Occasional snowfalls occur on the tablelands (RACD,
2000q). Temperatures vary with altitude throughout the bioregion and have alarge daily
variation. For example, the Liverpool and Warrumbungle Ranges have lower annual mean
temperatures than the rest of the bioregion, as do some of the isolated volcanic peaks between
the two ranges.

1.4.4 Topography

Elevation within the BBS varies from 1 240 m above sealevel in the east to 100 m above sea
level inthewest. The highest land areaiisthe Liverpool Range, awestern extension of the
Great Dividing Range that crosses the area from east to west south of Tamworth and
Coonabarabran and joins the Warrumbungle Range in otherwise gently undulating and flat
country. The Liverpool rangeis rugged on the northern edge with slopes up to 45 degrees
and altitude from 600 to 1 200 m above sealevel. The southern edge of the range has amore
moderate slope of approximately 7 degrees. The Warrumbungles range from approximately
1100m above sealevel to approximately 480m above sea level with slopes ranging from
approximately 12 degrees on the northern side to 6 degrees in the south.

The majority of the bioregion has a slope of 0-10 degrees, with hillier areas such asthe
Warrumbungles, the Liverpool range and the lower slopes of Mount Kaputar having slopes up
to 55 degrees.

=
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1.4.5 Geology and geomorphology

The BBSisunderlain by ancient fractured crystalline rocks covered by sedimentary layers
deposited during the Triassic and Jurassic periods. In the Miocene epoch the areawas
subjected to igneous activity and subsequent movements of the earth’s crust (NWCMC,
1996).

The Mesozoic sediments that dominate the Brigalow Belt are the south-eastern extremity of
the Great Artesian Basin (GAB). These sandstone beds form a generally undulating to low
hilly landscape with some higher areas covered by Tertiary lavaflows (Morgan and Terrey
1992).

In the south western portion of the bioregion, the sedimentary deposits are the sandstones and
mudstones of the Purlewaugh Beds of the lower and middle Jurassic period and the quartz
Pilliga Sandstones of the upper Jurassic period. The Pilliga Sandstones are the major intake
bed for the GAB. During this period of sedimentary deposition, the GAB to the west and
north-west was subsiding and forming vast lakes. The landscape was then gradually eroded
and uplifted and became one of worn sandstone ridges and mesas, surrounded by vertical
cliffsand isolated by deep broad river valleys which were slowly being eroded away.

The volcanic activity in the Tertiary period then covered the whole area with vast lava flows
and associated volcanic formations. The subsequent 13 million years of weathering reduced
these vast flows to afew resistant volcanic formations — Liverpool Range, Warrumbungle
Range and Nandewar Range (in the Nandewar bioregion) and many small conical hills. This
weathering of the basalt ranges has produced the rich alluvium which has become the fertile
floodplains now used extensively for cropping (Fairley, 1991).

1.4.6 Dominant Soil Types

North of Narrabri most of the bioregion has coarsely cracking grey and brown clays with
some deep black cracking clays and red-brown earths in the north east. South of Narrabri
there are four predominant soil types:

= deep black cracking clays over most of the low elevation eastern half with shallow black
self mulching clays on the Liverpool Ranges

» massivered and yellow earths in most of the western half

= areas of red brown earths and loams along the Castlereagh and Talbragar Rivers

= shallow loamsin the Warrumbungle Ranges.

The soils which developed directly on the basic igneous rocks such as basalt and tuff are
generally finer textured with uniform to gradational profiles. These range from kraznozems
and chocolate soils in the wetter parts to euchrozems and red, grey and black cracking clays
on the drier western slopes. Over the Pilliga Sandstones there are mostly poor sandy or
gravelly soils, sandy loams, duplex clays and sand or yellow earths, which are often skeletal.
Along the mgjor rivers the soils are deep black, grey or red clays and fertile, fine to medium
textured soils on levees and more recent alluvium (Banks 1995, 1998 in RACD, 2000a).

Iy
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Deep, highly fertile black earths have devel oped on the basic alluvia and colluvia on the wide
valleys below the basaltic ranges, including the Liverpool Plains. These are interspersed with
red earths, red brown earths, solodics and sometimes euchrozems on the sandstone outcrops.
On theriverine plains of the west of the bioregion the soils have been derived from the
Quaternary aluvia and have formed moderately fertile deep grey and brown cracking clays.

1.4.7 Hydrology

River catchments which intersect the BBS include the Namoi, Castlereagh, Macintyre,
Macquarie, Gwydir and Hunter. The area of these catchments, and the percentage of each
which intersect the BBS are shown in Table 2. Identified wetland types, number of each
wetland type and area of identified wetlands within the catchments intersecting the BBS are
shown in Table 3. The Namoi River catchment covers by far the greatest area of the bioregion
(40%) and contains the largest number and area of identified wetlands of all catchments

within the BBS.

TABLE 2: CATCHMENTS INTERSECTING THE BBS

Catchment Area Catchment Area Intersecting |% Catchment Area |% of BBS Covered
Area (ha) with BBS (ha) Within BBS by Catchment

Namoi River 4205 447 2116 364 50% 40%

Castlereagh River 1742 205 889 136 51% 17%

Macintyre River 2424 432 703 323 29% 13%

Macquarie River 7 476 966 625 647 8% 12%

Gwydir River 2 660 999 568 450 21% 11%

Hunter River 2150122 347 558 16% 7%

TABLE 3: IDENTIFIED WETLANDS, TYPES AND AREA WITHIN BBS

(SOURCE: KINGSFORD ET AL, 1999)

Catchment Area Wetland Type No Wetlands |[Area (ha) |% under Crown
Reserve
Namoi River including Reservoir 47 476 2%
Cockburn River, Manila River, |Freshwater Lake 4 6 924 1%
Mooki River, and Peel River = Wetiands |26 4676 45%
Namoi Totals 77 12 077 18%
Macintyre River including Reservoir 4 176 0%
E‘Z‘Lﬁﬁ’r@f&v&r&eﬁﬁﬂﬂ ggfve;m Floodplain Wetlands |62 7 255 6%
River ' Macintyre Totals 66 7 431 6%
Gwydir River including Reservoir 23 544 0.4%
Horton River, and Mehi River  [Fioodplain Wetlands |27 3385 5%
Gwydir Totals 50 3929 5%
Macquarie River including Reservoir 5 95 0%
Bell River, Bogan River, Bogar |Freshwater Lake 1 132 0%
E:Yci;égggc;;b;ri\r/aegr]?lr_ﬁt)l/e%\i/\?é’r, Floodplain Wetlands |1 25 5%
and Talbragar River Macquarie Totals 7 252 3%
Castlereagh River Reservoir 19 65 0%
Castlereagh Totals 19 65 0%
BBS Totals 219 23 754 12%
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Thetotal area of identified wetlands within the BBS is approximately 24 000 ha and includes
219 floodplain wetlands, reservoirs, and lakes. 64% of all wetlands in the BBS consist of a
total of 116 floodplain wetlands, with five freshwater |akes accounting for 30% of the area of
wetland in the BBS and 98 reservoirs accounting for 6% of the total area of wetlandsin the
BBS (Table4). Freshwater lakesin the BBS include Goran Lake in the Namoi River
catchment, which covers an area of 6 800 ha, and isthe largest freshwater lake in the
Bioregion. Other lakesin the BBSinclude Yarrie Lake, also in the Namoi catchment and
covering an area of 61 ha, and Old Harbour Lagoon in the Macquarie catchment, covering an

areaof 130 ha

TABLE 4: WETLANDS BY PROVINCE WITHIN THE BBS
(SOURCE: KINGSFORD ET AL, 1999)

Province Wetland Type Name of Major Wetland Area (% Province
Wetlands (ha)
Liverpool Plains Freshwater Lake Lake Goran 6 863 0.73%
Reservoir 271 0.03%
TOTALS 7134 0.76%
Northern Basalts Floodplain Wetlands 2648 0.43%
Reservoir 123 0.02%
TOTALS 2771 0.45%
Northern Outwash Floodplain Wetlands 7991 1.14%
Reservoir 608 0.09%
TOTALS 8599 1.23%
Pilliga Floodplain Wetlands 25 0.001%
Freshwater Lake Old Harbour Lagoon|132 0.008%
Reservoir 88 0.005%
TOTALS 245 0.014%
Pilliga Outwash Floodplain Wetlands 4676 0.87%
Freshwater Lake Yarrie Lake 61 0.01%
Reservoir 260 0.05%
TOTALS 4998 0.93%
Talbragar Valley Reservoir 7 0.003%
TOTALS 7 0.003%

Great Artesian Basin

The GAB covers approximately 1.7 million km? (approximately one fifth of the continent)
and covers the mgjority of Queensland, and parts of the Northern Territory, South Australia
and New South Wales (GABCC, 1998; DNR, 2001).

The BBS lies within the Surat Basin (sub-basin of GAB) in the south east of the GAB and
covers a small section of the basin. The major aquifers of the GAB which fall within the BBS
are the Upper and Lower Pilliga Sandstone Aquifers (GABCC, 1998). Depth of sedimentsin
the GAB within the majority of the BBS vary between 0 and 1 200 m, with one area up to

1 800 m deep along the New South Wales — Queendand border. Groundwater within the
GAB flows from areas of higher topography (such as the recharge zones within the BBS)
towards lower areas or discharge zones (springs) to the west of the bioregion (GABCC,

1998).

Iy
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1.4.8 Broad Vegetation Patterns
Overview

There are four key studies which provide a broader context for subsequent, more detailed
considerations of plant biodiversity within the BBS, namely, the continental synthesis of
Doing (1981), the Australian phytogeographic regionalisation of Specht et al. (1995), the
AUSLIG vegetation map of the continent (Australian Surveying and Land Information
Group, 1990) and the ecogeographic characterisation of the botanical subdivisions of NSW by
Harden (2002). Each of these studies will be discussed briefly in the following paragraphsin
relation to the boundaries of the BBS.

Australian Floristic Regions and Provinces

Doing (1981) discusses the plant geography of the Australian floristic kingdom according to a
series of mapped botanical regions and provinces. The BBS straddles the Western Slopes
Province (Ess) and the Western Plains Province (Esp). Doing describes the Western Slopes
Province as semi-humid, warm to cool temperate (or sub-mediterranean in some years) with
the following characteristic species. Eucalyptus albens, E. blakelyi, E. bridgesiana, E.
macrorhyncha and E. melliodora. The Western Plains Province is described as semi-arid,
sub-tropical to Mediterranean, with the following endemic eucalypts: E. largiflorens, E.
microcarpa and E. woollsiana.

Conservation Atlas Plant Communities and Phytogeographic Regions

In alandmark study, Specht et al. (1995) present the results of a continent-wide assessment of
Australian plant communities: the Conservation Atlas of Plant Communitiesin Australia.

The Atlas provides an inventory of objectively determined plant communities based on
statistical analysis of some 4729 floristic lists, using the TWINSPAN ordination and
polythetic-divisive classificatory program. A total of 343 mgjor floristic groups (including 60
understorey groups) were identified. Subsequent literature review identified subunits within
the TWINSPAN groups and ultimately yielded atotal of 921 floristic groups (including 108
understorey communities) for the continent, each of which are profiled in the Atlas. Specht et
al. also present the results of afloristic analysis of 1 x 1 degree grid cells across the entire
continent in order to objectively define phytogeographic regions. These regions are
illustrated below in Figure 3. The BBS lies predominantly within the Central NSW region
(CN) and partly within the Eastern region (E2)

A Vegetation Map of Australia

In 1990 AUSLIG published an atlas of Australia’s natural resources in several volumes, one
of which dealt entirely with the continent’ s vegetation. This volume included two vegetation
maps, one showing the present vegetation and one showing the presumed natural (pre-
clearing) vegetation. The vegetation of the BBS portion of both of these mapsisillustrated
Figure 4 and summarised in Table 5.

=
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Figure 3. Phytogeographic Regions Identified by Specht et al. (1995)
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Figure 4: Broad Vegetation Patterns of the BBS
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TABLE 5: BROAD VEGETATION PATTERNS IN THE BBS: PAST AND PRESENT
AFTER AUSLIG (1990)

Category Pre-clearing area Present area % Reduction
(ha) (ha)

Eucalyptus - Conifers 165726 79971 51.8

Eucalyptus 5820069 1360966 76.6

Stipa 210424 0 100

Eucalyptus - Astrebla 602084 60592 89.9

(mitchell grass)

Acacia including 107184 0 100

Racosperma

Conifers - Eucalyptus 749304 25375 96.6

New South Wales Botanical Subdivisions

The vegetation of NSW is described by Harden (2000) in relation to the key physiographic
features of the State asfollows. New South Wales, including the Australian Capital Territory,
can be separated into 5 main ecogeographic and floristic divisions: (1) Coastal; (2) Tableland;
(3) Western Slopes; (4) Western Plains: and (5) Far Western Plains. These divisions are
principally defined by the eastern belt of elevated tableland which profoundly influences both
temperature and rainfall. In very general terms, the northern portion of NSW experiences
more rainfall in summer, the southern portion experiences more rainfall in winter, whilst
intermediate zones have relatively evenly distributed rainfall. Complete winter dormancy of
the vegetation is found only in the highest parts of the tableland, although in most of the
Tablelands Division and parts of the Western Slopesthere is a pronounced depression of
growth in the colder months (Harden, 1990).

On the basis of this climatic variation, the 5 main divisions can be further divided into a total
of 13 subdivisions. Asillustrated in Figure 5, the Greater BBS includes roughly equivalent
areas of the North Western Plains (NWP), North Western Slopes (NWS) and Central Western
Slopes (CWS), in addition to two small areas of the Northern Tablelands (NT). The
characteristics of each subdivision are outlined in the following paragraphs after Harden
(1990:XiX-XX).

Northern Tablelands

The Tablelands Division, including the constituent northern, central and southern
subdivisions (NT, CT, ST), experiences cool to cold winters, infrequent light summer and
severe winter frosts, occasional light to heavy snowfalls and moderate to high precipitation,
with annual rainfall between 500 to 2000 mm. In the west, the Tablelands is divided from the
Western Slopes Division by an altitudinal line varying from 600 m above sealevel in the
south to 800 min the north, but falling below these altitudes in some placesin order to
include the more exposed districts. The north to south continuity of the Tablelands Division
is broken by the relatively low altitude of the Great Divide in the Hunter River Valley, where
the Northern Tablelands subdivision (NT) is separated from the Southern Tablelands (ST) by
the easterly extension of the Central Western Slopes (CWS).

Plant growth within the Tablelands Division experiences a pronounced depression during the
colder months with complete winter dormancy at only the highest elevations. The vegetation
chiefly consists of dry sclerophyll forest or more open grassy woodland dominated by species
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of eucalypt of moderate size. Areas at high elevation are covered by tall wet sclerophyll
forest with some more sheltered sites supporting cool temperate rainforest dominated by
Antarctic beech (Nothofagus moorei). As noted above, only two relatively small areas of the
Northern Tablelands fall within the Greater BBS, namely, Coolah Tops (Liverpool Range)
and Mount Kaputar (Nandewar Range).

North Western and Central Western Sopes

The Western Slopes Division is generally drier and warmer than the Tablelands, with annual
rainfall between 370 to 750 mm, moderate winter frosts and little or no snow. The Division,
including the constituent northern, central and southern subdivisions (NWS, CWS, SWS),
encompasses all of the Slopes country to the west of the Tablelands but a so projects eastward
to meet the Coastal Division in the Hunter River Valley. Physiographically, the Western
Slopes Division includes hilly, undulating and plains country and important agricultural,
pastoral and forest areas. Lighter sandy and stony soils generally support dry sclerophyll
forest, whilst soils of intermediate loamy texture once supported atall woodland of eucalypt
or cypress pine (Callitris species), but much of this vegetation has been cleared for cropping
and grazing. The heavier, chiefly black, alluvial soils and those soils developed from basic
igneous rocks once supported grassy woodland but this vegetation has also been extensively
cleared (Harden, 1990:xix-xx). Much of the southern portion of the Greater BBS occurs
within the North Western Slopes subdivision whilst the most southern portion of the
bioregion (south of the Liverpool / Warrumbungle Range) lies within the Central Western
Slopes subdivision.

North Western Plains

The Western half of the State experiences a semi-arid to arid climate with arainfall of 150-
500 mm per annum and light to moderate frosts. The irregularity of the rainfall is often more
important than its total amount, its effectiveness depending largely upon its seasonal
distribution. Plants of this division are therefore mostly drought-resistant perennials or
drought-escaping ephemerals.

The North Western Plains is subdivided into the Western Plains and Far Western Plains
Divisions by amore or less arbitrary straight line drawn from Balranald in the south, passing
west of Bourke and continuing north to the Queensland border. Each of these two divisionsis
again divided into northern (NWP, NFWP) and southern portions (SWP, SFWP). The greater
part of these divisionsisflat plains country, but there is some undulating land with scattered
stony ridges or low plateaus, and occasiona hills up to 500m.

The heavier clay soils are deep and nutrient-rich supporting communities usually dominated
either by perennial grasses or chenopod shrubs which are associated with arich assemblage of
other species, including many ephemerals. Lighter sandy soils are more variable in depth and
richness but are usually covered by low open forest or woodland in which species of Acacia
and Casuarina tend to dominate in the west, with eucalypts and Callitris being more
prominent to the east, and mallee eucalypts common in the south. Stock grazing is
widespread though some dryland farming is practised toward the east, and elsewhere under
irrigation. The north-western part of the Greater BBS falls within the North Western Plains
subdivision.

N
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Figure 5: Botanical Subdivisions of the BBS

Notes: The outside boundary of the above figure denotes the limit of a 15 km buffer around the BBS
South Bioregion (bold line). The Bioregion includes portions of the following New South Wales
botanical subdivisions: Northern Tablelands (NT); North Western Slopes (NWS); Central Western
Slopes (CWS); and North Western Plains (NWP). Coolah Tops to the south and the Nandewar Range
(including Mount Kaputar) to the north account for the areas of the Northern Tablelands which lie
within the Bioregion.
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2. PLANT SPECIES

2.1 OVERVIEW

2.1.1 Australia’s Threatened Flora

Australia has more vascular plant species than 94% of countries worldwide and 85% of the
world’ stotal endemic plant taxa (Wilderness Society 1999; DEST 1994; Benson 1990).

Since European settlement, Australia has witnessed the extinction of 68 vascular plant species
(ANBG, 1998). Currently, Australia has 1072 nationally threatened vascular plants, 372
endangered and 700 vulnerable plant species (Commonwealth 1998 cited in Wilderness
Society 1999). The number of threatened vascular plants within Australiais higher than any
country on earth (Kirkpatrick 1994 cited in Briggs & Leigh 1996).

2.1.2 The Importance of Floristic Data

Knowledge of the plant speciesthat are native to a particular region (floristic data) is
fundamental to our understanding of the evolution and persistence of natural ecosystems.
Particular plant species often play apivotal role in structuring ecological communities and in
sustaining ecological processes. Individual plant species or groups of species may even
dominate entire landscapes, thereby contributing profoundly to our sense of place and
belonging (asin the case of Australia s wattles and eucalypts, the coolabah tree in Waltzing
Matilda, the State’'s floral emblems, or local icon species like the river red gum, Eucalyptus
camaldulensis). In addition to their current or potential (economic) utility to human society,
individual plant species may serve asreliable indicators of faunal composition, moisture
availability, rock type or soil properties (such as soil depth and fertility). The acquisition of
floristic datais therefore a matter of considerable importance from a cultural, economic and
scientific perspective.

N
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2.1.3 Review of Project Objectives

This chapter describes the methods used to collate and analyse floristic data for the BBS and
addresses three key objectives of the Targeted Flora Survey and Mapping Project, namely:

Collect information on specified flora and their habitat to fill as many gaps as
possible, focusing on rare and threatened (ROTAP), regionally significant, overstorey
dependant species or communities and old growth components.

Collate information on the known and predicted regional distribution of each targeted
speciesto provide regiona context to the project.

Provide new data using targeted flora surveys on the distribution and, if possible
abundance of specified florafor usein verifying future habitat mapping, species and
habitat modelling.

The following project tasks were formulated to meet these specific objectives:

Data Audit and Compilation

Collate all readily available information on the vascular flora and vascular plant
communities of the Greater BBS and (where appropriate) store thisinformation in an
accessible digital format.

Compilealist of all vascular plant species known to occur with the bioregion.

Review Conservation Statusto I dentify Significant Plant Species

Identify vascular plant species listed on the Commonwealth Environment Protection
and Biodiverity Conservation Act 1999 (EPBC Act), the NSW Threatened Species
Conservation Act 1995 (TSC Act) or the Rare or Threatened Australian Plants
(ROTAP) list of Briggs and Leigh (1996).

Identify vascular plant species of conservation priority at abioregional level using
explicit criteriaand / or expert botanical input.

Conduct Targeted Surveys

Undertake targeted rare plant surveys in order to validate existing locality records,
collect autecological information, and to locate previously undiscovered rare plant
populations.

Undertake Research and Analysis (Habitat M odelling)

N
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Where possible, undertake analyses in order to model the distribution of rare plant
Species.

Undertake analysesin order to identify, characterise and map the vascular plant
communities of the bioregion.

Undertake research in order to identify any vascular plant communities of
conservation priority that occur within the bioregion, including any communities
listed on the EPBC Act or the TSC Act or otherwise considered to be of conservation
priority by Specht et al. (1995) or other botanical experts.

Targeted Flora Survey and Mapping Project
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2.2 DATA AUDIT AND COMPILATION

2.2.1 Available Datasets

Data sources

Floristic data are available in several different forms, each of which differsin its utility for the
purposes of speciesinventory, numerical analysis and distribution modelling. In general, the
most important sources of floristic datainclude individuals (especially botanists) specieslists
(both published and unpublished), herbaria and biological survey databases. The limitations
and utility of each data sourceis outlined in the following paragraphs.

Individuals. Individuals, especialy those regularly involved in biological surveys, are a
potential source of plant locality data not available from any other source. The acquisition of
these data often requires ongoing liaison to address issues of payment, intellectual property
rights, the intended use of the data, data storage and third-party access. In modelling, this type
of information is particularly useful in evaluating model outputs.

Specieslists. Many published and unpublished plant species lists for particular geographic
areas also serve as a source of plant locality data. Whilst these lists can add to aregional
inventory of plant species, their utility for conservation purposes is often limited by the lack
of precise plant location data. The occurrence of a plant speciesis usually recorded relative to
the subject geographic area rather than a specific map coordinate. Occasionally however,
these lists do include species by site data with sites attributed by their precise map location.

Herbaria. Herbarium records are the most reliable source of a species occurrence, in one
sense, as each record is supported by an actual specimen. However, many herbaria do not
contain precise plant location data and, as a consequence, the utility of these datafor
conservation purposes (eg. predictive habitat modelling) is often limited. In addition, many
herbaria have yet to completely transfer their records into adigital format, which again limits
the utility of this data particularly for modelling and bioregion-wide analyses. Herbarium
records do however, contribute to aregional inventory of plant species and can be useful asa
presence only data source for modelling if the level of spatial prescision is known to be
acceptibly high.

Survey Databases. Biological survey databases are the primary source of floristic data used
for the purposes of bioregional assessment and distribution modelling. Typically, these
databases have been specifically designed to store, manipulate and export large quantities of
gpatially referenced digital data. Survey databases frequently devel op what could be termed
‘emergent properties’ due to the nature of the stored data, inconsistencies between (and
within) datasets, and the frequently complex relationships between the constituent data tables.
These emergent properties make data extraction an often arduous process requiring
considerable expertise and an intimate knowledge of the structure and composition of the
database. The data contained within survey databases are usually systematic, ie, the location
of sites has usually been determined by prior planning or analysesin order to adequately
sample the vegetation. They also inform on where species are present and absent. As such
they are the most useful source for modelling.

N
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2.2.2 Data Collation

Priorities. Due to time constraints, data collation for the floristic inventory component of the
TFP concentrated on the rapid acquisition of large digital datasets, especially those containing
systematic floristic site data. A total of 116,563 records were collated for the Greater BBS,
which includes 3,310 systematic sites. Those datasets acquired or accessed for the TFP are
listed below in Table 6.

TABLE 6: FLORISTIC DATA ACQUIRED OR ACCESSED
FOR THE TARGETED FLORA PROJECT

Data Source / Database Code Records in Greater BBS
Royal Botanic Gardens (Sydney) Rbg 234
National Herbarium (Canberra) Can 53
Queensland Herbarium Qld 52
New England Herbarium (Armidale) Une 8
Melbourne Herbarium Mel 11
Sydney Herbarium Syd 141
NPWS YETI Database YETI db 103831
NPWS Atlas of NSW Wildlife Atlas 12201
SF Flora Sf Flora 32
TOTAL 116563

Herbaria. Herbarium data were acquired from the Royal Botanic Gardens (Sydney), Royal
Botanic Gardens (Melbourne Herbarium), National Herbarium (Canberra), Queensland
Herbarium, and New England Herbarium (Armidale). All data acquired from herbaria
contained locality information on individual specimen collections (e.g. latitude/longitude or
easting/northing) as well as the recorder and date of collection. Some herbaria provided
additional information on the reliability and accuracy of locality records. Aspreviously
noted, most herbaria do not contain records with precise plant location data because
historically, approximate locality information was considered sufficient. With the recent
introduction and now widespread use of differential geographic positioning systems (GPS),
the precision of plant locality records are improving. At present however, most herbarium
specimen locations can only be considered approximate and as such are of limited utility for
modelling purposes. The processed used to audit herbarium records for modelling is described
on page 93 of this report under 'data processing'. In total, herbaria ultimately supplied 499
records or 0.43% of the total number of locality records acquired for the TFP.

Biological Databases. Two biological databases were accessed for the TFP, namely, the
NPWS YETI and Atlas databases. The YETI database (Bedward and Ellis, 2001) stores
systematic floristic site data (principally quadrat data) whilst the Atlas database stores
opportunistic records (point locations for individual species). The Atlas database contains
species locality information, including both latitude/longitude and easting/northing, along
with information on the accuracy of the location (Table 7). The Y ETI database stores a suite
of floristic and environmental datain five main tables; Stes, Physical Attributes, Disturbance,
Floristics and Vegetation Sructure (Tables 8 to 11). The sitestable includes fields for
easting/northing and location accuracy. The processed used to audit YETI and Atlas records
for modelling is described on page 93 of thisreport under 'data processing'. YETI and Atlas
databases ultimately provided the bulk of locality records acquired for the TFP (99.54%) with
acombined total of some 116,032 records within the BBS. A list of all systematic surveys
used to produce the regional floristicslist isoutlined in Table 12.

N
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TABLE 7: ATLAS DATABASE FIELDS

Field Description

Data Source Where the data originated (eg. Systematic surveys, individuals).
Sighting Code for the site number where each species was recorded?
Species Code A code for the species.

Family The family of the species.

Family sort Unknown

Scientific name

The scientific name of the species.

Common name

The common name of the species.

Legal status

Unknown

First date The first date when the species was discovered.
Last date Last date the species was collected.

Surname Last name of person who firstly identified the species?
Observation Type of observation for fauna records (e.g. scats)
Count Number of species observed/recorded at each site.
Reliability Code for the reliability of the species identification?
Location Description of the location of the site.

Description Site description.

Latitude Latitude in decimal

Longitude Longitude in decimal

AMG Zone AMG zone for the site.

AMG Easting AMG 6 — digit easting for the site.

AMG Northing AMG 7 - digit northing for the site.

Accuracy Code for the accuracy of locating the site?
Conservation Code for the conservation status of each species.
Extent Type Code for the distribution of a species.

TABLE 8: YETI DATABASE FIELDS - SITES TABLE

Field name

Description

Site number

Identification code for the site.

Locality description

Description of the location of the site.

Latitude

Derived from the easting value.

Longitude Derived from the northing value.

Zone AMG zone for the site.

Easting AMG 6 — digit easting for the site.

Northing AMG 7 - digit northing for the site.

Accuracy Logarithmic code for the accuracy of locating the site.
Tenure Tenure of the land where the site is located.

Conservation area code

Code for the reserve or forest the site is in.

NPWS district code

Code for the district/region the site is in.

Local Government area

Local Government Area code.

Map number

Australian Map Grid number.

Botanical division

The code for the region the site is in.

Land system

Code for the land system the site is in.

Land unit Unknown
Recorder Code for the person(s) recording the site.
Date Date of the record.

Aerial photography

Aerial photo details including run, number and print.

Satellite imagery

Landsat, Spot or NOAA imagery of the site including Path, Row and Date.

Stratification

Abbreviation for the sampling stratification this site represents.

Site marker

Type and position of marker used to relocate the site.

N
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TABLE 9: YETI DATABASE FIELDS — VEGETATION STRUCTURE TABLE

Field name

Description

Stratum

The stratum the species occurs in.

Lower height

Height (m) to the bottom of the stratum.

Upper height

Height (m) to the top of the stratum.

Percentage cover

Percentage foliage cover for that particular stratum.

Dominants

Code for the dominant species in that stratum.

TABLE 10: YETI DATABASE FIELDS — PHYSICAL ATTRIBUTES TABLE

Field name Description

Date Date of the record.

Recorder Code for the person(s) recording the site.
Comments Notes on the physical condition of the site.
Altitude Height above sea level (m)

Slope Slope of the site in degrees (°)

Aspect Orientation of the site in degrees (°)
Horizon azimuths N Angle to the Northern horizon.

NE Angle to the North-eastern horizon.

E Angle to the Eastern horizon.

SE Angle to the South-eastern horizon

S Angle to the Southern horizon.

SW Angle to the South-western horizon

W Angle to the Western horizon.

NW Angle to the North-western horizon.

Horizon visibility

Degree of visibility to the horizon (good, fair or poor).

Morpho-terrain

Category of the landscape for the site location.

Element

Landform element within 20 m of the site (Speight, 1990).

Pattern

Landform pattern within 300 m of the site (Speight, 1990).

Average annual rainfall

Mean annual rainfall in millimetres from the nearest recording station.

Average annual temperature

Mean annual temperature in degrees Celsius from the nearest
recording station.

Lithology

Broad geology recorded at the site.

Geological map code

Mapped geological units for the site.

User defined geological code

User generated geological code for the site.

Geology observed at the site

Geological units as observed in the field.

Soil type

Great soil group of the site.

Soil depth

Code for the depth of the soil.

Microrelief

Soil relief up to a few metres about the plane of the land surface
(McDonald et al. 1990).

Geomorphological action

Code for the degree of gradational or anti-gradational activity at the
site (Speight, 1990).

Surface texture

Broad soil surface texture.

Amount of outcropping

Exposed area of rock that is continuous with underlying bedrock,
recorded in percentage (McDonald et al. 1990).

Amount of surface rock

Amount of surface rock at the site, recorded in percentage.

Runoff from the site

The rate at which water runs off the soil surface (e.g. slow, rapid)
(McDonald et al. 1990).

Flood frequency

Long-term average of inundation, recorded in years (McDonald et al.
1990).

Typical flood duration

Annual duration of an inundation event recorded in years (McDonald
et al. 1990).

Typical flood depth

Annual maximum depth of water in an inundation event (McDonald et
al. 1990).

Distance to nearest
watercourse

Distance from site to nearest watercourse.

Watercourse name

Name of nearest watercourse to site.
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TABLE 11: YETI DATABASE FIELDS — DISTURBANCE TABLE

Field name

Description

Fire time

Time (yrs) since the last fire.

Fire accuracy

Estimate of confidence intervals (yrs) of the time since last fire.

Fire severity

Estimate of the severity of the last fire in the site.

Fire observation type

Source of fire data: estimates or historical records.

Logging time

Estimate of the time since the last logging event (yrs).

Logging accuracy

Estimate of confidence intervals (yrs) of the time since last logging.

Logging intensity

Estimate of the intensity of vegetation removal from the site.

Logging assessment type

Source of logging data: estimates or historical records.

Clearing time

Estimate of the time since the last clearing event (yrs).

Clearing accuracy

Estimate of confidence intervals (yrs) of the time since last clearing.

Clearing severity

Estimate of the severity of vegetation removal from the site.

Clearing assessment type

Source of clearing data: estimates or historical records.

Grazing time

Time (yrs) since last grazing event.

Grazing accuracy

Estimate of confidence intervals (yrs) of the time since grazing.

Grazing severity

Estimate of the severity of vegetation removal from the site.

Grazing assessment type

Source of grazing data: estimates or historical records.

Other type

Other type of disturbance (e.g. feral animals, erosion).

Other time

Time (yrs) since the last disturbance.

Other accuracy

Estimate of confidence intervals (yrs) of the time since last
disturbance.

Other severity

Estimate of the severity caused by the disturbance to the site.

Other observation type

Source of other disturbance data: estimates or historical records.

2.2.3 Data Management

In overview, data management for the TFP relied on records within the Atlas and YETI
databases. For the purposes of regional floristic inventory, all floristic data were ultimately
processed within the ESRI ArcView GIS, which requires latitude and longitude fields (or
easting and northing fields) associated with each site record. The ArcView GIS alowed
reporting on an areal basis and therefore facilitated the compilation of the regional species
list. Figure 6 provides a diagrammatic overview of the TFP data management system.

Y ETI isinfrequently updated, and consequently, one of the main management issues with
using this database was with regard to new species and nomenclatural changes. To overcome
this problem, new species were added to the YETI database by assigning a unigue species
code in the CAPS Code and Taxon tables.
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Table 12: Systematic Surveys contained in the YETI database

Survey Survey ID No. of |Total |Principal Quadrat size [Nested |Licensed
Sites in [No. of [(Surveyor) Quadrat |surveys
BBS Sites (YIN)
and 15k
Buffer
Arakoola National |AraKoola 50 50 John Hunter |20 x 20m N Unrestricted
Park Vegetation (Consultant
Survey Botanist)
BBS (from the BBS 61 61 Department of |Unspecified |- Unrestricted
BOG database) Land and
Water
Conservation
(DLWC)
WRA BBS BBSComm (33 33 National Parks |20 x 20 m - Unspecified
Community Association,
Surveys Friends of
Pilliga, Nature
Conservation
Council
Data collected for |BBSINV 133 133 DLWC Unspecified |- Unspecified
Joint Vegetation
Mapping Project
Binnaway Nature |BIN NR 97 |30 30 Marianne 20 x 20m N Unrestricted
Reserve Porteners
(Contract
Botanist)
Vegetation Survey |COOLAH 93 (50 50 Doug Binns- |20 x 50m Y Unrestricted
of Coolah Tops State Forest
including Coolah Ecologist
Tops National
Park and Warung
State Forest
Dapper Nature DAP 10 10 Roger Lembit | 20x20 m N Unrestricted
Reserve Amanda Byant
Vegetation Survey - NPWS
Flora quadrat data |DRP 2000 |11 63 Katie Maric 20x20min |Y Unrestricted
collected for the 20 x 50m
Darling Riverine plot
Plain Bioregional
Assessment
BBS Study - State IDUBBO 99 |37 37 Doug Beckers |20x20m, |Y Unrestricted
Forest and Nature - NPWS 20 x50 m
Reserves of the Eric Whiting -
Dubbo region Contract
Botanist
Floyd's Rainforest |FLOYDRF |2 2 Alex Floyd Unspecified |- Unrestricted
Survey -
"Australian
Rainforests in
NSW" Vols 1&2
BBS Study - GOONOO |70 70 Doug Beckers |20 x 20m, 20 |Y Unrestricted
Goonoo State 99 - NPWS X 50m
Forest Survey Eric Whiting -
Contract
botanist.
WRA JVMP JVMPDB1 (170 170 Doug Binns 20x50m, |Y Unrestricted
Systematic 20x20m, 5
Vegetation x20m
Surveys
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Survey Survey ID No. of |[Total |Principal Quadrat size |Nested [Licensed
Sites in [No. of [(Surveyor) Quadrat |surveys
BBS Sites (YIN)
and 15k
Buffer
WRA JVMP JVMPEA 85 85 Ecology 20 x20m [N Unspecified
Systematic Australia
Vegetation
Surveys
Flora Survey for |MAC 73 73 John T Hunter |20x50 m N Unrestricted
Kwiambal NP and
surrounds.
Moree Plains MOREEGRA |76 200 John Hunter  [Unspecified |- Unspecified
Grasslands survey|SS* (Consultant
of Moree Plains Botanist)
Shire and Walgett Judi Earl
Shire east of the
Barwon River
Survey of the MTKAPA 97 (30 30 Marianne 20 x 20m N Unspecified
subalpine areas of Porteners
Mt Kaputar NP (Contract
Botanist)
Mt Kaputar south |MTKAP2000 |90 90 Unknown Unspecified |- Unspecified
Vegetation survey INAMOI 95 (38 49 Doug Beckers |Unspecified [N Unrestricted
of riparian zones NPWS
within the Namoi
River catchment,
north-west New
South Wales
Nandewar (from |NAN 54 54 DLWC Unspecified [N Unrestricted
the BOG
database)
WRA JVMP NVMP-INV  |363 363 DLWC 20 x 20m N Unspecified
Systematic
Surveys
BBS Study - Narrom 99 |16 16 Doug Beckers |20 x 50 m N Unrestricted
Narrabri region - NPWS
State Forests Rob McCosker
- Contract
Botanist
North Coast NCPP 15 19 P. Gilmour/ |20x20 m and |Y Unspecified
Private Property K. Maric 50x20 m
Joint Project with
DLWC
Northern NWB 282 958 Dom 20x20m N Unrestricted
Wheatbelt Sivertsen-
