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Executive summary

Eco Logical Australia was engaged by the City of Joondalup to undertake a Detailed and Targeted flora
survey and vegetation condition assessment of Warwick Bushland, a parcel of bushland approximately
60 hectares in size, located in Warwick, 15 kilometres north of Perth, Western Australia. The information
provided from this assessment will be used by the City of Joondalup to inform an update and major review
of the existing Warwick Open Space Management Plan, developed by the City of Joondalup in 2013.

A comprehensive desktop review was undertaken of relevant database searches and previous studies
undertaken within the study area. The field survey was conducted in Spring from 2™ to 5t October 2018
in accordance with the Environmental Protection Authority Technical Guidance: Flora and Vegetation
Surveys for Environmental Impact Assessment 2016.

Vegetation communities were described through the establishment of twelve 10x10 metre quadrats, ten
of which had been previously established by Eco Logical Australia in 2012. A Targeted flora survey was
conducted to record occurrences of any conservation significant flora species or communities listed under
the Commonwealth Environment Protection and Biodiversity Conservation Act 1999, the State Wildlife
Conservation Act 1950 or by the Department of Biodiversity, Conservation and Attractions. Opportunistic
flora species were also recorded across the study area.

A Targeted weed survey was conducted to record weed species within the study area, including mapping
of City of Joondalup pest plants (Caltrop), City of Joondalup priority weed species and species listed as
a Weed of National Significance or as a Declared Pest under the State Biosecurity and Agriculture
Management Act 2007.

Fungi and fauna species present within the study area were also recorded opportunistically.

A total of 200 flora taxa were recorded within the study area from both quadrats and opportunistic
collections, including 138 native and 62 introduced taxa. The number of flora species recorded within the
study area has increased since Eco Logical Australia’s survey of the study area in 2012, with 26 additional
species recorded comprising 15 native and 11 weed species. No Threatened (Declared Rare) flora
species were recorded from within the study area. One conservation significant species, Jacksonia
sericea, listed as Priority 4 by the Department of Biodiversity, Conservation and Attractions and as a Bush
Forever significant species, was identified from within the study area with a total of 564 individuals
recorded.

Three vegetation communities were described within the study area:

o EmBa: Eucalyptus marginata subsp. marginata and Banksia attenuata open forest to low open
woodland over open heath to open shrubland;

o AfEmBa: Allocasuarina fraseriana, Eucalyptus marginata subsp. marginata and Banksia
attenuata low open forest to low woodland over open shrubland; and

o EgBaBm: Eucalyptus gomphocephala, Banksia attenuata and Banksia menziesii open forest to
low woodland over shrubland.

Vegetation communities within the study area correlated predominantly with Floristic Community Type
28, with weak affiliations to FCT 24 also being present. Following assessment of vegetation within the
study area against key diagnostic characteristics outlined in the Threatened Species Scientific Committee
‘Approved Conservation Advice (incorporating listing advice) for the Banksia Woodlands of the Swan
Coastal Plain ecological community’ 2016, vegetation within the study area is considered likely to
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Warwick Bushland flora survey and bushland condition assessment

represent the Banksia Woodlands of the Swan Coastal Plain Threatened Ecological Community, listed
as Endangered under the Commonwealth Environment Protection and Biodiversity Conservation Act
1999. A total of 57.96 hectares of this Threatened Ecological Community was recorded, accounting for
95.62% of the study area. Vegetation within the study area was also assessed against key diagnostic
characteristics outlined in the Department of the Environment and Energy ‘Tuart (Eucalyptus
gomphocephala) Woodlands and Forests of the Swan Coastal Plain Ecological Community Draft
Conservation Advice’. Vegetation was considered unlikely to represent this ecological community.

Vegetation condition within the study area ranged from Completely Degraded to Excellent, based on the
Keighery Vegetation Scale 1994 as outlined in the Environmental Protection Authority Technical
Guidance: Flora and Vegetation Surveys for Environmental Impact Assessment 2016. Disturbances
recorded within the study area include weed infestation, edge effects, potential signs of
disease/pathogens or drought (dead trees) and recent fire scars. The presence of pest species (rabbits)
was also noted within the study area.

No opportunistic fungi species were recorded during the field survey. A total of 14 fauna species were
recorded opportunistically during the field survey, comprising 11 birds, two mammals and one reptile.
None of the fauna species recorded within the study area represent conservation significant species listed
under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999, the State
Wildlife Conservation Act 1950 or by the Department of Biodiversity, Conservation and Attractions. Two
introduced (feral) fauna species were recorded within the study area, namely the Rainbow Lorikeet and
European Rabbit.

Recommendations to conserve native flora, vegetation and environmental values within the study area
include continued monitoring and management of weed populations, monitoring the condition of
conservation significant flora and vegetation, a review and update of fire monitoring and management
practices, monitoring vegetation health, in particular for Dieback, restrict unauthorised access to the
bushland, control feral animal populations, retain dead trees (old-growth) for fauna habitat values and
continue support and further development with friends of Warwick bushland to enhance conservation and
public awareness of the biodiversity and natural history values of Warwick Open Space.
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1 Introduction

1.1 Project background

Eco Logical Australia (ELA) was engaged by the City of Joondalup (the City) to undertake a Detailed and
Targeted flora survey and a vegetation condition assessment of Warwick Open Space, an area
approximately 70 hectares (ha) in size comprised of 60 ha of bushland (the study area) and 10 ha of
‘other use’ areas. The study area is located in the suburb of Warwick, 15 kilometres (km) north of Perth,
Western Australia (WA, Figure 1).

Warwick Bushland is categorised as one of the City’s five major conservation areas due to its ecological
connectivity to locally significant remnants. The study area is also registered as a Bush Forever site
(number 202) due to the regional significance of the vegetation within the site. The most recent
assessment of the Bushland was undertaken by ELA in 2012 (ELA 2013) to inform the development of
the Warwick Open Space Management Plan, developed by the City in 2013 (City of Joondalup 2013).
The information provided from the current assessment will be used by the City to inform an update and
major review of the existing Management Plan.

More specifically, the objectives of this survey include:

e An assessment of flora and vegetation communities in accordance with the Environmental
Protection Authority (EPA) Technical Guidance: Flora and Vegetation Surveys for Environmental
Impact Assessment (EPA 2016);

e Undertake a vegetation condition assessment using the Keighery Vegetation Condition Scale
(1994);

e A Targeted survey for State, Federal and/or Department of Biodiversity, Conservation and
Attractions (DBCA) conservation listed flora, including Bush Forever significant flora and/or
vegetation;

e An assessment to verify if the vegetation meets the requirements specified in the Commonwealth
Environment Protection and Biodiversity Act 1999 (EPBC Act) ‘Approved Conservation Advice
(incorporating listing advice) for the Banksia Woodlands of the Swan Coastal Plain ecological
community’, using the four-stage assessment process itemised in the Approved Conservation
Advice (Threatened Species Scientific Committee [TSSC] 2016);

e An assessment to verify if the vegetation meets the requirement specified in the Department of
Environment and Energy (DotEE) ‘Tuart (Eucalyptus gomphocephala) woodlands and forests of
the Swan Coastal Plain ecological community Draft Conservation Advice including Draft Listing
Advice’, using the assessment process outlines in the Draft Conservation Advice (DotEE 2017);
and

e Record all weed species encountered including State, Federal (Weed of National Significance
[WoNS], Declared Pests) and/or priority weeds in the City of Joondalup (priority species list
provided by the City).

© ECO LOGICAL AUSTRALIA PTY LTD 1
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Figure 1: Study area location

© ECO LOGICAL AUSTRALIA PTY LTD 2



Warwick Bushland flora survey and bushland condition assessment

2 Environmental setting

2.1.1 Climate

The Swan Coastal Plain experiences a warm, Mediterranean climate with hot dry summers and mild wet
winters (Mitchell ef al. 2002). Based on climate data from the nearby Bureau of Meteorology (BoM)
Wanneroo weather station (station number 9105; climate data 1905 — current; located approximately
13 km north of the study area) the area receives an annual average rainfall of 796.8 millimetres (mm),
with most rainfall occurring during the winter months of June, July and August (162.2 mm, 162.3 mm and
123.2 mm respectively; BoM 2018; Table 1). In the 12 months preceding the field survey, the area
received a total of 743.5 mm of rainfall which is below the long-term average (Table 1). A total of 352 mm
of rainfall was recorded in the three months prior to the field survey in October, which is comparable to
the long-term average for the same time period (369.7 mm). Rainfall received prior to the field survey
resulted in ideal conditions for undertaking a flora and vegetation survey on the Swan Coastal Plain during
this period.

Based on temperature data from the nearby Hillary’s Boat Harbour weather station (station number 9265;
climate data 1991 — current; located approximately 8 km west of the study area), mean maximum air
temperature in the area ranges from 10.0 °C in September to 19.0 °C in February, while mean monthly
maximum temperatures range from 16.7 °C in September to 26.9 °C in January (BoM 2018).

Table 1: Rainfall data recorded at the Wanneroo weather station (9105) 12 months prior to the field survey
compared to the long-term average (BoM 2018)

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Total

Total
monthly
rainfall 28.0 | 0.0 204 | 100.5 | 0.0 24 28.3 | 62.0 149.9 | 145.3 | 170.7 | 36.0 | 743.5
201718

(mm)

Average
monthly
rainfall 473 | 21.4 10.0 | 12.2 13.5 16.1 38.5 | 109.2 | 1622 | 162.3 | 1232 | 84.2 | 796.8
1905-

current

2.1.2 Regional context
Environmental values for the region relevant to the study area are presented in Table 2.

Table 2: Environmental values of the region

Existing environmental attribute Study area

Interim Biogeographical
Regionalisation for Australia (IBRA)
Bioregion (DotEE 2018a)

Swan Coastal Plain (SWA)

Perth (SWAO02) — commonly characterised by Tuart and heath on
IBRA Subregion limestone soils and Banksia-Jarrah-Marri woodland on sandy soils. The
subregional area is 1,333,901 ha (Mitchell et al. 2002).

© ECO LOGICAL AUSTRALIA PTY LTD 3
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Existing environmental attribute Study area

Situated on the Spearwood Dune System (Spearwood 6) with soils
derived from Tamala Limestone (Government of Western Australia
Geology, landform and soils 2000). The Spearwood Sand Phase occurs within the study area,
characterised by undulating dunes with rocky crests on Aeolian sand
over limestone.

2.1.3 Broad-scale vegetation mapping

Vegetation type and extent have been mapped at a regional scale by Beard (1979) who categorised
vegetation into broad vegetation associations. Based on this mapping at a scale of 1:1,000,000, the
Department of Primary Industries and Regional Development (DPIRD; previously Department of
Agriculture and Food Western Australia [DAFWA]) has compiled a list of vegetation extent and types
across WA (Shepherd et al. 2002).

One vegetation association occurs within the study area, namely Spearwood 6 (Table 3; Figure 2). This
vegetation association has less than 25% of its total pre-European extent remaining within the Swan
Coastal Plain bioregion (Government of Western Australia 2018).

Table 3: Beard (1979) / Shepherd et al. (2002) vegetation associations of the study area

Pre-European
extent (ha)

Current extent

Vegetation o L (ha) within the Remaining
o Description within the Perth
association Perth (SWAQ02) (%)
(SWAO02) sub- .
. sub-region
region

Eucalyptus woodland (predominantly
Eucalyptus ~ gomphocephala, E.
Spearwood 6 marginata and Corymbia calophylla) 54,427.13 13,228.68 24.31
over Acacia mixed open shrubland /
Acacia mixed heath.

2.1.4 Areas of conservation significance

Environmentally Sensitive Areas (ESAs) are defined in the Environmental Protection (Environmentally
Sensitive Areas) Notice 2005 under section 51B of the State Environmental Protection Act 1986 (EP Act).
ESAs include areas declared as World Heritage, included on the Register of the National Estate, defined
wetlands, and vegetation containing rare (Threatened) flora and Threatened Ecological Communities
(TECs).

Priority Ecological Communities (PECs) are biological flora or fauna communities that are recognised by
the WA Minister for Environment to be of significance, but which do not meet the criteria for a TEC. There
are five categories of PECs, none of which are currently protected under State or Federal legislation.

The Bush Forever project developed and implemented a plan to protect 51,000 ha of regionally significant
vegetation within the Swan Coastal Plain portion of the Perth metropolitan area. This occurred through
the identification of 287 Bush Forever sites representing a minimum (where possible) of 10% of each of
the 26 vegetation complexes identified in the Bush Forever study area (Government of Western Australia
2000). Bush Forever identified the study area as being required to meet retention targets and it was
subsequently designated as Bush Forever site 202 (Government of Western Australia 2000).

© ECO LOGICAL AUSTRALIA PTY LTD 4
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Vegetation of the southern Swan Coastal Plain was systematically surveyed and defined into Floristic
Community Types by Gibson et al. (FCTs; 1994). Floristic analysis defined 30 FCTs with some groups
further subdivided and, in all, a total of 43 types and sub-types have been recognised (Gibson et al. 1994).
The Spearwood Dune System unit predominately supports FCTs 24, 25, 26a, 26b, 27 and 28. The study
area was surveyed by Gibson et al. (1994) through the establishment of two flora plots WARI-1 and WARI-
2 and assigned to FCT 28 — ‘Spearwood Banksia aftenuata or B. attenuata — Eucalyptus woodlands’
through statistical analysis of floristic data. FCT 28 forms part of the Banksia Woodlands of the Swan
Coastal Plain ecological community, which is currently listed as Threatened under the EPBC Act.

© ECO LOGICAL AUSTRALIA PTY LTD 5
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Figure 2: Beard’s (1979) vegetation associations
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3  Methodology

3.1 Desktop review

3.1.1 Database searches and literature review

The following Commonwealth and State databases were searched for information relating to conservation
listed flora and ecological communities in order to compile and summarise existing data to inform the field
survey. Table 4 below presents the database searches undertaken around the central coordinate
m 388100E, m 6476885N. Applied buffers below are considered suitable based on flora and fauna
assemblages expected to occur within the study area. It should be noted that the buffers for the DBCA
database searches are selected by DBCA on a case-by-case basis and are therefore not always
consistent with other searches undertaken in the area.

Table 4: Database searches undertaken for the study area

Database Reference Buffer (km)
EPBC Act Protected Matters Search Tool (PMST) for Threatened
. I DotEE 2018b 20

species and communities listed under the EPBC Act.
DBCA NatureMap online database. DBCA 2007-2018 20
DBCA Threatened and Priority flora database searches for
Declared Rare Flora (DRF) listed under the latest WA Wildlife DBCA 2018a 5
Conservation (Rare Flora) Notice and Priority Flora.
DBCA Threatened and Priority Ecological Communities’ database

DBCA 2018b 7
search
DAFWA Western Australian Organism List (WAOL) DAFWA 2018 -
DPIRD Soil Landscape Mapping DPIRD 2018 -
Department of Water and Environmental Regulation (DWER) ESA

DWER 2018 -
Database

Australian Weeds
Weeds Australia ) -
Committee 2015

International Union for Conservation of Nature (IUCN) IUCN 2018 -

In addition, the following documents were also reviewed:

o  Warwick Open Space Bushland Management Plan (City of Joondalup 2013);

o Warwick Open Space Flora, Fauna and Fungi Assessment (ELA 2013);

e The Vegetation and Flora of Warwick Bushland (Brundrett and Clarke 2001);

o Warwick Open Space Field Assessment (D. Pike 2005 and S. Mitrevski 2011); and
e A Floristic Survey of the Southern Swan Coastal Plain (Gibson et al. 1994).

3.1.2 Likelihood of occurrence assessment

A likelihood of occurrence assessment was undertaken to identify conservation listed flora species that
possibly occur within the study area, identified from a review of key datasets and literature outlined in
Section 3.1.1. Specific criteria used to assess the likelihood of occurrence of conservation significant
flora potentially occurring in the study area are presented in Appendix A.
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3.2 Field survey
3.2.1 Survey team and timing

A Detailed and Targeted flora and vegetation survey including a Targeted weed survey was conducted
by Sarah Dalgleish (Botanist) and Jeni Morris (Ecologist) from 2n to 5t October 2018. The survey team’s
relevant qualifications, experience and licences are provided in Table 5 below. A total of 7.6 mm of
rainfall was recorded from the Wanneroo weather station (station number 9105) during the field survey
(BoM 2018).

Table 5: Survey team

Name Qualification Relevant experience Licences

Sarah has over 7 years’ experience
undertaking flora and vegetation | Flora scientific collection
BSc. Environmental | surveys on the Swan Coastal Plain, | licence: SL012349
Management (Hons.) | including completing a flora and | DRF collection licence:
vegetation assessment in Warwick | 4141718

Bushland in 2012.

Sarah Dalgleish

Jeni has completed several flora and
vegetation surveys on the Swan Flora scientific collection
BSc.  Conservation | Coastal Plain and within the City of | licence: SL012347

and Wildlife Biology Joondalup including at Craigie | DRF collection licence:
Bushland Reserve and Yellagonga | g_.1718

Regional Park.

Jeni Morris

3.3 Flora and vegetation survey

A Detailed and Targeted flora and vegetation survey was conducted in accordance with the EPA
Technical Guidance: Flora and Vegetation Surveys for Environmental Impact Assessment (EPA 2016).
Ten existing quadrats originally established by ELA in 2012 (ELA 2013) were re-sampled during the
current survey. Two additional quadrats were established in order to meet the requirement of three
quadrats being sampled per vegetation community, as outlined in the EPA guidance statement (EPA
2016). Additional sites were chosen based on previous vegetation mapping (ELA 2013) and ground-
truthed in the field.

Stainless steel fence droppers were used to permanently mark the north-west corner of each quadrat.
Dominant vegetation communities were described, with respect to dominant species, structure and overall
condition. The survey involved the use of 10 x 10 m quadrats as recommended for the Swan Coastal
Plain bioregion (EPA 2016). Opportunistic sampling of species not recorded within the quadrats was
undertaken to supplement the existing list of species recorded from within the study area.

A total of 12 quadrats were surveyed across the study area (Figure 3). Where possible, photos were
taken from same position as those undertaken in 2012. Otherwise, photos were taken from the northeast
and southeast corner of each quadrat. The following data was recorded within each quadrat:

e Site details (site name, site number, observers, date and location);

e Environmental information including landform, soil type and colour, bare ground and leaf litter
cover, rock outcropping and time since last fire event; and

e Biological information including vegetation structure, vegetation condition in accordance with
Keighery (1994), degree of disturbance, species present and species percentage cover.
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A targeted survey was completed within the study area to identify any conservation significant flora or
communities potentially occurring, including:

* Threatened flora or TECs listed under the EPBC Act;

* Threatened (Declared Rare) Flora listed under the latest WA Wildlife Conservation (Rare Flora)
Notice under the State Wildlife Conservation Act 1950 (WC Act);

* PEC’s endorsed by the Western Australian Minister for the Environment;

»  Priority flora recognised by DBCA; and

+ Bush Forever significant flora (Government of Western Australia 2000).

The survey methodology involved personnel walking transects across the study area, with transects
spaced (on average) 5-20 metres (m) apart. Locations of survey transects is shown in Figure 3 below.
Flora species able to be identified in the field were recorded, and voucher specimens of unfamiliar species
were collected for later identification. All collections were assigned a unique collecting number. For
conservation significant flora species identified in the field, the following was recorded:

* A colour photograph;

+  GPS location;

*  Population size estimate;

* Location of population boundaries;

* Associated habitat/landscape element;

+ Time and date observed;

* Observer details; and

* A voucher specimen suitable for use as a reference specimen (if appropriate to do so for
conservation significant flora).

3.4 Weed survey and mapping

The study area was surveyed and mapped for State, Federal and/or Priority weeds as specified by the
City of Joondalup, including all WoNS and Declared Pests listed under the State Biosecurity and
Agriculture Management Act 2007 (BAM Act). The City of Joondalup priority weed list is provided in
Table 6.

For each priority weed species, including WoNS and/or Declared Pest species encountered, a GPS
location coordinate was recorded using points for individual plants or polygons for populations. Weed
data was collected in accordance to the DBCA (previously Department of Environment and Conservation
[DEC]) Standard Operating Procedure 22.1 Techniques for mapping weed distribution and cover in
bushland and wetlands (DEC 2011).
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Table 6: City of Joondalup priority weed species

Species

Common name

*Acacia iteaphylla

Flinders Ranges Wattle

*Acacia longifolia Sydney Golden Wattle
*Acacia ?trigonophylla® -
*Chamelaucium uncinatum Geraldton Wax

*Ehrharta calycina

Perennial Veldt Grass

*Ehrharta longiflora

Annual Veldt Grass

*Eragrostis curvula

Lovegrass

*Euphorbia terracina

Geraldton Carnation Weed

*Ferraria crispa Black Flag
*Freesia sp.® Freesia
*Gazania linearis Gazania

*Moraea flaccida

One-leaf Cape Tulip

*Olea europaea

Olive

*Oxalis pes-caprae

Soursob

*Pelargonium capitatum

Rose Pelargonium

*Pennisetum setaceum

Fountain Grass

*Schinus terebinthifolius

Japanese Pepper

*Trachyandra divaricata

Dune Onion Weed

*Tribulus terrestris Caltrop
*Vulpia sp.* Vulpia grass
*Watsonia sp.* Watsonia

Mdentification to be confirmed post-field survey and results outlined in Section 4.2.4

3.5 Data analysis

3.5.1 Flora species accumulation curve

A flora species accumulation curve was undertaken to indicate adequacy of the survey effort (Clarke and
Gorley 2006). As the number of survey sites increases, and correspondingly the size of the area surveyed
increases, there should be a diminishing number of new species recorded. At some point, the number of
new species recorded becomes essentially asymptotic. The asymptotic value was determined using
Michaelis-Menten modelling and provided an incidence-based coverage estimator of species richness.
When the number of new species being recorded for survey effort expended approaches this asymptotic
value, the survey effort can be considered adequate.
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3.5.2 Vegetation communities

Plymouth Routines in Multivariate Ecological Research v6 (PRIMER) statistical analysis software was
used to analyse species-by-site data and discriminate survey sites based on their species composition
(Clarke and Gorley 2006). To down weight the relative contributions of quantitatively dominant species
a 4inroot transformation was applied to the dataset. Introduced species (weeds), specimens not identified
to species level and singletons (species recorded at a single quadrat and not forming a dominant
structural component) were excluded from the data set prior to analysis. In addition, annuals were also
removed from the dataset prior to analysis due to the likelihood of substantial differences between years
based on seasonality of local rainfall events. Computation of similarity matrices was based on the Bray-
Curtis similarity measure. Data were analysed using a series of multivariate analysis routines including
Similarity Profile (SIMPROF), Hierarchical Clustering (CLUSTER) and Similarity Percentages (SIMPER).
Results were used to inform and support interpretation of aerial photography and delineation of individual
plant communities.

Previously used vegetation mapping codes (ELA 2013) were updated to reflect results of the current
assessment. Vegetation descriptions have, where possible, remained the same as those used in previous

mapping.

FCT analysis

Species within the Gibson et al. (1994) data set were updated to align with current names as specified by
FloraBase (DBCA and WAH 2018). Using current records, a number of species in the Gibson et al. (1994)
data set were shown to be significant range extensions from the Swan Coastal Plain, where appropriate
such cases were removed. In addition, excluded and misapplied names were removed from the data set
and infra-specific names were reduced. The merged dataset was analysed using a combination of pre-
treatments such as the inclusion and/or removal of introduced species and singletons. The removal of
both singletons and introduced species from the merged dataset, an accepted pre-treatment for such
analysis, produced the best results (e.g. stronger correlations; Clarke and Gorley, 2006). Inclusion of
such data merely served to confound the dataset by introducing stochastic and ‘site’ artefact data.
Transformed data were analysed using a combination of multivariate analysis routines including Bray-
Curtis Similarity Matrices, Multi-Dimensional Scaling (MDS) and Analysis of Similarities (ANOSIM).

To identify potential TECs and PECs in the project area, ELA quadrats and vegetation communities were
compared to Floristic Community Types (FCT) defined by Gibson et al. (1994). To identify the presence
of FCT’s appropriate multivariate analyses comparing current data to that of Gibson et al. (1994) species
by quadrat data, and inferences based on dominant species and geomorphology were used. Given the
nature of the data, results and subsequent extrapolations, assigned FCT’s within the project area were
inferred and not absolute, i.e. a vegetation code assigned to an FCT was inferred to comprise, to varying
degrees, floristic aspects of that FCT as defined by Gibson et al. (1994). To aid interpretation of final
results, data from both the full Gibson et al. (1994) dataset and FCTs specifically affiliated with the
Spearwood Landform were analysed. These FCTs were subsequently compared with vegetation
communities delineated by ELA.

Assessment of diagnostics to assess presence of Threatened Ecological Communities

The ‘Banksia Woodlands of the Swan Coastal Plain’ TEC is listed as Endangered under the EPBC Act
(TSSC 2016). For information to assist in referral, environmental assessment and compliance issues, it
has been recommended to refer to the Listing Advice and/or Conservation Advice and Recovery Plan on
the DotEE Species Profile and Threats Database (TSSC 2016). The Listing Advice and/or Conservation
Advice defines the national ecological community and includes key diagnostic characteristics, condition
thresholds and additional considerations (TSSC 2016).
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In order to determine whether the ‘Banksia Woodlands of the Swan Coastal Plain’ TEC is present in the
study area; key diagnostic characteristics must be met under Section 2 of the Conservation Advice (TSSC
2016). The four-stage assessment identified by DotEE to ascertain the presence of the Banksia
woodlands endangered ecological community within the site was undertaken by ELA following the field
survey.

In 2016, the ‘Tuart (Eucalyptus gomphocephala) woodlands and forests of the Swan Coastal Plain’
ecological community of Western Australia was nominated to the Australian Government to be considered
for listing as Threatened. For information to assist in referral, environmental assessment and compliance
issues, it has been recommended to refer to the Draft Listing Advice on the DotEE Species Profile and
Threats Database (DotEE 2017). This community is not currently formally listed under the EPBC Act
(DotEE 2017).

In order to determine whether the ‘Tuart (Eucalyptus gomphocephala) woodlands and forests of the Swan
Coastal Plain’ ecological community is present within the study area; key diagnostic characteristics must
be met under Section 2.5 of the Conservation Advice (DotEE 2017). An assessment of key-diagnostic
characteristics identified by DotEE to ascertain the presence of the Tuart woodlands ecological
community within the site was undertaken by ELA following the field survey.

3.6 Opportunistic fauna and fungi

Any fungi species that were encountered during the field survey were identified in the field or from photos
taken in the field. Opportunistic fauna species were recorded at all times during the field survey. These
included visual sightings of active fauna such as reptiles and birds; records of bird calls; and signs of
species presence such as tracks, diggings, burrows, scats and any other signs of fauna activity.

3.7 Flora identification and nomenclature

Flora specimen identification was undertaken by Botanist Sarah Dalgleish. Species identification utilised
taxonomic literature and keys and where required specimens were confirmed using the Western
Australian Herbarium (WAH) reference collection. Suitable material that meets WAH specimen
lodgement requirements, such as flowering material and range extensions, will submitted along with
Threatened and Priority Report forms to DBCA, as required by conditions of collection licences issued
under the WC Act.

Nomenclature used for the flora species within this report follows the WA Plant Census as available on
FloraBase (DBCA and WAH 2018).

3.8 Limitations

The EPA Technical Guide — Flora and Vegetation Surveys for Environmental Impact Assessment (EPA
2016) recommends including discussion of the constraints and limitations of the survey methods used.
Constraints and limitations for the Detailed and Targeted flora and vegetation for the study area
summarised in Table 7 below.

Table 7: Survey limitations

Constraint Limitations

Not a constraint: The Swan Coastal Plain has been relatively well surveyed,
with increasing survey work occurring due to the ongoing urban development
of the Perth metropolitan area. A number of flora and fauna surveys have
been undertaken in the study area which have been utilised for the purposes

Sources of information
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Constraint

Limitations

of this survey. Gibson et al 1994 was a primary source for determination of
methods, analysis and results for assessing FCTs.

Broad-scale vegetation mapping at a scale of 1:1,000,000 was available.
Land system mapping at a scale of 1:2,000,000 and soil and landform
mapping was also available. The information which was available was
sufficient and as such sources of information were not considered a major
limitation.

Scope of work

Not a constraint: The survey requirement for a Detailed and Targeted flora
and vegetation survey in accordance with the EPA Technical Guidance:
Flora and Vegetation Surveys for Environmental Impact Assessment (EPA
2016) was adequately met.

Completeness of survey

Not a constraint: The study area was surveyed to the satisfaction of the
scope and a Detailed and Targeted flora and vegetation survey as per
relevant guidelines.

Intensity of survey

Not a constraint: The survey effort was adequately met. The area was
surveyed for conservation significant flora species and vegetation
communities by field staff undertaking transects across the study area
spaced 5-20 m apart on average. This method provided an accurate
assessment of habitat characteristics and likelihood of conservation
significant species. The number of quadrats established was sufficient to
determine the vegetation communities present and to identify any vegetation
of conservation significance. Adequacy of sampling effort was testes via a
species accumulation curve; approximately 84.8% of the flora potentially
present within the study area was recorded.

Timing, weather, season, cycle

Not a constraint: The study area is located in the Swan Coastal Plain
bioregion of Western Australia. Recommended survey timing for this region
is in spring (September — November; EPA 2016). The field survey was
undertaken at the beginning of October. Many flora species were flowering
at the time of the field survey or had sufficient material (fruit) available to
identify the dominant and target species. The timing was appropriate for
conducting this level of survey.

Disturbances

Not a constraint: Disturbances within the study area included the presence
of weeds, declined vegetation health (potential dieback/other pathogens),
fire and edge effects. These disturbances did not negatively impact the
ability to meet objectives outlined in the scope of works.

Resources

Not a constraint: The personnel conducting this field survey were both
suitably qualified to identify specimens, having previously undertaken flora
and vegetation assessments on the Swan Coastal Plain, including in several
reserves for the City of Joondalup.

Accessibility

Not a constraint: All relevant areas of the study area were easily accessed
and able to be surveyed.
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Figure 3: Survey effort and quadrat locations
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4 Results

41 Desktop review

4.1.1 Conservation significant flora species and ecological communities

A DBCA Threatened and Priority Flora and Communities database search (DBCA 2018a and DBCA
2018b respectively) was undertaken to identify conservation significant species and communities
recorded within, or nearby to, the study area.

The DBCA Threatened and Priority Flora search identified known occurrences of two flora species listed
as Priority by DBCA within a 5 km buffer of the study area (DBCA 2018a):

e Acacia benthamii (listed by DBCA as Priority [P] 2); and
e Jacksonia sericea (listed by DBCA as P4).

Two occurrences of the P4 species Jacksonia sericea were found to occur within the study area (DBCA
2018a). The closest occurrence of Acacia benthamii (P2) is approximately 2.2 km north of the study area
(Figure 4). Jacksonia sericea has been previously recorded within the study area by ELA (2013) at a
number of locations, as shown in Figure 4.

The DBCA Threatened and Priority Flora communities search identified four known occurrences of
conservation significant ecological communities within a 5 km of the study area (DBCA 2018b), one of
which occurs within the study area: Banksia Dominated Woodlands of the Swan Coastal Plain (Table 8;
Figure 4). Buffers are included by DBCA around each occurrence of a TEC or PEC to help ensure that
nearby developments with potential for impact are taken into account, to ensure essential ecological
functions are maintained and to account for mapping inaccuracies (DBCA 2018b).

Table 8: Conservation significant ecological communities located within a 5 km radius of the study area
(DBCA 2018c)

Conservation code

Communit Closest
Y Community description Endorsed by the

D EPBC Act WA Minister / occurrence
listed by DBCA

. . 0.8 km to the
Banksia attenuata woodlands over species
FCT20a ] Endangered Endangered east of the
rich dense shrublands

study area
Banksia Banksia Dominated Woodlands of the Swan o Occurs within
. Endangered Priority 3
WL SPC Coastal Plain the study area
4 km to the
FCT29a Coastal Shrublands on shallow sands - Priority 3 northwest of
the study area
4 km to the
Northern Spearwood shrublands and o west /
FCT24 - Priority 3
woodlands northwest of

the study area
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4.1.2 Expected flora assemblages

A summary of the number of flora species (native and introduced) previously recorded from within
Warwick Bushland is provided in Table 9 below.

Table 9: Summary of number of flora species and conservation significant species recorded within Warwick
Bushland from previous studies

Number of species Number of Conservation significant
Study _ quadrats species/communities
Native Introduced Total established reeaEd
Gibson et al. (1994) (WARI-1, Jacksonia sericea (listed as
73 24 97 2
WARI-2) P4 by DBCA)
) Data . .
City of Wanneroo (1995) * 78 18 96 . Jacksonia sericea (P4)
unavailable

Jacksonia sericea (P4)

City of Joondalup field 6 (2005), 6 Bush Forever significant

assessments (D. Pike 2005 81 17 98 (2011) species: Caesia micrantha,

and S. Mitrevski 2011) * Conostylis aculeata subsp.
cygnorum

Jacksonia sericea (P4)

4 (established | Bush Forever significant
in 2001) species: Caesia micrantha,

Glischrocaryon aureum

Brundrett and Clarke 2001,
2004 & 2013 (City of 209 125 334
Joondalup 2013) *

Jacksonia sericea (P4)

Bush Forever significant
species: Agonis flexuosa,
Caesia micrantha, Callitris
preissii and  Conostylis
aculeata subsp. cygnorum.

Eco Logical Australia (2013) * 174 51 123 10

*Data sourced from City of Joondalup (2013)

An initial 40 conservation listed flora species were identified as possibly occurring within the study area
based on the database searches undertaken in Section 3.1.1 and using the criteria outlined in Section
3.1.2. Alikelihood of occurrence assessment table is presented in Appendix A,

" The likelihood assessment in Appendix A has been updated to incorporate field survey results.
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Figure 4: Conservation significant vegetation and ecological communities previously recorded within and in
the vicinity of the survey area (DBCA 2018; DBCA 2018b; ELA 2013)
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4.2 Flora and vegetation survey

4.2.1 Flora overview

A total of 200 taxa (138 native and 62 introduced taxa) from 148 genera and 56 families were recorded
across 12 quadrats established within the study area and from opportunistic collections. A flora species
list, complete with previous studies findings (City of Joondalup 2013) is provided in Appendix C. Average
native perennial species richness per quadrat was 41.9 species, ranging from a low of 36 at ECO_18_05
and ECO_18_10 to a high of 52 species at ECO_18_03 and ECO_18_06. Families with the highest
number of species included Fabaceae (32 species) and Proteaceae (17 species). Acacia and Hakea
were the best represented genera throughout the study area with 10 and 5 taxa recorded, respectively.
Quadrat site data is presented in Appendix D.

4.2.2 Accumulated species — site surveyed (species-area curve)

A species accumulation curve (Figure 5) was used to evaluate the adequacy of sampling (Clarke and
Gorley 2006). Only species data recorded from defined quadrats were used; no opportunistic flora
collections were included. The asymptotic value was determined using Michaelis Menten modelling.
Using this analysis, the incidence-based coverage estimator of species richness was calculated to be
141.51. Based on this value, and the total of 120 species recorded within quadrats, approximately 84.8%
of the flora species potentially present within the study area were recorded. This result, in addition to
opportunistic collections, indicates that the majority of flora potentially present within the study area were
recorded.

160

140

120

100

80

60

Number of Taxa

40

20

Survey Sites

=== Theoretical Asymptote = Cumulative Number of Taxa

Figure 5: Averaged randomised species accumulation curve

Note: Only species recorded from survey sites were used to calculate the species accumulation curve and theoretical maximum
number of species (asymptotic value).

4.2.3 Conservation significant flora

No Threatened flora listed under the EPBC Act or the WC Act were recorded within the study area. One
conservation significant flora species, Jacksonia sericea (listed as P4 by DBCA) was recorded within the
study area, with 564 individuals recorded (Figure 6 and Figure 7). Location coordinates of individuals
and polygon centroids for Jacksonia sericea are shown below in Table 10. This species occurred in each
vegetation community within the study area, with greater numbers occurring along the southern boundary,
and as isolated patches elsewhere throughout the study area (Figure 7). This species is previously
known from the study area from previous studies outlined in Table 9 above. This species is also listed in

© ECO LOGICAL AUSTRALIA PTY LTD 18



Warwick Bushland flora survey and bushland condition assessment

Bush Forever as a significant flora of the Perth Metropolitan Region due to its being endemic to the Swan
Coastal Plain (Government of Western Australia 2000).

A further two Bush Forever significant flora species were recorded from within the study area, Callitris
preissii and Conostylis aculeata subsp. cygnorum. Conostylis aculeata subsp. cygnorum was recorded
across the entire study area at a <1% cover and Callitris preissii was recorded from 13 locations (19
individuals) within the study area (Figure 7). Location coordinates of individuals and polygon centroids
for Callitris preissii are shown below in Table 10. These species are also considered significant due to
them being endemic to the Swan Coastal Plain (Government of Western Australia 2000).

The Bush Forever significant species Caesia micrantha was recorded during the current field survey.
However, Bush Forever specifically lists this species as being significant only in its ‘large swamp form’
(Government of Western Australia 2000). Habitat within the study area does not meet requirements for
this growth form, and as such this species was omitted from consideration as a conservation significant
flora species.

Of the 40 conservation listed flora species identified in the desktop assessment as possibly occurring
within the study area, Jacksonia sericea (P4) was the only species recorded. The remaining 39 species
identified in the likelihood of occurrence assessment are considered unlikely to occur, based on habitat
requirements and intensity of survey effort undertaken within the study area. The full likelihood of
occurrence assessment is provided in Appendix A.

Table 10: Coordinates of conservation significant flora species Jacksonia sericea (Priority 4) and Conostylis
aculeata subsp. cygnorum (Bush Forever significant) within the study area

Coordinates Population
Species . Type
Easting Northing Size
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 1 Location of individual
Jacksonia sericea (Priority 4) 6 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 25 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
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Coordinates

Species Popullation Type
Easting Northing Size
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 4 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 20 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 15 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 25 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 30 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 40 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 3 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 3 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon

© ECO LOGICAL AUSTRALIA PTY LTD

20



Warwick Bushland flora survey and bushland condition assessment

Coordinates

Species Popullation Type
Easting Northing Size
Jacksonia sericea (Priority 4) 40 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 3 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 3 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 50 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 3 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 20 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 15 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 4 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 5 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 20 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 20 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 4 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 25 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 2 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 1 Centroid of surveyed polygon
Jacksonia sericea (Priority 4) 10 Centroid of surveyed polygon

Jacksonia sericea (Priority 4)

Jacksonia sericea (Priority 4)

Jacksonia sericea (Priority 4)

Callitris preissii (Bush Forever
significant)
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Figure 6: Jacksonia sericea (Priority 4) recorded within the study area
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Figure 7: Conservation significant flora recorded within the study area
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4.2.4 Introduced flora

A total of 62 introduced (weed) species were recorded as occurring within the study area, representing
31% of the total species recorded. One species, *Moraea flaccida (One-leaf Cape Tulip), is listed as a
Declared Plant under the BAM Act. This species is categorised as s22(2) (exempt). Declared pests
“must satisfy any applicable import requirements when imported and may be subject to an import permit
if they are potential carriers of high-risk organisms. They may also be subject to control and keeping
requirements once within Western Australia” (DPIRD 2018). This species has been recorded previously
by Brundrett and Clarke (2001), during City of Joondalup field assessments (D. Pike 2005 and S. Mitrevski
2011) and by ELA (2012). Brundrett and Clarke have also previously recorded the Declared Plants
*Echium plantagineum (S22(2) exempt) and *Chondrilla juncea (S22(2) C2, C3) and the WoNS *Lantana
camara (City of Joondalup 2013) within the study area, however these introduced species have not been
recorded since this assessment within the study area.

Of the weed species recorded within the study area, 19 are listed as City of Joondalup priority weeds for
Warwick Bushland, while one weed, *Moraea flaccida, is listed as a Declared Pest under the BAM Act
(Table 11). The City’s declared pest plant, * Tribulus terrestris (Caltrop), was not recorded within the study
area. Mapping of City of Joondalup priority weeds and of *Moraea flaccida within the study area is
presented in Appendix E.

Table 11: CoJ Priority weed species, Declared Pests or WoNS recorded within Warwick Bushland

Species Common name Ranking

*Acacia iteaphylla

Flinders’ Range Wattle

ColJ priority weed

*Acacia longifolia

Sydney Golden Wattle

ColJ priority weed

*Acacia trigonophylla

Cod priority weed

*Cenchrus setaceus

Fountain Grass

ColJ priority weed

*Chamelaucium uncinatum

Geraldton Was

Cod priority weed

*Ehrharta calycina

Perennial Veldt Grass

Cod priority weed

*Ehrharta longiflora

Annual Veldt Grass

ColJ priority weed

*Eragrostis curvula

African Lovegrass

Cod priority weed

*Euphorbia terracina

Geraldton Carnation Weed

ColJ priority weed

*Freesia alba x leichtlinii

Freesia

ColJ priority weed

*Gazania linearis

Gazania

Cod priority weed

*Moraea flaccida

One-leaf Cape Tulip

Declared Pest under the BAM Act

*Olea europaea

Olive

Cod priority weed

*Oxalis pes-caprae

Soursob

Cod priority weed

*Pelargonium capitatum

Rose Pelargonium

ColJ priority weed

*Schinus terebinthifolia

Japanese Pepper

ColJ priority weed

*Trachyandra divaricata

Dune Onion Weed

ColJ priority weed

*Vulpia muralis

Vulpia Grass

ColJ priority weed

*Watsonia ?meriana var. mariana

Watsonia

Cod priority weed
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4.2.5 Vegetation communities

Profile Analysis (SIMPROF) separated the 12 quadrats established within the study area into three
statistically dissimilar groupings (Global R = 1.823; Significance level of sample statistic, p = 0.04;
Appendix F). Based on this result, three vegetation communities were delineated and mapped within
the study area. Where appropriate, vegetation codes previously used (ELA 2013) have been updated to
reflect results of the current survey. Details of the three communities, including associated species, and
mapping boundaries are presented in Table 12 and Figure 8, respectively. Vegetation communities
account for 98.02% of the study area. In addition to these communities shown in Table 12 below, a total
of 0.67 ha (1.1%) of the study area was mapped as cleared vegetation and 0.53 ha (0.9%) as remnant
trees (Figure 8).
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4.2.6 Conservation significant ecological communities

FCT analysis

To identify potential TECs and PECs in the project area, ELA quadrats and vegetation communities were
compared to FCTs defined by Gibson ef al. (1994). To aid interpretation of final results, FCTs affiliated
with the Spearwood Dunes landform were then separated from the broad Gibson et al. 1994 FCT dataset.
These FCTs were subsequently compared with vegetation communities delineated by ELA. Results of
this analysis are shown below in Table 13.

Quadrats within vegetation community EmBa showed weak affiliations with FCT 24 and FCT 28 in both
Gibson’s full dataset and the Spearwood Dune landform dataset (Table 13). This community was not
considered to represent floristic aspects of a single FCT and may represent a mixture between FCT 24
and FCT 28.

Quadrats within vegetation community AfEmBa showed strong affiliation with FCT 28 in both Gibson’s
full dataset and the Spearwood Dune landform dataset, and weak affiliation with FCT 24 within the
Spearwood Dunes landform dataset (Table 13). This community was considered to represent floristic
aspects of FCT 28 only.

Quadrats within vegetation community EbBaBm showed strong affiliation with FCT 28 and weak
affiliation with FCT 24 in both Gibson’s full dataset and the Spearwood Dune landform dataset (Table
13). This community was considered to represent floristic aspects of FCT 28 only.

Table 13: Relationships between ELA vegetation communities and FCTs defined by Gibson et al. (1994)

ANOSIM*
Community Affiliated ELA quadrats
U Spearwood Dune
code FCT Full Gibson dataset .
landform dataset
EmB FCT 24 ECO_18_01, ECO_18_05, | R=0.476, p=0.01 R=0.488, p=0.001
mBa
FCT 28 ECO_18_08, ECO_18_10 | R=0.525, p=0.001 R=0.525, p=0.001
FCT 28 ECO_18_02, ECO_18_03, R=0.118, p=0.14 R=0.118, p=0.1
AfEmBa ECO_18_04, ECO_18_07, ) o _ _
FCT 24 ECO_18_09, ECO_18_11 Nil affiliation R=0.586, p=0.001
FCT 28 R=0.136, p=0.22 R=0.135, p=0.2
EgBaBm ECO_18_06, ECO_18_12
FCT 24 R=0.421, p=0.01 R=0.425, p=0.01

*R = strength of relationship with O=similar and 1=dissimilar
P = significance of relationship

The FCT 24: ‘Northern Spearwood shrublands and woodlands’ is listed by DBCA as a Priority 3 ecological
community. FCT 28 is recognised as being part of the ‘Banksia Woodlands of the Swan Coastal Plain’
ecological community, which is currently listed as Threatened under the EPBC Act (TSSC 2016) and as
Priority 3 by DBCA.

Relationships between ELA vegetation communities and FCTs defined by Gibson et al. (1994) and
between ELA vegetation communities and Spearwood Dune landform affiliated FCTs defined by Gibson
et al. (1994) are presented in Appendix G and Appendix H.
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Banksia Woodlands TEC diagnostic

Following the steps provided in the Conservation Advice for the Banksia Woodlands of the Swan Coastal
Plain TEC (TSSC 2016) administered by the Federal government as mentioned in Section 3.5.2,
vegetation present within the study area assigned a condition rating of Good or above has been assessed
to likely represent the EPBC Act listed ‘Banksia Woodlands of the Swan Coastal Plain’ (TSSC 2016).

Vegetation present within the study area meets relevant criteria for this TEC, with a number of key
diagnostic characteristics met:

. Location/landform — the study area is located on the Swan Coastal Plain and occurs on the
Spearwood Dune System.
. Structure and composition — vegetation within the study area is dominated or co-

dominated by Banksia attenuata and, in some areas, Banksia menziesii, with emergent trees
of Eucalyptus and Allocasuarina species present. A number of indicator species are also
present. The understory contains high species diversity.

. Condition thresholds - the community was assessed and sampled in the highest condition
representation available in the study area and was completed in the most appropriate season
for the Swan Coastal Plain.

. Minimum patch size — vegetation meets the minimum patch size requirements for
vegetation in Good or greater condition. Areas in Degraded condition are not considered
part of the EPBC Act ecological community.

A total of 57.96 ha of vegetation within the study area was assessed to likely represent the Banksia
Woodlands TEC, comprising 15.12 ha of Excellent condition, 25.35 ha of Very Good condition and
17.49 ha of Good condition. To be considered as part of the Banksia Woodlands TEC a patch needs to
meet at least the Good condition category (TSSC 2016), therefore areas of Degraded or Completely
Degraded condition within the survey area (1.46 ha and 1.2 ha respectively) are not included in this
assessment. The full four-stage assessment against key diagnostic characteristics for this TEC is
presented in Appendix I.

Tuart (E. gomphocephala) woodlands and forests of the Swan Coastal Plain ecological community
diagnostic

Following the steps provided in the Draft Conservation Advice for the ‘Tuart (Eucalyptus gomphocephala)
woodlands and forests of the Swan Coastal Plain ecological community’ (DotEE 2017) administered by
the Federal government as mentioned in Section 3.5.2, vegetation present within the study area is
deemed not to represent this ecological community.

A number of criteria for this community were met, including:

e Location/landform — the study area is located on the Swan Coastal Plain and occurs on the
Spearwood Dune System.

e Structure/established trees— vegetation within the study area occurs as a woodland and
contains established (>15 cm Diameter at Breast Height) Eucalyptus gomphocephala individuals.

e Dominant canopy species — this criterion was partly met with one patch of the vegetation
community EgBaBm occurring with E. gomphocephala as the dominant canopy species
(southwest patch).

e Other diagnostic considerations — several associated species were present within the
EgBaBm vegetation community.

¢ Relationship with other ecological communities — the Tuart woodlands ecological community
overlaps with the Banksia Woodlands of the Swan Coastal Plain community, which is inferred to
occur within the study area.
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Key criteria relating to species composition and condition classes and thresholds were not met for this
vegetation community. Vegetation community EgBaBm contains Tuart mapped in two areas, a patch in
the southwest of the study area and a patch in the southeast. This species does not occur as a dominant
species in the southeast patch. Where it does occur as a dominant species in the southwest patch, it
does not meet the required condition class thresholds for Very Good-Good (minimum patch size 1 ha) or
Degraded (minimum patch size 2 ha; DotEE 2017). Therefore, no vegetation within the study area is
considered as representing the ‘Tuart (Eucalyptus gomphocephala) woodlands and forests of the Swan
Coastal Plain’ ecological community. The full assessment against key diagnostic characteristics for this
community is presented in Appendix J.

4.2.7 Vegetation condition

Vegetation condition within the study area ranged from Completely Degraded to Excellent condition,
based on the Keighery (1994) vegetation scale provided in the EPA Technical Guidance: Flora and
Vegetation Surveys for Environmental Impact Assessment (2016). Majority of the study area was found
to be in Very Good condition (41.8%; 25.35 ha), Good condition (28.9%; 17.49 ha) and Excellent condition
(24.9%; 15.12 ha). Areas classed as Completely Degraded (cleared areas and remnant trees) accounted
for 1.2 ha (2%) of the study area.

Disturbances present within the study area included occurrences of recent fire, the presence of weeds,
feral fauna (rabbit diggings, droppings) and edge effects. Some tree deaths were recorded from within
the study area, in particular around the eastern boundary, however it is unclear whether this was caused
by dieback or from other diseases, pests and/or drought.

Vegetation condition within the study area is presented in Table 14 and in Figure 10. Vegetation
condition per vegetation community is presented in Table 15 and Figure 11.

Table 14: Vegetation condition within the study area

Vegetation condition Total area (ha) Portion of the study area (%)

Pristine 0 0

Excellent 15.12 24.9

Very Good 25.35 41.8

Good 17.49 289

Degraded 1.46 2.4

Completely Degraded 1.20 2.0

Total 60.62 100.0
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Table 15: Vegetation condition per vegetation community within the study area

Condition % (ha)

Vegetation
; C letel Total %
community Pristine Excellent | Very Good Good Degraded S otal 7o
Degraded (ha)
34.5 48.3 16.0 1.2 40.3
EmBa 0 0
(8.43) (11.81) (3.91) (0.3) (24.46)
24 .4 38.8 36.3 0.4 43.7
AfEmBa 0 0
(6.47) (10.29) (6.63) 0.1) (26.49)
2.6 38.3 46.7 12.5 14.0
EgBaBm 0 0
(0.22) (3.24) (3.95) (1.05) (8.47)
0.9 0.9
Remnant trees 0 0 0 0 0
(0.53) (0.53)
1.1 11
Cleared areas 0 0 0 0 0
(0.67) (0.67)
24.9 41.8 28.9 24 2 100
Total % (ha) 0
(15.12) (25.35) (17.49) (1.46) (1.2) (60.62)
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4.3 Opportunistic fauna and fungi

No opportunistic fungi species were recorded during the field survey. A total of 14 fauna species were
recorded opportunistically during the field survey, comprising 11 birds, two mammals and one reptile.
None of the fauna species recorded within the study area represent conservation significant species listed
under the EPBC Act, WC Act or by DBCA. Two introduced (feral) fauna species were recorded within
the study area, namely the Rainbow Lorikeet and European Rabbit. A fauna species list is provided in

Table 16 below.

Table 16: Fauna species recorded opportunistically within Warwick Bushland

Species Common name Evidence type
Birds

Anthochaera carunculata Red Wattlebird Observed
Barnardius zonarius Australian Ringneck Observed
Corvus coronoides Australian Raven Observed
Cracticus tibicen Australian Magpie Observed
Dacelo novaeguineae Laughing Kookaburra Heard
Eolophus roseicapilla Galah Observed
Lichenostomus virescens Singing Honeyeater Heard
Lichmera indistincta Brown Honeyeater Heard

Merops ornatus Rainbow Bee-eater Heard/observed
Rhipidura leucophrys Willy Wagtail Observed
Trichoglossus moluccanus Rainbow Lorikeet Heard/observed

Mammals

Macropus fuliginosus

Western Grey Kangaroo

Evidence (scats)

Oryctolagus cuniculus

European Rabbit

Observed

Reptiles

Tiliqua rugosa

Bobtail Lizard

Observed
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[ study area Vegetation community Metres
Datum/Projection:

AfEmBa GDA 1994 MGA Zone 50
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Figure 8: Vegetation communities recorded within the study area
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Figure 9: Conservation significant vegetation communities recorded within the study area
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Figure 10: Vegetation condition recorded within the study area
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Figure 11: Vegetation condition per vegetation community within the study area
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5 Discussion and recommendations

5.1 Flora

A total of 200 taxa (138 native and 62 introduced taxa) from 148 genera and 56 families were recorded
across 12 quadrats established within the study area and from opportunistic collections. The number of
native flora species recorded was significantly higher than the number of native species previously
recorded from within the study area by Gibson et al. (1994), the City of Wanneroo (1995) and City of
Joondalup field assessments (2005 & 2011; 73 species, 78 species and 81 species respectively) and
comparable to those recorded by ELA (123 species; ELA 2013) and by Brundrett and Clarke (209 species;
City of Joondalup 2013).

An additional 15 native species were recorded in comparison to ELA’s 2012 survey of the study area.
The increase in species is likely to be a result of increased survey effort (4-day survey compared to ELA’s
2-day survey in 2012) which provided more time and opportunity for opportunistic collections and from
the instalment of 2 additional quadrats within the study area.

Average native perennial species richness per quadrat was 41.9 species, (range 36 to 52 species per
quadrat), which is comparable to Gibson et al. 1994 data (plots WARI1 and WARI2 - 52 and 51 species
respectively). A survey undertaken by ELA at the nearby Craigie Bushland (located approximately 9 km
northwest of the study area) recorded an average native perennial species richness of 21.07 species per
quadrat (range 10-33 species; ELA 2017), which is significantly less than recorded at Warwick Bushland.
A species accumulation curve determined that approximately 84.8% of the flora species potentially
present within the study area were recorded. This result, in addition to opportunistic collections, indicates
that the majority of flora potentially present within the study area were recorded. Based on these results,
a comprehensive flora inventory of the study area has been developed.

Weed species comprised 31% (62 species) of the total flora taxa recorded, an increase of 11 species
since ELA’s 2012 survey (51 introduced species recorded; ELA 2013). This increase of weed species
recorded is likely due to a combination of increased field survey effort and sustained weed invasion over
time. One Declared Pest listed under the BAM Act, *Moraea flaccida (One-left Cape Tulip) was recorded
from within the study area. *M. flaccida has a legal status of S22(2) and “may be subject to control and
keeping requirements once within Western Australia” (DPIRD 2018). Brundrett and Clarke have also
previously recorded the Declared Plants *Echium plantagineum (S22(2) exempt) and *Chondrilla juncea
(S22(2) C2, C3) and the WoNS *Lantana camara (City of Joondalup 2013) within the study area, however
these introduced species have not been recorded since this assessment within the study area.

No Threatened flora listed under the EPBC Act or the WC Act were recorded within the study area. One
Priority species, Jacksonia sericea (listed as P4 by DBCA) was identified, with 564 individuals recorded
from within the study area. This species occurred in each vegetation community within the study area,
with greater numbers occurring along the southern boundary and as isolated patches elsewhere
throughout the study area. This species has been previously recorded within the study area by City of
Wanneroo (1995) Brundrett and Clarke (2001, 2004 & 2013), during City of Joondalup field assessments
(D. Pike 2005 and S. Mitrevski 2011) and by ELA (2012; City of Joondalup 2013). ELA recorded a similar
distribution of this species in the 2012 survey (ELA 2013). This population appears to be healthy and
showing signs of recruitment, with a large increase of occurrences recorded since the last survey
undertaken in Warwick Bushland in 2012 (115 plants; ELA 2013). This species is fairly common on the
Swan Coastal Plain and has been recorded from 87 locations over a range of approximately 100 km, from
Wanneroo in the north to Mandurah in the south (DBCA 2007-2018).
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Priority 4 species are defined as species that are adequately known, are rare but not threatened, or meet
criteria for near threatened, or that have been recently removed from the threatened species or other
specially protected fauna lists for other than taxonomic reasons. These species require regular
monitoring. J. sericea is also listed in Bush Forever as a significant flora species of the Perth metropolitan
area due to it being endemic to the Swan Coastal Plain (Government of WA 2000).

A further two Bush Forever significant species, Callitris preissii and Conostylis aculeata subsp. cygnorum,
were also recorded from within the study area. C. preissii was recorded across vegetation within the
study area at a <1% cover and C. aculeata subsp. cygnorum was recorded from 13 locations within the
study area. These species are also fairly common on the Swan Coastal Plain, known from 303 and 50
locations, respectively (DBCA 2007-2018).

The Bush Forever significant species Agonis flexuosa, although recorded from within the study area
during ELA’s 2012 field survey (ELA 2013), was not recorded from the current field survey.

5.2 Vegetation

Three vegetation communities were delineated and mapped within the study area.

o EmBa: Eucalyptus marginata subsp. marginata and Banksia attenuata open forest to low open
woodland over Xanthorrhoea preissi, Grevillea vestita subsp. vestita and Daviesia divaricata
open heath to open shrubland over Hibbertia hypericoides, Gompholobium tomentosum and
Petrophile macrostachya low open shrubland over Mesomelaena pseudostygia and
Lepidospermum striatum very open sedgeland over *Gladiolus caryophyllaceus, and Burchardia
congesta very open herbland.

o AfEmBa: Allocasuarina fraseriana, Eucalyptus marginata subsp. marginata and Banksia
attenuata low open forest to low woodland over Xanthorrhoea preissii open shrubland over
Hibbertia hypericoides and Petrophile macrostachya low open shrubland over Mesomelaena
pseudostygia and Lepidospermum striatum very open sedgeland over *Gladiolus
caryophyllaceus very open herbland over *Ehrharta calycina very open grassland.

o EgBaBm: Eucalyptus gomphocephala, Banksia attenuata and Banksia menziesii open forest to
low woodland over Xanthorrhoea preissii shrubland over Hibbertia hypericoides and
Gompholobium tomentosum low open shrubland over Mesomelaena pseudostygia very open
sedgeland over *Gladiolus caryophyllaceus and Burchardia congesta very open herbland over
*Ehrharta calycina very open grassland.

These vegetation communities are comparable with those previously recorded within the study area by
ELA in 2012 (ELA 2013). However, re-survey of these quadrats, including the addition of new data from
quadrats ECO_18_11 and ECO_18_12 led to a slight reclassification and altered distribution of these
communities within the study area.

Vegetation community AfEmBa was more widespread than previously mapped, covering a total of 43.7%
of the study area compared to the previously mapped area of 7% (ELA 2013). Several more quadrats
grouped into this community type compared to in the 2012 analysis including ECO_18_2, ECO_18_3,
ECO_18_7 and ECO_18_ 11.

Vegetation community EgBaBm, previously mapped by ELA (2013) as EQEm (comprising ECO_11_06
and ECO_11_08), was also found to be more widespread than previously recorded, with a coverage of
14.0% of the study area compared to the previously mapped area of 5.7% (ELA 2013). The newly
established quadrat ECO_18_12 was grouped into this vegetation type, while ECO_18_08 was re-
grouped into vegetation community EmBa.

© ECO LOGICAL AUSTRALIA PTY LTD 40



Warwick Bushland flora survey and bushland condition assessment

Vegetation community EmBa (Previously EmBaBm) had a reduction in cover within the study area
(83.9% to 40.3%), as several quadrats from this community were grouped into AfEmBa, including
ECO_18_2,ECO_18_3 and ECO_18_7.

Updated mapping is considered a more accurate representation of vegetation communities present within
the study area given the increase in replication (greater number of quadrats) and greater diversity of
species recorded. Quadrats were positioned within each vegetation type to avoid boundaries and
transitional zones, within intact mature vegetation and in areas of best condition, as outlined in the EPA
Technical Guidance: Flora and Vegetation Surveys for Environmental Impact Assessment (EPA 2016).

To identify potential TECs and PECs in the project area, ELA quadrats and vegetation communities were
compared to FCTs defined by Gibson et al. (1994). Each of the three vegetation types present within the
study area (shown above) showed affiliation (to varying degrees) to FCT 24 and FCT 28. These FCTs
form part of the FCT Supergroup 4: ‘Uplands centred on Spearwood and Quindalup Dunes’ (Government
of Western Australia 2000).

Quadrats within vegetation communities EmBa, AfEmBa and EgBaBm all showed a weak affiliation with
FCT 24: ‘Northern Spearwood shrublands and woodlands’. This FCT is described as ‘heaths or heaths
with scattered Eucalyptus gomphocephala occurring on deeper soils north from Woodman’s Point. All
but three sites in this community type occur on the Cottesloe unit of the Spearwood system’ (Gibson et
al. 1994). The average species richness for FCT 24 is 41.8 species, which is comparable to the range
recorded by ELA (36 to 52 species). Some floristic aspects of FCT 24 are present to some degree, with
a weak overlap in species composition between ELA vegetation communities and FCT 24. Common
species include Hardenbergia comptoniana, Phyllanthus calycinus, Xanthorrhoea preissii, Conostylis
aculeata and Dianella revoluta (Gibson et al. 1994). FCT 24 is listed as a Priority 3 ecological community
by DBCA.

Quadrats within vegetation communities AfEmBa and EgBaBm showed a strong affiliation to FCT 28,
while EmBa showed a weak affiliation to this FCT. FCT 28 is largely made up of Banksia attenuata
woodlands, Eucalyptus calophylla - B. attenuata woodlands or E. marginata - B. aftenuata woodlands
(Gibson et al. 1994). The average species richness for FCT 28 is 55.2 species, which is slightly higher
than that recorded during this survey (36 to 52 species). Gibson et al. data represents the highest
condition and species found for each FCT within the region, therefore, lower species counts are expected
when sampling areas with lower vegetation condition. There was strong overlap in species composition
between vegetation community AfEmBa and EgBaBm (and to a lesser extent EmBa) and FCT 28, with
common species including Banksia attenuata, Hibbertia hypericoides, Xanthorrhoea preissii, Drosera
erythrorhiza, Mesomelaena pseudostygia and Trachymene pilosa (Gibson et al. 1994). FCT 28 forms
part of the Banksia Woodlands of the Swan Coastal Plain ecological community, which is currently listed
as Threatened under the EPBC Act and as Priority 3 by DBCA.

Although weak affiliations were recorded between vegetation communities within the study area and
FCT 24, it is likely that vegetation communities comprise floristic aspects more closely associated with
FCT 28, as supported in the analysis discussed above. This confirms inferences made by Gibson ef al.
(1994) from flora plots established within Warwick Bushland, WARI-1 and WARI-2, which were also
assigned to FCT 28 (Gibson et al. 1994).

Vegetation within the study area was assessed against key diagnostic characteristics outlined in the
Approved Conservation Advice for the Banksia Woodlands of the Swan Coastal Plain ecological
community (TSSC 2016). Following steps provided in this document, vegetation within the study area
(comprising communities EmBa, AQEmBa and EgBaBm at a Good or above vegetation condition) was
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assessed to likely represent the EPBC Act listed ‘Banksia Woodlands of the Swan Coastal Plain’ (TSSC
2016).

Key characteristics outlined in the conservation advice for this community that were met by vegetation
within the study area are as follows: the study area is located on the Swan Coastal Plain and occurs on
the Spearwood Dune System. Vegetation within the study area is dominated or co-dominated by Banksia
attenuata and, in some areas, Banksia menziesii, with emergent trees of Eucalyptus and Allocasuarina
species present. A number of indicator species are also present. The community was assessed and
sampled in the highest condition representation available in the study area and was completed in the
most appropriate season for the Swan Coastal Plain. Vegetation present within the study area meets the
minimum patch size requirements for vegetation in Good or greater condition, with patches of Degraded
or lesser condition not included in the assessment. A total of 57.96 ha of vegetation within the study area
was assessed to likely represent the Banksia Woodlands TEC, comprising 15.12 ha of Excellent
condition, 25.35 ha of Very Good condition and 17.49 ha of Good condition. To be considered as part of
the Banksia Woodlands TEC a patch needs to meet at least the Good condition category (TSSC 2016),
therefore areas of Degraded or Completely Degraded condition within the survey area (1.46 haand 1.2 ha
respectively) are not included in this assessment.

Vegetation within the study area was also assessed against key diagnostic characteristics outlined in the
Draft Conservation Advice for the Tuart (Eucalyptus gomphocephala) Woodlands and Forests of the
Swan Coastal Plain ecological community (DotEE 2017). Although a number of criteria for this community
were met, such as location, landform, structure and (to a degree) dominant canopy species, it was found
that, for patches that did meet these key characteristics, they did not meet the minimum condition classes
and thresholds required. Therefore, vegetation within the study area is not considered to represent the
Tuart (Eucalyptus gomphocephala) Woodlands and Forests of the Swan Coastal Plain ecological
community. The full assessment against key diagnostic characteristics for this community is presented
in Appendix J.

Vegetation condition within the study area ranged from Excellent to Completely Degraded, with majority
of the study area (41.8%) classed as Very Good condition. This is a reduction of this condition class with
67.21% of the study area classified as being in Very Good condition by ELA in 2012 (ELA 2013). This
change in condition over time could be attributed to a number of potential factors, including an increase
in weed species (sustained weed invasion over time), the presence of pest species (rabbit diggings,
herbivory), unrestricted pedestrian access (rubbish dumping, trampling), changes in vegetation structure
due to potential disease/pathogens or frequent fires within the reserve. Vegetation in the southwest
corner of the study area, previously classed as Very Good condition (ELA 2012), was classed as Good
condition due to the presence of a fire scar.

In addition, areas in Excellent and Good condition (24.9% and 28.9% respectively) were found to have
increased since mapped by ELA in 2012 (18.32% classed as Excellent and 8.87% classed as Good
condition).

A range of disturbances are present which negatively impact vegetation condition within the study area.
These include weed infestation, edge effects, signs of potential disease or drought (dead trees) and recent
fire. The presence of pest species (rabbits) was also noted within the study area. The smaller patch size
of the study area, surrounded by urbanisation, also increases the edge effects of these threatening
processes and it was noted these patches were of a lesser condition.

Fire scars (1-10 years old) were observed within the study area, particularly in the southwestern corner
of the study area. Fire has a direct impact on vegetation, affecting the growth, survival and reproduction
of species, and subsequently alters the structure of vegetation communities (Burrows and Wardell-
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Johnson 2003). The vegetation in areas affected by fire in the study area was found to be in Good
condition due to the altered lower and mid-storey, a reduced species diversity and a higher weed count
following fire events.

Some tree deaths, particularly Banksia species, were recorded from ECO_18_07 within the study area.
It is unclear whether these deaths are caused by dieback or from other diseases, pests and/or drought.

5.3 Fungi and fauna

No opportunistic fungi species were recorded during the field survey. A total of 14 fauna species were
recorded opportunistically during the field survey, comprising 11 birds, two mammals and one reptile.
None of the fauna species recorded within the study area represent conservation significant species listed
under the EPBC Act, WC Act or by DBCA. Two introduced (feral) fauna species were recorded within
the study area, namely the Rainbow Lorikeet and European Rabbit.

54 Recommendations

Based on the current survey the following recommendations have been made to conserve native flora,
vegetation and environmental values present within Warwick bushland:

e Continue long-term monitoring of weed populations within the study area. Implement weed
control, particularly for the Declared Pest *Moraea flaccida and for City of Joondalup priority
weeds. Concentrate weed control activities along track edges and boundaries between remnant
bushland and cleared areas.

e Monitor populations of the conservation listed species Jacksonia sericea (P4). The population is
currently healthy, with a large increase of occurrences recorded since the last survey undertaken
in Warwick Bushland in 2012 (ELA 2013). This species appears to favour areas adjacent to
roads/tracks, particularly along the southern boundary of the study area.

¢ Review and update existing fire monitoring and management practices where appropriate or
required.

e Monitor vegetation health, in particular for dieback. Some tree deaths were recorded within the
study area; however, it is unclear whether this was caused by dieback or from other diseases,
pests and/or drought. It is recommended to continue monitoring for evidence of dieback and
other pathogens, and to continue maintaining correct hygiene practices.

e Ensure that unauthorised access is restricted to defined tracks/paths only to prevent habitat
degradation and weed spread.

e Control feral animal species, such as rabbits.

e Retain dead old-growth trees for fauna habitat value.

e Continued support of and further develop collaboration with the Friends of Warwick Bushland to
enhance conservation and public awareness of the biodiversity and natural history values of
Warwick Open Space.
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Appendix A Likelihood of occurrence
assessment criteria
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Likelihood rating Criteria

The species has previously been recorded within study area from DBCA database search
Recorded results and/or from previous surveys of the study area, and/or the species has been
confirmed through a current vouchered specimen at WA Herbarium.

The species has not previously been recorded from within the study area. However, (to
qualify requires one or more criteria to be met):

e the species has been recorded in close proximity to the study area, and occurs
in similar habitat to that which occurs within the study area

e core habitat and suitable landforms for the species occurs within the study area
Likely either year-round or seasonally. In relation to fauna species, this could be that
a host plant is seasonally present on site, or habitat features such as caves are
present that may be used during particular times during its life cycle e.g. for
breeding. In relation to both flora and fauna species, it may be there are
seasonal wetlands present

e there is a medium to high probability that a species uses the study area.

The species has not previously been recorded from within the study area. However, (one
or more criteria requires to be met):

e targeted surveys may locate the species based on records occurring in proximity
to the study area and suitable habitat occurring in the study area
e the study area has been assessed as having potentially suitable habitat through
habitat modelling
e the species is known to be cryptic and may not have been detected despite
extensive surveys
Potential e the species is highly mobile and has an extensive foraging range so may not
have been detected during previous surveys
The species has been recorded in the study area by a previous consultant survey or there
is historic evidence of species occurrence within the study area. However, (one or more
criteria requires to be met):
e doubt remains over taxonomic identification, or the majority of habitat does not
appear suitable (although presence cannot be ruled out due to factors such as
species ecology or distribution)

e coordinates are doubtful.

The species has been recorded locally through DBCA database searches. However, it
has not been recorded within the study area and

e it is unlikely to occur due to the site lacking critical habitat, having at best
marginally suitable habitat, and/or being severely degraded

e itis unlikely to occur due to few historic record/s and no other current collections

Unlikely in the local area.

The species has been recorded within the bioregion based on literature review but has

not been recorded locally or within the study area through DBCA database searches.

The species has not been recorded in the study area despite adequate survey efforts,

such as a standardised methodology or targeted searching within potentially suitable
habitat.
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Likelihood rating Criteria

The species is not known to occur within the IBRA bioregion based on current literature
and distribution.

The conspicuous species has not been recorded in the study area despite adequate
survey efforts at an appropriate time of year to detect the species within potentially

Does not occur (one suitable habitat.

or more criteria

. The study area lacks important habitat for a species that has highly selective habitat
requires to be met).

requirements.

The species has been historically recorded within study area or locally; however, it is
considered locally extinct due to significant habitat changes such as land clearing and/or
introduced predators.
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Appendix B Flora likelihood of occurrence
assessment
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Warwick Bushland flora survey and bushland condition assessment

Appendix D Quadrat data

© ECO LOGICAL AUSTRALIA PTY LTD 90



Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_01 02/10/18 10x10m SD & JM
Condition Disturbances Fire history (years) Landscape type
Good Fire, weeds 1-10 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 5 10
Easting Northing

387902

6476343

Stratum (U=Upper,

Species Cover (% Sub-Stratum
o (%) M=Middle, G=Ground)
Eucalyptus marginata subsp.
'yp v P 10-30 U Tree, palm
marginata
L Shrub, cycad, grass-tree,
Daviesia divaricata 10-30 M
tree-fern
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
. . L Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Petrophile macrostachya 1 M
tree-fern
) . ) Shrub, cycad, grass-tree,
Banksia dallanneyi var. dallanneyi 0.5 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia triflora 0.25 M
tree-fern
. . Shrub, cycad, grass-tree,
Daviesia nudiflora 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
. . . Shrub, cycad, grass-tree,
Grevillea vestita subsp. vestita 0.1 M

tree-fern

© ECO LOGICAL AUSTRALIA PTY LTD
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Warwick Bushland flora survey and bushland condition assessment

Species Cover (%) Mi:\;?;;?;’( gzgi)ss;’d) Sub-Stratum
Petrophile brevifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern
Scaevola canescens 0.1 M Shrub, cycad, grass-tree,
tree-fern
*Ehrharta calycina 1 G Other grass
Mesomelaena pseudostygia 0.5 G Sedge
Lepidosperma striatum 0.1 G Sedge
Burchardia congesta 0.1 G Forb
Caesia micrantha 0.1 G Forb
Conostylis aculeata subsp. 0.1 G Forb
cygnorum
Crassula colorata 0.1 G Forb
Desmocladus asper 0.1 G Forb
Diuris magnifica 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
Haemodorum paniculatum 0.1 G Forb
Hybanthus calycinus 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Lomandra caespitosa 0.1 G Forb
*Moraea flaccida 0.1 G Forb
*Pelargonium capitatum 0.1 G Forb
*Petrorhagia dubia 0.1 G Forb
Podolepis gracilis 0.1 G Forb
*Romulea rosea 0.1 G Forb
*Silene gallica 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Trachymene pilosa 0.1 G Forb
Tricoryne elatior 0.1 G Forb
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,

Species Cover (%) . Sub-Stratum
M=Middle, G=Ground)
*Ursinia anthemoides subsp.
] 0.1 G Forb
anthemoides
*Wahlenbergia capensis 0.1 G Forb
Hardenbergia comptoniana 0.1 G Vine
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_02 02/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Very Good Weeds, fire, tracks 1-10 Gentle slope
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 10 5
Easting Northing

387769

Stratum (U=Upper,

6476473

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Eucalyptus marginata subsp.
'yp g P 10-30 U Tree, palm
marginata
Banksia attenuata 2-10 U Tree, palm
Banksia menziesii 2-10 U Tree, palm
. . L Shrub, cycad, grass-tree,
Hibbertia hypericoides 10-30 M
tree-fern
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
. Shrub, cycad, grass-tree,
Daviesia divaricata 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 2-10 M
tree-fern
. ) . Shrub, cycad, grass-tree,
Hibbertia huegelii 0.1 M
tree-fern
. o Shrub, cycad, grass-tree,
Isotropis cuneifolia 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Scaevola canescens 0.1 M
tree-fern
*Ehrharta calycina 0.1 L Other grass
*Pentameris airoides 0.1 L Other grass
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)

Lepidosperma striatum 2-10 L Sedge
Mesomelaena pseudostygia 2-10 L Sedge
Lepidosperma pubisquameum 0.1 L Sedge
Schoenus curvifolius 0.1 L Sedge
Tetraria octandra 0.1 L Sedge
Anigozanthos humilis 0.1 L Forb
*Briza maxima 0.1 L Forb
Burchardia congesta 0.1 L Forb
Caesia micrantha 0.1 L Forb

Conostylis aculeata subsp.

0.1 L Forb
cygnorum
Drosera erythrorhiza 0.1 L Forb
Drosera macrantha 0.1 L Forb
*Gladiolus caryophyllaceus 0.1 L Forb
Haemodorum paniculatum 0.1 L Forb
*Hypochaeris glabra 0.1 L Forb
Lomandra sp. (sterile) 0.1 L Forb
Opercularia vaginata 0.1 L Forb
Poranthera microphylla 0.1 L Forb
Pterostylis sanguinea 0.1 L Forb
Pyrorchis nigricans 0.1 L Forb
*Romulea rosea 0.1 L Forb
Stylidium calcaratum 0.1 L Forb
Thysanotus patersonii 0.1 L Forb
Trachymene pilosa 0.1 L Forb
*Ursinia anthemoides subsp. 0.1 L Forb
anthemoides
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_03 03/01/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Excellent Weeds 10-20 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 2 2
Easting Northing
387994 6477162

Stratum (U=Upper,

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Banksia menziesii 2-10 U Tree, palm
Banksia attenuata 2-10 U Tree, palm
Eucalyptus marginata subsp.
. 1 U Tree, palm
marginata
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
. . o Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M
tree-fern
. . . Shrub, cycad, grass-tree,
Grevillea vestita subsp. vestita 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Petrophile macrostachya 2-10 M
tree-fern
T Shrub, cycad, grass-tree,
Daviesia divaricata 0.5 M
tree-fern
. Shrub, cycad, grass-tree,
*Acacia iteaphylla 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Gastrolobium capitatum 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M

tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,

Species Cover (%) . Sub-Stratum
M=Middle, G=Ground)
. . .. Shrub, cycad, grass-tree,
Hibbertia huegelii 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Hovea trisperma 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Hypocalymma robustum 0.1 M
tree-fern
Isotropis cuneifolia subsp. 0.1 M Shrub, cycad, grass-tree,
cuneifolia ' tree-fern
) ) Shrub, cycad, grass-tree,
Monotaxis grandiflora 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Petrophile linearis 0.1 M
tree-fern
- Shrub, cycad, grass-tree,
Ricinocarpos undulatus 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Scaevola canescens 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Stirlingia latifolia 0.1 M
tree-fern
*Ehrharta calycina 1 L Other grass
Mesomelaena pseudostygia 2-10 L Sedge
Lepidosperma striatum 0.1 L Sedge
Tetraria octandra 0.1 L Sedge
*Aira cupaniana 0.1 L Forb
Alexgeorgea nitens 0.1 L Forb
*Briza maxima 0.1 L Forb
Burchardia congesta 0.1 L Forb
Calandrinia granulifera 0.1 L Forb
Conostylis aculeata subsp.
0.1 L Forb
cygnorum
Conostylis setigera subsp.
105VIS Seig P 0.1 L Forb
setigera
Crassula colorata 0.1 L Forb
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Warwick Bushland flora survey and bushland condition assessment

Species Cover (%) Mi:\;l?;:;T;( gzg:sj;’d) Sub-Stratum
Desmocladus flexuosus 0.1 L Forb
Dianella revoluta var. revoluta 0.1 L Forb
Eryngium pinnatifidum 0.1 L Forb
*Gladiolus caryophyllaceus 0.1 L Forb
Haemodorum paniculatum 0.1 L Forb
*Hypochaeris glabra 0.1 L Forb
Lomandra caespitosa 0.1 L Forb
*Lysimachia arvensis 0.1 L Forb
Opercularia vaginata 0.1 L Forb
Patersonia occidentalis 0.1 L Forb
Pterostylis sanguinea 0.1 L Forb
Ptilotus manglesii 0.1 L Forb
Pyrorchis nigricans 0.1 L Forb
Quinetia urvillei 0.1 L Forb
Stylidium calcaratum 0.1 L Forb
Stylidium repens 0.1 L Forb
Thysanotus manglesianus 0.1 L Forb
Trachymene pilosa 0.1 L Forb
*Ursinia anthemoides subsp.
anthemoides 01 - Forb
Waitzia suaveolens 0.1 L Forb
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_04 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Excellent Weeds 10-20 Gentle slope
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 2 2
Easting Northing

6477274

e

Stratum (U=Upper,
Species Cover (%) ; ( 2L Sub-Stratum
M=Middle, G=Ground)
Allocasuarina fraseriana 10-30 U Tree, palm
Banksia attenuata 10-30 U Tree, palm
Eucalyptus marginata subsp.
‘yp J P 2-10 U Tree, palm
marginata
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 2-10 M
tree-fern
) . Shrub, cycad, grass-tree,
Acacia pulchella var. glaberrima 2-10 M
tree-fern
. . Shrub, cycad, grass-tree,
Daviesia nudiflora 1 M
tree-fern
. . L Shrub, cycad, grass-tree,
Hibbertia hypericoides 1 M
tree-fern
. Shrub, cycad, grass-tree,
Petrophile macrostachya 1 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia divaricata 0.1 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia triflora 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)
. . Shrub, cycad, grass-tree,
Hibbertia racemosa 0.1 M
tree-fern
. ) Shrub, cycad, grass-tree,
Hibbertia racemosa 0.1 M
tree-fern
Isotropis cuneifolia subsp. 0.1 M Shrub, cycad, grass-tree,
cuneifolia ' tree-fern
Shrub, cycad, grass-tree,
Kennedia prostrata 0.1 M y 9
tree-fern
) Shrub, cycad, grass-tree,
Leucopogon propinquus 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Pimelea leucantha 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Scaevola canescens 0.1 M y 9
tree-fern
. . Shrub, cycad, grass-tree,
Stirlingia latifolia 0.1 M
tree-fern
*Ehrharta calycina 0.1 L Other grass
Mesomelaena pseudostygia 1 L Sedge
Tetraria octandra 0.5 L Sedge
Lepidosperma pubisquameum 0.1 L Sedge
Lepidosperma striatum 0.1 L Sedge
*Briza maxima 0.1 L Forb
Burchardia congesta 0.1 L Forb
Calandrinia granulifera 0.1 L Forb
Conostylis aculeata subsp.
0.1 L Forb
cygnorum
Crassula colorata 0.1 L Forb
Desmocladus flexuosus 0.1 L Forb
Diuris magnifica 0.1 L Forb
Drosera erythrorhiza 0.1 L Forb
Drosera pallida 0.1 L Forb
Drosera pallida 0.1 L Forb
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Warwick Bushland flora survey and bushland condition assessment

Species Cover (%) Mi:\;l?;l;T;( gzgfsj;d) Sub-Stratum

*Gladiolus caryophyllaceus 0.1 L Forb
*Hypochaeris glabra 0.1 L Forb
*Hypochaeris glabra 0.1 L Forb
*Moraea flaccida 0.1 L Forb
*Petrorhagia dubia 0.1 L Forb
Lomandra caespitosa 0.1 L Forb
Pterostylis sanguinea 0.1 L Forb
*Romulea rosea 0.1 L Forb
*Silene gallica 0.1 L Forb
*Sonchus oleraceus 0.1 L Forb
Sowerbaea laxiflora 0.1 L Forb
Trachymene pilosa 0.1 L Forb
*Trifolium campestre 0.1 L Forb
*Ursinia anthemoides subsp.

anthemoides 01 - Forb
Waitzia suaveolens 0.1 L Forb
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_05 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Very Good Weeds 10-20 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 10 5
Easting Northing
388192 6476536

Stratum (U=Upper,

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Banksia attenuata 10-30 U Tree, palm
Eucalyptus marginata subsp.
.yp g P 2-10 U Tree, palm
marginata
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 30-70 M
tree-fern
S Shrub, cycad, grass-tree,
Daviesia divaricata 2-10 M
tree-fern
L , Shrub, cycad, grass-tree,
Daviesia nudiflora 0.1 M
tree-fern
h -
Daviesia triflora 0.1 M Shrub, cycad, grass-tree,
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Hakea prostrata 0.1 M
tree-fern
. ) - Shrub, cycad, grass-tree,
Hibbertia hypericoides 0.1 M
tree-fern
0 . Shrub, cycad, grass-tree,
Petrophile linearis 0.1 M

tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)
. Shrub, cycad, grass-tree,
Petrophile macrostachya 0.1 M
tree-fern
— ) Shrub, cycad, grass-tree,
Stirlingia latifolia 0.1 M
tree-fern
Bossiaea eriocarpa 0.1 G Other grass
Lepidosperma striatum 1 G Sedge
Schoenus curvifolius 0.1 G Sedge
Tetraria octandra 0.1 G Sedge
*Aira cupaniana 0.1 G Forb
*Briza maxima 0.1 G Forb
Burchardia congesta 0.1 G Forb
Caesia micrantha 0.1 G Forb
Caladenia flava 0.1 G Forb
Conostylis aculeata subsp.
0.1 G Forb

cygnorum
Crassula colorata 0.1 G Forb
Dasypogon bromeliifolius 0.1 G Forb
Desmocladus asper 0.1 G Forb
Drosera pallida 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
Haemodorum paniculatum 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Patersonia occidentalis 0.1 G Forb
Pterostylis sanguinea 0.1 G Forb
Stylidium calcaratum 0.1 G Forb
Trachymene pilosa 0.1 G Forb
*Ursinia anthemoides subsp. 0.1

) G Forb
anthemoides
Macrozamia riedlei 0.1 G Fern
Hardenbergia comptoniana 0.1 G Vine
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_06 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Good Weeds, fire 1-10 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 15 5
Easting Northing

388420

Stratum (U=Upper,

6476524

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Eucalyptus gomphocephala 0.1 U Tree, palm
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
. Shrub, cycad, grass-tree,
Acacia cyclops 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Petrophile macrostachya 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Banksia attenuata 1 M
tree-fern
h -
Banksia menziesii 1 M Shrub, cycad, grass-tree,
tree-fern
. Shrub, cycad, grass-tree,
Daviesia divaricata 1 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 1 M
tree-fern
Shrub, cycad, grass-tree,
Hibbertia hypericoides 1 M y 9
tree-fern
. Shrub, cycad, grass-tree,
Austrostipa compressa 0.1 M

tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)
. Shrub, cycad, grass-tree,
Conostephium pendulum 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Corynotheca micrantha 0.1 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia triflora 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Gastrolobium capitatum 0.1 M y 9
tree-fern
. ) Shrub, cycad, grass-tree,
Hibbertia racemosa 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Hovea trisperma 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Hypocalymma robustum 0.1 M y 9
tree-fern
Isotropis cuneifolia subsp. 0.1 M Shrub, cycad, grass-tree,
cuneifolia ' tree-fern
) Shrub, cycad, grass-tree,
Leucopogon propinquus 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Petrophile linearis 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Petrophile macrostachya 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Scaevola canescens 0.1 M
tree-fern
*Ehrharta calycina 1 G Other grass
Amphipogon turbinatus 0.1 G Other grass
Mesomelaena pseudostygia 0.25 G Sedge
Lepidosperma squamatum 0.1 G Sedge
Lepidosperma pubisquameum 0.1 G Sedge
Patersonia occidentalis 1 G Forb
Alexgeorgea nitens 0.1 G Forb
Burchardia congesta 0.1 G Forb
Caesia micrantha 0.1 G Forb
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Warwick Bushland flora survey and bushland condition assessment

Species Cover (%) Mi:\;l?;:;T;( gzg:sj;’d) Sub-Stratum

Conostylis aculeata subsp. 0.1 G Forb
cygnorum

Desmocladus flexuosus 0.1 G Forb
Dianella revoluta var. revoluta 0.1 G Forb
Diuris magnifica 0.1 G Forb
Drosera erythrorhiza 0.1 G Forb
Drosera pallida 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Lomandra caespitosa 0.1 G Forb
*Lysimachia arvensis 0.1 G Forb
*Monoculus monstrosus 0.1 G Forb
*Moraea flaccida 0.1 G Forb
*Petrorhagia dubia 0.1 G Forb
Podotheca gnaphalioides 0.1 G Forb
Ptilotus manglesii 0.1 G Forb
*Romulea rosea 0.1 G Forb
*Silene gallica 0.1 G Forb
*Sonchus oleraceus 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Thysanotus patersonii 0.1 G Forb
Trachymene pilosa 0.1 G Forb
*Ursinia anthemoides subsp.

anthemoides 01 G Forb
Hardenbergia comptoniana 0.1 G Vine
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_07 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Good Weeds, fire 1-10 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand White/grey 15 2
Easting Northing
388406

Stratum (U=Upper,

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Eucalyptus marginata subsp.
'yp g P 30-70 U Tree, palm
marginata
Allocasuarina fraseriana 0.1 U Tree, palm
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
) Shrub, cycad, grass-tree,
Gompholobium tomentosum 1 M
tree-fern
. . o Shrub, cycad, grass-tree,
Hibbertia hypericoides 1 M
tree-fern
Shrub, cycad, grass-tree,
Banksia attenuata 0.5 M Y 9
tree-fern
. Shrub, cycad, grass-tree,
Daviesia divaricata 0.1 M
tree-fern
) . Shrub, cycad, grass-tree,
Gastrolobium capitatum 0.1 M
tree-fern
h -
Hakea ruscifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern
. Shrub, cycad, grass-tree,
Kennedia prostrata 0.1 M

tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Species Cover (%) MS:\;I?:!ZT;,( gzgfsj;d) Sub-Stratum
Leucopogon propinquus 0.1 M Shrub, cycad, grass-tree,
tree-fern
Petrophile linearis 0.1 M Shrub, cycad, grass-tree,
tree-fern
*Ehrharta calycina 0.5 G Other grass
Mesomelaena pseudostygia 0.5 G Sedge
Lepidosperma pubisquameum 0.1 G Sedge
Lepidosperma striatum 0.1 G Sedge
Tetraria octandra 0.1 G Sedge
Patersonia occidentalis 2-10 G Forb
Alexgeorgea nitens 0.1 G Forb
*Briza maxima 0.1 G Forb
Burchardia congesta 0.1 G Forb
Caesia micrantha 0.1 G Forb
Conostylis aculeata subsp. 0.1 G Forb
cygnorum
Desmocladus flexuosus 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
Haemodorum paniculatum 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
*Moraea flaccida 0.1 G Forb
Orthrosanthus laxus var. laxus 0.1 G Forb
Podotheca gnaphalioides 0.1 G Forb
Pterostylis sanguinea 0.1 G Forb
Ptilotus manglesii 0.1 G Forb
*Romulea rosea 0.1 G Forb
*Silene gallica 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Trachymene pilosa 0.1 G Forb
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)

*Ursinia anthemoides subsp. 01 G Forb
anthemoides '
Hardenbergia comptoniana 0.1 G Vine
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Warwick Bushland flora survey and bushland condition assessment

Site name and number Date Site type Observer
ECO_18_08 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Good Weeds, fire, edge 1-10 Gentle slope
effects
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Grey 1 10
Easting Northing

RN GRS

Q)

6476179

Stratum (U=Upper,

Species Cover (%) } Sub-Stratum
M=Middle, G=Ground)
Eucalyptus marginata subsp.
“ g P 10-30 U Tree, palm
marginata
Eucalyptus gomphocephala 1 U Tree mallee
. Shrub, cycad, grass-tree,
Xanthorrhoea preissii 2-10 M
tree-fern
T Shrub, cycad, grass-tree,
Daviesia divaricata 2-10 M
tree-fern
. ) - Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M
tree-fern
) Shrub, cycad, grass-tree,
Banksia attenuata 1 M
tree-fern
. . . Shrub, cycad, grass-tree,
Grevillea vestita subsp. vestita 1 M
tree-fern
. . Shrub, cycad, grass-tree,
Hibbertia racemosa 0.5 M
tree-fern
o . Shrub, cycad, grass-tree,
Macrozamia riedlei 0.25 M
tree-fern
. . Shrub, cycad, grass-tree,
Daviesia nudiflora 0.1 M

tree-fern
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Warwick Bushland flora survey and bushland condition assessment

Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Hypocalymma robustum 0.1 M
tree-fern
. ) Shrub, cycad, grass-tree,
Petrophile brevifolia 0.1 M
tree-fern
Shrub, d, -tree,
Petrophile linearis 0.1 M rub, cycad, grass-iree
tree-fern
Shrub, cycad, grass-tree,
Scaevola crassifolia 0.1 M y °
tree-fern
*Ehrharta calycina 0.1 G Other grass
Lepidosperma pubisquameum 0.1 G Sedge
Mesomelaena pseudostygia 0.1 G Sedge
Tetraria octandra 0.1 G Sedge
Acanthocarpus preissii 0.25 G Forb
Conostylis aculeata subsp. 0.25 G Forb
cygnorum '
*Brassica tournefortii 0.1 G Forb
Caesia micrantha 0.1 G Forb
*Conyza sumatrensis 0.1 G Forb
Crassula colorata 0.1 G Forb
Desmocladus asper 0.1 G Forb
Dianella revoluta var. revoluta 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
Haemodorum paniculatum 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
*Monoculus monstrosus 0.1 G Forb
*Moraea flaccida 0.1 G Forb
*Pelargonium capitatum 0.1 G Forb
*Petrorhagia dubia 0.1 G Forb
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Species Cover (%) MS:\;I?:!ZT;,( gzg:sj;’d) Sub-Stratum

Ptilotus polystachyus 0.1 G Forb
*Romulea rosea 0.1 G Forb
*Silene gallica 0.1 G Forb
*Sonchus oleraceus 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Trachymene pilosa 0.1 G Forb
Tricoryne elatior 0.1 G Forb
*Trifolium campestre 0.1 G Forb
*Ursinia anthemoides subsp. 0.1 G Forb
anthemoides

*Wahlenbergia capensis 0.1 G Forb
Hardenbergia comptoniana 1 G Vine
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Site name and number Date Site type Observer
ECO_18_09 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Excellent Weeds 10-20 Gentle slope
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 15 2
Easting Northing
6477235

388002

G

|

Stratum (U=Upper,

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Allocasuarina fraseriana 10-30 U Tree, palm
Banksia attenuata 10-30 U Tree, palm
Banksia menziesii 2-10 U Tree, palm
) Shrub, cycad, grass-tree,
Petrophile macrostachya 2-10 M
tree-fern
Shrub, cycad, grass-tree,
Xanthorrhoea preissii 2-10 M y 9
tree-fern
. . o Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Corynotheca micrantha 0.1 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia divaricata 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Hovea trisperma 0.1 M
tree-fern
Isotropis cuneifolia subsp. 01 M Shrub, cycad, grass-tree,

cuneifolia

tree-fern
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Species Cover (%) MS:\;I?:!ZT;,( gzg:sj;’d) Sub-Stratum

Scaevola canescens 0.1 M Shrub, cycad, grass-tree,
tree-fern

Scaevola repens var. angustifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern

Stirlingia latifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern

*Ehrharta calycina 0.1 G Other grass

Mesomelaena pseudostygia 2-10 G Sedge

Lepidosperma pubisquameum 0.1 G Sedge

Lepidosperma striatum 0.1 G Sedge

Tetraria octandra 0.1 G Sedge

*Briza maxima 0.1 G Forb

Burchardia congesta 0.1 G Forb

Conostylis aculeata subsp. 0.1 G Forb

cygnorum

Desmocladus flexuosus 0.1 G Forb

Dianella revoluta var. revoluta 0.1 G Forb

Drosera erythrorhiza 0.1 G Forb

*Gladiolus caryophyllaceus 0.1 G Forb

Hybanthus calycinus 0.1 G Forb

*Hypochaeris glabra 0.1 G Forb

Lomandra caespitosa 0.1 G Forb

*Moraea flaccida 0.1 G Forb

Opercularia vaginata 0.1 G Forb

Pterostylis sanguinea 0.1 G Forb

Ptilotus manglesii 0.1 G Forb

Quinetia urvillei 0.1 G Forb

Sowerbaea laxiflora 0.1 G Forb

Stylidium brunonianum 0.1 G Forb
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Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)

Stylidium repens 0.1 G Forb
Thysanotus manglesianus 0.1 G Forb
Trachymene pilosa 0.1 G Forb
*Ursinia anthemoides subsp. 0.1 G Forb
anthemoides '

Waitzia suaveolens 0.1 G Forb
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Site name and number Date Site type Observer
ECO_18_10 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Excellent Weeds, fire 1-10 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Light yellow 1 0.1
Easting Northing
388171

Stratum (U=Upper,

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Eucalyptus marginata subsp.
'yp g P 30-70 U Tree, palm
marginata
Banksia attenuata 2-10 U Tree, palm
Banksia menziesii 2-10 U Tree, palm
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
L Shrub, cycad, grass-tree,
Daviesia divaricata 0.5 M
tree-fern
. . Shrub, cycad, grass-tree,
Acacia cochlearis 0.1 M
tree-fern
) Shrub, cycad, grass-tree,
Corynotheca micrantha 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Daviesia nudiflora 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Hibbertia racemosa 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Pimelea leucantha 0.1 M

tree-fern
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Species Cover (%) MS:\;I?:!ZT;,( gzg:sj;’d) Sub-Stratum
Scaevola canescens 0.1 M Shrub, cycad, grass-tree,
tree-fern
Scaevola crassifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern
Stirlingia latifolia 0.1 M Shrub, cycad, grass-tree,
tree-fern
*Ehrharta calycina 0.1 G Other grass
Tetraria octandra 2-10 G Sedge
Lepidosperma striatum 0.1 G Sedge
Mesomelaena pseudostygia 0.1 G Sedge
Dasypogon bromeliifolius 1 G Forb
*Briza maxima 0.1 G Forb
Burchardia congesta 0.1 G Forb
Caesia micrantha 0.1 G Forb
Conostylis aculeata subsp. 0.1 G Forb
cygnorum
Dampiera linearis 0.1 G Forb
Daucus glochidiatus 0.1 G Forb
Desmocladus asper 0.1 G Forb
Dianella revoluta var. revoluta 0.1 G Forb
Diuris magnifica 0.1 G Forb
Eryngium pinnatifidum 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Pterostylis sanguinea 0.1 G Forb
Pyrorchis nigricans 0.1 G Forb
Thysanotus manglesianus 0.1 G Forb
Xanthosia huegelii 0.1 G Forb
Hardenbergia comptoniana 0.1 G Vine
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Site name and number Date Site type Observer
ECO_18_11 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Very Good Weeds, edge effects 10-20 Flat
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 2 2
Easting Northing
387867

Stratum (U=Upper,

6477138

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Eucalyptus marginata subsp.
'yp g P 10-30 U Tree, palm
marginata
Banksia attenuata 10-30 U Tree, palm
Allocasuarina fraseriana 2-10 U Tree, palm
o Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
. ) - Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 1 M
tree-fern
. Shrub, cycad, grass-tree,
Daviesia divaricata 0.5 M
tree-fern
. ) . Shrub, cycad, grass-tree,
Hibbertia huegelii 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Hypocalymma robustum 0.1 M
tree-fern
Isotropis cuneifolia subsp. 0.1 M Shrub, cycad, grass-tree,
cuneifolia ' tree-fern
. . Shrub, cycad, grass-tree,
Monotaxis grandiflora 0.1 M

tree-fern
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Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)
- . Shrub, cycad, grass-tree,
Petrophile linearis 0.1 M
tree-fern
Shrub, cycad, grass-tree,
Scaevola canescens 0.1 M
tree-fern
Stenanthemum notiale subsp. 0.1 M Shrub, cycad, grass-tree,
chamelum ' tree-fern
Shrub, d, -tree,
Stirlingia latifolia 0.1 M rub, cycad, grass-iree
tree-fern
*Ehrharta calycina 1 G Other grass
Mesomelaena pseudostygia 0.5 G Sedge
Tetraria octandra 0.5 G Sedge
Lepidosperma pubisquameum 0.1 G Sedge
Lepidosperma striatum 0.1 G Sedge
Schoenus curvifolius 0.1 G Sedge
Anigozanthos manglesii 0.1 G Forb
*Briza maxima 0.1 G Forb
Burchardia congesta 0.1 G Forb
Conostylis aculeata subsp. 0.1 G Forb
cygnorum
Conostylis setigera subsp. 0.1 G Forb
setigera
Desmocladus flexuosus 0.1 G Forb
Drosera erythrorhiza 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Lomandra caespitosa 0.1 G Forb
Orthrosanthus laxus var. laxus 0.1 G Forb
Patersonia occidentalis 0.1 G Forb
Podotheca gnaphalioides 0.1 G Forb
Pterostylis sanguinea 0.1 G Forb
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Species Cover (%) MS:\;I?:!ZT;,( gzgfsj;d) Sub-Stratum

Ptilotus manglesii 0.1 G Forb
Pyrorchis nigricans 0.1 G Forb
*Romulea rosea 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Stylidium calcaratum 0.1 G Forb
Stylidium repens 0.1 G Forb
Trachymene pilosa 0.1 G Forb
*Ursinia anthemoides subsp. 0.1 G Forb
anthemoides

Waitzia suaveolens 0.1 G Forb
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Site name and number Date Site type Observer
ECO_18_12 03/10/18 10x10m SD & JM
Condition Disturbance Fire history (years) Landscape type
Very Good Weeds, fire 1-10 Slight rise
Soil type Soil colour Leaf litter cover (%) Bare ground cover (%)
Sand Pale yellow 3 3
Easting Northing
388418

Stratum (U=Upper,

6476629

Species Cover (%) ; Sub-Stratum
M=Middle, G=Ground)
Banksia attenuata 2-10 U Tree, palm
Eucalyptus gomphocephala 2-10 U Tree, palm
Banksia menziesii 2-10 U Tree, palm
- Shrub, cycad, grass-tree,
Xanthorrhoea preissii 10-30 M
tree-fern
Shrub, cycad, grass-tree,
Hibbertia hypericoides 2-10 M y 9
tree-fern
. Shrub, cycad, grass-tree,
Daviesia divaricata 0.5 M
tree-fern
Shrub, cycad, grass-tree,
Hakea prostrata 0.25 M
tree-fern
. . Shrub, cycad, grass-tree,
Acacia pulchella var. glaberrima 0.1 M
tree-fern
. Shrub, cycad, grass-tree,
Gompholobium tomentosum 0.1 M
tree-fern
. . Shrub, cycad, grass-tree,
Hibbertia racemosa 0.1 M
tree-fern
Isotropis cuneifolia subsp. 01 M Shrub, cycad, grass-tree,

cuneifolia

tree-fern
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Species Cover (%) MS:\;I?:!ZT;,( gzg:sj;’d) Sub-Stratum
Leucopogon propinquus 0.1 M Shrub, cycad, grass-tree,
tree-fern
Petrophile macrostachya 0.1 M Shrub, cycad, grass-tree,
tree-fern
Scaevola canescens 0.1 M Shrub, cycad, grass-tree,
tree-fern
*Ehrharta calycina 0.1 G Other grass
Mesomelaena pseudostygia 0.1 G Sedge
Alexgeorgea nitens 0.1 G Forb
*Briza maxima 0.1 G Forb
Burchardia congesta 0.1 G Forb
Calandrinia granulifera 0.1 G Forb
Conostylis aculeata subsp. 0.1 G Forb
cygnorum
Crassula colorata 0.1 G Forb
Desmocladus flexuosus 0.1 G Forb
Erodium cygnorum 0.1 G Forb
*Gladiolus caryophyllaceus 0.1 G Forb
*Hypochaeris glabra 0.1 G Forb
Lomandra caespitosa 0.1 G Forb
*Lysimachia arvensis 0.1 G Forb
*Moraea flaccida 0.1 G Forb
*Petrorhagia dubia 0.1 G Forb
Podotheca gnaphalioides 0.1 G Forb
*Romulea rosea 0.1 G Forb
Sowerbaea laxiflora 0.1 G Forb
Thysanotus patersonii 0.1 G Forb
Trachymene pilosa 0.1 G Forb
*Trifolium campestre 0.1 G Forb
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Stratum (U=Upper,
Species Cover (%) . ( oL Sub-Stratum
M=Middle, G=Ground)

*Ursinia anthemoides subsp.
anthemoides

0.1 G Forb

Hardenbergia comptoniana 0.1 G Vine
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Appendix E Weed mapping
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Legend
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Appendix F Hierarchical clustering dendrogram
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Warwick Bushland flora survey and bushland condition assessment

Appendix G MDS: Relationships between ELA
vegetation communities and Floristic

Community Types (FCTs) defined by Gibson et
al. (1994)
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Warwick Bushland flora survey and bushland condition assessment

Appendix H MDS: Relationships between ELA
vegetation communities and Spearwood
Landform affiliated Floristic Community Types
(FCTS) defined by Gibson et al. (1994)
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Warwick Bushland flora survey and bushland condition assessment

Appendix | Banksia Woodlands TEC
assessment
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Warwick Bushland flora survey and bushland condition assessment

Appendix J Tuart Woodlands TEC assessment
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HEAD OFFICE

Suite 2, Level 3

668-672 Old Princes Highway
Sutherland NSW 2232

T 02 8536 8600

F 02 9542 5622

CANBERRA

Level 2

11 London Circuit
Canberra ACT 2601
T 026103 2314

F 02 9542 5622

COFFS HARBOUR

22 Ray McCarthy Drive
Coffs Harbour NSW 2450
T 02 6651 5484

F 02 6651 6890

PERTH

Level 1, Bishop’s See
235 St Georges Terrace
Perth WA 6000

T 08 6218 2200

F 02 9542 5622

MELBOURNE

Level 1, 436 Johnston St
Abbotsford, VIC 3076

T 9290 7173

F 02 9542 5622

SYDNEY

Level 3

101 Sussex Street
Sydney NSW 2000
T 02 9259 3729

F 02 9542 5622

NEWCASTLE

Suites 28 & 29, Level 7
19 Bolton Street
Newcastle NSW 2300
T 02 4910 3412

F 02 9542 5622

ARMIDALE

92 Taylor Street
Armidale NSW 2350
T 02 8081 2685
F 02 9542 5622

WOLLONGONG
Suite 204, Level 2

62 Moore Street
Austinmer NSW 2515
T 02 4201 2203

F 02 9542 5622

BRISBANE

Level 5, 12 Creek Street

Brisbane QLD 4000
T 07 3503 7192

F 02 9542 5622

HUSKISSON

Unit 1, 51 Owen Street
Huskisson NSW 2540
T 02 4201 2264

F 02 9542 5622

NAROOMA

5/20 Canty Street
Narooma NSW 2546
T 02 4302 1266

F 02 9542 5622

MUDGEE

Unit 1, Level 1

79 Market Street
Mudgee NSW 2850
T 02 4302 1234

F 02 6372 9230

ADELAIDE

Level 2, 70 Pirie Street
Adelaide SA 5000

T 08 8470 6650

F 02 9542 5622

1300 646 131
www.ecoaus.com.au

ISO
14001

Environmental
Management '
AS/NZS ‘
4801:2001
Occupational

Health and Safety ‘
Management

ISO ‘
9001

Quality
Management




