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INTRODUCTION
The Book: Tuart (Eucalyptus gomphocephala) and Tuart Communities

This book began as the proceedings of a workshdpart - the tree and the community with
which it lives, held in March 1998 (see below). At the Workshop the organizave @
commitment to produce proceedings of the Workshop. Essentially gt imended that the
proceedings would cover the talks and respond to the issues ragisdussion at the Workshop.
It was planned that this would be done by the end of 1998.

Over the next three years, a series of unforeseen evadated the production of the proceedings.
To some extent this delay was fortuitous as it allowed iassef topics and issues to be further
researched. These are outlined below.

* Work in progress at the time of the workshop could be completedrameVeloped. This is
particularly evident in the paper on variation in Tuart.tid¢ time of the workshop David
Coates was unable to reference specific genetic data for. Bigce the workshop David and
Linda Broadhurst were able to begin this work and present tbsillts in this publication.
Other contributors were able to expand on their work, often ialmmiation with others. An
example of this is the paper by Robert Powell and Bronwen Keighery.

* A more thorough response to the topics, issues and questions imisedopen discussion
session was possible. This has been done through both
- adirect response paper: ‘Tuart Issues - Responses to the Quastidasues Raised at the
Workshop’ and
- the papers: ‘The Distribution and Conservation of Tuart and the @aityrwith which it
Lives’ and ‘Floristics of the Tuart Forest Reserve’.

< Improved integration of the written papers.

As a consequence, the publication is somewhat different thanwaisaplanned at the workshop,
hence the name change.

TheWorkshop : Tuart (Eucalyptus gomphocephal a)
- thetree and the community with which it lives

On Saturday 21st March 1998 the Wildflower Society of Western &ligstr Perth Branch, in co-
operation with the Departments of Conservation and Land Managemigdliif@/Research Centre)
and Environmental Protection (Conservation Branch) organized a onsedagar/workshop on
Tuart - thetree and the community with which it lives.

The topic of the Workshop arose as:

e Tuart is an endemic of the Swan Coastal Plain where most of the peoplelimev

e Tuart is typical of many of the communities growing in coastal areas froseBos to Jurien;

e Tuart grows in a variety of communities from the forests afdglion to scattered groves near
Jurien; and

» the conservation of Tuart and its community is vital to conservation on theQyaatal Plain.

Several months before the Workshop, a flier was distributedvariety of groups and state and
local government bodies. This advertising was very successfihantforkshop was booked out a
week in advance. Participants at the Workshop listed the follosagces/contacts when they
were asked how they had heard of the workshop - Ecoplan Newh, \®est Environment Centre,
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WA Naturalists Club, Wildflower Society Flier, Ecoplan Wdikg, Landcare Magazine, Greening
WA Leaflet, Swan Catchment Centre notice board, Department oofsetvation and Land
Management (CALM) volunteer newsletter and personal corfthethigh level of response to the
limited advertising indicated that there was a high interest in Tuart

Around seventy people registered for Workshop. These people @ bislow. Several people

were unable to attend on the day.

George Babarskas
Barbara Backhouse
Bob Backhouse
Jim Barrow

Lin Barrow
Bernhard Bischoff
Marion Blackwell
Charles Broadbent
Kate Brown
Norma Calcutt
Don Cameron
Cheryl Campbell
Ben Carr

Kevin Chia

David Coates
Ann Cochrane
Margaret Collins
Dianna Corbyn

Jo Darbyshire
Mitchell Davies
John Dell

Glynne Dyer
Charles Evans
Eitan Friedman
Gerry Gauntlett
Judith Gauntlett
Keryn Gear

Neil Gibson

Mary Gray

Ann Gunness
Claire Hall

John Harris
Alison Hearn
Griselda Hitchcock
Steve Hopper

Ric How

Brian James
Bronwen Keighery
Greg Keighery
Jan King

lan Lantzke
Patricia Lantzke
Brendan Lepschi
Janice Marshall
Gary McMahon
Neil McMulkin
Karen McRoberts
Ellen Miguel
Tom Mitchell
Brian Moyle
Michael Norman
Margo O’Byrne
Dorothy Perret
Hywel Phillips
Suzanne Robertson
Robin Roe
Katinka Ruthrof
Lesley Shaw
Carolyn Switzer
Claire Thorstensen
Challis Tilbrook
Bill Tyler

Maxine Tyler
David Wake

Neil Walker
Rose Walker
Andrew Webb
Beth Weir

Nick Woolfrey
Colin Yates

Participants came from across the range of Tuart, fromnJaoieBusselton. Friends Groups,
landholders, local government, industry, CALM, Kings Park, the Beat of Environmental
Protection and Conservation and Land Management and the WA Museenallvepresented at

the Workshop.

The Workshop went from 10am to 3.30pm and was held in the Tuart woodldahe GALM
Wildlife Research Centre at Woodvale. Before lunch, expertkepegresented papers on the
nature of variation in the Tuart species, the biology ofrfTulae variety of communities in which
Tuart grows and the flora and fauna of Tuart communities. Aftechl Tuart reserve managers
from the community and government briefly addressed Tuart maeagdesues. A workshop
discussion session followed in which the participants of the Wwogksvere invited to comment on
issues raised by the speakers, present their own issues and questiotharspeékers.

Bronwen Keighery chaired the morning session and Margo O’Byrne the aftesassion.

Displays on Tuart at Mt Henry, Bunbury and Bold Park were mouimehe Wildlife Research
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Centre Library.

The setting of the centre, a delightful day, delicious morning aednabn teas and lunches, fine
speakers and willing participants ensured that the workshop was asucce
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Bronwen Keighery and Vanda Longman




Tuart (Eucalyptus gomphocephala) —
the tree and the community with which it lives
Workshop Saturday Z1March 1998

10 am to 10.20 am
Registration and Morning Tea

10.20amto 1 pm
Part A- The Tree and its community ~ Chair  Bronwen Keighery
(Presenters are in bold)

Tuart and its variation David CoategCALM) 30 mins

Biology of Tuart Colin Yates 30 mins
(Kings Park Board and Botanic Garden)

Tuart Plant Communities Neil Gibsonand Bronwen Keighery 30 mins
(CALM and DEP)

Flora of Tuart Communities  Greg Keighery(CALM) 30 mins

Fauna of Tuart Communities Ric How & John Dell (WA Museum) 30 mins
Lunch: 1 pmto 1.45 pm

1.45to 3.30 pm

Part B - Management Issues Chair  Margo O'Byrne

This session will begin with short presentationsianagement issues associated
with Tuart reserves presented by four communitggency representatives.

Short Presentations

Bronwen Keighery Tuart in the urbanised landscape

Bernhard Bischoff Tuart at Bunbury

Charles Broadbent ~ Tuart Management Issues in thiddwu Tuart Forest
Ben Carr Tuart at Woodman Point

Workshop Discussion
The following open session will consider managenssoes raised as a result
of the morning’s talks, issues raised by managatsthe participants.

Groups managing bushland areas in which Tuart graxsbe invited to present
displays on their bushland.

Location: CALM Wildlife Research Centre, Woodvale, Perth.
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THE DISTRIBUTION AND CONSERVATION OF TUART AND THE COMMUNIT Y
WITH WHICH IT LIVES

BJ Keighery', GJ Keighery” and D Shepherd

1. Perth Branch of the Wildflower Society of Westeras#ralia (Inc.),
PO Box 837, Nedlands, WA, 6909.
2. Science Division, Department of Conservation andd _&lanagement,
Wildlife Research Centre, PO Box 51, Wanneroo, \§246.
3. Department of Agriculture, Locked Bag 4, Bentslivery Centre, WA, 6983.

ABSTRACT

Tuart Eucalyptus gomphocephalés endemic to the Swan Coastal Plain being found in a near
coastal band approximately 400 kilometres in length from Jurien ondtileern margin of the
Plain to the Sabina River (just east of Busselton). Tuageigerally confined to the two coastal
aolian dune belts, the Quindalup Dunes and the Spearwood Dunes. A afepetlying
populations are known from the Moore, Swan, Canning, Murray, SerpenthElavey Rivers.
The outlying population on the Swan was named as a separatgy \mrienow appears to be
extinct. Tuart is relatively common on the deeper soils oSiiwarwood Dunes but less common
on the Quindalup Dunes.

Vegetation mapping of areas of the Swan Coastal Plain beghe L950’s. Two sets of mapping
are currently available in a digital format being: mappafthe broad structural units with Tuart in
the overstorey; and mapping of vegetation complexes. Only threefarovers the entire Plain and
both map Tuart as principally occurring on the Spearwood Dunes, sigtlificaderestimating the
area on the Quindalup Dunes.

Information is also available on the regional floristic groupifit@ristic community types) in
which Tuart is found. As would be expected Tuart occurs in a varfdtgristic community types
across its range from both wetland and upland types. In only sbitiese is Tuart a defining
species.

Current information on the distribution and abundance of typical Tarait Tuart dominated
communities indicate that there are significant numbers obithal trees and vegetated areas
remaining. However, a series of issues are raised inarlgtiretention and protection. It appears
that the Red TuartHucalyptus gomphocephalar. rhodoxylon is extinct and it is recommended
that this be gazetted as Declared Rare Flora. The athged relate to the extent and condition of
Tuart dominated communities. At the level of vegetation typebtbadest level of definition of
ecological communities, two vegetation types are identifiedesrsy in need of urgent action to
identify their extent and condition and identify areas for retargiod protection. The retention
levels of the other four Tuart dominated vegetation types ougegnt retention targets. However,
Tuart dominated communities have been significantly impactqahhial clearing, grazing, use as
shelter areas, frequent fire, forestry, horticulture, weedsion and, apparently, changes in the
water table. This vegetation is generally in a more disturbeditton than surrounding vegetation.
Areas of Tuart dominated vegetation in the best condition shouldidrtigs for retention and
protection. There is also a need for better understanding of dnitiow to protect and maintain
populations of Tuart and the communities in which it grows. A safe®commendations are
made to address these concerns.
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INTRODUCTION

Tuart has long been of interest to the people of Perth andrittuads. However, there is some
confusion as to the distribution and abundance of Tuart, which dermvboth in the broader
community as well as in the published literature. This confusitesdeom the early descriptions
of Tuart and Tuart communities, which were somewhat misleadinghidgt (1916) stated that
Tuart

‘..is of quite local distribution, being confined $mall patches of nearly pure forest along thetoa

Ludlow area], on soils containing a large propartid lime.’
Later reports by Kessell (1925) stated that Tuart grew frakeLPinjar to the Sabina River on
limestone along the coast, with the best Tuart between thieaSRiver and Capel. To address
these and other inconsistencies relating to the distribution antatee of Tuart and Tuart
dominated communities, this paper considers records from the publatedunpublished
literature, together with the authors’ current fieldowledge. The conservation of Tuart is
discussed in relation to the various mapped sources and infornaatioarrent distribution and
abundance in specific bushland areas.

INFORMATION SOURCES AND THEIR USE IN DETERMINING TUART
DISTRIBUTION AND ABUNDANCE

A variety of sources are used here to describe theldison and abundance of Tuart. Each source
is outlined and the information derived from each on Tuart distribution andlatemis discussed.

Herbarium Records
Type Specimens

Two named taxa, other than the named hybrids, are known for(Qaatieset al.this publication).
These are described briefly below.

Typical Tuart -Eucalyptus gomphocephalar. gomphocephala

The first known collection of Tuart comes from the Baudin expedin 1801 and was made at
Geographe Bay, in what is now the area of the Ludlow Tuart F@®esbn 1807, Keighery and
Keighery this publication). The collection is held in the Paris Hartrar

Red Tuart Eucalyptus gomphocephalar.rhodoxylon

The type collection for this variety is held in the Neauh Wales National Herbarium at Sydney.
The collection was made by Steedman at Guildford in November 193Ke{3land Steedman
1939, Coatest al.this publication).

WA Herbarium Collections

Twenty-nine collections are listed in Florabase (CALM 2001)the Western Australian
Herbarium. Twenty-three of these can be used to determinasthibudion of Tuart (Map 1), the
others being duplicates, hybrids, cultivated material or codefttan imprecise localities. These
collections stretch from near Cervantes to Ludlow and descritst Tas growing on sand
associated with limestone, grey sand (occasionally oviaweland) and calcareous sands on the
Swan Coastal Plain. One outlier on sand over alluvium is deddiibe Lowlands. Paczkowska
and Chapman (2000) describe the distribution for Tuart from these seasrbeing from three
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Interim Biogeograhic Regions (after Thackway and Cressi@dB), the Geraldton Sandplains,
Jarrah Forest and the Swan Coastal Plain. The collectionsich the presence in the other two
regions are based on planted material (Geraldton) and predise locality between Perth and
King George’s Sound in 1854 (on what probably was a boat journey).

Other Herbaria

One other Herbarium, Melbourne, has been searched for Tuart specidfghose sighted all but
one of the collections were from natural populations, from withéknown range. A specimen
from north of Arrowsmith by Oldfield indicates that Tuart masteead north of the current
confirmed northern localities (north of Jurien). This speaim@s not dated but Oldfield collected
in the 1840s and it is very unlikely the collection was from atpthtree. Also of interest was a
record from Victoria of Tuart as a weed.

Vegetation Mapping
Original and Current Extent of Native Vegetation

Until 1750 Australia was covered with native vegetation. Howesrace the arrival of Europeans
much of this vegetation has been cleared and/or altered ljtiestsuch as grazing, forestry,
agriculture, changes in the water regime, mining and urbanisatidrthe introduction of non-
indigenous species, some of which have become weeds in the regitation. Over the last 10
years, the extent of the remaining native vegetation has beenagdondarious digital data séts

In Western Australia the Spatial Resource Information GrotipeaDepartment of Agriculture has
mapped the remaining native vegetation throughout the south-wesestElMV Australia. Three
basic vegetation classes (Beestnal. 1995) are mapped from visual interpretation of aerial
photographs. The three classes are:
Remnant vegetation
- most closely resembles the natural state of vegetation foea grea
- most similar to identifiable remnant areas of similar vegetaypes
- understorey intact
- of the greatest structural diversity/complexity in corigmn to disturbed vegetation
in the region
- minimal disturbance by agents of human activity;
Modified vegetation
- degraded understorey
- obvious human disturbance
- saline incursions
- high perimeter-to-area ratio
- narrow corridors of vegetation along roads, railway lines;
Scattered trees
- cleared parkland

! Reference to these biogeographic regions has pesferred since 1994 when the state and federal
governments met to develop the boundaries of thji@ms across Australia. They are commonly calledAB
regions after the report edited by Thackway ands€well in 1995 on the Interim Biogeographic
Regionalistation of Australia. WA has the highesintber of IBRA regions in Australia as well as thegest
number of unique IBRA regions.

2 These are what are termed Geographic Informafipstems (GIS). References for GIS datasets are
annotated with a #.
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- No canopy continuity
- no significant opportunity for regeneration.

Mapping for the National Land and Water Resources Audit (Bees$tain2001) used in this paper
maps the first two categories. The areas magppedobased on the visual interpretation of these
classes of vegetation from rectified 1997-1998 colour airphotos£DI998), or black and white
orthophotos for the same period. The vegetation was digitisedtlglifrom digital orthophoto
images with 0.4 to 1-metre resolution using Intergt4gRASC and Geomedia software.

Mapping of Native Vegetation Units

A series of maps are available that map units of vegetatotaining Tuart. These sources are
outlined below and the information that can be derived from eanipared. When using this
information, it is necessary to appreciate that these mdjgate that Tuart is likely to occur in an
area, they do not identify particular bushland areas in which Tuart dogs occ

Vegetation Types

The first comprehensive descriptions of the Swan Coastal #getation, within the context of

the vegetation south-west of Western Australia, were madgiddy (1906). Diels commented on
the distribution of Tuart but did not map its extent. Maps gevation on the Swan Coastal Plain
began with the work of Speck in his Masters of Science (19%2)Dactor of Philosophy (1958)

theses. Speck’s 1952 map is the basis of the map of vegetation of the ReinhSm@don (1972).

In the 1960s and '70s two other studies, Beard (1979a, b and c) and(3i8h 1974), built on
the work of Speck to map the vegetation types of the Swan C®&4aita Together, the maps of
Beard and Smith map the extent of Tuart dominated vegetgpess bn the Swan Coastal Plain
(Table 1a) at a 1: 250 000 scale. Beard mapped the Pinjarth, der Hill River and Moora
Sheets, and Smith mapped the Collie and Augusta and MargaretJRigets. While the units
mapped are comparable, the maps are different as Beard mdmpextiginal extent of the
vegetation types (pre-1750) and Smith mapped the current extent (that930j.

The maps of Beard (and Speck) identify an almost continuousfhéltart dominated vegetation
as far north as the Yanchep area on the coastal limesttmeftithe Spearwood Dune System. To
the north of Yanchep, Beard maps pockets of Tuart dominated vegett®ashford Nature
Reserve, still on the Spearwood Dune System. To the south, Speck and Smith rhdprifiuated
vegetation in an almost continuous belt on the coastal limestoseohithe Spearwood Dune
System to the Sabina River (Table 1a).

Later Beard (1981) produced a map at a 1 : 1 000 000 scale for tleeRdatn. In this map, Beard
distinguishes five units dominated by Tuart (Table 1b). The ‘Bamksisscattered tuart’ unit is not
mapped at this scale. The ‘tuart tall woodland’ unit was not mappadously by Beard at the
1: 250 000 scale (see Table 1a) as it only occurred within the area mapped by $n3it1974).

In the late 1990s Beard's 1: 250 000 maps were digitised (Hopkiat 1996, 2001). Where
mapping by Beard was not available at this scale (areanth’S studies), the mapping by Smith,
the Forest Department (see below) and aerial photographs westetaisievelop new linework
(Hopkins pers. comm.). These maps distinguish six units dominated by (Tadételc). The

current extent of the Tuart dominated vegetation types is shown in Map 2.

Forest Department Mapping
The Forest Department (and later the Department of Conieematd Land Management) has
been mapping the extent of a series of forest types within state forestriprysars. Maps of areas
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of the Swan Coastal Plain show the distribution of Tuart dominageitation in state forest in the
area extending from the Yanchep area to the Sabina River.

Vegetation Complexes

The vegetation complexes (Hedaieal. 1980) were defined in relation to the landform-soil units
determined by Churchward and McArthur (1980). The delineation of vegetadmplexes is
based on the concept of a series of vegetation units formingarlguépeating complexes
associated with a particular soil unit as identified by Churctivemd McArthur (1980). In this
mapping the vegetation units may occur in more than one complex butatnerproportions of
units in the complex are different. The area of the study broadtghms the area of System 6
(DCE 1983), from the Moore River to Bunbury.

A total of 38 vegetation complexes are described on the Plailuding the Dandaragan Plateau,
Heddleet al. 1980) at a scale of 1 : 250 O0Quart is recorded in three structural formations in the
vegetation complexes (see Table 3.5 in Heddlal. 1980), being: tall woodland, open forest
and/or woodlands (Table 2a). These three structural formatrenseeorded from seven of the
vegetation complexes (Table 2a) with it being typical of fdtar{akatta - Central & South,
Cottesloe - Central & South, Yoongarillup and Vasse). Tuartsis Bound in the Quindalup
Complex but this is not described for this complex by Hedtllal. (1980). The current extent of
the vegetation complexes in which Tuart dominated vegetation units oechraavn in Map 3.

However, it should be noted that the available published maps gegstation complexes are of
the System 6 area. That is, the mapping does not extend sighjficarth of the Moore River or

south far beyond Bunbury (see Map 3). As a consequence, thererdieagigareas of vegetation
in which Tuart is found that are not included in this mapping.

The vegetation complexes maps were digitised initially by tepalment of Conservation and
Land Management and have been refined for use as part of the RartmfBental Project (Dixon
et al.1994)

Use of Vegetation Mapping to Determine the Distribution ofTuart and the Area of Tuart
Dominated Vegetation

Mapped information can be used to determine the areas offtheedli mapped vegetation units.
When the original extent of the vegetation is mapped together with the remearivey vegetation,
the current extent of each unit can be determined. Today, withldigia sets, intersecting the two
sets of maps is relatively easy. Map 2 and Map 3 show thentwextent of the vegetation types
and vegetation complexes respectively. In the past this was dgteysigally overlaying the two
maps and using a grid to determine areas.

Information from three of the mapping studies described aboveesemied here. One is in the
published literature and the second two were generated fquapés from digitised data sets held
at the Department of Agriculture by one of the authors (D.plsdrel). When using such

information to consider the original and current extent of theerdifft mapped units, it is

imperative that the remnant vegetation mapping and the nattine ofapped vegetation units are
understood. Such an understanding allows for a realistic use affdtrmation (see Discussion).

Information from the three sources is outlined below.

e Vegetation Types - Beard 1 : 1 000 000 Maps (Table 1b)
Beard and Sprenger (1984) used the Beard (1981) map at a 1 : 1 000 6Qa0 soakider the
area of original vegetation and level of clearing of Turminated units. Figures were only
given for the two ‘widespread’ units dominated by Tuart: ‘tudlwaodland’ and ‘tuart and

10
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tuart-jarrah woodland’ (Table 1b). The 1984 study estimated that 94%eoftuart tall
woodland’ was ‘cleared’. Cleared land was derived from what terased ‘Alienated land’,
that is all land in private ownership as:

‘Crown land designated to be retained for a spepifirpose such as conservation of flora and fauna
is termed a reserve, while land available for alteam is termed vacant Crown Land. ....... With
small exceptions, reserves and vacant crown land hat been cleared and it is assumed that their
vegetation is still intact. By no means all aliethtland has been cleared, though the portion
untouched diminishes annually. However the assumpé made here that alienated means cleared
as it does for practical purposes.’

« Vegetation Types - Beard 1 : 250 000 Maps after Hopkins et al. (Table 1c)
Over the late 1990s and early 2000s the maps of Beard have ba@edlifgiopkins et al.
1996, 2001). By intersecting the two map sets, remnant nativeatiegefBeeston et al. 2001)
and vegetation tygethese maps have then been used to again consider the originabéxten
the vegetation types, the area remaining of each type anédvitleof protection of each type
(Table 1c).

* Vegetation Complexes — Heddd¢ al. (1980) 1 : 250 000 (Table 2)
By intersecting the two map sets, remnant native vegetdBeestonet al. 2001) and
vegetation complexes, the present occurrence of bushlandvaribas vegetation complexes
has been determined (Table 2b)

Floristic Community Types

The regional floristic study on public lands over the southermS®@@astal Plain (Gibsoet al.
1994) considered the patterning of plant distribution on the Bfairrelated to the total flora of the
Plain The presence or absence of individual species in standardisinesesd to define floristic
groupings based on shared species with the aid of various multivariant atedpsiiques

Gibsonet al. (1994) located 509 100 ?nsites (also called plots and quadrats) across the Swan
Coastal Plain These sites were mostly on public lands and located so as toesénapl
geomorphological/soil units and plant community patterning idedtiby previous studiesites
were placed in bushland areas to sample vegetation in thevaglstble conditionWithin each

site, all vascular plants were recorded and information atelieon various physical parameters,
vegetation structure and vegetatiost sites (more than 95 per cent) were visited on at last t
occasions.

Analysis of the 509 sites distinguished four ‘super’ groups, thekded to the major landform
elements and a wetland group found across all the major landitamments. More detailed
classification established 30 floristic community types, vétliurther 13 subdivisions evident,
making 43 types.

Using this classification as a basis, a further 613 106ites were analysed for the System 6 and
Part System 1 Update Program (Government of WA 2000¢se additional sites came from
several additional sources and were located on public and private lands (DEP 1§Bér\KE96,
Griffin 1994). Classification of these sites against thies@met al. (1994) data identified a further
23 floristic community typesGreater sampling density lead to a reclassification oistio groups
19, 20, 23 and 30 (new subgroups being distinguished in three of these gféiitegh
supplementary groups were identified. A total of 66 floristic community tgpegow recognized

% While the Hopkingt al. (1996 and 2001) mapping was used, some linewogkalmsed and some polygons
relabelled.
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Tuart is recorded from 64 quadrats (Map 1), which fall intbaf3he 66 regional groups (Tables 3
and 4). Information on the nature and distribution of the various commtypig in which Tuart
occurs can be used as the basis for the regional comparison @&rigsiahtas (see Tables 3 and 4
and Maps 5 to 16) as outlined below. The floristic community tgpeslivided into wetlands and
uplands for the purposes of this discussion. These sites have beendormpared in Gibsaet al.
(this publication).

Wetlands

e Tuart occurs in several floristic community types found in seasonkdneist(FCT’'s 16, 17 and
19b)

« The seasonal wetland floristic community types in which Tuantirgdesave not been identified
south of the Perth Metropolitan Region (most southern sampletiolnda Tuart Area 15,
Table 4b and Map 4)

« One seasonal wetland floristic community type, type 19 (Tuam Adeand 15, Table 4b and
Map 4 and Map 7), in which Tuart occurs is a threatened ecolagisanunity (after English
and Blyth 1997)

Uplands

e The majority of the floristic community types in which Tuactur are in two major landform
units, the Spearwood Dune System (FCTs 24, 25, 26b and 28) and the Quindalup ieimme Sy
(FCTs 294, 30c2 and S11).

e Tuart rarely occurs in floristic community types that a@ertypical of the Bassendean Dune
System (FCT 21a).

e Tuart is identified as being a dominant species in floristmmmunity types 25 and 30b
(Table 3). Type 25 typically occurs on Spearwood Dunes while type 3€lrsoon the
Quindalup Dunes. These two types have a predominantly southern distritaitibut two
locations (25 — Tuart Area 17, Table 4c and Map 10; 30b — Tuart Aredable 4b and
Map 14) being south of Perth.

e Floristic community type 24 is virtually confined to the PMRa19), with one atypical
representation that does not contain Tuart found north of the PMR).

e Floristic community type 28 does not occur south of the PMR (Map 12).

* On the Spearwood Dunes there is a major change over in floristic communityrtype$ierth
area.

Flora and Vegetation Survey of Bushland Areas

All of the information sources considered previous to this aremafdatasets. Only two of these
datasets relate to particular bushland areas, that is the Herbarilitrekaad the floristic site data
(Map 1). Given the range of Tuart there are few such reanfrdauart. However, Tuart is a
distinctive tree and there are many studies of partiduahland areas and field observations that
record the occurrence of Tuart.

Using a series of survey records and unpublished records, tHisidantifies bushland areas in
which Tuart is recorded. Within each area comment is given ocabtinedance and distribution of
Tuart, and the condition of the associated communities (Table 4Mapd4). This is not a

* Gibsonet al. (this publication) lists Tuart from 14 floristiommunity types. However with the additional
sampling (DEP 1996) and re-analysis (Keighetral. 1997) the plot from Bush Forever Site 403 (TuanaA
68, Table 4d) from floristic community type 30atéaf Gibsonet al. 1994) was reallocated to floristic
community type 30c2. Thus floristic community typ@a is not listed in Table 3.
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comprehensive listing but focuses on bushland areas with some devalotection and/or
recognition as conservation lands, being: National Parks, NatweniRe, Bush Forever Sites,
System 6 areas and proposed reserves. These areas are mapped addvapet, in areas where
there were known Tuart populations, but no known areas with somk deyotection, the
population is listed but not mapped.

The ‘Tuart Areas’ listed in Table 4 are grouped in three sectors,:being

* Northern Sector - Jurien to the Perth Metropolitan Region (PMR);

* Perth Sector - the PMR; and

» Southern Sector - PMR to the Sabina River.

When applicable, the table is split further into Quindalup an@Sme®d Dune Tuart Areas. Each
of the mapped Tuart Areas is allocated a Tuart Area Number and shown on Map 4.

As applicable, a series of information sets are listednagaach of the Tuart areas and/or

populations. These include:

* Tuart Area/Abundance score
These ‘scores’ are indicative onlyrhey were derived from field observations made by two of
the authors (BJ Keighery and GJ Keighery) of the Tuart papofain the bushland areas. The
purpose of these is to indicate that while Tuart may beeptéss an area there is considerable
variation in the size and significance of the population.

Score Tuart Area/Abundance
OUT | Significant Tuart population, generally small in areadisjunct from
other more extensive populations (may be combined with other scores)
5 > 50% area Tuart dominated communities OR
> 50 ha Tuart dominated community
3 < 50 - 20% area Tuart dominated communities OR
< 50 ha Tuart dominated community
2 <20% area Tuart dominated communities OR
<10 ha Tuart dominated community
1 Tuart patches <1 ha Tuart dominated community

e Tuart Community Condition Score
These ‘scores’ are indicative onlyAgain they were derived from field observations made by
two of the authors (BJ Keighery and GJ Keighery) of the Tpapulations in the bushland
areas. The plant communities in which Tuart occurs generally siygbwehiels of disturbance.

Score Tuart Community
5 Tuart population over intact understorey
3 Tuart population over understorey with limited weed invasion
2 Tuart population over understorey with extensive weed invasion
1 Tuart trees only, no understorey

Table 4 also gives specific information on the quadrats logatpdrticular bushland areas. The
quadrat codes and condition scores (after DEP 1996, Gévsoril994, Griffin 1994 and Keighery
1996) are listed together with the regional floristic groupingsrigtic community types after
Gibsonet al. 1994 and DEP 1996) and the Tuart site groups (after Gdsal this publication).
This information, together with Appendix 1 in Gibsenal (this publication), lists the floristic
information available for these quadrats.
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DISCUSSION
Tuart — the tree
Natural Distribution

Tuart is endemic to the Swan Coastal Plain, being naturally fousrdao®00 km range from just
north of Jurien to just north of the Sabina River (Maps 1, 2, 3 & 4).ctihent known northern
and southern extents of Tuart require further comment.

« Northern extent: At this stage there are no confirmed localidel uart beyond the population
to the north of Jurien. While the Oldfield collection of Tiudrom Arrowsmith, has been
quoted frequently as indicating the northern extent of Tuarteffample Blakely 1965), this
collection requires confirmation.

e Southern extent: Although Shann (1926) states that Tuart extended libgoBdbina to the
Vasse at the time of settlement, and Smith (1974) maps Jmuatth of the Sabina River, there
is no evidence for this. Keighery and Keighery (this pubbticd describe how Yate
(Eucalyptus cornufareplaces Tuart west of the current forest.

Within this north-south distribution, Tuart is primarily found o thear coastal dunes of the
Quindalup and Spearwood Dune Systems. The vegetation mapping haslhgemneleiestimated
the area of Tuart on the Quindalup Dunes (Map 2 and Map 3). Howeigeclgar from herbarium
specimens, site records and bushland area records that §diaund extensively in both Dune
Systems.

To the east, outlying populations are found on low sandy dunes beside the Mooré&(@a& and
possibly along the river to the west of Cowalla Road), Swan d®uil), Canning (Mt Henry,
Tuart Area 68), Serpentine (Lowlands, Tuart Areas 70 and 71), M(vtegray River Flats at
Ravenswood) and Harvey (Reserve 13987, Tuart Area 89) Rivers. Thatmopat Guildford is
named as the Red TuafEucalyptus gomphocephalar. rhodoxylon see Coate®t al. this

publication).

Tuart is the largest tree on the Plain. Generally Tuareases in stature and girth from north to
south, the populations in the Tuart forest area (Keighery aigh&my this publication) containing
the largest trees. However, Tuart’'s growth appears toryedependant on the conditions in which
it grows as trees in sheltered populations on deep soils widmate water supply reach similar
sizes to those in the forest. In exposed locations on the QuinDalwes, mallee forms have been
recorded (north of Pipidinny Road in Tuart Area 10 and at Dalyellugilpppsn Tuart Area 74).
These mallees are of particular interest as Tuart has reeerded as being unable to form a
lignotuber(for example in Powell 1950)

Unnatural Distribution
Tuart is very widely planted, both in Australia and overseaddri@a(1987) states that the species
Is naturalized, from plantings, in Esperance. Rose (pers. cors.noked that Tuart is self-seeding

from plantings at Geraldton. There are records that Tuart isesalfrgy in Victoria.

At times it is difficult to determine if a particular Tuastplanted or natural. Tuart has been planted

® Similar comments have been made about Tingle spebbwever, Grant Wardell-Johnston (pers. comm.)
has reported mallees in these and comments tisa¢xpected that most eucalypts can form a ligrestaimd
will do so under particular conditions.
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throughout its natural range (and elsewhere) for many yesnldtively rapid growth allows for
large well-established trees in 30 years. When determitirgy tree is a natural or planted
specimen, there is a need to look beyond size at the number anceareanhgf the trees (see
Powell 1990 for a guide to determining natural trees).

Conservation

Typical Tuart(Eucalyptus gomphocephalar. gomphocephala)

Keighery (1999) in a study of species conservation on the souSwan Coastal Plain records
typical Tuart from 24 reserves (National Parks, Nature ResamwConservation Parks). This study
records Tuart from 89 areas with some level of protectiobléTd). In terms of the Keighery
(1999) study, typical Tuart can be considered ‘well reserved’, bfingd in more than 15
reserves. However, if typical Tuart is considered oveelitire range, there are a series of other
factors that should be considered in assessing the conservatios citahe species. These are
listed below with comment on each as they relate to typical Tuart.

« Populations that are outside the main geographic range (disjunct populations)
Some of the northern (Table 4a - Arrowsmith, Jurien and Cowalla Ropulations) and
eastern populations of Tuart (Table 4d and 4g) can be considered disjuitetstiie of these
have some level of protection (Table 4d Tuart Areas 67, 68, 69, 70 &ofhkys have no
apparent protection (Table 4a - Arrowsmith, Jurien and Cowallal;Rbable 4g - Murray
River Flats at Ravenswood). There is a need for survefieolibprotected populations and
some form of protection identified.

« Populations at the ends of the species geographic range (on theC8astal Plain, this being
north or south)
The southern range end of Tuart is protected in the TuarttRdaéisnal Park but the situation
to the north is somewhat more complicated. The populations of Baaome smaller and
smaller towards the north and east of the species range. Spmildations are more difficult
to maintain (see below).

« Populations that represent a significant number of the known indisidfiahe taxon in the
region and/or a population in good condition (that is, a mixture of diffeaged individuals —
mature adults to seedlings)

Large populations of mixed age in relatively intact communitiess the most likely to be
maintained naturally. While this is generally the case (Bable 4, columns 5 and 6) there are
several apparent exceptions to this. For example, the TaestFReserve has been actively
managed for many years to encourage Tuart recruitment (Brdadbis publication).
However, the Tuart Forest Reserve is one of the most dliefrahe large extant Tuart
communities (Keighery and Keighery this publication) and the#wmnges have had/have a
significant impact on recruitment. One other large population oftTimeand around the centre
and north of Yalgorup National Park, has shown a very marked decline in the lastrsixsge
Longman and Keighery this publication). The primary cause/$isfdecline is/are not yet
apparent, however the Tuart communities in this location werergly in excellent condition
prior to the decline.

e Population size and age structure
Another issue that needs to be addressed in respect to the camesfatuart in small
populations is the maintenance of the population. Information on Tadflews that very few
Tuart populations are considered to have high ratings for thie ¢see Column 5, Table 4).
Some of the populations are very small, especially those to thie ebthe range and the
disjunct populations (for example Tuart Areas 68 and 70) and thete/ays the possibility

15



Tuart (Eucalyptus gomphocephalagnd Tuart Communities: The Distribution and Conservation of Tuart
and the Community with which it Lives. BJ Keighe@J Keighery & D Shepherd

that the population will be lost. These populations need to be meghitord action taken to
maintain the populations if there is a significant decline oruigment. At times this may
require planting but natural recruitment should be encouraged (semaorand Keighery this
publication). The decline in populations generally has been thecsuf a deal of debate in
the literature (see Longman and Keighery, Rutheofal, Powell and Keigherythis
publication). Care must be taken when assessing the populatioredexlthere is a tendency
in the literature to consider that the Tuart population densities currenéiyveldsin areas of the
Tuart Forest Reserve (see Keighery and Keighery this ptibhgare the ‘typical densities of
Tuart’. This is not the case. The density of Tuart varieatlyréut it most often occurs as a tall

woodland/open woodland to woodland/open woodland than a forest. Management of

populations to form a forest is only applicable in the extreménsafutuart’s range, and even
here there is debate over the original density of Tuart in this docati

Red Tuart Eucalyptus gomphocephaar.rhodoxylor)
The Red Tuart is presumed extinct. Despite detailed seaofhtes locality from which it was
described, and a publicity campaign, no trees matching the type have beah locate

Tuart dominated communities
Natural Distribution

Tuart is not restricted to a single plant community, being found:

e in adiverse set of structural formations, from forests to very opepenall

e on a series of landforms such as steep sandy slopes, proteated, sgasonal wetlands and
the slopes of massive limestone ridges; and

e in a series of major landform units, principally the Quindalup and Spearwood.Dunes

This diversity of communities is reflected in the differgagetation types (after Beard 1979 a, b

and c; Smith 1973, 1974; Hopkies al. 1996, 2001 - Map 2), vegetation complexes (after Heddle

et al. 1980 - Map 3) and floristic community types (Gibsral. 1994 and DEP 1996, Table 4 and

Maps 1 and 5 - 16) from which Tuart communities are described.

Condition of Tuart Communities

The communities in which Tuart grows are generally more imgdntehe activities of Europeans
than the surrounding communities. Table 4 (Column 6) lists vesy Taart Areas as being
considered to contain intact communities. The specific sitedbasgetation condition scores
(Table 4, Column 8) support this general trend as no sites arele@tbiPristine’. It appears that
this is related to the early, and continued, use by Europeans of thda(p and Spearwood
Dunes for grazing. Typically, those areas dominated by Tuattatfeamost degraded are the
protected hollows (dune swales) in more coastal locations whmsk @nd kangaroos) shelter.
Vegetation condition generally improves in the areas where #énerextensive areas dominated by
Tuart. Further disturbance is associated with the sedediearing of large areas for grazing,
horticulture and forestry.

Towards the north of Tuart’'s range, where Tuart is genewlfined to areas low in the
landscape, few intact areas of Tuart remain outside res@grogh of Yanchep National Park and
associated State Forest). These areas have been vedledieared for pasture. Selective
clearing/grazing is also evident in the Tuart pockets witbgerves. The most northern area of a
Tuart vegetation type mapped (Bashford Nature Reserve, Tosat 3\ Map 2b and Map 4c) is
significantly altered. The band of Tuart Woodland around the sdbsdnandated claypan
dominated by Flooded Gunkcalyptus rudisis almost completely devoid of native understorey,
with the only relatively intact Tuart dominated communities\g where Tuart occurs sporadically
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in the BanksiaLow Woodland. The tracks in the area and the remains of fenceatmdhat the
Tuart area was the focus for grazing.

Conservation

The mapped datasets can be used to give some indication efrthming area of Tuart dominated
vegetation types and vegetation complexes (Tables 1c and 2b). dvhgidering these areas or
percentages, the limitations of these datasets should be kept in mindaféesdined below.

(1) General:

e the area of Tuart dominated communities on Quindalup Dunes is generally not naaggped;

e the presence of Tuart in a community does not indicate thatothenunities are floristically
the same (see Table 4 and Gibsoal.,Keighery and Keighery, Keighery this publication).

(2) Remnant Vegetation mapping:

e Tuart dominated communities are relatively easy to map fagmial photography; as a
consequence, the area of remnant vegetation mapped is generadgtimated as Tuart
Woodland with virtually no associated understorey can appesenazant vegetation in the
photographs; and

e the condition of Tuart dominated communities is generally lowen tthat of surrounding
vegetation (see Table 4 and Gibsen al., Keighery and Keighery and Keighery, this
publication).

(3) Vegetation type:
e the small northern areas of Tuart dominated communities (betBaghford Nature Reserve
and Jurien) are not mapped (compare Map 2 with Maps 1 and 4).

(4) Vegetation Complexes:

« these are not mapped for entire known area of Tuart dominatedwuties mapped (compare
Map 3 with Maps 1 and 4);

» the actual area of Tuart dominated communities is not mapped (see Tjabled2a

e Tuart dominated communities are found in other vegetation complexes.

As a consequence, the figures generated by the intersection reinth@ing areas of vegetation
(Beestoret al. 2001) with vegetation type containing Tuart (after Hoplahal. 2001) as shown in
Table 1c are the focus of this discussion. In recognition olirtfimations identified above in 1, 2
and 3 (4 does not apply), this discussion is restricted to deremds rather than specific areas or
percentages.

If the total area of the Tuart dominated vegetation typelsl¢Tkc) are considered in relation to the
National Objectives and Targets for Biodiversity Conservation 2001-ZGdnmonwealth of
Australia 20015 then the current remaining area of around 35% is just (keepingird

® This target has been established for Australiauin theNational Objectives and Targets for Biodiversity
Conservation 2001-200&nd states specifically that:

‘By 2003, all jurisdictions:

« have clearing controls in place that prevent cleegaof ecological communities with an extent

below 30 per cent of that present pre-1750; and

* have programs in place to assess vegetation conditi
Ecological communities are defined as ‘naturallguwcng biological assemblages that occur in aipaer
type of habitat’ (English and Blyth 1997). The scat which ecological communities are defined dépend
on the level of detail in the relevant informatswurce. As a consequence no particular scale cifigue

17



Tuart (Eucalyptus gomphocephalagnd Tuart Communities: The Distribution and Conservation of Tuart
and the Community with which it Lives. BJ Keighe@J Keighery & D Shepherd

limitation 2) in excess of the 30% or more of the original @(EfBO) extent of ecological
communities target. However it is clear that this broad @nitat an ecological community as
within this total area of Tuart dominated vegetation:

e two major landform units, Quindalup Dunes and Spearwood Dunes, are represented;

e six vegetation types are mapped (Tables 1a, b and c);

e seven vegetation complexes are mapped (Table 2);

e 13 floristic community types are identified (Table 3); and

« some of the 89 bushland areas containing Tuart (Table 4) do not correspond wéitpetiadion

type mapping.

If vegetation type, is used as a surrogate for ecological cortiggiithen both the ‘Mosaic’ and
‘Medium open woodland; marri, tuart’ units remain at level®weB0%, being 28.4% and 6.6%
respectively. Both of these types are relatively refgimi (original areas of 509 ha and 1213 ha
respectively) and all other information (see Table 4 andectlaformation) indicate that these
areas are unreserved and very poorly known. At this level cofimisation, one other unit,
‘Medium woodland; tuart, jarrah’ at around 30% remaining (30.3%) asecto the minimum
target. However, if the limitations outlined in point 2 areetakn to account, this type is at the
lowest target level. Of the remaining three units, one tMigdium woodland; tuart’ at around
39% remaining, is within 10% of the targets, the other two units being showmaigirey at levels
of over 50% of their original extent. That is, at this broacellesf definition of ecological
communities - vegetation type, only two of the six units mapped idatvely large proportions
of their original extent remaining and the targets for retention can bfombree, possibly four, of
the vegetation typés

A comparison of Map 2 and Map 4 generally indicates thathitee vegetation types with >30%
remaining are found is a series of protected areas oridezagied for protection. However, even
at this very broad level the area between the southern PMR bguaddrthe north of the
Mandurah area does not appear to have any protected or potentially grotesteareas.

While the situation as described above is encouraging, to actually determinech@ach of these

units is protected, or potentially protected, is not further developed here due to:

< the limitations of these data (see 1, 2 and 3 above);

« the variable condition of Tuart dominated communities (see Table 4 latetreext); and

» other information on Tuart dominated communities which show that ikecensiderable
variation within the types (as outlined previously and summasbede), indicating that there
are finer levels at which ecological communities can be disshgal

In addition, it is considered that such an analysis and discugsjaimas additional information on

the characteristics of Tuart dominated communities, as listed below:

e area in lands subject to some level of protection or proposeecpoot communities. (That is,
the actual areas of Tuart dominated vegetation, not thoseeithftlom the vegetation type
mapping. Many of the areas identified on Table 4 and Map 4 havefispguiall scale

"That is, in this case, Tuart dominated vegetatjpes are being used to identify ecological comitiesi

8 This discussion has focussed on the areas anérages of the remaining Tuart dominated vegetation
types generated from the intersection of the Beestoal. (2001) remnant vegetation mapping with
vegetation type modified in this paper from Hopkinsl. (2001) as shown in Table 1c. However there are a
series of other figures available on the originad @emaining areas of the vegetation types (seedBsmad
Sprenger 1981 and Hopkies al. 1996). The figures from Beard and Sprenger (1984&)isted in Table 1b.
Interestingly there is little correspondence betwte figures in Tables 1b and 1c, in fact theltotiginal
area of only the two units given is greater thanttital original area given in Table 1c. Thereas® some
differences between the original areas given inkitapet al. (1996) and the figures in Table 1c. This is can
be accounted for by the changes in linework. Asregsequence the other figures are not used here.
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vegetation maps in the published and unpublished literature.)
» structural and floristic characters of the community.
e condition of the community.
¢ health of the Tuart population.

Three of the issues outlined above are demonstrated in a coneidefahe Tuart Forest Reserve
(Tuart Area 88, Map 4) described in Keighery and Keighery fthigication). The vegetation type
mapping (Map 2) maps the Reserve as ‘tall woodland; tuartnaedium woodland; tuart, jarrah’.
However if we look at some of the other described vegetaaind flora characteristics of the
Reserve as outlined in Keighery and Keighery it can be seen that thesitsi@omplicated.
* Specific area vegetation mapping
Five plant communities are mapped, four of these units areiagsbwith upland areas and
the other with seasonally inundated or waterlogged areas. Anathezoimmunities are not
mapped. Three of the upland units are dominated by Tuart. The unmappadds contain
threatened species and communities.
e Floristic community types
Two types containing Tuart are described in the Reservestitodcommunity type 25 and 30b.
This combination is also found in the south Bunbury area (sde #dbr Tuart Areas 73, 85
and 86) even though only one vegetation type, ‘medium woodland; tuart, jésratd@pped for
the south Bunbury area (Map 2). Interestingly, this combination is@mpaconfined to the
Bunbury-Busselton area, indicating that the community structure anistifis of the Tuart
Forest Reserve should not be used as a reference area foddmarated communities north
of Bunbury.
e Vegetation condition
One of the three plant communities dominated by Tuart in the Reséefwgart Tall Woodland
over pasture (Mapping unit: tW, Map 3 in Keighery and KeigheriatTs, this community
does not fit the mapping categories for remaining nativeta#ge. However, close to the
entire area is mapped on Map 2.

As a consequence, the information collated in this paper, particdlable 4 and the associated
information and discussion, has begun the task but more detailedswerduired to address what
is considered adequate conservation of Tuart dominated communities.

CONCLUSION

The aim of this paper was to bring together the known information in relation to:

¢ the distribution of Tuart and Tuart dominated communities;

* the abundance of Tuart in these communities; and

« the available information sets that should be taken into accebten addressing the
conservation of Tuart.

This paper highlights some general problems in determining gtigbdtion and abundance of an
individual species and in determining and understanding the communitidsch it occurs. It is
clear that a series of sources need to be used for a comprehensive abmsidethese attributes.

It is recognized that Tuart and most Tuart dominated commuii&es significant numbers and
areas remaining, especially when compared with many other spe&cieasommunities. However,
there is a need for better understanding of Tuart and how tecpibaind maintain populations of
Tuart and the communities in which it grows. As a consequence ltbeifg recommendations
are made.
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RECOMMENDATIONS

« A Tuart Atlas project should be initiated. The project should follow the principles and
procedures established in the Banksia Atlas (Taylor and Hopmy 1988). Specific
information on Tuart health, population structure, abundance, associated communities
and vegetation condition should be included in the population recoidg sheets.

e As a matter of urgency, outlying populations of Tuart should beidentified and
mechanisms to protect or further protect these areas be ingtted where necessary. These
populations fall into two main groups.

- Populations north of Yanchep: particular attention shouldbe given to mapping and
protecting populations in the area of Jurien, Cowalla Road and orth and south of
the Moore River adjacent to Guilderton.

- Populations on the Moore, Swan, Canning, Serpentine, Murray and Harvey Rivers.

¢ The Red Tuart (Eucalyptus gomphocephahzar. rhodoxylon should be listed by CALM as
‘presumed extinct’, that is be recognized as Declared Rare Flar

¢ A Conservation Plan for Tuart should address the estimatedpercentage of Tuart
vegetation units remaining as well as Tuart population structue, health, abundance,
associated communities and vegetation condition. This Plan sHduecognize that Tuart
has several forms and occurs on a variety of landforms and geaomphic units, in
vegetation with a variety of structural and floristic attributes.
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TABLES

TABLE la.Vegetation types containing Tuart on the Swan Coastal Plain at Beard (1979a,
b & ¢) and Smith (1973 & 1974) at 1:250 000 scale.

Units mapped by Beard — Lancelin to Mandurah(letter/number codes in black and white)
ed Mi Tuart woodland (most northern location i8ashford Nature Reserve)

e4 Mr Tuart open woodland

e2/4 Mi Tuart-jarrah woodland

No code Banksia and scattered tuart

e3/4Mr Tuart-marri open woodland

Units mapped by Smith — Mandurah to Busseltorfcoloured codes)

T (pinkish grey) High woodland (tuart)

T (brownish grey) Woodland (tuart)

TABLE 1b. Vegetation types containing Tuart on the Swan Coastal Plainfeer Beard (1981)
at 1:1 000 000 scale together with area estimates from Beard and Sprenger

(1984).
Units mapped Original Area | % alienated % remaining in
ha reserves + vacant
crown land
Tuart tall woodland (e4 Ti) 6 900 94 6

Tuart woodland (e4 Mi - - -
Tuart open woodland (e4 Mr) -
Tuart-jarrah woodland (e2/4 Mi) 103 900 - -
Tuart-marri open woodland (e3/4Mr) - - -

TABLE 1c. Remaining areas of vegetation (Beestoet al. 2001) in each vegetation type
containing Tuart on the Swan Coastal Plain after Hopkinset al. (2001} at
1:250 000 scale.

Key
Column 1 Vegetation type after Hopkires al. (2001) and, in brackets, units
and codes after Beard (1979a, b & c and 1981, $dldeand 1b)

Column 2 Original area of the vegetation type (pre-175)eaatares (ha)

Column 3 Remaining area of the vegetation type in hectgras

Column 4 Remaining area as the percentage of the origieal af the vegetation

Vegetation Type (Hopkinset al. 2001) Original Remaining
(comparable unit in Beard 1979a, b & ¢ and 1981) Area Area
ha ha % orig.

Tall woodland; tuart
(Tuart tall woodland: e4 Ti) 3155 2212 70.1
Medium woodland; tuart
(Tuart woodland : e4 Mi) 50 237 19 564 38.9
Medium open woodland; tuart
(Tuart open woodland: e4 Mr) 1264 777 61.5
Medium woodland; tuart, jarrah
(Tuart-jarrah woodland: e2/4 Mi) 53 980 16 332 30.3
Mosaic: Medium open woodland; tuart/low woodland; kanksia
(Banksia and scattered tuart: No code) 509 145 28.4
Medium open woodland; marri, tuart
(Tuart-marri open woodland: e3/4Mr) 1213 80 6.6
Total 110 358 39 109 35.4

! See earlier comment on changes.
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TABLE 2a. Vegetation complexes (Heddlet al. 1980) containing Tuart on part of the Swan
Coastal Plain

Key
Column 1 Tuart structural formations listed for the vegetattomplexes (after Table 3.5,
Heddleet al. 1980). Two ‘levels’, of occurrence are indicatdtise are
bold formations that should be present,
non bold  formation that should be present, bseabe not critical
Column 2  Units after Heddlet al. (1980), % Tuart dominated estimated by BJ and&Ké&ghery
Structural Vegetation Complex % Tuart dominated vegetation
Formations

Spearwood Dunes

Open forest

KARRAKATTA COMPLEX - NORTH: Predominantly low operforest and low,
woodland ofBanksia species.Eucalyptus todtiana, less consistently open forest Bf
gomphocephala - E. todtiana - Banksia species approx. 30%

Open forest
(with Jarrah and Marri)

KARRAKATTA COMPLEX - CENTRAL AND SOUTH: Predominaht open forest of]
Eucalyptus gomphocephala - E. marginata - E. calophylla and woodland oE. marginata -
Banksia species approx. 50%

Open forest
(with Jarrah and Marri)
Woodland

COTTESLOE COMPLEX - CENTRAL AND SOUTH: Mosaic of wdland of
Eucalyptus gomphocephala and open forest oE. gomphocephala - E. marginata - E.
calophylla; closed heath on the limestone outcrops.  approx. 20%

Combinations of Bassendean Dunes/Pinjarra Plain/Spewood Dunes

Open forest
(with Jarrah and Marri)

CALADENIA COMPLEX: Mosaic of vegetation from adjatevegetation complexes ¢
Karrakatta, Yanga and Bassendean.
approx. 5%

—

Open forest
(with Jarrah and Marri)

CANNINGTON COMPLEX: Mosaic of vegetation from ad@t vegetation complexes
Bassendean, Karrakatta, Southern River and Vasse.
approx. 5 %

=

Marine (lagoonal and

estuarine) Deposits

Tall woodland
Open forest
(with Jarrah and Marri)

YOONGARILLUP COMPLEX: Woodland to tall woodland ofEucalyptus
gomphocephala with Agonis flexuosa in the second storey. Less consistently an opestf
of E. gomphocephala - E. marginata - E. calophylla.

approx. 50%

Open forest
(with Jarrah and Marri)
Woodland

VASSE COMPLEX : Mixture of the closed scrubMglaleuca species fringing woodlan
of E. rudis - Melaleuca species and open forest Bf gomphocephala - E. marginata - E.
calophylla approx. 10%

TABLE 2b. Remaining areas of vegetation after Beestoat al. (2001) in each vegetation
complex (Heddleet al. 1980)

Key

Column 1 Vegetation complex after Heddbeal. 1980

Column 2 Original area of the vegetation complex (pre-17BQ0)ectares (ha)

Column 3 Remaining area of the vegetation complex in hesténa)

Column 4 Remaining area as the percentage of the origieal a

Original Remaining
Vegetation Complex Area Area
ha ha % orig.

KARRAKATTA COMPLEX - NORTH 44 273 20 040 45.3
KARRAKATTA COMPLEX - CENTRAL AND SOUTH 49 850 15176 30.4
COTTESLOE COMPLEX - CENTRAL AND SOUTH 45 182 18 358 40.6
CALADENIA COMPLEX 9 660 5310 55
CANNINGTON COMPLEX 16 661 1 657 10
YOONGARILLUP COMPLEX 24 795 11 372 45.9
VASSE 11161 3328 29.8
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TABLE 3. Regional floristic groups containing Tuart on the Souttern Swan Coastal Plain
(from Gov of WA 2000). Communities where Tuart dominate are in bold.
Key
Column 1 Floristic community type number code.
Codes in italics are additional groups identifieddEP (1996) and these are not listed in
Gibsonet al. (1994)
Column 2 General description of the floristic community ¢yp
Column 3 Distribution of the floristic community in relaticto the Perth Metropolitan Region (PMR)
PMR  confined to PMR
PMR+ predominantly in PMR
>PMR distribution goes well beyond the PMR
N Northernmost location in the PMR
S Southernmost location in the PMR
C PMR central to distribution
blank  outside PMR
* isolated occurrence outside normal range
Column 4 Average species richness for each floristic comitgudype.
Average species richness per 10 m x 10 m plot thexse species only occurring in a single
plot (single records). Some community types caretehigh proportion of single records
and these estimates of average species richness@geestimates in some cases.
FCT Floristic Community Type Name Distrib Average
Code (communities in which Tuart is a defining speciesia bold) in relation Species
to PMR Richness
Supergroup 2 - Seasonal Wetlands
16 Highly saline seasonal wetlands PMR 11.2
17 Melaleuca rhaphiophylla - Gahnia trifida seasonalvetlands >PMR/N* 13.4
19b | Woodlands over sedgelands in Holocene dune swales MR P 26.3
Supergroup 3 - Uplands centred on Bassendean Dunes
[21a | CentraBanksia attenuata - Eucalyptus marginata woodlands |  PMRIN | 52.0 |
Supergroup 4 - Uplands centred on Spearwood and Quindalup Dunes
Spearwood Dunes
24 Northern Spearwood shrublands and woodlands PMR*  38.9
25 SouthernEucalyptus gomphocephala — Agonis flexuosa woodlands | >PMR/S 48.1
26b | Woodlands and mallees Limestone PMR+ 49.8
28 SpearwoodBanksia attenuata or Banksia attenuata - Eucalyptus| >PMR/S 55.1
woodlands
Quindalup Dunes
29a | Coastal shrublands on shallow sands >PMR/C 33.7
30b | Quindalup Eucalyptus gomphocephala and/or Agonis flexuosa| (PMR) 35.0
woodlands
30c2 | Woodlands and shrublands on Holocene dunes @eat#id from 30¢ PMR 239
and 30a Gibsost al. 1994)
S11 | NorthernAcacia rostellifera - Melaleuca acerosa shrublands PMR 21.0
[S15 | Weed group Not allied with any supergroup | n/a | lan |
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TABLE 4. Attributes of bushland areas containing natural populations of Tuart

Column 1 Tuart Area Number

The areas are listed from north to south betweerrdand Busselton. Only those populations in areits
some level of protection or proposed protection mepped and numbered. Some areas contain areas of
Quindalup and Spearwood Dunes and are listed twice.

Column 2 Map 4ato 4l

Column 3 Population/Bushland Area Name
Bush Forever Site numbers (Gov of WA 2000) and&ydRecommendation numbers (DCE 1976 and 1983)
are given in brackets when applicable. Populatammgaining areas of mallee are in italics.

Column 4 Source of the information on population/s

This information was derived from two principal soes being:

e Survey Reports - Outside the Perth Metropolitani®egPMR) references are listed. Within the PMR
Bush Forever Volume 2B (Gov of WA 2000) was used ahould be consulted to find the specific
references. The source of quadrat data is listed.

« Unpublished records by BJ Keighery (BJK), GJ Keigh&JK) and others as indicated.

Column 5 Tuart Area/Abundance Score (estimated by BJ Keighery and GJ Keighery)
A ? indicates an uncertain score.

Score Tuart Area/Abundance
ouT Significant Tuart population, generally small area but disjunct from other more

extensive populations (may be combined with otlberes)

5 50% area Tuart dominated communities OR
> 50 ha Tuart dominated community; outliers andn@alup Dune

3 < 50 - 20% area Tuart dominated communities OR
< 50 ha Tuart dominated community

2 <20% area Tuart dominated communities OR
<10 ha Tuart dominated community

1 Tuart patches <1 ha Tuart dominated community

Column 6 Tuart Community Condition Score (estimated by BJ Keighery and GJ Keighery)
A ? indicates an uncertain score.
Score Tuart Community
5 Tuart population over intact understorey
3 Tuart population over understorey with limitedesiénvasion
2 Tuart population over understorey with extensied invasion
1 Tuart trees only, no understorey

Column 7 Quadrat Codes (see Column 3 for the source of these)

Column 8 Floristic community type (FCT, see Table 3) and vegetation conditioa scor
(after Keighery 1994, see below). Wetland FCT’s artgolid. NA is not available.

1 Pristine
Pristine or nearly so, no obvious signs of distndea

2 Excellent

Vegetation structure intact, disturbance affectimdividual species and weeds are non-aggressivaespe
3 Very Good

Vegetation structure altered, obvious signs ofudixince.

4 Good

Vegetation structure significantly altered by vetyvious signs of multiple disturbance. Retains basigetation
structure or ability to regenerate it.

5 Degraded

Basic vegetation structure severely impacted biyidiance. Scope for regeneration but not to & stproaching
good condition without intensive management.

6 Completely Degraded

The structure of the vegetation is no longer intaad the area is completely or almost completethauit native
species.
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TABLE 4a.  Natural populations of Tuart on the Quindalup and Spearwood Dunes north of the PMR.
The majority of these populations are on Spearwood Dunes, except for Tuart Area 8 whittieiQuindalup Dunes.
Mapped | Map Area Name Information Source Tuart | Tuart Condition Quadrats FCT
Tuart 4 (System Area Number) Area/Ab Score (Cond.
AreaNo [ No Score Score)
NA Arrowsmith (not mapped, old record in need of aomdition Specimen (Oldfield) ? ?
NA Jurien population (see Map 1a, area not mappedamMl CALM file record ouT ?3/2
1 a | Southern Beekeepers Nature Reserve (3 large pamdat Burbidge & Boscacci| OUT 3
recorded) (1989)
2 a | ‘Cervantes Tuart Reserve’ (Reserves 39400/410G80éa GJIK, Griffin (1994) OouUT/2 3 CEO1 3
Cervantes) CEO02 3
3 a/lb | Nambung National Park GJK ?5 ?23
4 b/c | Wangarren Nature Reserve GJK ? ?3
5 c Bashford Nature Reserve GJIK/BJIK, 3 3/1
AH Burbidge
6 c Nilgen Nature Reserve GJK ?3 213
NA Cowalla Road (see Map 1b, area not mapped on Map 4) GJ/BJK ?3 1/2*
7 d | Seabird UCL Keigheryet al. (1996) 2 3/2
8 d | Moore River Point Reserve (Reserves 21473 and 7949 BJK 3 3/5 Guild 09 26b (3.5)
and adjacent bushland (not shown on Map 4) DEP (1996), Griffin Guild 16 NA (2)
(1998) Guild 07 17 (1.5)
for08 NA (2.5)

! Beard (1979c) maps ‘tuart—marri open woodlandhis area. Observations by BJK and GJK in spring001 confirmed that Tuart occurs in this areaglo

Cowalla Road. Only one small patch of Tuart waseoled in bushland, most of the Tuart areas weretTw@odland over pasture.
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TABLE 4b.

Natural populations of Tuart on the Quindalup Dune areasin the PMR (Bush Forever Sites)

Mapped | Map Bush Forever Site(s) Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (Site No/System 6 number) Area/Ab Score (Cond.
AreaNo [ No Score Score)
9 d | Wilbinga-Caraban Bushland (406) Gov of WA (2000), 2?1 5/3
GJK/BJK
10 d/e | Ningana Bushland, Yanchep/Eglington (289) Gov of WA (2000), 3 3/2
GJK/BJK
11 d Yanchep National Park and Adjacent Bushland (288/M3 Gov of WA (2000), 3 3/2 yan08 30c2
Keighery (1996) Pip01 30b
yanl0 19b
12 f | Trigg Bushland and Adjacent Coastal Reserve, Gov of WA (2000), 5 3 TRIGO02 29a (3)
Trigg/Scarborough (308/M36) DEP (1996), Trigg08 S15
Gibsonet al. (1994)
13 f Swanbourne Bushland, Swanbourne/City Beach (315)M46 Gov of WA (2000), 2 3 M4601 S11
Griffin 1994 M4602 S11
14 g Woodman Point, Coogee/Munster (341/M90) Gov of VZ8Q0), 3 3/2 WOODP-2 30c2 (4
Gibsonet al. (1994)
15 g/h | Lake Cooloongup, Lake Walyungup and Adjacent Buslla | Gov of WA (2000), 5 3/2 Cool04 17 (2)
Hillman to Port Kennedy (356/M103) Gibsonet al. (1994), Cool14 19b
Keighery (1996) Cool15 19b
Cool03 24 (3.5)
16 h | Port Kennedy (377/M106) Gov of WA (2000) 1 occasional
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TABLE 4c.  Natural populations of Tuart Spearwood Dune areasin the PMR (Bush Forever area)
Mapped | Map Bush Forever Site(s) Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (Site No/System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
9 d | Wilbinga-Caraban Bushland (406) Gov of WA (2000), 5 5/3 SHE 06 26b (2.5)
DEP (1996), Gibsost Wilb 13 26b (4)
al. (1994)
17 d/e | South-West Link from Wilbinga to Yanchep Nationalrle Gov of WA (2000) 3 3 tokyu01 25 (5)
(284/M1)
18 d/e | East Link from Wilbinga to Yanchep National Parl@§3 Gov of WA (2000), ? ?
DEP (1996)
11 d/e | Yanchep National Park and Adjacent Bushland (283/M3 Gov of WA (2000), 5 5/3 YAN-1 26b (3)
DEP (1996) YAN-5 26b (2)
YAN-10 26b (3)
19 d/e | Ridges and Adjacent Bushland, Yanchep/Nowergup/(38}L Gov of WA (2000) 5 5
20 d/e | State Forest 65 — Pinjar Plantation Central Bushland Gov of WA (2000) ?5 ?5/3
Yanchep (1, 408 -11, 414 -15)
21 e | Bernard Road Bushland, Carabooda (129) Gov of W8 Q2 3 5/3
22 e | Link between Yanchep and Neerabup National Par&8)(1 Gov of WA (2000) 3 5/3
23 e | Hopkins Road Bushland, Nowergup (290) Gov of WAQ@D 3 5
24 e | Neerabup National Park, Lake Gnowergup Nature Resard| Gov of WA (2000), 5 5/3 NEER-1 24 (4)
Adjacent Bushland, Neerabup (383/M6) Gibsonet al. (1994) NEER-5 24 (3.5)
NEER-11 24 (2.5)
NEER-6 28 (3.5)
25 e | Burns Beach Bushland (322/M2) Gov of WA (2000) 1 3
26 e | Neerabup Lake and Adjacent Bushland, Neerabup K&&4/ Gov of WA (2000) 3 5/3
27 e | Shire View Hill and Adjacent Bushland, Nowergup/ksg®=ip Gov of WA (2000) 5/3 5/3
(293)
28 e | West Flynn Drive Bushland, Carramar (494) Gov of (2800) 2 5/3
29 e | Flynn Drive Bushland, Neerabup (295/M8) Gov of W9(0) ? ?
30 e/f | Yellagonga Regional Park, Gov of WA (2000), 3 3/2 yela03 28 (5)
Wanneroo/Woodvale/Kingsley (299/M7) DEP (1996)
31 e | Conti Road Bushland, Wanneroo (164) Gov of WA (2000 3 3

% The adjacent Bush Forever Site 323 contains Tagptilations. These are not listed in GovernmeM/af(2000).
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Mapped | Map Bush Forever Site(s) Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (Site No/System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)

32 e | Caporn Street Bushland, Mariginiup (469) Gov of (2800) 1 2

33 e | Garden Park Bushland, Wanneroo (470) Gov of WA (200 1 2

34 e | High Road Bushland, Wanneroo (471) Gov of WA (200( 1 2

35 e/f | Woodvale Nature Reserve, Woodvale (407) Gov of \2200), 5 3 WOODV-1 28 (4)

Gibsonet al. (1994)
36 e/f | Whitfords Avenue Bushland, Craigie/Padbury 303/M7) Gov of WA (2000), 5 3 Pinn03 28 (4)
DEP (1996)
37 f Shepherds Bush Reserve, Kingsley (39) 2 3/2
38 f Warwick Open Space Conservation Area (202/M11) GfowA (2000), 2 3 WARI-1 28 (3.5)
Gibsonet al. (1994)

39 f Star Swamp Reserve and Adjacent Bushland, North Gov of WA (2000), 3 3/2 Star01 24 (5)
Beach/Waterman (204/M35) DEP (1996) Star02 24 (5)

12 f Trigg Bushland and Adjacent Coastal Reserve, Gov of WA (2000), TRIG 06 24 (3.5)
Trigg/Scarborough (308/M36) Gibsonet al. (1994)

40 f Carine Swamps, Carine (M37) Gov of WA (2000 2 1

41 f Lake Gwelup Reserve, Gwelup (212/M39) Gov of WAQ@D 2 1

42 f Bold Park and Adjacent Bushland, City Beach (3127M4 Gov of WA (2000) 5 3/2

43 f Underwood Avenue Bushland, Shenton Park (119) GoA (2000) 2 2

44 f Shenton Bushland, Shenton Park (218) Gov of WA Q200 1 2

45 f Kings Park (317/M49) Gov of WA (2000) 5 3/2

46 f Lake Claremont, Claremont/Swanbourne (220/M48) GIoWwA (2000) ?1 ?1

47 f Sir Frederick Samson Park, Samson (59/M72) Gov Af(2000) 2 2

48 g | Manning Lake and Adjacent Bushland, Hamilton Gov of WA (2000) 1 1
Hill/Spearwood (247/M92)

49 g | Market Garden Swamps, Spearwood/Munster (429, 438JM  Gov of WA (2000) 1 1

50 g | Lake Coogee and Adjacent Bushland, Munster (261jM92 Gov of WA (2000) 1 1

51 g | Yangebup and Little Rush Lakes, Yangebup (M93) GIowWA (2000) 1 ?2

52 g | Brownman Swamp, Mt Brown Lake and Adjacent Bushland Gov of WA (2000) 5 3/2 MTB-4 24 (3)
Henderson/Naval Base (346/M91/92)

53 g | Wattleup Lake and Adjacent Bushland, Wattleup/Mayzdiop Gov of WA (2000), 1 ?2
(393/M93) Gibsonet al. (1994)

NA Fraser Road Bushland (390) Listed as containing Tuart in Gov of WA (2000) lthis appears to be an error

54 g | Mandogalup Road Bushland, Mandogalup (268) Gov Af(a000) 2 3

55 g | The Spectacles (269) Gov of WA (2000) 2 3/5
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Mapped | Map Bush Forever Site(s) Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (Site No/System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
56 g | Sandy Lake and Adjacent Bushland, Anketell (270) ov Gf WA (2000) 3 3/5
57 g | Mandogalup Road Bushland, Hope Valley (267) GoWef (2000) 3 3/5
58 g/h | Parmelia Avenue Bushland, Parmelia (67) Gov of \BB00) 1 1
59 g/h | Leda and Adjacent Bushland, Leda (349/M104) Gowaf (2000), 5 3/2 ledaO1 25 (4)
DEP (1996) leda03 16 (3)
60 h | Cassia Drive Bushland, Karnup (278) 3 3/2
15 g/h | Lake Cooloongup, Lake Walyungup and Adjacent Busdhla | Gov of WA (2000), KERO-2 24 (3)
Hillman to Port Kennedy (M103) - eastern Spearwsection | Gibsonet al. (1994)
(356)
61 g/h | Baldivis Swamp and Adjacent Bushland (495) Gov & (®000) 2 2
62 h | Stakehill Swamp, Baldivis (275) Gov of WA (2000 3 5/3
63 h | Churcher Swamp, Baldivis (75) Gov of WA (2000 ?1 ?2
64 h Baldivis Road Bushland, Baldivis (376) Gov of WA(D) 3 3/2
65 h | Anstey Swamp, Karnup (379) Gov of WA (2000 3 3/5
66 h Paganoni Swamp and Adjacent Bushland, Karnup (395) Gov of WA (2000), 5 5/3 PAGA-7 21a (3.5)
Gibsonet al. (1994) PAGA-6 25 (3)
TABLE 4d.  Natural populations of Tuart predominantly outside the Quindalup and Spearwood Dunesin the PMR.
Mapped | Map Bush Forever Site(s) Name Information Source Tuart Tuart Quadrat FCT
Tuart 4 (Site No/System 6 designation) Area/Ab | Condition Score (Cond.
AreaNo [ No Score Score)
67 f Peppermint Grove Foreshore (403) Gov of WA (2000Q), OUT 2/3 PEPGRV-2 30c2 (2
Gibsonet al. (1994)
NA Swan River flats Guildford Specimen (Steedman) Population not able to be located
68 f | Mount Henry Bushland, Salter Point (227) Gov of \(2800), ouT 3/2 MTHENRY-1| 30c2 (3)
Gibsonet al. (1994)
69 g/h | Doghill Road Bushland, Baldivis (369) Gov of WA (Z0) OuT/3 3/5
70 g/h | Lowlands Bushland - Eastern Block, Peel Estate/(3685) Gov of WA (2000), | OUT/1 3 lowl0a 21a (3)
Gibsonet al. (1994)
71 g/h | Lowlands Bushland - Western Block (Hymus Swampgl Pe Gov of WA (2000) ouT/1 1
Estate (372/M105)
TABLE 4e.  Natural populations of Tuart on the Quindalup Dune areasin the Mandurah to Sabina River area south of the PMR.
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Mapped | Map Area Name Information Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
72 k Leschenault Peninsular Conservation Park (C66) Gibsonet al. (1994) 5 5/3/2 LESCH-1 30b (3.5)
LESCH-5 30b (3.5)
73 k/l | The Maidens (South Bunbury Coastal Land C70) DERG) 5 3/5 Nmaid04 30b (2)
Gmaid02 25 (2)
Gmaid01 25 (4)
74 k/l | Coastal Dalyellup Proposed Regional Open Space BJK 5 3/5
TABLE 4f. Natural populations of Tuart predominantly on the Spearwood Dune areasin the Mandurah to Sabina River area south
of the PMR.
Mapped | Map Area Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
75 i Reserve 860 (part C51) BJK/GJIK 2 3
76 i Carrabunyup Nature Reserve (part C50) GJK 1 3
77 i Stony Point Reserve 27528 (C51) BJK/GJIK 3 3
78 i Mealup Point Nature Reserve Gibsairal. (1994) 3 3 MEAL-I 25 (3.5)
79 i/j | Yalgorup National Park (C54) Gibsehal. (1994) 53 5/3° YALG-7 26b (4)
WHILL-5 26b (3)
80 i/i | Clifton Management Priority Area (C55) BJIK/GJIK 53 5/3
81 i McLarty Management Priority Area (C56) Gibsetral. (1994) 53 5/3 CORON-2 25 (3)
82 j Myalup Management Priority Area/Lyons Forest BI¢C67) Gibsoret al. (1994) 5 5/3 LYON-2 25 (3)
MYALUP-2 25 (3)
83 j Crampton Nature Reserve (C61) Gibsbal. (1994) 3 3 CRAMPT-1 2la (1.5
84 j/k | Myalup Swamp/Mialla Lagoon (C63) Gibsenal. (1994) ?1 ?1/3
85 k/l | ‘Shearwater Tuart Forest’ DEP (1996) 3 2/3 Nmaid 05 25 (4)
86 k/l | College Grove Bushland proposed Regional Open Space DEP (1996) 23 3/2 bunb01 25 (4)

% See Longman and Keighery (this publication) faliscussion of the current condition of Tuart pofialss in this area.
“ Beard (1981) maps this area as ‘tuart tall woatilan
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Mapped | Map Area Name Infor mation Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
87 k/l | Dalyellup Reserve (Reserves Near Dalyellup C71) sQilet al. (1994) 5 C71-4 25 (2.5)
88 | Tuart Forest Reserve (part System recommendatio(DCE Gibsonet al. (1994) 5 5/3/2 MINN-1 25 (4.5)
1978)) MINN-2 25 (4)
MINN-3 25 (3.5)
PEPB-1 30b (4)
TABLE 4g. Natural populations of Tuart predominantly outside the Quindalup and Spearwood Dunesin the Mandurah to Sabina
River area south of the PMR.
Mapped | Map Area Name Information Source Tuart | Tuart Condition Quadrat FCT
Tuart 4 (System 6 designation) Area/Ab Score (Cond.
AreaNo [ No Score Score)
NA Murray River flats Ravenswood — private land aralroeservé BJK/GJIK OuT/3 1
(see Map le, not mapped on Map 4)
89 i Harvey River Reserve (Res 13987) Gibsbal. (1994) | OUT/3 ?3 DRAIN-1 21a (3)
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Tuart (Eucalyptus gomphocephala) and Tuart Communities: The Distribution and Conservation of Tuart
and the Community with which it Lives. BJ Keighery, GJKeighery & D Shepherd

MAPS

MAPS1latof. Tuart locations.

Key
See Map Legend for symbols (some symbols may overlap)

Tuart Plot Locations
Locations of the 10 m x 10 m plots containing Tuart used to determine the regiona floristic
community type groups (see Tables 3 and 4).

Florabase records
Selected WA Herbarium Collections aslisted in Florabase (CALM 2001).

Tuart Population Survey Records
Locations of Tuart populations from field observation by BJ Keighery and GJ Keighery and a
CALM filerecord (north of Jurien).

Lakesand Estuaries
GIS database of Lakes and Estuaries supplied by DOLA.

Main Roads/Other Roads
GIS database of Main Roads and Other Roads supplied by DOLA.

Native Vegetation
Native vegetation mapping after Beeston et al. (2001). This may include some plantations.
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MAPS 2atog. Current extent of Tuart dominated vegetation types.

Key
See Map Legend for symbols

Lakesand Estuaries
GIS database of Lakes and Estuaries supplied by DOLA.

Main Roads/Other Roads
GIS database of Main Roads and Other Roads supplied by DOLA.

Vegetation types
The area of remaining native vegetation (after Beesttah 2001) in six types (after Hopkimesal.
2001) are mapped (see below). Plantations are generally not included.

Column 1 Word description (after Hopkiret al. 1996, 2001)
Column 2 Key to Codes (after Beard 1979a, b and c, 1981)

Species

e eucalypt

4 Tuart Eucalyptus gomphocephal a)
2 Jarrah Eucalyptus mar ginata)

3 Marri (Eucalyptus calophylla)

Physiognomy of dominant stratum
T Tall trees > 25 m tall
M Medium trees 10 - 25 m tall
L Low trees < 10 m tall

Density of Canopy cover

[ Woodland Incomplete canopy — open not touching. Projective
foliage cover 10 - 30%.

r Open Woodland Rare but conspicuous. Projective foliage cover < 10%.

Column 3 Unit number (after Hopkinet al. 2001)

Unit description Code No
Medium open woodland; marri, tuart e3,4 Mr 1010
Medium open woodland; tuart ed Mr 1011
Medium woodland; tuart e4 Mi 998
Medium woodland; tuart, jarrah e2, 4 Mi 6
Mosaic: Medium open woodland; tuart/low woodland; banksja e4Mr/bLi 1042
Tall woodland; tuart e4 Ti 2
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MAPS3atog. Current extent of vegetation complexes containing Tuart structural
formations.

Key
See Map Legend for symbols

Lakesand Estuaries
GIS database of Lakes and Estuaries supplied by DOLA.

Main Roads/Other Roads
GIS database of Main Roads and Other Roads supplied by DOLA.

Vegetation complexes
The area of remaining native vegetation (after Beegtah 2001) in seven vegetation complexes
(after Heddleet al. 1980) are mapped (see below). Plantations are generally not included.

Column 1 Tuart structural formations listed for the vegetation compléisr Table 3.5,
Heddleet al. 1980). Two ‘levels’, of occurrence are indicated, these are:
bold formations that should be present
non bold formation that should be present, but absence not critical.

Column 2 Units after Heddlet al. (1980), % Tuart dominated estimated by
BJ and GJ Keighery

Structural Vegetation Complex % Tuart dominated vegetation

Formations

Combinations of Bassendean Dunes/Pinjarra Plain/Spearwood Dunes

Open forest CALADENIA COMPLEX: Mosaic of vegetation from adjatevegetation

(with Jarrah and complexes of Karrakatta, Yanga and Bassendean.

Marri) approx. 5%

Open forest CANNINGTON COMPLEX: Mosaic of vegetation from adgt vegetation

(with Jarrah and complexes of Bassendean, Karrakatta, Southern BhaiVasse.

Marri) approx. 5%

Spearwood Dunes

Open forest COTTESLOE COMPLEX - CENTRAL AND SOUTH: Mosaic of wdland of

(with Jarrah and Eucalyptus gomphocephala and open forest d&. gomphocephala - E. marginata

Marri) - E. calophylla; closed heath on the limestone outcrops. approx. 20%

Woodland

Open forest KARRAKATTA COMPLEX - CENTRAL AND SOUTH: Predominaht open

(with Jarrah and forest ofEucalyptus gomphocephala - E. marginata - E. calophylla and woodland

Marri) of E. marginata - Banksia species approx. 50%

Open forest KARRAKATTA COMPLEX - NORTH: Predominantly low opeforest and low
woodland ofBanksia speciesEucalyptus todtiana, less consistently open forest
of E. gomphocephala - E. todtiana - Banksia species approx. 30%

Marine (lagoonal and estuarine) Deposits

Open forest VASSE COMPLEX : Mixture of the closed scrubMg aleuca species fringing

(with Jarrah and woodland ofE. rudis - Melaleuca species and open forestBfgomphocephala -

Marri) E. marginata - E. calophylla approx. 10%

Woodland

Tall woodland YOONGARILLUP COMPLEX: Woodland to tall woodland &ficalyptus

Open forest gomphocephala with Agonis flexuosa in the second storey. Less consistently an

(with Jarrah and open forest oE. gomphocephala - E. marginata - E. calophylla.

Marri) approx. 50%
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MAPS4atol. Bushland areaswith natural populationsof Tuart (see Table 4)

Key
See Map Legend for symbols

Lakesand Estuaries
GIS database of Lakes and Estuaries supplied by DOLA.

Main Roads/Other Roads
GIS database of Main Roads and Other Roads supplied by DOLA.

Bushland areaswith natural populationsof Tuart (after Table 4)
The boundaries of the Tuart Areas are approximate, they are not corrected to cadastre.

Column 1 Tuart Area Number
The areas are listed from north to south betweererduand Busselton. Only those
populations in areas with some level of protectiorproposed protection are mapped and
numbered.

Column 2 Map 4ato 4l

Column 3 Population/Bushland Area Name
Bush Forever Site numbers (Gov of WA 2000) apdt&n Recommendation numbers
(DCE 1976 and 1983) are given in brackets whenicedgke.

M apped Area Name
Tuart | Map4 (Bush Forever/System Area codes)
Area No No

1 a Southern Beekeepers Nature Reserve (3 large pamdatcorded)

2 a ‘Cervantes Tuart Reserve’ (Reserves 39400/410@38 o0& ervantes)

3 alb Nambung National Park

4 bic Wangarren Nature Reserve

5 c Bashford Nature Reserve

6 c Nilgen Nature Reserve

7 d Seabird UCL

8 d Moore River Point Reserve (Reserves 21473 and 97949

9 d Wilbinga-Caraban Bushland (406)

10 dle Ningana Bushland, Yanchep/Eglington (289)

11 dle Yanchep National Park and Adjacent Bushland (288/M3

12 f Trigg Bushland and Adjacent Coastal Reserve, Tagayborough (308/M36)
13 f Swanbourne Bushland, Swanbourne/City Beach (315)M46

14 g Woodman Point, Coogee/Munster (341/M90)

15 g/h Lake Cooloongup, Lake Walyungup and Adjacent Bushig56/M103)
16 h Port Kennedy (377/M106)

17 dle South-West Link from Wilbinga to Yanchep Nationairle (284/M1)

18 dle East Link from Wilbinga to Yanchep National Parl@63

19 dle Ridges and Adjacent Bushland, Yanchep/Nowergup/(38)L

20 dle State Forest 65 — Pinjar Plantation Central Bushlaeshchep (1, 408 -11, 414 -15)
21 e Bernard Road Bushland, Carabooda (129)

22 e Link between Yanchep and Neerabup National Par&8)(1

23 e Hopkins Road Bushland, Nowergup (290)
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M apped Area Name
Tuart | Map4 (Bush Forever/System Area codes)

Area No No
24 e Neerabup National Park, Lake Gnowergup Nature Resand adj. Bushland (383/M6)
25 e Burns Beach Bushland (322/M2)
26 e Neerabup Lake and Adjacent Bushland, Neerabup K884/
27 e Shire View Hill and Adjacent Bushland, Nowergup/Ka®ip (293)
28 e West Flynn Drive Bushland, Carramar (494)
29 e Flynn Drive Bushland, Neerabup (295/M8)
30 eff Yellagonga Regional Park, Wanneroo/Woodvale/King§B99/M7)
31 e Conti Road Bushland, Wanneroo (164)
32 e Caporn Street Bushland, Mariginiup (469)
33 e Garden Park Bushland, Wanneroo (470)
34 e High Road Bushland, Wanneroo (471)
35 eff Woodvale Nature Reserve, Woodvale (407)
36 eff Whitfords Avenue Bushland, Craigie/Padbury 303/M7)
37 f Shepherds Bush Reserve, Kingsley (39)
38 f Warwick Open Space Conservation Area (202/M11)
39 f Star Swamp Reserve and Adjacent Bushland, NortktB@éaterman (204/M35)
40 f Carine Swamps, Carine (M37)
41 f Lake Gwelup Reserve, Gwelup (212/M39)
42 f Bold Park and Adjacent Bushland, City Beach (3127M4
43 f Underwood Avenue Bushland, Shenton Park (119)
44 f Shenton Bushland, Shenton Park (218)
45 f Kings Park (317/M49)
46 f Lake Claremont, Claremont/Swanbourne (220/M48)
47 f Sir Frederick Samson Park, Samson (59/M72)
48 g Manning Lake and Adjacent Bushland, Hamilton Hpié¢arwood (247/M92)
49 g Market Garden Swamps, Spearwood/Munster (429, 433)M
50 g Lake Coogee and Adjacent Bushland, Munster (261jM92
51 g Yangebup and Little Rush Lakes, Yangebup (M93)
52 g Brownman Swamp, Mt Brown Lake and Adjacent Bushlgg#b/M91/92)
53 g Wattleup Lake and Adjacent Bushland, Wattleup/Mayadiop (393/M93)
54 g Mandogalup Road Bushland, Mandogalup (268)
55 g The Spectacles (269)
56 g Sandy Lake and Adjacent Bushland, Anketell (270)
57 g Mandogalup Road Bushland, Hope Valley (267)
58 g/h Parmelia Avenue Bushland, Parmelia (67)
59 g/h Leda and Adjacent Bushland, Leda (349/M104)
60 h Cassia Drive Bushland, Karnup (278)
61 g/h Baldivis Swamp and Adjacent Bushland (495)
62 h Stakehill Swamp, Baldivis (275)
63 h Churcher Swamp, Baldivis (75)
64 h Baldivis Road Bushland, Baldivis (376)
65 h Anstey Swamp, Karnup (379)
66 h Paganoni Swamp and Adjacent Bushland, Karnup (395)
67 f Peppermint Grove Foreshore (403)
68 f Mount Henry Bushland, Salter Point (227)
69 g/h Doghill Road Bushland, Baldivis (369)
70 g/h Lowlands Bushland - Eastern Block, Peel Estate/{8685)
71 g/h Lowlands Bushland - Western Block (Hymus Swampgl Fstate (372/M105)

! The adjacent Bush Forever Site 323 contains Tamtilations. These are not listed in Gov of WA (@00
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M apped Area Name

Tuart | Map4 (Bush Forever/System Area codes)
Area No No

72 k Leschenault Peninsular Conservation Park (C66)

73 kil The Maidens (South Bunbury Coastal Land C70)

74 kil Coastal Dalyellup Proposed Regional Open Space

75 i Reserve 860 (part C51)

76 i Carrabunyup Nature Reserve (part C50)

77 i Stony Point Reserve 27528 (C51)

78 i Mealup Point Nature Reserve

79 ij Yalgorup National Park (C54)

80 i/j Clifton Management Priority Area (C55)

81 j McLarty Management Priority Area (C56)

82 j Myalup Management Priority Area/Lyons Forest BI¢€67)

83 j Crampton Nature Reserve (C61)

84 j/K Myalup Swamp/Mialla Lagoon (C63)

85 kil ‘Shearwater Tuart Forest’

86 kil College Grove Bushland proposed ROS

87 kil Dalyellup Reserve (Reserves Near Dalyellup C71)

88 I Tuart Forest Reserve (part System recommendatio(DCE 1978))

89 i Harvey River Reserve (Res 13987)
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MAPS 5 —16. Maps of the distribution of the floristic commauity types containing Tuart on
the Southern Swan Coastal Plain (after Table 3)

Key

See Map Legend for symbols

Plot Locations

Locations of al 10 m x 10 m plots identified in 12 of the floristic community types that contain
Tuart. The map for floristic community type S15 is not included as this group is of uncertain

affinities due to the presence of asignificant number of weeds.

Floristic community types and map numbers

Column 1 Map number
Column 2 Floristic community type number code
Column 3 General description of the floristic community type
Map |FCT Floristic Community Type Name
No. |Code (communitiesin which Tuart is a defining species are in bold)

Supergroup 2 - Seasonal Wetlands
5 |16 Highly saline seasonal wetlands
6 |17 Melaleuca rhaphiophylla - Gahnia trifida seasonal wetlands
7 |19 | Woodlands over sedgelands in Holocene dune swales

Supergroup 3 - Uplands centred on Bassendean Dunes
| 8 [2la |[Centra Banksia attenuata - Eucalyptus marginata woodlands

Supergroup 4 - Uplands centred on Spearwood and Quindalup Dunes
Spearwood Dunes
9 |24 Northern Spearwood shrublands and woodlands
10 | 25 SouthernEucalyptus gomphocephala — Agonis flexuosa woodlands
11 |[26b | Woodlands and mallees on Limestone
12 |28 Spearwood Banksia attenuata or Banksia attenuata - Eucalyptus woodlands
Quindalup Dunes
13 |29a | Coasta shrublands on shallow sands
14 | 30b | QuindalupEucalyptus gomphocephala and/or Agonis flexuosa woodlands
15 [30c2 |Woodlands and shrublands on Holocene dunes (re-allocated from 30c and
30a Gibson et al. 1994)
16 |S11 | Northern Acaciarostellifera - Melaleuca acerosa shrublands
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Distribution of Floristic Commmunity Type 16
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Map 5.

Distribution of Floristic Community Type 16 on the Southern Swan Coastal
Plain.
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Distribution of Floristic Commmunity Type 17
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Distribution of Floristic Community Type 19b
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77



Tuart (Eucalyptus gomphocephala) and Tuart Communities: The Distribution and Conservation of Tuart
and the Community with which it Lives. BJ Keighery, GJKeighery & D Shepherd

Distribution of Floristic Community Type 21a
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Distribution of Floristic Commmunity Type 24
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Map 9.

Distribution of Floristic Community Type 24 on the Southern Swan Coastal
Plain.
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Distribution of Floristic Community Type 25
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Map 10.  Distribution of Floristic Community Type 25 on the Southern Swan Coastal
Plain.
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Distribution of Floristic Community Type 26b
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Map 11.

Distribution of Floristic Community Type 26b on the Southern Swan Coastal
Plain.
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Distribution of Floristic Commmunity Type 28
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ABSTRACT

Eucalyptus gomphocephala (Tuart) generally shows little morphological variation throughisit
range. Noticeable exceptions are the Red Tuart found on the SwaraRGuildford and a mallee
form on the Quindalup Dunes. Much of the genetic variation as detefrfnom isozymes is found
within populations with only 10.8% g of the overall genetic diversity distributed between
populations. Of the seven populations investigated genetic eariaéis measured by allelic
richness Q), proportion of polymorphic lociR) and gene diversityHe), was generally lower in
the isolated northern populations at Cowalla Rd and Cervanges ith the five southern
populations. Population phylogenetic analyses show that both northerlyapopsilare moderately
differentiated from the main Tuart distribution to the south. Sedtbated from putative
E. gomphocephala X E. rudis hybrids contained unique moderate frequency alleles at twaddci
found in the Tuart populations and assumed to have comeHroudis. There was also evidence
that some seed material from Kings Park and the CALM Esperplantation may be of hybrid
origin. Mating system studies indicate that Tuart has a mixathg system and that the isolated
marginal Cervantes population has significantly lower leveutcrossing than the Lake Preston
population. Correlated paternity estimates suggest that even thotgiessing occurs at much
lower levels in Cervantes it involves a larger number o€rpal trees. This may be due to
differences in pollinator type and behaviour, plant density and numbers ofdlpesetree.

INTRODUCTION

Patterns of variation within plant species depends on a rahdactors including geographic
distribution, breeding system, and historical events. The latgr intlude range fragmentation
associated with climatic and landscape instability, and popnldt@tienecks which are both
strong determinants of population genetic structure. Eucalyiges,many other tree species,
generally have high levels of genetic diversity comparedherglant species (Moran 1992). The
partitioning of this genetic diversity, between and within popatat varies with population
structure. In many widespread and regionally distributegcisp, with relatively continuous
population systems, genetic variation is primarily distributechiwitpopulations rather than
between (Moran and Hopper 1987, Byrne 1999). However, some speciesregitnal
distributions and disjunct population systems, suchEasaesia (Moran and Hopper 1983),
E. crucis (Sampsoret al. 1988), ancE. nitens (Byrne et al. 1998) show significant genetic and
morphological variation between populations. In these cases laondhistorical isolation and the
lack of any significant gene flow between populations are neajosal factors in the high levels of
interpopulation differentiation.

Eucalyptus gomphocephala (Tuart) has a regional distribution generally confined to tebasinds
and limestones from north of Jurien to north-west of Busselton, ingvardistance of some 400
km. In coastal areas north of Perth Tuart occurs as a seuwggjwfct populations. It then extends
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southwards in more continuous series of coastal populations whichrevamtly have become
increasingly fragmented following land clearing. In a few sr@aart extends in scattered
populations along the Moore, Swan, Canning, Serpentine, Murray and HRivess inland
beyond the coastal limestones to the Bassendean Dunes and rarely the Maifarra

The aim of this study was to investigate morphological vanatpatterns of population genetic
variation and the mating system in relation to present geagedptistribution and historical
patterns of fragmentation.

MORPHOLOGICAL VARIATION
The Speciesand Varieties

The first known collection of Tuart comes from the Baudin expedition in 18@1ivas collected at
Geographe Bay in what is now the area of the Tuart Forest Naana (Peron 1807, Keighery
and Keighery this publication). The Swiss botanist Augustin Pyrateu€andolle used this
collection to describ&ucalyptus gomphocephala. The collection is held in the Paris Herbarium.

Although most texts, for example Brooker and Kleinig (1990) and Chigle (1988), list no
infraspecific variation in Tuart, there are several nanaed within the species, some unnamed
hybrids and a mallee form.

Tuart generally shows little morphological variafidhroughout its range including populations
scattered inland along the Moore, Swan, Canning, Serpentine, Mandajdarvey Rivers which
are indistinguishable from more coastal populations. However, &if@ui it was noted that the
heartwood was red not uniformly yellow as in normal trees.

This form was named by Blakely and Steedman (1939) as vahnmdgxylon (Red Wood). In their
description they noted
‘The tree is markedly distinct from the specieshe colour of the timber, and therefore, cannot be
classed with it and is deserving of a varietal natés difficult to account for the colour of the
timber, as all other botanical characters, espgcidle seedlings, do not show any signs of
hybridisation.’

The collection made by Steedman at Guildford in November 1937, frioichwhe variety was
described (type specimen), consists of stems bearing buds anctktand a cross section of the
trunk showing the red heartwood. This collection is held inNB&V National Herbarium (NSW
number 340934) at Sydney (Figure 1).

Steedman’s notes on the population at Guildford are quite detailed.
‘There are only five of these trees within 30 or yH¥ds of each other; these are suckers from old
stumps, growing in black sandy soil on a small jisg# off a permanent creek, in association with
Jarrah and Marri. They are 10 miles or more fromarTaountry in the Guildford district, near Perth.
The old settlers will not believe that they beldoghe Tuart tribe. The old trees must have been of
gigantic size as the old stumps at ground levebaeset or more across. It seems a mystery how they
got there.’

In their description Blakely and Steedman (1939) commented that:
‘The tree is an interesting one and requires furthsearch, and should be preserved for futureystud

! This comment refers to the absence of patterttsetwariation. The stature and size of the budsydts and
fruits are known to vary but this variation is reted for populations of the species throughoutatge and
as such does not constitute variation that is Wigefilistinguishing varieties or subspecies.
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by the Botanist and Forester.’
This proved a forlorn hope.

Little else has been heard Bficalyptus gomphocephala var. rhodoxylon, except that it has slowly
fallen from Botanical favour without any detailed future studg. Australia-wide review of the
Eucalypts (Johnston and Marryatt 1965) listed the variety wiglnestion mark followed by the
statement ‘Status doubtful’. Then another review (Pryor and doht871) described it as
Eucalyptus gomphaocephala, minor variant and not worthy of recognition.

Eucalyptus gomphocephala var. rhodoxylon is clearly distinct. There are a number of other Swan
Coastal Plain taxa that have distinct variants on the eastsl western sides of the Plain,
separated by the Bassendean Sands (Gibs@h 1994). Some of these have been formally
described irDryandra sessilis (George 1996), andiplopeltis huegelii (Keighery 1998).

The mallee form occurs as pure populations of Tuart on the Quindalups Booeh-west of
Yanchep (Figure 2 from Tuart Area 10, Map 4 in Keighetrgl. this publication) and at Dalyellup
(Tuart Area 74, Map 4 in Keighegt al. this publication).

The only other morphological variation within Tuart occurs in refato the size of the trees. In
the most northerly part of its range, particularly north of Jurreestare much smaller although
they are not mallees.

Hybrids

Tuart overlaps with nine other species of naturally occurringalypts within its range:
E. argutifolia, E. calophylla, E. cornuta, E. decipiens, E. foecunda, E. marginata, E. petrensis,
E. rudis and E. todtiana. Hybrids have been recorded between Tuart and three of shesees.
These hybrids are described below.

« Eucalyptus gomphocephala andE. decipiens: known from a single tree in the Guilderton area.

e Eucalyptus gomphocephala and possibly E. rudis: the named hybrid,Eucalyptus x
mundijongensis Maiden (Mundijong Tuart)

Since this taxon, now a presumed hybrid, was describdeu@syptus mundijongensis by

Maiden in 1913 (as quoted in Maiden 1921) it has had a somewhat cohfasag. The

apparent sources of this confusion are two-fold, being relatetietdocality of the type

specimen and the nature of the origins of the taxon.

(i) Locality of the type specimen: The type specimen is repodedave been made by
Cleland at Jarrahdale. However, Tuart does not occur natutalyrrahdale which is on
the Darling Plateau. It is possible that the specimen is froatwrally occurring tree on
the Serpentine River, where Tuart does occur naturally, inSthiee of Serpentine-
Jarrahdale. In 1990 the Armadale-Kelmscott branch of the Wildfl@eeiety and the
Serpentine-Jarrahdale Land Conservation District Councilileited a poster offering a
$100 reward for the re-discovery &ucalyptus mundijongensis. No specimens were
found in the Shire.

(i) Origins of the taxon: In 1971 Pryor and Johnson (1971) suggestetetigpbé collection
is a hybrid betweert. gomphocephala and E. wandoo, hence the redetermination as
Eucalyptus x mundijongensis. Collections from two other localities have also been
determined a<E. x mundijongensis. These are from the Crooked Brook area (first
recorded by Robert Powell in 1971) and Yanchep. The affinities afgbeimens from
Crooked Brook are unclear. The specimen from Yanchep was edllégt Bill Muir,
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from the Department of Conservation and Land Management. Thisngpegvon the
reward for the re-discovery dfucalyptus mundijongensis and is considered to be a
hybrid betweerk. gomphocephala andE. rudis (Coy 1991) Both parent species occur at
the Yanchep locality. While it does seem more likely thas ki the combination
producingE. x mundijongensis, as both species occur at Serpentine, this matter has not
been resolved.

¢ Eucalyptus gomphocephala and E. cornuta: the named hybrid. x gomphocornuta Trabut
(Bastard Tuart).
Eucalyptus x gomphocornuta was described by Trabut from cultivated material growing in
Algeria. Similar trees were reported from Vasse (neas@tm) and natural hybrids are found
in the Tuart forest at Wonnerup where the two species’ distributiarapv

Like many other eucalypts, Tuart will probably hybridize rgadihen planted with other species.
One example was noted at Pyrton on the Swan River at Guildfeew uart has been planted. At
this site mature hybrids of the croBs gomphocephala X E. macrandra (voucher G. Keighery
15676) were documented. This would explain the hybrid nature of some dleetiacs presented
elsewhere in this paper.

GENETIC VARIATION AND MATING SYSTEMS
Materialsand M ethods
Seed Collections

Seed was collected from up to 10 trees per population fronm g@plations off uart (Figure 3)
and from a single stand (possibly one tree) of a put&tigemphocephala X E. rudis hybrid. Seed
was also obtained from the Department of Conservation and Land NaestgManjimup seed
store from a collection taken from a Tuart plantation at Esperance.

| sozyme Electrophoresis

Up to 20 seeds per plant were germinated on moistened filter féygenumber of seeds used per
population was dependent upon sample size requirements for matingn sgates. Seedlings
with recently emerged cotyledons provided the best matergbakation of this material and the
iIsozyme methods, using the Helena Laboratory cellulose apddédeclectrophoresis system, were
described previously by Coates (1988).

Eleven enzyme systems were assayed: acid phosphatase (ACP,3HE.3.2), aspartate
aminotransferase (AAT, E.C. 2.6.1.1), esterase (EST, E.C. 3.1llicdsg phosphate isomerase

(GPI, E.C. 5.3.1.9), isocitrate dehydrogenase (IDH, E.C. 1.1.1.42), leucine aptidape (LAP,
3.4.17.1), malate dehydrogenase (MDH, 1.1.1.37), malic enzyme (ME, E.C. 1.1.1.40),
phosphoglucomutase (PGM, E.C. 2.7.5.1), phosphogluconate dehydrogenase (PGD, E.C. 1.1.1.44)
and shikimate dehydrogenase (SDH, E.C. 1.1.1.25). Seventeen zondsityf\aete scored and

each zone was assumed to represent a single locus. Fourteearpbigroci were detected. Their
genetic interpretation was based on segregation patterns @ngragrays from open pollinated
families from the two populations used in mating system studies.

Genetic Variation Within and Among Populations

The average number of alleles per locdy, (percentage polymorphic lociP), observed
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heterozygosityHg) and gene diversity (expected panmictic heterozygodily) \Were estimated at

the population level. Fixation indiceB§) (Wright 1978) were estimated to examine population
deviation from random mating. Single locus diversity measured-gnalere calculated using the
computer program POPGENE (Yeh and Boyle 1997) .

The partitioning of genetic variation within and among populations, avedyzed by using
measures proposed by Nei and Chesser (1983).

Roger’'s genetic distance was calculated between all pamsdatind used to construct a Distance
Wagner tree using BIOSYS. Phylogenetic relationships among populateasalso investigated
by restriction maximum likelihood method using gene frequency dattipMulatasets (500) were
generated by bootstrapping, a phylogeny determined for each databet f@gtriction maximum
likelihood method and a consensus tree generated. The computer proBQBOGT, CONTML,
and CONSENSE in PHYLIP 3.5 (Felsenstein 1995) were used for this analysis.

Mating System Analysis

Three loci were used to estimate mating system paregriatevo populations: Cervantes and Lake
Preston. Estimates were based on 10 and 11 families per populapentiredy with a mean of
14.4 progeny per family for both populations.

Mating system estimates based on different loci may be atwdelf those loci show linkage
disequilibrium. To test for associations between loci, Busr@emposite measure of linkage
disequilibria f\ag) was calculated for all possible pairs of loci within popolagi withx? tests for
significance according to Weir (1990), using the computer pacR&feGENE (Yeh and Boyle
1997).

Maximum likelihood estimates of single locug @nd multilocus tg,) outcrossing rates (Ritland
and Jain 1981) were based on the mixed-mating model of Brown aard £11970) with maternal
genotypes inferred from progeny arrays. Correlation of outcrosgedhipwa (,) was estimated
according to the sibling pair model (Ritland 1989). The inbreedindicieet of maternal parents
(Fm) was also calculated. All mating system parameters westegnated using the computer
program MLTR version 0.9 (available from K Ritland). Standartbre for the population
estimates ofs, ty, rp, Fm, andty-t; were based on 500 bootstraps with resampling among maternal
plants (see Sun and Ritland 1998).

Results
Genetic Variation Within and Between Populations

Three loci Gpi-1, Pgd-1 andSdh-1) were monomorphic across all populations. The Iddesl

was only polymorphic and heterozygous in seed material collecteoh fihe putative

E. gomphocephala X E. rudis hybrid. Eleven loci were polymorphic across most populations. The
Mdh-2 locus was only polymorphic in the Cervantes and Lancelin piagndatvhere a unique
allele was observed at significant frequencies in thevadges populations. The remaining locus
Mdh-3 was monomorphic in all populations except Lake Preston whene aimegjue allele was
detected.

The population means for allelic richnesg, (percentage polymorphic lod?), gene diversityHg)
and heterozygosityH,) are presented in Table 1. Polymorphism, allelic richness, and gene

diversity were generally lower in the Cervantes and CowRdapopulations than in the more
southern populations, although the differences were not signifiaartorhparison with other

93



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst

eucalypt species. gomphocephala has slightly lower levels of genetic variabilitg, (P andHe)
than widespread species and a number of regional and localizedssptmnever, it does have
similar levels of genetic diversity to regional species sudh diversicolor (Karri) (Table 2).

Population fixation indicesHs) were positive in all populations and significantly gretten zero
in all populations with the exception of Cervantes. These teegudlicate a general excess of
homozygotes in the seed progeny.

Estimates of total genetic diversityH{), genetic diversity within populationsH§) and the
proportion of total genetic diversity among populatioBgt) are shown in Table 3 for Tuart and
other eucalypt species. Tuart has generally average lefvgénetic diversity compared with most
other eucalypts with only a relatively low proportion (10.8%) of t¢iverall genetic diversity
distributed between populations. This is comparabl&dpovalues for widespread and regionally
distributed eucalypts with relatively continuous population systelhe low level of divergence
between Tuart populations is also reflected in the small avgagetic distance among the seven
populations D = 0.023).

The analysis of phylogenetic relationships among all populatimerssed on Distance Wagner or
Maximum Likelihood methods, gave similar tree topologies (Figdrd he Maximum Likelihood
analysis highlights the difference between the northern Cesvanté Cowalla Rd populations and
the more southern populations in the main Tuart distribution.

Hybridization

The putativeE. gomphocephala X E. rudis hybrid investigated contained two unique high
frequency alleles at thgi-2 andMez-1 loci not found in any individuals from the seven Tuart
populations nor in seed collected from the Esperance CALM plantihdaiart. These unique
alleles are assumed to have come from the nearbydis population. Phylogenetic analysis,
particularly the Distance Wagner, clearly separated thatipe hybrid material from the natural
Tuart populations but did indicate reasonably strong affinity wighEsperance plantation seed.
This was reflected by the sharing of high frequency alleldsedtidh-1, and to some extehap-1,

loci which generally only occur at very low frequencies in the severt papulations.

The phylogenetic studies also indicated one other possible chgbrafization in the collections
of seed analyzed in this investigation. The Kings Park populatioterasbetween the other Tuart
populations and the putatiie gomphocephala X E. rudis hybrid. There was some suggestion
from the gene frequency data at gi-2 andMdh-1 loci that a component of seed from Kings
Park may be of hybrid origin. However, these data were insufficientdtveethis issue further.

Mating System

Multilocus ¢,) and mean single locugy)( estimates of outcrossing rates for two populations
(Cervantes and Lake Preston) are given in Table 4. Both pamdatiad outcrossing rates
significantly less than one. The outcrossing rate in thetexbl@ervantes{ = 0.54,ts = 0.52) was
significantly lower than the mean outcrossing rate for takelLPreston population,(= 0.82,
ts=0.75). Although there was no significant difference between thannsingle locus and
multilocus outcrossing estimates in either population the slogies estimates were notably lower
in the Lake Preston population. Low levels of biparental inbreediiag be contributing to this
trend.

The correlation of outcrossed paternigy(the probability that siblings shared the same father) was
moderately high in the Lake Preston population and was significgrgter than zero (Table 4).
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In contrastr, was lower in the Cervantes population and not significantfgreifit from zero. The
“paternal mating pool”, the estimated number of sires per plat,correspondingly higher (5.4)
in the Cervantes population and less than half that size (2tbg iLake Preston population. These
data indicate that the size of the paternal mating pool is associgbeplopulation density.

The average fixation index for the maternal plants in the do¢eg and Lake Preston populations
(Fm = -0.125, Table 4) is significantly lower than the averadignate for the two populations
based on seed progenk,d = 0.162, Table 1). This indicates selection favouring heterozygous
individuals as plants mature from seedling to adult.

GENERAL DISCUSSION
Genetic Variation and Geographic Range

Geographic range is often used to predict patterns of geneiatioa within plant species. For
example Karron (1987) observed a significant correlation betweegrgphic range and the level

of genetic variability when comparing geographically restdcpecies with their more widespread
congeners. WithirEucalyptus Moran and Hopper (1987) demonstrated that species with similar
geographic distributions had comparable allelic distributions.

The levels of genetic variation found in Tuart (Tables 1 2ndre comparable to those found in
one other regionally distributed eucalyft,diversicolor (Karri) and to some exteft. rhodantha
(Sampsoret al. 1989), but not with four other regionally distributed eucalystedi by Moran and
Hopper (1987). Like TuarKarri has a reasonably continuous distribution over much ohitge
but also has notable outliers whereas other regionallyldigtd eucalypts shown in Table 2 have
disjunct or dissected distributions. As suggested by Coates (d@89%amrick (1983) similarity
between levels of genetic variation within populations are niikedy in species with similar
geographic range and population structure, such as Tuart and Kamrintspecies based solely on
geographic distribution.

The continuous distribution of Tuart throughout most of its rangeeaisiains why only 10.8% of

the total genetic diversity within this species is found lketw populations. Apart from the
northerly disjunct populations, gene flow, either by pollen movemergemt dispersal, appears to
be sufficient to maintain a relatively homogeneous gene pool thootighe main range of the
species. Similarly, other eucalypts with generally continuous populaystems show similar

levels of between population divergence whether they have pvihes$ distributions or more

regional distributions such as Karri (Table 3)

Despite the overall low levels of genetic differentiatibare is some divergence between the two
northern populations at Cervantes and Cowalla Rd and the main Tatatiution. At theMdh-3
locus there is an allele unique to both populations and the RiestriMaximum Likelihood tree
based on gene frequencies (Figure 4a) separates out Cervaht@svealla Rd from the southern
populations. This level of differentiation is comparable to thatrebdebetween Karri outliers at
Rocky Gully and the Porongurups (Coates 1989) and the main Karithwalisin to the south-west.

In both Tuart and Karri the levels of differentiation aeéatively low but sufficient to indicate
separation and isolation predicted, in the case of Karri, ttubdo increased aridity over the last
5000 years.

These data suggest that a minimal reserve design stridegyaximizing genetic resource
conservation in Tuart would be a small number of large reseritlgig the main Tuart distribution.
In addition reserves covering northerly disjunct populations which sloone genetic divergence
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from the main distribution such as Cervantes and Cowalla Rd slbeuldcluded. Although
scattered inland populations along the Moore, Swan and Serpentiers Riere not included in
this study it would also be desirable to reserve at tmastarge inland population along each river
system.

Hybridization

Of the nine eucalypt species known to overlap with Tuart, threarao different subgenera
(E. calophylla, subgenus Corymbid&. marginata, E. todtiana, subgenus Monocalyptus) and are
considered highly unlikely to hybridize with Tuart. Field observatisnpport this view. The
remaining six occur in the same subgenus (Symphyomyrtus) and althoaghs not considered
closely related to any other eucalypt species (Brooker and KiE290Q) field observations indicate
it forms hybrids withE. cornuta, E. decipiens, and E. rudis. The putativeE. gomphocephala X

E. rudis hybrid investigated in this study contained two unique alleles not fousntyiof the Tuart
populations studied and are assumed to have come from the Beadolis population. Although
allozyme studies were not carried out on tBigudis population to confirm the origin of these
alleles, these data, combined with observations on morphology, stropgigrsthe view that this
stand is of hybrid origin.

The notion that hybridization between Tuart and other eucalypt species magiativaly frequent
event is supported indirectly by allozyme data from the Esperplantation and Kings Park. Both
phylogenetic and gene frequency data suggest that at leastosdh@eseed from the Esperance
plantation is of hybrid originE. camaldulensis is planted nearby and, given its very close
phylogenetic affinity withE. rudis, is an obvious candidate as the pollen parent.

Evidence for the hybrid origin of some seed material from theKiPark Tuart, although less
conclusive, is a possibility. Apart from species suctEasalophylla and E. marginata which
normally co-occur with Tuart, a range of other eucalypt spéwees been planted in Kings Park
within the vicinity of the Tuart stands. If Tuart seed is taubed to establish more Tuart in Kings
Park a precautionary measure would be to use seed from testiaage natural stand where no
hybridization is likely, rather than from within the Park. Thisuld avoid the possibility of
establishing undesirable Tuart hybrids.

Genetic Variation Within Populations and Mating Systems

Population size, range fragmentation, geographic range and populatioonoegntral v
peripheral) are all considered to be important determinants efsl@f genetic diversity within
populations. Small, isolated and peripheral populations are genesajdered to have reduced
genetic variation. Yet for any one of these population charsiitsrithere is conflicting evidence
regarding their importance in influencing genetic diversitithiw populations (Lesica and
Allendorf 1995, Lammiet al. 1999, Ellestrand and Elam 1993). For example, there is also some
evidence to suggest that heterozygous advantage could be incregsexpheral or marginal
environments which could result in the maintenance of highetslefegenetic variation than
expected (see Lesica and Allendorf 1995).

The fragmented northern populations of Tuart, particularly those anitheof the species range
near Cervantes, might be expected to show lower levels of gediggrsity due to genetic
bottleneck effects and reduced gene flow between populations. Bothem populations
investigated in this study, at Cervantes and Cowalla Rd, haw# levels of genetic diversity than
the southern populations (Table 1) although the differences asggndicant. The relatively small
reduction in genetic variability in these northern populations, hadohly moderate levels of
genetic divergence between these populations and those to the msounhost probably a
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consequence of only relatively recent fragmentation of thith@m part of the species range in
association with increased aridity over the last few thousand years.

Tuart, like other eucalypts, has a mixed mating system comboutgossing with significant
levels of selfing. Although only two populations were invesédatit is also evident that the
proportion of outcrossing versus selfing within a population can daaynatically between
populations. The isolated marginal population at Cervantes ha#icgigtly lower levels of
outcrossing than the central population at Lake Preston. Thesediffe in the level of outcrossing
between these two populations is not common in eucalypts (Tablin&)gh similar differences
were found between marginal and more central populations of theerBarameliana (Sampson
et al. 1995).

Another mating system parameter of interest is the ctioelaof outcrossed paternity. The
estimates indicate that the number of fathers crossiny widternal trees in the Cervantes
population is 5.3, over twice the number for the Lake Preston populatiensddgests that even
though outcrossing occurs at much lower levels, in the Cervantesapop it involves pollen
from a lot more paternal trees. A number of factors could bérilcoting to this effect with
pollinator type and behaviour, plant density and number of flowers geelikely to be the most
important.

Tuart is considered to be primarily pollinated by insects, althduigts have been observed
visiting flowers, and mammals might also be expected to beguént pollinators (Ruthrat al.
this publication). There is no data comparing pollinator type detwthe marginal and main
distribution Tuart populations but there is the possibility thatetimay be a different suite of
pollinators operating in the isolated marginal populations. Riffemsect pollinators or a change
in the proportion of bird versus insect pollinators could leadgtafecant changes in the levels of
outcrossing and the correlation of outcrossed paternity. For esgaSgnpsonet al. (1995)
proposed that a shift in pollinator type from birds to insectsdcadult in more self pollination in
the case OE. rameliana.

Plant density is also likely to change mating system pasaméy influencing both pollinator
movements and the number of pollen parent plants during outtgdssie Karroret al. 1995). In
Daviesa mimosoides (Young and Brown 1998) density is negatively associated wittelated
paternity and inLambertia orbifolia (Coates and Hamley 1999) the lowest density population
studied had the highest correlated paternity. In both cases redunsgly dexs assumed to increase
intraplant pollinator movement. Based on these findings the Paketon population with the
higher correlated paternity would be expected to have a highetydétisld observations suggest
that this is the case.

Another factor influencing outcrossing rates might be plaet aiml thus the number of flowers per
plant. In the case &. rameliana Sampsoret al. (1995) suggested that the reduction in outcrossing
in the marginal populations may be due to a reduction in the numifeowefrs and therefore
effective population size in the ecologically marginal habBagnificantly lower outcrossing rates
are associated with smaller tree size in the Cervantes tiopuddthough mating system studies on
additional Tuart populations are needed to confirm this relationship.

ACKNOWLEDGEMENTS

Charles Broadbent, Andrew Webb and Neil Gibson collected seedrfabunal populations of
Tuart for this study.

97



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst

REFERENCES

Blakely WF and Steedman H 1939 Additions to the Australian Myrtace&santributions from
the New South Wales National Herbarium 1: 36.

Brooker MIH and Kleinig DA 1990 Fied Guide to Eucalypts, Volume 2: South-Western and
Southern Australia. Inkata Press, Melbourne, Victoria.

Brown AHD and Allard RW 1970 Estimation of the mating system in open-pollinated maize
populations using isozyme polymorphis@enetics 66: 133-145.

ByrneM 1999 High genetic identities between three oil mallee tuaalyptus kochii subsp
kochii, subspplenissima andE. horistes, based on nuclear RFLP analysigredity 82: 205-211.

ByrneM, Parrish TL and Moran GF 1998 Nuclear RFLP diversity Fucalyptus nitens.
Heredity 81: 225-233.

Chippendale G 1988 Eucalyptus, Angophora. IN: Flora of Australia, Volume 19, Myrtaceae (p
1540) Australian Government Publishing Service, Canberra, AustralianaCapitritory.

CoatesDJ 1988 Genetic diversity and population genetic structure in rare Gigt8rass
Wattle, Acacia anomala Court.Australian Journal of Botany 36: 273-286.

CoatesDJ 1989 Geographic patterns of genetic diversity in K&uwcal yptus diversicolor F.
Muell). Australian Journal of Botany 37: 145-156.

CoatesDJ and Hamley VL 1999 Genetic divergence and the mating system in the endangered
and geographically restricted spedi@snbertia orbifolia Gardner (Proteacea¢jeredity 83: 418-
427.

Coy N 1991 Mundijongensis Quest Resolvédstern Australian Wildflower Society Newsl etter
29 (2): 11.

Ellestrand NC and Elam DR 1993 Population genetic consequences of small population size:
implications for plant conservatioAnnual Review of Ecology and Systematics 24: 217-242.

Felsenstein J 1995 PHYLIP (Phylogeny Inference Package) Version 3.5c¢.

George AS 1996 New taxa and a new infrageneric classificatidrifandra R.Br. (Proteaceae:
Grevilleoideae)Nuytsia 10: 313-408.

Gibson N, Keighery BJ, Keighery GJ, Burbidge AH and LyonsMN 1994 A Floristic Survey

of the Southern Swan Coastal Plain. Unpublished report for the Australian Heritage Commission
prepared by the Department of Conservation and Land Management and the &ieams€auncil
of Western Australia (Inc.), Perth, WA.

Hamrick JL 1983 The distribution of genetic variation within and among natural plant
populations. IN: Schonewald-Cox CM, Chambers SM, MacBryde B and Thomas LG&m®sxs
and Conservation (pp 343-348). Benjamin-Cummings, London.

Hamrick JL and Godt MJW 1989 Allozyme diversity in plant species. IN: Brown AHD, Clegg

98



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst

MT, Kahler AL, and Weir BS (Ed9Jlant population genetics, breeding and genetic resources (pp
43-63). Sinauer Associates, Sunderland, Massachusetts.

Johnston RD and Marryatt R 1965 Taxonomy and Nomenclature of Eucalypts, Leaflet 92.
Forest Research Institute , Canberra, Australian Capital Territory

Karron JD 1987 A comparison of levels of genetic polymorphism and self-compatibility in
geographically restricted and widespread plant congelBerkitionary Ecology 1: 45-58.

Karron JD, Thumser NN, Tucker R and Hessenauer AJ 1995 The influence of population
density on outcrossing ratesMimulus ringens. Heredity 75: 175-180.

Keighery GJ 1998 Taxonomy dDiplopeltis huegelii (SapindaceaeNuytsia 13: 289-292.

Lammi A, Siikamaki P and Mustajarvi K 1999 Genetic diversity, population size, and fitness
in central and peripheral populations of a rare glyalnis viscaria. Conservation Biology 13:
1069-1078.

LesicaP and Allendorf FW 1995 When are peripheral populations valuable for conservation.
Conservation Biology 9: 753-760.

Maiden JH 1921 A Critical Revision of the Genus Eucalyptus. The Government of the State of
New South Wales, Sydney, New South Wales.

Moran GF 1992 Patterns of genetic diversity in Australian tree spedesForests 6, 49-66.

Moran GF and Bell JC 1983 Eucalyptus. IN: Tanksley SD and Orton TJ (Estgymesin Plant
Genetics and Breeding. Part B (pp 423-441). Elsevier, Amsterdam.

Moran GF and Hopper SD 1983 Genetic diversity and insular population structure of the rare
granite rock specieSucalyptus caesia Benth.Australian Journal of Botany 31: 161-172.

Moran GF and Hopper SD 1987 Conservation of the genetic resources of rare and widespread
eucalypts in remnant vegetation. IN: Saunders DA, Arnold GW, Burbidge AA and HaxKihs
(Eds)Nature Conservation, The Role of Remnants of Native Vegetation (pp 151-162). Surrey

Beatty and Sons, Chipping Norton.

Nei M and Chesser RK 1983 Estimation of fixation indices and gene diversifesals of
Human Genetics 47: 253-259.

Peron F 1807 Voyage de decouveretes aux terres australes. Paris, France.

Pryor LJ and Johnson LAS 1971 A Classification of the Eucalypts. Australian National
University, Canberra, Australian Capital Territory.

Ritland K 1989 Correlated matings in the partial seffémulus guttatus. Evolution 43: 848-859.

Ritland K and Jain SK 1981 A model for the estimation of outcrossing rate and gene frequencies
using n independent lodieredity 47: 35-52.

Sampson JF, Hopper SD and James SH 1988 Genetic diversity and the conservation of
Eucalyptus crucis Maiden.Australian Journal of Botany 36: 447-460.

99



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst

Sampson JF, Hopper SD and James SH 1989 The mating system and population genetic
structure in a bird-pollinated malleguicalyptus rhodantha. Heredity 63: 383-393.

Sampson JF, Hopper SD and James SH 1995 The mating system and genetic diversity of the
Australian arid zone malleBucalyptus rameliana F. Muell. Australian Journal of Botany 43(5):
461-474.

Sun M and Ritland K 1998 Mating system of yellow starthistf@éefitaurea solstitialis), a
successful colonizer in North Ameridderedity 80: 225-232

Weir BS 1990 Genetic data analysis. Sinauer Associates, Sunderland, USA.

Wright S 1978 Evolution and the genetics of populations Volume 4. Variability within and among
natural populations. University of Chicago Press, Chicago.

Yeh FC and Boyle TIB 1997 POPGENE Version 1.1. Microsoft Windows-Based Software for
Population Genetic Analysis.

Young AG and Brown AHD 1998 Comparative analysis of the mating system of the rare
woodland shrulaviesia suaveolens and its common congenBr mimosoides. Heredity 80: 374-
381.

100



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst

TABLES

TABLE 1. E.gomphocephala genetic diversity statistics.

Key

Column 1 Tuart population

Column 2 A mean number of alleles per locus

Column 3 P percentage of polymorphic loci

Column 4 Ho observed heterozygosity

Column 5 He gene diversity

Column 6 Fis fixation indices for all populations
Population A (SE) | P(SE) Ho (SE) He(SE) Fis(SE)
Cervantes (1) 1.6 47.1 0.115(0.040) 0.135 (0.045)161 (0.089
Cowalla Rd (2) 1.6 47.1| 0.059 (0.022) 0.129 (0.04@)448 (0.034
Kings Park (3) 1.6 52.9/ 0.080 (0.028) 0.162 (0.053)319 (0.118
Lake 1.7 52.9 | 0.092 (0.032) 0.192 (0.032).281 (0.113
Cooloongup (4)
Lake Preston (5 1.8 64.7 0.131(0.046) 0.171 (0.0%B})62 (0.080
Leschenault 1.8 47.1 | 0.147 (0.047) 0.181 (0.057).186 (0.113
Peninsula (6)
Wonnerup (7) 1.7 52.9] 0.084 (0.029) 0.151 (0.050.265 (0.099
Mean 169 | 521 |0.101(0.011) | 0.159 (0.008)  0.260 (0.04Q)

(0.03) | (2.4)
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TABLE 2. Estimates of allozyme variation at the population legl in eucalypt species and
E. gomphocephala.

Key
Column 1 Species and the pattern of the species distributiowver their range
Widespread A range of 600 km in at least one direction (after Moran and Hopper 1987)
Regional A range between 150 km — 600 km (after Moran and Hopper 1987).
Localized Endemic to a narrow range of less than 100 km (after Moran and HOB@r
Continuous Continuous system of populations over most of the range.
Disjunct Significant disjunction between populations over all or pahesfange.
Column 2 n  number of populations
Column 3 A mean number of alleles per locus
Column 4 P  percentage of polymorphic loci
Column 5 H. gene diversity
Column 6 Source of information
n A P He Source
Widespread Continuous
E. cloeziana 17 221 79.8 0.205 Moran and Hopper 1987
E. delegatensis 24 252 78.9 0.239 Moran and Hopper 1987
E. grandis 12 2.09 56.5 0.167 Moran and Hopper 1987
E. saligna 7 2.10 64.3 0.239 Moran and Hopper 1987
Mean 15 223 69.9 0.213
Regional Continuous
E. diversicolor 13 1.61 48.7 0.152  Coates 1989
E. gomphocephala 7 1.69 521 0.159

Regional Disjunct
E. caesia 13 131 29.0 0.068 Moran and Hopper 1987

E. crucis 10 1.90 60.9 0.187 Sampsehal. 1988

E. pulverulenta 4 141 27.0 0.068  Moran and Hopper 1987
E. lane-poole 7 2.26 80.0 0.246  Moran and Hopper 1987
E. rhodantha 6 1.98 56.9 0.168 Sampsehal. 1989

Mean 8 1.77 50.7 0.147

Localized

E. johnsoniana 3 1.29 27.0 0.084 Moran and Hopper 1987
E. laterica 2 2.16 75.0 0.278  Moran and Hopper 1987
E. paliformis 6 1.44 36.7 0.137  Moran and Hopper 1987
E. parvifolia 8 2.29 70.6 0.213  Moran and Hopper 1987
E. pendens 7 1.80 60.0 0.170  Moran and Hopper 1987
E. suberea 3 1.85 60.0 0.174  Moran and Hopper 1987
Mean 48 181 54.9 0.176

All plants

Mixed mating animal pollinated = 851.43 29.2 0.090 Hamrick and Godt 1989
Outcrossing animal pollinated 1641.54 35.9 0.124  Hamrick and Godt 1989
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TABLE 3. Estimates of total genetic diversity and distributon of genetic diversity in
eucalypt species and. gomphocephal a.

Key
Column 1 Species and the pattern of the species distributiowver their range
Widespread A range of 600 km in at least one direction (after Moran and Hopper 1987)
Regional A range between 150 km — 600 km (after Moran and Hopper 1987).
Localized Endemic to a narrow range of less than 100 km (after Moran and H&g8@er
Continuous Continuous system of populations over most of the range.
Disjunct Significant disjunction between populations over all or pateofange.
Column 2 H; total genetic diversity
Column 3 Hs genetic diversity within populations
Column 4 Gst proportion of total genetic diversity among populations
Column 5 Source of information
H+ Hs GST(%) Source
Widespread Continuous
E. cloeziana 0.230 0.205 11.0 Moran and Hopper 1987
E. delegatensis 0.272  0.238 12.5 Moran and Hopper 1987
E. grandis 0.190 0.167 12.0 Moran and Hopper 1987
E. saligna 0.260 0.198 8.0 Moran and Hopper 1987
Mean 0.237 0.202 10.9
Widespread Disjunct
E. nitens 0.202 0.140 30.2 Moran and Hopper 1987
Regional Continuous
E. diversicolor 0.168 0.152 9.7 Coates 1989
E. gomphocephala 0.217 0.194 10.8
Regional Disjunct
E. caesa 0.176  0.068 61.4 Moran and Hopper 1987
E. crucis 0.291 0.202 24.4 Sampsenal. 1988
E. pulverulenta 0.100 0.070 30.0 Moran and Hopper 1987
E. lane-poole 0.292 0.245 13.7 Moran and Hopper 1987
E. rhodantha 0.221 0.184 10.1 Sampsenal. 1989
Mean 0.216 0.154 27.9
Localized
E. johnsoniana 0.139 0.084 39.6  Moran and Hopper 1987
E. laterica 0.318 0.278 12.6  Moran and Hopper 1987
E. paliformis 0.141 0.136 3.9 Moran and Hopper 1987
E. parvifolia 0.228 0.212 7.0 Moran and Hopper 198J7
E. pendens 0.170 0.156 8.2 Moran and Hopper 1987
E. suberea 0.197 0.170 13.7 Moran and Hopper 1987
Mean 0.200 0.173 14.2
All plants
Mixed mating animal pollinated 0.304  0.221 21.6  Hamrick and Godt 1989
Outcrossing animal pollinated 0.310 0.243 19.7 Hamrick and Godt 1989

103



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Genetic and Morphological Variation, and
the Mating System in Tuart. DJ Coates, GJ KeiglgetyBroadhurst
TABLE 4. Mating system estimates for two populations oE. gomphocephala.
Key
Column 1 Tuart population
Column 2 Fm inbreeding co-efficient for maternal parents
Column 3 tn  multilocus outcrossing rate
Column 4 ts  single locus outcrossing rate
Column 5 tm - ts
Column 6 ro  correlation of outcrossed paternity
Column 7 Paternal Neighbourhood size (1))
Paternal
Population Fm tm (SE) ts (SE) tm - ts (SE) ro(SE) Neighbour-
hood size
(A/ry)
Cervantes 0.02 (0.05 0.54 0.52 0.03(0.02)| 0.19(0.13 5.3
(0.09)* (0.10)*
Lake Preston| -0.27 (0.19) 0.82 0.75 0.07 (0.03)| 0.38(0.14 2.6
(0.07)* (0.06)*

" Significantly less than 1 fdr, andts, and significantly greater than zero fg(P < 0.05)

TABLE 5. Estimates of the multilocus outcrossing rate tf,) in 12 eucalypt species and
E. gomphocephala.

Species tm Source

Moran and Bell 1983
E. obliqua 0.76 Moran and Bell 1983
E. pauciflora 0.70 Moran and Bell 1983
E. delegatensis 0.79 Moran and Bell 1983
E. regnans 0.69 Moran and Bell 1983
E. stellulata 0.77 Moran and Bell 1983
E. stoatel 0.82 Moran and Bell 1983
E. kitsoniana 0.77 Moran and Bell 1983
E. citriodora 0.86 Moran and Bell 1983
E. grandis 0.84 Moran and Bell 1983
E. saligna 0.77 Moran and Bell 1983
Mean 0.78
E. rhodantha (undisturbed stand) 0.59 Sampsost al. 1996
E. rhodantha (disturbed stand) 0.26 Sampsost al. 1996
E. ramdliana (undisturbed) 0.92 Sampsost al. 1996
E. rameliana (marginal) 0.48 Sampsost al. 1996
E. gomphocephala (Lake Preston) 0.82 (0.07)
E. gomphocephala (Cervantes) 0.54 (0.09)
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FIGURES

Figure 1. Type ofEucalyptus gomphocephala var. rhodoxylon.
Photograph: Gregory Keighery.

Figure 2. Mallee form of Tuart. Photograph: Gregory Keighery.
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Figure 3. Populations sampled for isozyme analysis.
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Figure 4a. Restriction Maximum Likelihood consensus tree based orge frequency data.
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Figure 4b. Distance Wagner tree based on Roger’s Genetic Distance.
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ABSTRACT

The biology of Tuart has received little attention. Existimgwn studies, including work by the
authors, are used to look at aspects of Tuart's reproductive biology, phenology, sefthbem&s
and seedling recruitment, as well as the effects of fragmentatidireiwoth Tuart populations.

The studies of Tuart’s reproductive biology and phenology have foamdidlvering occurs from
January to April with reports of mass flowering occurring evierg to eight years and patchy
flowering occurring intermittently. Seed production and supply uarf may show considerable
temporal variation. A diverse array of insects and birdsyarst likely to be involved in pollination
of Tuart.

Research currently on the seed bank dynamics of Tuart hasexdbsieat on average four seeds are
stored in each woody fruit for up to two seasons. As a consequence, seed sttir@gamnopy may
be high when heavy flowering seasons occur. Seeds are norroally stleased from the canopy,
but can also be released massdollowing disturbances such as fire. Tuart seed is susceptible
predation by ants that can remove a large proportion of seed initlgiskly and hence, Tuart
seeds do not form a long-lived soil seed reserve. Seeds haveidtighy (86%) and no innate
dormancy. Mass recruitment of seedlings following fire occurs as #us sgvamp the predators.

Fragmentation and changed disturbance regimes are affenting remnant Tuart woodlands,
transforming community structure and species composition. Thexedience to suggest that Tuart
is declining in urban remnants. Tuart flowering is patchy, i tind space, and therefore the size
of the canopy seed store may vary considerably between $adges in remnants indicate that it
takes some time for a Tuart population recovering from fire to become repvedifca fire occurs
before this time, it is unlikely that adult trees willvkaa canopy seed store available for
synchronous seed release following a fire to establish new: tvis#ture Tuarts are regularly killed
by fire when the fire breaches the bark and establishes waibe. It is also been suggested that in
urban remnants the abundance of naturally occurring wood boringsimsag have increased as a
consequence of their natural predators declining in numbers. Theaged abundance of wood
boring insects may be causing increased mortality in Tuart pagmdaSimilar suggestions have
been advanced for pathogenic fungi, suchAmasillaria.

Some suggestions for future investigations to improve knowléolged in the management of
Tuart in remnants are listed.

INTRODUCTION

Eucalyptus gomphocepha(@uart) is most commonly a medium to tall tree endemic t&Gthan
Coastal Plain in south-western Australia. It occurs moress tontinuously in a narrow coastal
belt of sand dunes and sub-coastal plains between Jurien and the Riabiméeigheryet al.
Map 1 this publication).
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Throughout this region Tuart communities have been extensively cleamnedban and agricultural
development. Nowhere is this more evident than in the rapidlyndima northern and southern
corridors of the Perth Metropolitan Region, and in the growing regmerdres of Mandurah and
Bunbury where Tuart communities are being increasingly fragmieinte isolated remnants.
Within this region there is a growing interest amongst indivgjuaommunity groups and
government agencies, in the ecology, conservation and managemdntamf communities.
Currently, information about the biology of Tuart is spread acdbsparate sources and, as a
consequence, our knowledge is difficult to assess and ou dbilitnswer questions regarding its
conservation management is limited. This chapter aims to go saméowards overcoming this
problem by providing an overview of what is currently known abbathiology of Tuart. The
chapter draws on the available literature and on studies lauthers, and highlights shortcomings
in knowledge regarding Tuart populations.

ETYMOLOGY, TAXONOMIC STATUS AND LIFEFORM

The common name, Tuart, is derived from one of the many Nyooagees for the species which
include duart, moorun, mouarn and tooart (Bennett 1993). The species és@monly known as
White Gum in reference to its bleached grey-white typidadly like bark and is the source for the
Perth suburb name White Gum Valley. The first scientific dighen of Tuart was undertaken by
the Swiss botanist Augustin Pyramus de Candolle in 1828 whdfieldsand named the plant
Eucalyptus gomphocephafieom the Greek wordgomphogclub) andkephale(head), in reference
to the species’ club headed flower bud (Figure 1). Tuart belondgettatgesttucalyptussub-
genus Symphyomyrtus but is taxonomically very distinct, having no kictage relatives and thus
forming a monospecific section (Brooker and Kleinig 1990). Tuart mastmonly occurs as a
medium to tall tree and is a dominant in tall woodlands and woodkaridgdso occurs as a smaller
tree, in heath, at the northern end of its distribution (Beard 188@)as a mallee in several
locations (Coatest al.and Keighenyet al.this publication).

FACTORS AFFECTING THE DISTRIBUTION AND ABUNDANCE OF TUART
Climate and Geomorphology

The distribution and abundance of Tuart may be understood in termsimterasctions with the
physical environment, other organisms and its resilience atyatoilrecover from disturbance. At
the very broadest landscape scale, the distribution of Taaffected by climatic gradients and
geomorphological soil patterns and its physiological limits. lis #ection we review existing
information on the physical environment where the species has been recorded.

The climate throughout Tuart’s distribution is Dry Warm Mead#rean to Warm Mediterranean
with rain falling predominantly in the winter months between Mag October (Beard 1990). The
average annual rainfall increases and temperature and thermafnalog summer months decreases
along a north-south climatic gradient. Average annual rainfadl, haximum number of dry
summer months, and the temperature range at the northern end tif @igénibution near Jurien
Bay are: 567 mm; 5 months; and -1.0° to 45.2°C. At the southern end uoseseltBn the
measurements are: 822 mm; 6 months; and 0.4° to 39.1°C (Bureau of dMeedr999). Not
surprisingly, Tuart community physiognomy appears to be relatetimate, with trees reaching
their greatest height (and stature) forming Tall Woodlandseasduthernmost end of the species’
distribution where rainfall is highest (Beard 1990).
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Geomorphology and soils also play an important determining role irt’'J dastribution. Tuart is
most commonly found on the aeolian derived Spearwood Dune System ooastal limestone
derived Cottesloe and Karrakatta soil units. Soils in the#ts are sandy, coarse and wathined
with a high percentage of calcium carbonate (Semeniuk andf@thsk089, McArthur1991).
Tuart is one of the few eucalypts adapted to these hightarealus alkaline soils (Eldridg al.
1994, Gibsoret al. this publication). However, Tuart is also recorded on the you@gérdalup
Dune System occasionally further inland on riverflats (Fox andyCi979, Beard 1989, Bolaret
al. 1984 and in this publication Coatesal, Keigheryet al. and Gibsoret al). These outlying
populations may provide interesting insights into gwelutionary history and biogeography of
Tuart.

Demographic Processes — Biological Interactions and the Effectskife

At the broadest regional scale, climate and geomorphologicapatérns interact with Tuart's
physiological limits to determine the potential range of thecispe At a more localized scale,
within this range the distribution and abundance of individualsffescted by the demographic
processes of dispersal, seedling recruitment (births) and plartality (deaths). This is best
illustrated by considering Tuart’s life cycle. For seedlingugment to occur, trees have to flower,
and flowers have to be pollinated and set and disperse viadbte the seed then has to escape
predation so that it can be incorporated into a soil seed bank Wwhmeust persist until the right
conditions stimulate germination; the young plant then has to suavigegrow to reproductive
maturity (Harper 1977). The movement of individuals through tliesclycle is affected by
biological interactions (e.g. pollination, seed predation and rashivstochastic processes (e.g.
rainfall variability) and catastrophic events (e.g. firl).this section we review the available
information and studies currently being undertaken by the autimotSe above processes within
the context of Tuart’s lifecycle.

Floral Biology and Pattern of Flowering

Beyond general descriptions of bud and flower morphology, only one comprehetsdy of
Tuart’s reproductive biology and phenology has been undertaken. Io#ooes are produced
from the current season’s shoots in the outer canopy and develoglyaterleaf axils as
unbranched clusters of up to seven buds which are mushroom shaped,aseksifesize 1.4-
2.3 cm x 0.8-1.5 cm (Bolanet al. 1984, Brooker and Kleinig 1990) (Figure 1). Flower buds are
susceptible to predation by the Tuart Bud Wedddlonyx tibialisCurculionidae) which lays an
egg inside the flower bud before cutting the bud off partially or completelyiaivee then feed on
the top part of the bud for four months before pupating and cuttiimgvthg out through the base
(Fox and Curry 1979). The effects of the Tuart Bud Weevil e reported since at least 1880
(Fox and Curry 1979).

Tuart has a typical eucalypt flower with creamy whitenfibats that are splayed upwards and
outwards from the rim of the hypanthium, forming a flat topped &r3y2.7 cm in diameter and
exposing a nectar producing disc. Across Tuart’s range flowersdden recorded from January
to April (Marchantet al. 1987, Brooker and Kleinig 1990, Ruthrof 2001), with reports of mass
flowering occurring in populations every five to eight yearsl gatchy flowering occurring
intermittently (Keene and Cracknell 1972, Kay 1985). Simildtepas of mass flowering have
been observed in other temperate eucalypts. For example, Ashton {&0@8)in Eucalyptus
regnansthat during poor flowering years some trees flowered, but otlersot and attributed this
to individuals having their own cycle of bud production. Heavy flomgeyears occurred when
there was a coincidence of phases between individuals. Assequence, seed production and
supply in Tuart may show considerable temporal variation.
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Breeding System and Pollination Biology

Previous to this publication (Coatetsal), no studies of Tuart’s breeding system are known. The
majority of eucalypts studied are hermaphroditic and protandrousantitiers dehiscing before the
stigma becomes receptive, and have asynchronous flower developitientthe canopy (House
1997, Potts and Wiltshire 1997). As a consequence, flowers within anddeimflorescences can
be in the male or female phase and pollinators only need to theveelatively short distance
between flowers which are in the male phase to flowers wanehn the female phase within the
same inflorescence or plant to effect pollination (House 1997reTlis therefore ample
opportunity for self pollination and indeed, to date, all eucalypidierd have a mixed mating
system combining outcrossing and inbreeding (for reviews seenNmii Hopper 1987, Sampson
et al. 1990, House 1997, Potts and Wiltshire 1997). On the balance of evittenteother
eucalypts, it is highly probable that Tuart similarly has aechimating system with preferential
outcrossing. Coate=t al. (this publication) establishes that this indeed is the case wattt. Tu

Similarly, there are no known comprehensive studies of Tuart'matidin biology but again there

is much that can be inferred from studies of other species in the genus. Inrgueunalypts share
the same basic floral structure but there is consideralvlation between species in traits such as
bud size, the number of flowers produced, flower and infloresceizee flament colour,
production and presentation of nectar, and flowering time (Pryor 19%6n G082, House 1997).
This variation and associations of traits such as flower azkfilament colour has led Sargent
(1928), Pryor (1976), Foret al. (1979) and Hopper and Moran (1981) to propose that floral traits
evolved in the genus in response to the selective behaviour of differemt yeiters.

Fordet al (1979), Hopper and Moran (1981) and Griffin (1982) have hypothesised thipésica
which produce small, white or cream flowers (€egcalyptus muelleriandlreland and Griffin
1984); Eucalyptus foecundaand Eucalyptus cylindrifolia (Hawkeswood 1982);Eucalyptus
stellulata (House 1997); andeucalyptus marginataYates et al 2002 submitted)) with low
volumes of concentrated nectar grouped into large confloressezact many insects, and less
frequently birds and mammals, whereas eucalypts which prodgeeflawers with yellow or red
filaments (e.g.Eucalyptus stoate{Hopper and Moran 1981Eucalyptus incrassat¢Bond and
Brown 1979);Eucalyptus rhodanthgMcNee 1995); andEucalyptus ramelliangSampsoret al
1995)) and large volumes of dilute nectar attract fewer isdmdt larger, more active birds and
mammals. These studies generally confirm the above hypothestheasis of these studies it
would be expected that Tuart is pollinated by insects and birds.

There are two records of two animal species visiting Ttlawers, the Singing Honeyeater
(Lichenostomus virescenand Brown HoneyeatelLichmera indistincta (Brown et al. 1997).
Recent studies of the floral visitors to Jarrdudalyptus marginajain a mixed Jarrah/Tuart
woodland suggest that a diverse array of insects are invalvedllination of mass flowering
white-flowered eucalypts (Yatex al 2002 submitted). The study observed 84 insect species from
five orders including: Hymenoptera (ants, bees and wasps);r®ifftees); Coleoptera (beetles);
Lepidoptera (moths and butterflies); and Blattadea (cockroacBasg)ies of Tuart are likely to
yield similar results and this is an area for further research.

Seedbank Dynamics

There are no known published studies describing the seed bank dymdniiosrt. Research
currently being undertaken has observed that on average four Semash this is variable, are
stored in woody fruit for up to two consecutive flowering seasdisthfof 2001). As a
consequence, seed storage in the canopy may be high when heannfioseasons occur. Seeds
are black, flattish to saucer shaped, often flanged, with actisgticulum and are 2-3 mm long.
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Seeds are gradually released from the canopy seed stonglassa¢d rain throughout the year but

particularly in the summer months (Ruthrof 2001). Similar pattefisgeed fall have been observed

in other temperate eucalypts (Cremer 1965, Andersen 1989, etaib4994, House 1997). Seeds

are released from the canopy seed reserve in four ways:

1. when fruit dry out over summer months;

2. when branches subtending fruit die and capsules dry out;

3. when unopened fruit are blown from the canopy and dry out on the ground; and

4. when cockatoos and parrots feed on seeds and some escape peetthfiahto the ground
freely or in dissected fruit (Cremer 1965, Yatésl 1994, Ruthrof 2001).

In a number of temperate eucalypts seeds can also be defeasethe canopy resenen masse
following disturbances such as fire (O’'Dowd and Gill 1984, Burretval. 1990). This is also
likely to be the case in Tuart which displays mass recruitroé seedlings following fire (see
below).

Following dispersal from the canopy, seed on the soil surface iepilde to predation. In
temperate eucalypts the most commonly observed predators are ants (Ashiginiergen 1982,
O’'Dowd and Gill 1984, Abbott and van Huerck 1985, Wellington and Noble 198%kset al.
1995, Majeret al. 1997). Generally these studies have observed that seed preoetions
throughout the year, but is highest in the summer months when rentaost active. Studies
undertaken have similarly observed that Tuart seed is also sukzéptioedation by ants (Ruthrof
2001). In mixed Jarrah/Tuart woodland, ants removed 47% of Tuart semdsséed baits
(cafeterias) within 4 days. One species of Mwranoplussp., was seen removing seed from a
cafeteria and in a concurrent pitfall trapping study 8 granivoamtisggenera were recorded. The
most frequently trapped ants belonged to two geisai@nopsisindlridomyrmex(Ruthrof 2001).

Post-dispersal predation by ants clearly affects the numbszenfs that enter the soil where they
must persist until suitable conditions occur for germination. StudfeTuart’'s soil seed bank
dynamics currently being undertaken in mixed Jarrah/Tuart woodiiane observed that Tuart
seeds do not form a long lived soil seed reserve (Ruthrof 2001). Wherfiaiabsted reserve was
established, the number of seeds recovered declined with increapogure and most seeds had
germinated within 6 months of the onset of winter rains (Ruthrof 2@Imilar observations have
been made for a number of other temperate eucalypts (Mzaibd995).

Germination, Establishment and Growth: the Regeneration Niche

Studies on the germination physiology of seeds collected front fuan urban remnant, Kings
Park Bushland, have observed high viability (86%) and no innate doynf@anthrof 2001). The
studies observed that under laboratory conditions seeds did pondeto commonly reported
external dormancy breaking stimuli such as smoke. Seeds gemnhieatéily at temperatures
ranging from 13° to 23°C, with maximum germination at 13°C (RutB@érl). Investigations of
germination under field conditions observed that seeds sown intal dateah/Tuart woodland
unburnt for 2 and 10 years germinated with the onset of the waites, but seedlings failed to
survive the first summer.

The information presented thus far suggests that Taraates life history characteristics with
eucalypts that recruit seedlings following large scale dianres such as fire (O'Dowd and Gill
1984, Wellington and Noble 1985a). These characteristics include: cagegpytores (Grose 1957
and 1960, Christensen 1971, Ashton 1975, Crembeal. 1978, Wellington and Noble 1985a,
Davies and Myerscough 1991); heavy seed predation by ants (Ashton IBo®ydCand Gill
1984, Andersen and Ashton 1985, Wellington and Noble 1985b); the absenpersistent soll
seed bank (Carol and Ashton 1965, Barbour and Lange 1967, Wellington and188%&); and
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the failure of seedlings to establish during inter-fire guisi(Wellington and Noble 1985a, Yatds
al. 1996).

Indeed, recent studies both in an urban mixed Jarrah/Tuart woodlizwgd, Rark, and in relatively
unfragmented woodland at the more southerly end of the Tuart’s dismnpbave observed mass
recruitment of Tuart seedlings following fire (Ruthrof 2001). VEjutead recruitment of Tuart
seedlings in Kings Park was particularly evident followirfgeain 1996. In the second winter after
the fire there was an average of 52 seedlings in 5 m x 5 m guadtlatas many as 101 seedlings
being recorded. The seedlings had relatively high growth ratesens] on average, 90 cm high
with the tallest seedling being 215 cm.

Seedling recruitment following fire has been attributed to abeurof interactions such as changes
in seed dynamics and increased abundance of safe sites foma@miand establishment
(Wellington and Noble 1985a). It has been observed that fire induvessive and synchronous
release of all canopy stored seed (O’'Dowd and Gill 1984, Andersen BAB8ws et al. 1990)
which causes a temporary satiation of seed eating antgjrrgsal lower rates of seed predation
(O’Dowd and Gill 1984, Wellington and Noble 1985b, Andersen 1988) and th#igisteent of a
temporary soil seed bank. However, fire also increases the atmendtsafe sites for germination
and establishment (O’Dowd and Gill 1984, Andersen 1987 and 1989) througffedtss on soil
physical, chemical and biological properties (Humphreys and Q@8d, Walkeret al. 1986).
These changes influence seedling emergence, growth and sumgv@Psyor 1960 and 1963,
Loneragan and Loneragan 1964) by increasing the availability ofemist (Humphreys and
Lambert 1965, Tomkingt al. 1991, Bauhuset al. 1993, Chambers and Attiwill 1994) and
destroying the soil-litter complex of micro-organisms inhibitoryptant growth (Renbusst al.
1973, Bell and Williams 1997); reducing competition, particularlyapsgcreated by the death of
adult plants (Wellington and Noble 1985a) and removing the natunaliemef seedlings (Whelan
and Main 1979, Whelaet al. 1980) .

Herbivory

Like most eucalypts, Tuart provides a resource for a rangsabehting and wood boring insects
and there are a number of herbivores and parasites that eah th#f growth of seedlings and
adults. There are no known detailed studies of herbivory in Tuart bedesutibing the most
common herbivores. Fox and Curry (1979) have listed a number of thesetsIfseding on
foliage include leaf eaters such as the Tuart MiNap(iculasp. Nepticulidae Lepidoptera) and
sawfly larvae Pergasp. Pergidae Hymenoptera) and leaf suckers like leaf hofip@ngmeliadae
Membracidae Hemiptera), shield bugs (Pentatomidae Hemiptadh)eigps (Psyllidae Hemiptera)
(Fox and Curry 1979). Wood boring insects include: Tuart BoRdrorocantha impavida
Cerambycidae Coleopteraffulama sp. (Cossidae, Lepidoptera); Stem Girdl@ryptophasa
unipunctatalLepidoptera); and Pinhole Boretf{ractocerus kreuslerakymexylidae Coleoptera)
(Fox and Curry 1979).

CONSERVATION ISSUES

Large areas of Tuart woodland have been cleared for bothisatian and agriculture throughout
the species’ range. Beard and Sprenger (1984) estimated that eptedxi 94% of Tuart
woodlands and 90% of Tuart/Jarrah woodland have been cleared. &tergly Hopkinset al
(1996) estimated that 90% of medium Tuart woodland, 96% of medium @ Tuart/Jarrah
woodland and 80% of medium open Tuart woodland have been cleared. Nowtti@senwre
evident than on the coastal strip which encompasses the ramahngrareas of the greater Perth
Metropolitan Region and Mandurah, which coincides with the cemgoation of Tuart's
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distribution. In this area Tuart woodlands are fragmented and sedbjextdisturbance regimes
which differ in type, frequency, intensity and scale to thgiedenced by woodlands prior to
European settlement.

The impacts of fragmentation and changed disturbance regimeBemteng many remnant Tuart
woodlands, transforming community structure and species compositeteast resilient species
are declining in abundance, some species are showing no change asdpodu®minantly exotic
species though not always, are increasing in abundance (Redh8ea@nty 1991, Dixoet al
1995). There is considerable anecdotal evidence, and some figcievitience, to suggest that
Tuart is one species which is declining in a number of urban woodlamhngs. This trend is well
documented at Star Swamp in the northern suburbs of Perth whgot @994) measured decline
in Tuart canopy cover from 30% in 1953 to 7% in 1988. Piggot suggestededtlise was
associated with weed invasion and increased frequency of firekemiag adult trees and
impacting on recruitment.

Indeed, there is evidence in urban Jarrah/Tuart woodland remnattsasuthe Kings Park
Bushland that invasion by the exotic gr&$sharta calycina(Perennial Veldtgrass) has increased
the frequency and intensity of fires and established a cyateotbmotes fire and further invasion,
and caused decline of native species and localized extinctiore afefivsitive species (Wycherley
1984, Dixonet al. 1995).

It is seemingly a paradox that Tuart, which relies predominantly on firedaritraent of seedlings
and is relatively thick barked and able to resprout from emicobuds, is declining in remnants
which are frequently burnt. There are several explanations ifar Eirstly, Tuart flowering is
patchy in time and space and therefore the size of the canopgteeednay vary considerably
between years. As a consequence, there may be consideraliiervamithe potential for seedling
recruitment following a fire. Secondly, studies currently being dallen in an urban Jarrah/Tuart
woodland remnant indicate that it takes some time for a Pugtlation recovering from fire to
become reproductive. Ruthrof (unpublished data) observed that 3 ydersfisd 13% of
resprouting adult Tuarts had buds but none held fruit within their caamplyten years after fire
60% of adults had buds and 73% had fruit. The exact time neededdidrtd wecover from fire
and produce enough seed to recruit seedlings is unknown but theks seggest that the
minimum time is between 4 and 9 years and that after a decadesiderable part of the
population was not reproductive. Consequently, if a fire occumdodis time, it is unlikely that
adult trees will have a canopy seed store available fachsgnous seed release following a fire.
Finally, Tuart generally does not form a lignotuber and seedéingguveniles are therefore killed
by fire until they reach a stem diameter where the Isatthick enough to protect sensitive cambial
tissue. The time taken for juveniles to reach a size where they hraedise resistance is unknown
but Fox (1981) has suggested that some resistance occurs tditdry@ars. In addition, mature
Tuarts are regularly killed by fire when the fire breadiesbark and establishes in the wood. The
fire continues internally after the causal fire, eventually killimgtree.

Clearly, increases in the frequency of fire have the potdnticause decline in Tuart populations
and all efforts should be made to reduce the incidence of firecbanwemnants by reducing the
abundance of weeds like Perennial Veldtgrass and quickly rasgancand containing fires when
they do occur.

Fragmentation and changes in the intensity and frequency of distarban have a direct impact
on the abundance of Tuart. They can also affect the abundanceanfsarg that Tuart interacts
with. It has been suggested that in urban remnants the abundanceraflynatccurring wood
boring insects including Tuart BorePhoracantha impavida Stem Girdler Cryptophasa
unipunctata(Lepidoptera) and the moth larv&ulamasp. (Cossidae) may have increased as a
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consequence of their natural predators declining in numberscoring extinct (Fox 1981). For
example, Carnaby’s Cockatoo which feeds on the larvaR. ompavidaand Grey Currawong
which feeds on the adult borer have significantly declined asrbedocally extinct in many urban
Tuart woodland remnants (John Dell pers. comm., Recher and Sed@9ty. Wood boring
insects may cause considerable damage to Tuart, resultingniohbring barking and even plant
death. As a consequence, increased abundance of wood boring insetts osasing increased
mortality in Tuart populations. Currently not enough is known about thersawhich limit the
distribution and abundance of wood boring insects and their relativelabces in disturbed urban
woodland remnants and less disturbed relatively unfragmented Wwaadiands. It is therefore
difficult to assess whether the abundances of wood boring insettates of damage in disturbed
urban remnants are within the range of what is observed inistagbed relatively unfragmented
Tuart woodlands. Clearly, determining the factors which limitdtstribution and abundance of
wood boring insects and documenting the spatial and temporal vaiiatibeir abundance would
be fruitful areas for further research and provide importargramition for managing Tuart
populations.

Fox (1981) has suggested that Tuart decline in some urban remragnite rue to increased rates
of infection by fungi such aérmillaria andPiptoporous Both fungiare regarded as secondary
pathogens that invade weakened eucalypts (Palzer 1980). Evideriuadgal pathogens being a
cause of decline is equivocal but it may be possible that sedeftequency of fires in urban
remnants has weakened trees and increased the amount of deaaveitadde forArmillaria and
Piptoporousto invade. As with wood boring insects, there is little scientfata to determine
whether rates ormillaria have increased in urban remnants where Tuart is decliningrl\Clkis

is an area worthy of further research.

It has been suggested that atmospheric pollution has had aseag¥fect on Tuart populations
(Seddon 1972, Chilcott 1992). Evidence for this is equivocal and musewed with caution as
no long-term studies have been carried out on the direct impgmdllation on Tuart. Chilcott
(1992) reported that the distribution of Tuart decline is gelyerastricted to urban areas and is
worse in the Kwinana Industrial Area. General healtheiased with distance from the point of
pollution. Chilcott (1992) concluded that the synergistic effect floencombination of SOand
NO, pollution was acting to damage Tuart. However, revegetatiafs twith irrigated Tuart

seedlings conducted by Meney and Fox (1986) showed that Tualingesurvival was high
(100% survival rate) at a site within the Kwinana indastoelt. Meney and Fox (1986) concluded
that water availability was a more important factor tharpallution in determining early Tuart
survival.

CONCLUSIONS

We have presented a brief review of what is currently knalout the biology of Tuart. We have

focused primarily on the ecological interactions which influeheedistribution and abundance of

the species; clearly there is still much to be learnt, itiqodatr, how habitat fragmentation and

disturbance influence the rates of these interactions.s\iggest that the following avenues of

research would be particularly useful:

« long term studies of reproductive phenology in both disturbed urbamargsand relatively
undisturbed unfragmented woodlands;

* long term longitudinal monitoring of seedling cohorts and adutivexy following fire in both
disturbed urban remnants and relatively undisturbed unfragmented woodlands;

» studies of the population dynamics and abundance of wood boring inmsduith disturbed
urban remnants and relatively undisturbed unfragmented woodlands;

e studies of Tuart pathology in both disturbed urban remnants aativegl undisturbed
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unfragmented woodlands; and
» the development of management techniques for increasing Tuartaaioend remnants where
it has declined.
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FIGURES

Figure 1. Eucalyptus gomphocephala A. Leaf; B. Buds (x 1.5); C. Buds (x 0.5); D. Section of
flower bud (x 2); E. anthers (much enlarged); F. Fruits (x1); G. &ction of fruit
(slightly enlarged); H. Seeds (much magnified) (Gardner 1987)Reproduced from
the original with the kind permission of the WA Herbarium.

122



Tuart (Eucalyptus gomphocephala) and Tuart Communities

FLORA OF TUART COMMUNITIES

CONTENTS

THE OCCURRENCE OF TUART IN PLANT COMMUNITIES ON THE SWAN
COASTAL PLAIN
N Gibson, BJ Keighery and EA Giriffin

ABSTRACT 126
INTRODUCTION 126
METHODS 127
Floristic Analysis 127
Modelling Tree Species Distributions 127
RESULTS 127
Floristic Analysis 127
Environmental Correlates 129
Canopy Species Modelling 129
DISCUSSION 130
REFERENCES 131
TABLES 133
Table 1. Community types in which Tuart occurs. 133
Table 2. Additional community types in which Tuart occurs. 133
Table 3. Mean species richness by site groups. 134
Table 4. Mean values of soil parameters for nine of the majorrsipg) 134
Table 5. Mean site group values for annual rainfall and annual temgeratur 135
Table 6. Percentage co-occurrence of canopy with Tuart. 135
Table 7. Models of canopy species distribution. 136
FIGURES 137
Figure 1.  Map of the Swan Coastal Plain showing the locations and site 137
groups.
Figure 2.  Dendrogram of the 64 Tuart sites showing major site types. 138
Figure 3.  Plot of pH against total phosphorous. 139
Figure 4.  Probability of occurrence of major canopy species against pH. 140
Figure 5.  Probability of occurrence of selected canopy speciassayztal 141
phosphorous.
Figure 6.  Proposed model of Tuart distribution on the Swan Coastal Plain. 142
APPENDICES 143
Appendix 1. Sorted Two Way Table Showing Species Occurrences by&ites 143
Site Groups.

123



Tuart (Eucalyptus gomphocephala) and Tuart Communities

CONTENTS (continued)

THE FLORA OF TUART WOODLANDS
GJ Keighery

ABSTRACT
INTRODUCTION
METHODS
RESULTS AND DISCUSSION
Total Flora
Native Flora
Family Representation
Common Species and Life Forms
Significant Flora
Declared Rare and Priority Flora
Endemic Species
Geographically Significant Taxa
Other Species of Interest
Weed Flora
CONCLUSIONS
REFERENCES
PERSONAL COMMUNICATIONS
TABLES

Table 1. Bushland areas for which the Tuart woodland flora is listed in

Appendix 1.

Table 2. A comparison of the floristics of the Perth Region, Tuart
woodlands in the Perth Metropolitan Region and Tuart woodlands

in this study.
APPENDICES

Appendix 1. Flora of the Tuart woodlands in twelve bushland areas.

147
147
147
148
148
148
148
149
150
150
150
150
151
151
153
153
155
156
156

157

158

124

158



Tuart (Eucalyptus gomphocephala) and Tuart Communities

CONTENTS (continued)

FLORISTICSOF THE TUART FOREST RESERVE
GJ Keighery and BJ Keighery

ABSTRACT
INTRODUCTION
LOCATION AND GEOGRAPHIC DETAILS
SURVEY METHOD
GEOMORPHOLOGY AND SOILS
VEGETATION
The Vegetation Map
Uplands
Wetlands
Rivers
Floristic Community Types
FLORA
Historical records of the flora
Current Flora
Significant Flora
Declared Rare and Priority Flora
Geographically Significant Taxa
Significant Species Co-occurrences
Species Restricted to Clay Based Wetlands
Weeds
VEGETATION CONDITION
Uplands
Wetlands
River
DISCUSSION
Vegetation
Flora
Vegetation Condition
Vegetation Past and Present

CONCLUSION
ACKNOWLEDGEMENTS
REFERENCES
TABLES
Table 1. Relationship between land systems and major landfotsnafirihe

Swan Coastal Plain.
Table 2. Floristic Community Types.

MAPS
Map 1. Location of the Tuart Forest Reserve.
Map 2. Tuart Forest Reserve - Blocks and State Forest Boundaries.
Map 3. Vegetation of the Tuart Forest Reserve.
Map 4. Distribution of the Floristic Community Type 25.

Map 5. Distribution of the Floristic Community Type 30b.
APPENDICES

Appendix 1. Vegetation Descriptions and Conditions.

Appendix 2. Flora of Minninup Block.

Appendix 3. Flora of the Contiguous Blocks (North to Bullock/Mill).

Appendix 4. Composite Flora Lists from the work of d’'Espeissis.

Appendix 5. Reference tables.

Appendix 6. Grassy Woodlands in Western Australia

180
180
181
181
182
183
183
183
184
185
186
186
186
188
188
188
190
191
191
191
193
193
193
193
193
193
195
195
196
199
200
200
205
205

205
206
206
207
208
209
210
211
211
218
226
245
248
251

125



Tuart ( Eucalyptus gomphocephala) and Tuart Communities

THE OCCURRENCE OF TUART IN PLANT COMMUNITIES
ON THE SWAN COASTAL PLAIN

N Gibsort, BJ Keighery” and EA Griffin *

1. Science Division, Department of Conservation band Management,
Wildlife Research Centre, PO Box 51, Wanneroo, \§246.
2. Department of Environmental Protection, PO B&2K, Perth, WA, 6842.
3. Department of Agriculture, Locked Bag 4, Bentslivery Centre, WA, 6983.

ABSTRACT

An analysis was undertaken on the floristic variation of véigetan which Tuart was known to
occur. It was found that Tuart occurs in a wide range of commtyms, only some of which it
dominates. The major environmental correlates with flerisbmposition were soil type and
rainfall. Detailed soil chemical analysis of a subset ofels®s showed Tuart to be tolerant of a
suprisingly wide range of soil type. Generalized linear modelgestigd that soil pH and total
phosphorous were the best predictors of Tuart occurrence and thiaaffddgonis flexuosdad a
higher probability of occurrence on soils with pH of over 7.3 thgnad the other common canopy
species. A model is proposed to describe Tuart occurrence on the Swan Rlaastal

INTRODUCTION

The natural distribution of Tuart extends for over 400 km framed in the north to the Sabina
River in the south, primarily along the coast but with outlying pdfmra at Lowlands and
Guildford on the eastern side of the Swan Coastal Plain. A detailed descriptioarbflistribution

Is given in Keigheryet al. (this publication). As a consequence of its broad distributiothen
Coastal Plain, Tuart is not restricted to a single plantnaonity but occurs in forests to very open
mallee and from slopes of massive limestone ridges to seasonaldsetla

In their regional overview of the vegetation complexes of thdirigaSystem, Heddlet al. (1980)
recorded Tuart forest and woodlands from seven of their landforts, wyith it being typical of
four (Karrakatta - Central and South; Cottesloe - Centrdl South; Yoongarillup; and Vasse).
Gibsonet al. (1994) provided a regional classification of the vegetation efstbuthern Swan
Coastal Plain based on species composition. In that classifidaienm was recorded from 10 of
the 43 groups identified, with it being dominant in two of these (ty@&®e%® 30b) (Table 1).
Community type 25 typically occurs on Spearwood Dunes while commuymqigéy30b occurs on
the younger Quindalup Dunes. Tuart has also been recorded frolandsge (type 17) and
associated with river courses well east of the major distribution.

More recent complimentary floristic survey work on the CalaBlain has resulted in further
sampling of the Quindalup Dune system and seasonal wetlands, bdttshalbich were under
sampled by Gibsoat al.(1994). The results of this work have refined some of the e#idrestic
group definitions and identified further floristic units in which Tuarturs (Table 2).

The aim of the present paper is to examine the floristiabitity of sites in which Tuart has been
recorded and to examine similarities and differences of Tunatother canopy species in relation
to climate and soil parameters.
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METHODS
Floristic Analysis

Species lists were available from a total of 64 sites whdaritained Tuart; the location of these

sites is described in Keighest al. (this publication). These sites came from the five studie

outlined below.

e Gibsonet al.(1994) — thirty-seven 10 m x 10 m quadrats from public lands whicé seared
on two occasions.

 DEP (1996) — fifteen 10 m x 10 m quadrats from public and private lana$ wdgre scored
on one or two occasions.

« Keighery (1996) — six relevés, of approximately 109 from public lands which were scored
once.

Griffin (1993) — four relevés, of approximately 106, from public lands which were scored
once. Two of these were from the Cervantes area and covernedddxesampled northern part
of Tuart’s range (Figure 1).

e Griffin (1998) — two 10 m x 10 m quadrats from public and private lavtdsh were scored
once.

Within each site all vascular plants were recorded. Data on riapitigal position, slope, aspect,
percentage litter, percentage bare ground, percentage exposeditbekgatation structure were
collected from each site. Slope was scored on a one to threefreralflat to steep. Aspect was
recorded as one of 16 cardinal directions. Vegetation struataserecorded using Muir’'s (1977)
classification. Only taxa identified to at least species levetweluded in the analysis.

Sites were classified according to similarities in specemposition. The site and species
classifications undertaken used the Czekanowski coeffierdt "unweighted pair-group mean
average" fusion method (UPGMA, Sneath and Sokal 1973). Nomemclgeaurerally follows
Paczkowska and Chapman (2000).

Modelling Tree Species Distributions

Detailed soil chemistry and climatic data has recently itnecavailable for most of the 509 sites
used in regional floristic classification (Gibs@t al. 1994). Generalized linear models were
produced for canopy species using binomial error structure anditdgftihction (Crawley 1993).
Models were step-wise additive where terms were adde&% aecrease in scaled deviance was
achieved. At 505 sites, 24 soil samples were collected froA thmrizon; these were bulked then
analyzed for pH, electrical conductivity, total nitrogen, total phospls, percentage sand,
percentage silt, percentage clay, exchangeable calcium,ngegtide magnesium, exchangeable
potassium and exchangeable sodium using standard methods (McAR81)r Estimates of mean
annual temperature and mean annual rainfall were derived froI@€LIM model of Bushy
(1986).

RESULTS

Floristic Analysis

A total flora of 414 taxa was recorded from the 64 sites; afeth#37 (33%) were only recorded
once. After Tuart, the most widespread native taxa Wwielenbergia comptoniané49 sites),

Daucus glochidiatug39 sites) andrachymene pilosé38 sites). Ninety weeds were recorded, of
which 23 occurred in only one site while thradypochaeris glabra, Sonchus oleraceaisd
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Anagallis arvensisoccurred in more than half the sites.

Preliminary analysis showed that the singletons added liftiennation and were excluded from
the analysis. As a result the final data set consisted ofa®a7in 64 sites. Species richness ranged
from 6 to 69 taxa per site, with individual taxa occurring in between 2 and 64 sites

The first division in the dendrogram gives a good separation of Speasites{site groups 1 to 4)
from Quindalup sites (site groups 5 to 12) (Figure 2). The Spearnviteogisups (site groups 1 to
4) have much higher mean species richness than the Quindaluposips grith the exception of
site group 2 which is a seasonal wetland (Table 3).

Site group 1 contains the typical Tuart dominated woodlands dignesiricted to areas south of
Pinjarra (Figure 1) grading into TuarBanksia attenuatavoodlands. Most sites in this group were
classified into community types 25 and 21a in the Gibsoal. (1994) regional classification.

Outlying occurrences occur at Lowlands and Yellagonga, both these being adjacent to

wetlands.

A single site in Tuart anBanksia littoralisover Lepidosperma longitudinalsedgeland forms site
group 2. This site lies on a broad ecotone between Tuart woodlartik aidge above and a
Melaleucawetland; species richness is only half that of the other Spearwoodaipesgr

Site group 3 corresponds exactly to Gibstral (1994) community type 26b (woodlands and
mallees on limestone) which generally occur around the base tHrtjeelimestone ridges in the
Yanchep and Yalgorup areas. Species assemblage H differerntimesite group (Appendix 1).
The final Spearwood site group (group 4) has a northern distribefatacing site group 1. Sites in
this group include the Tuart over heaths grading Bdoksia attenuatavoodlands (Gibsoet al.
1994). This group largely lacks species in species assemblages F, G, Krextéhié typical of site
group 1 (Appendix 1).

The Quindalup site groups tended to be somewhat more heterogenoubett&pmearwood site
groups and included three different wetland types. Site group 5 comphesewrthern coastal
Tuart sites extending from Cervantes to Woodman Point. The=e g#re Tuart over typical
Quindalup shrublands. This grouping is consistent with Griffin’s (1988up 86 which included
the two Cervantes sites groups with Tuart sites from Bold Park. Thedsite group 9 also occurs
close to the coast but tends to have a more closed canopy and sthmestofub taxa are lacking,
being replaced by herbs. The typical southern Quindalup Té@gnisforests (type 30b - Gibson
et al. 1994) occur in type 7 and are restricted to the coast in theuBy area (Figure 1). This site
group has the highest mean species richness of the Quindalup dialge 3), and is
differentiated by species assemblage G (Appendix 1).

Site group 6 is a heterogenous group made up of two sites on limestone along the $wandRiv
dampland in a dune swale. The final upland group (site group 12) cempisturbed Tuart
woodlands oveKanthorrhoea preissivith a significant component of annual weed taxa (Figure 2,
Appendix 1).

The three remaining Quindalup site groups are wetlands. Site growmg@rises freshwater
seasonal wetlands characterized by species assemblage RPdikppe this site group was only
recorded in the Yanchep area (FigureMglaleuca rhaphiophyllavas a co-dominant andarex
appressawas restricted to this site group.

Site group 10 consisted of a single site on a humus rich seiteadjto the Moore River near
Guilderton which was dominated Ielaleuca rhaphiophyllaover Baumea junceaThis site was

128



Tuart (Eucalyptus gomphocephala) and Tuart Communities: The Occurrence of Tuart in Plant
Communities on the Swan Coastal Plain. N GibsanK8ighery & EA Griffin

very species poor with only nine taxa being recorded.

The final site group (group 11) occurred in the Lake Cooloongup - &etaand was dominated
by Tuart and/oMelaleuca rhaphiophyll@ver Gahnia trifida.Soil chemical analysis (of one site in
this group) showed the surface soils to be somewhat saline (Table 4).

Environmental Correlates

Given the direction of the major rainfall and temperature gresligiong the Swan Coastal Plain,
the geographic separation of sites groups strongly correldttegshe regional climatic gradients.
Within the Spearwood system, site groups 1 and 2 have largely soudlis&ibution shown by
higher mean annual rainfall and lower mean annual temperaturessiteagroups 3 and 4
(Table 5). Site group 7 is the cool temperature, high rainfallheautgroup of the Quindalup
system, while groups 5, 8, 9 and 10 are drier and warmer than groupd 12,aeflecting their
more northern distribution on the Plain (Table 5).

Soil chemical analysis is available for 37 of the 64 sitawering 9 of the 12 groups. All
Spearwood groups (groups 1 - 4) had lower mean pH than all Quindalup ¢f@ighs 4). Site
group 3, occurring on the massive limestone ridges, had a pk2,oividile the pH of the other
Spearwood groups ranged from 6.4 to 6.5. The Quindalup site groups had pHgeainbe6 and
8.7. Total phosphorous tended to be higher in the Quindalup groups whileittatgen showed
similar trends but the differences were not as marked. riel@icconductivity was generally low.
Most site groups occurred on soils with percentage sand greater than 95%.

The exception to these general trends was a single site in group lihéavgdland) for which data
is available. This site had very high levels of phosphorous #nother nutrients. Electrical
conductivity and exchangeable magnesium were an order of magnitude thighein all other
sites. These differences are likely to be directly eeldb the very high clay content (in excess of
20%) of the soils at this site. No soil data is availatdenfthe site in the humus rich wetland (site
group 10).

Canopy Species Modelling

The floristic composition of sites in which Tuart occurs shows ithenay be a characteristic
component of a community (eg site groups 1, 4 and 7) or it may hawere opportunistic
occurrence (eg the wetland groups). It could be useful to comp&ibudienal and environmental
data of Tuart with other major canopy species on the Coastal ¥l more precisely define its
environmental tolerances. Inspection of the 64 Tuart sites ieditlat it co-occurs with most tree
species somewhere on the Plain (Table 6).

The most common canopy taxa with which Tuart co-occur8anksia attenuat30% of sites)
and Agonis flexuosg25% of sites) while the least common co-occurrences wete Bainksia
prionotes, Eucalyptus calophylendEucalyptus rudigeach 2% of sites). The data did not include
any co-occurrence witleucalyptus decipiengwhich has been observed) or wiMelaleuca
lanceolata(which has not).

Generalized linear models were produced of canopy specig#budioh based on species
presence/absence in 505 data for which soil chemistry andtidiniata were available. Models
produced relate solely to the area of the Swan Coastal &taith of the Moore River and
extrapolation beyond this area may be misleading.

The percentage variance explained by the models ranged from 6.98058%, with most taxa
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falling in the range of 15% to 30%. A series of taxa suchaasash and Marri have a continuous
distribution in the southern part of the study area but show signifiemnéase in abundance in the
northern area; others reach their northern distributionaldimithin the study area (efjgonis
flexuosa. Similarly, Banksia menziesiteaches it southern range limit within the study area.
Models for these taxa include a broad scale climate pasamtich is modified by soall
parameters. Species that were more evenly distributedsat®study area were generally found
to be correlated to soil nutrient status or sand/silt percentagemost taxa the variance explained
by the models was less than 30%; however, for a few taxa yfimgted distribution very precise
models could be generated (Table 7).

The best single term model for Tuart’s distribution was pk$; miodel could be further improved
by the addition of a measure of total soil phosphorous. Phosphorous, Wby geet no
improvement in fit over the null model. A plot of total phosphoragainst pH shows Tuart can
occupy a wide range of soil pH from 5.5 to 8.7, generally at phosphtweels of less than
200 ppm (Figure 3). However, the one saline wetland site for whiclinave data had total
phosphorous levels of 774 ppm. Interestingly, electrical conductigitgls at this site were
244 mSnit or approximately 3.2% of the salinity of seawater.

The generalized linear models allow probabilities of occesdo be calculated for each climate
and soil attribute. A plot of the probabilities of occurrencelafrah, MarriBanksia menziesii,
B. attenuata, Tuart and Agonis flexuosain relation to increasing pH shows the negative
associations of the first four species and the positive adgow of Tuart andgonis(Figure 4).
While Tuart had no significant relationship with total phosphorogsB#mksiaspecies and Jarrah
and Marri showed contrasting relationships (Figure Banksia attenuatahad very low
probabilities of occurrence once total phosphorous rose above 100 pdmJaiah and Marri
showed a much more gradual decline in probability of occurrence with ingygagdsphorous.

It should be emphasized that these models are only applicable owaheC®astal Plain south of
the Moore RiverAgonis flexuosafor example, has much wider tolerance of soil types along the
south coast where it occurs on coastal sands, clay and lateritic uplands.

DISCUSSION

It is clear from the analysis of the site data that Teamtoccur in many different community types
(after Gibsoret al. 1994), indicating wide environmental tolerances. The floristityaisashowed
major differences in species composition between Tuart growinigeo8gearwood and Quindalup
land systems (Appendix 1). The major differences in spedagpasition were correlated with
major differences in soil nutrient status (Table 4). Withirheaicthese major land systems Tuart
occurred in a range of upland and wetland vegetation types, smsetis the dominant of the
community type but often only as an occasional element of those communities.

Tuart’s wide environmental tolerance was confirmed by soil atenainalysis for 37 sites where
Tuart occurs south of the Moore River. Tuart occurred on sithspi ranging from 5.5 to 8.7
(Figure 3) and was the most likely canopy species to encountesadl®above pH 7.3 (Figure 4)
which explains the early concept that this was a specielsechighly calcareous coastal sands
(Hutchins 1916, Kessell 1925). Tuart generally grows on sandy sdil$ow soil phosphorous but
can occur on soil with clay contents of over 20% and phosphorous lef/ever 750 ppm
(Figure 3, Table 4)Banksiaspecies are much more restricted in terms of soil phosphoneels le
and soil type than Tuart (Figure 5).

Somewhat unusually for a eucalypt, Tuart grows in range of kslfitan dry upland limestone
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ridges to fresh and saline wetlands. Soil chemical analysigmsrthe observations of Kay (1985)

that Tuart can tolerate a degree of salinity (Table 4). Twaodland becomes less common north
of Perth and north of the Moore River is largely replaced by epen woodland, showing a strong

correlation with rainfall gradients; it is nonetheless mosenmon on the Coastal Plain north of
Perth than either Jarrah or Marri.

A model is proposed for Tuart distribution on the Coastal Plaguf€ 6). This model recognizes
the major environmental correlates in floristic compositiom{a#l and soil type) and suggests
factors (soil depth and depth to water table) that may be resfgofmilihe differentiation of the
floristic units within the different land systems.

The economic and aesthetic values of the southern Tuart forestltlag been recognized
(Hutchins 1916). What has not been appreciated until recentlystishpw large a range of soil
types, climatic conditions and salinity levels can be tolerayetthis species and, as a consequence,
the wide range of community types with which it is associated.
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TABLES

TABLE 1. Community types (defined by Gibsonet al. 1994) in which Tuart occurs and the
dominant land system on which the Tuart sites occur. Commmities where Tuart
dominate are in bold.

Community Description Land System
type
17 M. rhaphiophylla - Gahnia trifid@easonalvetlands Spearwood
21a CentraBanksia attenuata - E. marginateoodlands
24 Northern Spearwood shrublands and woodlands
25 SouthernE. gomphocephala - Agonis flexuosa
woodlands
26b Woodlands and mallees limestone
28 Spearwoo®. attenuataor B. attenuata - Eucalyptus
woodlands
29a Coastal shrublands on shallow sands Quindalup
30a Callitris preissii (or M. lanceolataforests and woodlands|
30b Quindalup E. gomphocephala and/or A. flexuosa
woodlands
30c Other mallees or scrubs

TABLE 2. Additional community types (Gov of WA 2000) in which Tuart occurs and the
dominant land system on which the Tuart sites occur.

Community Description Land
type System
19b Woodlands over sedgelands in Holocene dune swales Quindalup
30c2 Woodlands and shrublands on Holocene dunes
S11 NorthermAcacia rostellifera — Melaleuca aceroshrublands
S15 Weedy group
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TABLE 3. Mean species richness by site groups also indicagj number of sites and position

in the landscape.

Site group Mean species Number of sites Position in
richness landscape

Spearwood
1 51.4 17 Upland
2 28.0 1 Wetland
3 48.9 8 Upland
4 46.8 13 Upland

Quindalup
5 23.1 7 Upland
6 28.0 3 Upland
7 38.0 3 Upland
8 29.5 2 Wetland
9 21.0 3 Upland
10 9.0 1 Wetland
11 21.0 4 Wetland
12 25.5 2 Upland

TABLE 4. Mean values of soil parameters for nine of théwelve major site groups for which
soil data was available (37 sites). Values were derived from alked soil sample

taken from 0-10 cm layer.

Soil parameters 1 2 3 4 5 6 7 11 12
Electrical conductivity 569 | 4.00| 4.67] 6.00 9.00 10p 100 244.0 175
(mSm?)
pH 6.5 6.4 7.2 6.5| 8.7 7.6 8.0 8.3 8l0
Sand (%) 96.8) 97.0 958 963 975 943 965 515 DP4.0
Silt (%) 1.6 1.5 1.3 2.2 0.8 2.0 1.3 260 20
Clay (%) 1.6 15 2.8 1.5 1.8 3.8 2.8 225 4.0
Total N (%) 0.083 0.066 0.051 0.047 0.070.083| 0.14Q 0.841 | 0.114
Total P (ppm) 748/ 40.0 80.83 52/6 115010.5| 134.Q 774.0 | 157.5
Exchangeable Ca (me%) 528 400 383 4|57 435 5%.17 [1283%7| 8.98
Exchangeable Na (me%) 0.113 0.090 0.053 0J084 0.07WB5 | 0.068 5.020 | 0.34(
Exchangeable K (me%) 0.079 0.060 0.048 0.053 Q.@B510| 0.050 0.670 | 0.25(
Exchangeable Mg (me%) 0.977 0.900 0.498 0.588 (Q.41%55| 1.250 10.850(0.695
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TABLE 5. Mean site group value for annual rainfall and annual temperature (standard
deviation in brackets) estimated by BIOCLIM climate modelbased on 67 Tuart

sites.
Site group | Mean annual rainfall Mean annual temperature
mm (SE) °C (SE)

1 914 (48.4) 17.0 (0.50)
2 905 17.6

3 831 (66.8) 18.1 (0.92)
4 812 (22.8) 18.2 (0.20)
5 753 (76.3) 18.5 (0.40)
6 849 (62.7) 17.6 (0.84)
7 908 (10.6) 16.7 (0.06)
8 798 18.4

9 778 (18.5) 18.1 (0.06)
10 789 18.6

11 845 (11.6) 17.8 (0.05)
12 835 (11.3) 17.9 (0.07)

TABLE 6. Percentage co-occurrence of canopy with Tuart in the 64 sgeanalysed.

Tree species co-occurring with | Number of sites| Percentage
Tuart

Agonis flexuosa 16 25
Allocasuarina fraseriana 5 8
Banksia attenuata 19 30
Banksia grandis 8 13
Banksia littoralis 2 3
Banksia menziesii 2 3
Banksia prionotes 1 2
Callitris preissii 2 3
Eucalyptus calophylla 1 2
Eucalyptus marginata 8 13
Eucalyptus rudis 1 2
Melaleuca rhaphiophylla 5 8
Nuytsia floribunda 3 5
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TABLE 7. Models of canopy species distribution based on 505es from Gibsonet al. (1994)
for which soil chemistry and climatic information is available. Terms were
retained where stepwise addition resulted in decread scaled deviance by at least

5%.
Tree species co- Model terms Fitted Total scaled % Number of
occurring with scaled deviance | explained | occurrences
Tuart deviance by model

Agonis flexuosa Temp + pH + Sand 134.5 210.6 36.1 16
Allocasuarina P 258.6 294.0 12.0 5
fraseriana
Banksia attenuata | P + Silt 306.5 646.5 47.4 171
Banksia grandis Temp + EC 234.8 264.6 11.2 8
Banksia littoralis N 76.9 82.1 6.3 8
Banksia menziesii | Temp + P + Sand 238.4 476.4 49.9 91
Callitris preissii pH + Rain + Temp 25.1 65.1 61.4 6
Eucalyptus Rain + EC + K 355.3 413.7 14.1 72
calophylla
Eucalyptus decipienspH + EC + Ca 62.7 82.1 23.6 8
Eucalyptus pH +P 223.1 264.6 15.7 37
gomphocephala
Eucalyptus Temp + P + Sand 392.7 479.4 18.1 92
marginata
Eucalyptus rudis pH +N 130.8 161.9 18.6 19
Melaleuca pH + P + Silt 0.7 46.6 98.5 4
lanceolata
Melaleuca Na + Sand 169.2 233.0 27.3 31
rhaphiophylla
Nuytsia floribunda | pH + Mg 283.1 303.5 6.7 45
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Figure 1. Map of the Swan Coastal Plain showing the locatisnand site groups of the 64
Tuart sites. Inland boundary of the Swan Coastal Plain Bioregion shomv

137



Tuart (Eucalyptus gomphocephala) and Tuart Communities: The Occurrence of Tuart in Plant
Communities on the Swan Coastal Plain. N GibsanK8ighery & EA Griffin

Quadr at SCP Group Site group
SPEARWOOD DUNES
Cr1-4 25
MYALUP- 2 25 |
G\vai do1 25 |
NMvai d05 25 | |
M NN- 1 25 |
M NN- 2 25 | |
PEPB- 1 30b [
yel ad3 28 Il 1
CORON- 2 25 |
LYONS- 2 25 | |
M NN- 3 25 [ |
| owl0a 21a | _ |
MEAL- 1 25 | |
PAGA- 7 21a [ |
CRAMPT- 1 21a | |
DRAI N- 1 21a | | |
bunb01 25 | | | _
|
PAGA- 6 25 | 2
|
Qui | do9 26b |
SHE- 6 26b | |
YAN- 1 26b | |
wi | b13 26b | | |
YAN- 10 26b Il | 3
YAN- 5 26b | Il |
WHI LL-5 26b | |
YALG 7 26b | | |
|1
KERO- 2 24 |
t okyu01 25 | |
NEER- 1 24 | ||
NEER- 11 24 | | |
NEER- 5 28 | |l
WVOODV- 1 28 [ | |l
| eda01 25 [ |1 4
NEER- 6 28 | |l
Pi nn03 28 | | |l
WAR - 1 28 | |1 |l
TRIG 6 24 | |l
star01 24 | | |l
star02 24 | | |l
|
| QUI NDALUP DUNES
CEO1 _ |
CE02 | |
WOODP- 2 30a | |
foro08 | |
gui | d16 | | 5
TRIG 2 29a | |
yan08 30c2 | | |
| |
Gvai d02 25 | |
MHENRY-1  30a2 [ | | 6
PEPGRV- 2 30a ] |
(. |
LESCH 1 30b || |
LESCH- 5 30b || | 7
NMai do4 30b | | |
[ |
pi pO1 30b || |
yan10 19b | N — | 8
| |
mi601 s | |
m602 S11 | | 9
trigg08 S15 | |
| |
Qui | do7 17 | |
| | |
| | | 10
cool 04 7 | | |
| eda03 17 | | | |
cool 14 19b | | | | 11
cool 15 19b | | | | |
| | |
MIB- 4 24 | | |
cool 03 24 | | | | 12
| | | | | |
0. 1300 0. 3320 0. 5340 0. 7360 0. 9380 1. 1400
Information statistic

Figure 2. Dendrogram of the 64 Tuart sites showing major siteypes. The community types
identified in Gibson et al. (1994) and Gov of WA (2000) are shown under ‘SCP

group’.

138



Tuart (Eucalyptus gomphocephala) and Tuart Communities: The Occurrence of Tuart in Plant
Communities on the Swan Coastal Plain. N GibsanK8ighery & EA Griffin

1800 T T T T T

10002

Total P {ppm)

00

Figure 3. Plot of pH against total phosphorous. Shaded area shewthe environmental
domain of these factors on the Coastal Plain, circlespresent locations of Tuart
sites in this environmental space.
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Figure 4. Probability of occurrence of major canopy species against pék determined by
generalized linear models.
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Figure 5. Probability of occurrence of selected canopy spesiagainst total phosphorous as
determined by generalized linear models.
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Figure 6. Proposed model of Tuart distribution on the CoastaPlain as a function of
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APPENDIX 1. Sorted Two Way Table Showing Species Occurrencdsy Sites and Site|
Groups.

Site names are in the columns.

Site G oups Spp. Groups
1 2 3 4 5 6 7 8 910 11 12

CMGNVVPY CLM MPCDb| P| GSYwYYW| Kt NNNW NPWT'ss| COW gTy| GVP| LLN| py| mt | G cl cc| M
7YMM | EeOYl 0EARRu| A| uHAI AAHA| EOEEECeEi ARt t | EECouRa| MHE| EEM i a| 44r | u| oeoo| To
1AaaNNPl RONWAGAAN| G i ENI NNI L| RKEEEQJENRI aal 00Or i | n| aEP| SSa| pn| 66i | i | odoo| Bo
- Li i NNBaONNLLAM b| Al | - - b- - LG OyRRRDaRnl G r| 12001 GO| i NG CCi | 01| 00g| I |l al I | -1
4Udd- - - ONS- 0- - PNO| - | d61115L- | - u- -- VO- 0-- 00|  P8d- 8| dRR| HHd| 10| 12g| d| 011]4
P001213--3a17T-1| 6/ 0 30 -7|20115-1631612| - 12 |OYV|--0| | 0| 0| 0345 0
-15 22 -1 |9 5] 111 | 26 |2--]154| 8714 | 3
2 1

|
|
Acacia cochlearis ** * |
Synaphea spi nul osa ** * |
Lepi dosper ma squamat um *x |
Leucopogon parvi fl orus Frk ok |
Di pl ol aena angustifolia |
Poa poiform s *x |
|
|
|
|
|
|
|

*

Acaci a pul chel | a * *
Lepi dosper ma gl adi at um

Euphor bi a terracina

Cal andrini a corrigiol oi des

Exocar pos sparteus

Erenophil a gl abra *

Thysanot us pat ersoni i ki **

Pterostylis nana |1 | *
Ur osper mum pi croi des |1 | *

Acaci a | asi ocar pa |
Eriochilus dilatatus * |
Aspar agus aspar agoi des * |
Car duus pycnocephal us * |
Adri ana quadripartita |
Pi tt osporum phyl | i r aeoi des |
|
|
|
|

ok

Ger ani um sol ander i *
Callitris preissii

Fumari a capreol ata

Scaevol a crassifolia

Acaci a saligna |
Euphor bi a pepl us |
Hydrocotyl e di ant ha * * |
Oper cul ari a hi spidul a * * |
Centella cordifolia |
Gahnia trifida |
Logani a vagi nalis |
Tenpl etoni a retusa * |
Anthocercis littorea |
Trymal i um al bi cans |
Trachynene coerul ea * |
Muehl enbecki a adpressa |
Acant hocar pus pr ei ssi i * kk *k * *x * |k k ok ok Kk H| kkx *k * *
Rhagodi a baccata P % ok oxx| kw K|k kkkk| k| kK| kx| KRR *
Spyri di um gl obul osum * ok ok * * KRk KKK KRR KK | KK
Acacia rostellifera * E R * *k *
Clematis linearifolia * * * *ok ok * * | * kx| x
Hel i chrysum cordat um *k * k| kK E
Oearia axillaris *o* * * *k * *xx
Bronus arenarius *k o x
Ehrharta brevifolia *k
Conesper ma i ntegerrimm K kokk ok
Stipa el eganti ssim *ok ok *
I sol epi s nodosa * *% * *
»»»»»»»»»»»»»»»»» B R e R e e b ok e

Astrol oma ciliatum * * | | |1 |
Craspedia sp. (GIK 13121) * * **| |
Pterostylis aff. nana * *
Lomandra suaveol ens * *
Pterostylis vittata * *Eoox

*

*

Parentucel lia latifolia
Stipa sem barbata group
Wit zi a suaveol ens * *
Avena barbat a xR
Orthrosant hus | axus * *x *
Eucal ypt us mar gi nata b * oo | xox *
Gerani um nol | e *x * * * *
Trifoliumcernuum i
Veroni ca arvensis *x *

Cal andrini a brevipedata * * * %
Hydrocotyl e al ata *%
Seneci o | aut us *ox * * * * *%
Carex preissii ** * * *k ok * *
Galium nural e * *rk * ok *ox *x x| x G
Di chondra repens L * * %
Hi bbertia cuneifornis Hkkkk *x
Trachyandra divaricata * * **
Zant edeschi a aet hi opi ca * o * *

»»»»»»»»»»»»»»»»» B R e R e e b ok e

| Y A A |
[ O A A |
[ Y A |
| | |
| | |

Acaci a cycl ops [l |
Persooni a comata [ |
Er odi um botrys |
Nuyt si a floribunda [ |
Wahl enber gi a preissii * [ |
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Site G oups

1 2 3 4 5 6 7 8 910 11 12

Spp. G oups

CMGNMVPY CLM MPCDb| P| GSYWYYWY| Kt NNNW NPWT'ss| COW gTy| GVP| LLN| py| it | G ¢l cc| Me

7YMM | EeOYl 0EARRu| A| uHAI AAHA| EOEEECeEi ARt t | EECouRa| MHE| EEM i a| 44r | u| oeoo| To

1AaaNNPI RONWAGAAN| G i ENI NNI L| RKEEEQDENRI aa| 00O i | n| aEP| SSa| pn| 66i | i | odoo| Bo

- Li i NNBaONNLLAM b| Al | - - b- - LG OyRRRDaRnl G r| 12D01 GO| i NG CCi | 01| 00g| I |l al I | -1

4Udd- - - ONS- 0- - PNO| - | d61115L- | - u---V0-0--00] P8d- 8| dRR| HHd| 10| 12g| d| 011]| 4
P001213--3al17T-1| 6|0 30 -7|20115-1631612| - 12 |0YV|--0] | 0]0]0345| 0
-15 22 -1 |9 5] 111 | 26 |2--]154] 8714 | 3
2 11 | |

Wiitzia citrina
Conostylis candi cans
Conostylis setigera
Jacksoni a stricta

Sagi na apetal a
Triglochin trichophorum
Car pobrotus virescens
Stipa conpressa
Dryandra sessilis
Lomandra naritina
Haenodor um | axum
Petrophi | e macrostachya
Petrophile serruriae
Hakea prostrata

Pel argonium littorale

Al l ocasuarina hunilis
Hakea | i ssocar pha
Gnaphal i um sphaeri cum
Thomasia triphylla
Crassula glonerata

Di schi sma arenarium
Bell ardi a trixago
Persooni a saccata
Gonphol obi um pol ynor phum
Tetraria octandra
Hakea ruscifolia

Pl ant ago naj or

Mel al euca acer osa

Calandrinia liniflora
Di schi sma capi tatum
dischrocaryon aureum
Conyza al bi da

Isol epi s cernua

Sol anum ni grum

Crassul a pedicel | osa
Pentaschi stis airoides
Drosera macrant ha
Jacksoni a st er nber gi ana
Schoenus cl andesti nus
Trifolium dubi um

Spar axi s bul bi fera

Al l ocasuarina fraseriana
Banksi a menzi esi i

Hol cus setiger
Stylidiumpiliferum

Lepi dosper ma | ongi t udi nal e
Conost ephi um prei ssi i

Pi nel ea rosea

Di chel achne crinita
Leucopogon racenul osus
Podol epi s | essoni i

Podol epis gracilis

Poa drummondi ana
Ranuncul us col onorum

Al exgeor gea nitens

Davi esia nudiflora
Wahl enber gi a capensi s
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THE FLORA OF TUART WOODLANDS
GJ Keighery

Science Division, Department of Conservation andd_slanagement,
Wildlife Research Centre, PO Box 51, Wanneroo, \&246.

ABSTRACT

The vascular flora of Tuart woodlands in the 12 bushland areas dcross Tuart's range are
listed. Of the 575 vascular plants listed for the areas, 4 fative vascular plants and 161 are
weeds. The flora of Tuart woodlands are predominantly widesppesiies on the Swan Coastal
Plain that are characteristic of plant communities on ther&ped and Quindalup Dune Systems.
However, significant geographic, habitat and soil factors caaseiderable variation in species
recorded between areas. Although several species are laoydiged to these communities Tuart
is the only endemic recorded. Weeds are relatively commary loeost frequent in the Perth area
and less frequent north and south of Perth. Bird-dispersed weedsenaayincreasing problem in

these woodlands.

INTRODUCTION

Woodlands dominated by Tuart are a unique feature of the SwaralCBEsn and are a special
feature of the Perth Metropolitan Region. However there have In@e previous regional

compilations of the native and naturalized flora of these woodlewels though the restoration of
Tuart communities is of interest to a large number of peopke I(eagman and Keighery this
publication).

METHODS

Published and unpublished flora lists for the Tuart woodlands in 12 busireasl (Table 1 this

paper, and Map 4 in Keigheet al. this publication) were compiled for this report (Appendix 1).

These areas were selected to illustrate the variation inflon@ of Tuart woodlands being

distributed over Tuart’s:

* geographic range, from the ‘Cervantes Tuart Reserve’ (é&3troantes) to the Tuart Forest
Reserve to the north-west of Busselton; and

¢ geomorphic range on the Quindalup and Spearwood Dunes.

Areas of bushland adjacent to the Spearwood/Bassendeancetevtzere the floras of the Tuart

andBanksiawoodlands merge, were avoided.

The majority of the records in these flora lists have lmmmnpiled through survey by the author.
Survey work was structured to accommodate a variety of sdasmiditions and, when possible,
fire. Multiple visits were made to each area, generally atdeast two spring seasons and, to a
lesser extent, over summer, autumn and winter.

For each bushland area both native and naturalized flora we listler the principal vegetation
associations observed in each area. When previous lists wevenkfor an area these were
incorporated (Table 1).

These lists, and others, culminated in a report on the consereaitus of the vascular flora of the
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southern Swan Coastal Plain (Keighery 1999).

RESULTSAND DISCUSSION
Total Flora

A total of 575 vascular plant taxa are listed for the Twaybdlands in the 12 bushland areas
(Appendix 1). Of these 575 vascular plants:

e 414 are native vascular plants (72%);

e 161 are weeds (28%);

e 185 are Monocotyledons, including 132 native and 53 weeds;

e 382 are Dicotyledons, including 276 native and 106 weeds;

« four are gymnosperms, including two natives and two weeds; and

» four are native ferns.

Native Flora

Across their range Tuart woodlands vary greatly in the coniposif the native and weedy

vascular plants that characterize their understorey. A sifidlye floristics of 64 100Mmsites in

which Tuart is present (Gibsaet al. this publication) classifies these sites into 12 groups with

significant soil and geographic components. This is also reflectéige total flora lists, where

many species are recorded only in northern or southern bushland areasesXsaingy:

- in northern areas Labicheacassioides Chamelaucium uncinatuniechenaultia linarioides
andMesomelaena preissiand

- in southern areas Lindsaea linearis Cheilanthes austrotenuifoliaDichondra repensand
Hibbertia cuneiformis

A series of other species show particular habitat preferences. Some exarolide:

- species largely confined to Tuart on Quindalup sar@illitris preissii Enchylaena tomentosa
andRulingia luteiflorg and

- specific habitats under the canopy, such as wetlar&lsium prostratumCentella asiatica
Senecio ramosissimasmdLepidium pseudohyssopifolium

Another suite of species are those which are more chasticteifi adjacent habitats and vegetation
communities, but are sporadically recorded in Tuart woodlands.

This geographic, soil and habitat variation contributes grdatlthe species composition and
richness within and between Tuart woodlands. Such variation iaditlaat locally gathered data
on species composition should be used to guide any restoration andateegaan for Tuart
woodlands. Such variation in communities on the Plain is typical @lettng such information is
fundamental in management of bushland areas (Keigbta}.1999).

Family Representation

The flora of Tuart woodlands is, not suprisingly, dominated by spexsesciated with the
calcareous and sandy soils of the Quindalup and Spearwood sands. Thedarijestdre the:

* Asteraceae (37 natives and 20 weeds):

» Orchidaceae (38 natives and 1 weed);

* Cyperaceae (26 natives and 2 weeds);

* Proteaceae (25 natives);

¢ Myrtaceae (20 natives and 1 weed);
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* Papilionaceae (23 natives and 11 weeds);

* Anthericaceae (15 natives);

¢ Mimosaceae (13 natives and 2 weeds); and
e Poaceae (13 natives and 29 weeds).

Like the general flora of Quindalup and Spearwood Dunes, Tuart woodiamdslatively poor in
the typical species-rich families of the heathlands otlssn Western Australia, especially the
Goodeniaceae, Stylidiaceae and Epacridaceae. The Proteaceslgreawdtae are also relatively
poorly represented (when compared Banksiawoodlands on the Swan Coastal Plain). The
relatively poor representations of the low trees and shrubstfrer&pacridaceae, Proteaceae and
Myrtaceae, together with the abundance of the non-woody speties the Asteraceae,
Orchidaceae and Cyperaceae, contributes to the generallyopenweappearance of the woodlands,
as these families contribute significantly to the lower treetalhdhrub layers.

Common Speciesand Life Forms

A group of 59 species are widespread in Tuart woodlands, being foundrinthan 70% of the
Tuart woodlands in the different bushland areas. These speeigsreerally widespread in sandy
soils on the Swan Coastal Plain. These are grouped below in their differdotrii classes.

Ferns. Pteridium esculenturfperennial herb).
Gymnosper ms. Macrozamia reidle{shrub).

Flowering Plants
Shrubs (19 species): Olearia axillaris, Rhagodia baccata Hibbertia hypericoides Adriana
quadripartita, Phyllanthus calycinud_ogania vaginalis Acacia cyclops, A. cochleari. pulchella A.
rostellifera, A. saligng Myoporum insulareMelaleuca systenaGompholobium tomentosymryandra
lindleyana D. sessilisHakea prostrataThomasia cognatandXanthorrhoea preissii

Climbers and Vines (7 species)Cassytha racemos#&lardenbergia comptoniana, Kennedia prostrata
Comesperma integerrimymluehlenbeckia adpress@lematis linearifoliaandOpercularia hispidula

Grasses (3 species)Austrostipa elegantissima. flavescenandMicrolaena stipoides.

Herbs (20 species)
M onocotyledons
Lilies and relatives
Perennials (5 speciespianella revoluta Tricoryne elatior Acanthocarpus preissiilLomandra
maritimaandL. micrantha.
Annually renewed (geophytes) (6 specie§jorynotheca micrantha Dichopogon capillipes
Thysanotus arenariyd. patersoniiand theorchids,Acianthus reniformigandCaladenia latifolia.
Dicotyledons
Annually renewed from seed (7 specieBaucus glochidiatusTrachymene coerulearl. pilosa
Crassula colorataLobelia tenuior Galium muraleand Parietaria debilis
Annually renewed (geophytes) (2 speci@®largonium littoraleandOxalis perennans

Sedges (8 species)
Perennial (5 speciesCarex preissii Isolepis nodosalepidosperma gladiatuyrl. squamatunand
Schoenus grandiflora
Annually renewed from seed (3 specie$dplepis marginata Triglochin calcitrapa and T.
centrocarpum

This distribution of life forms, 26 woody perennials (shrubs and clisiiees) and 31 non-woody
species (grasses, herbs and sedges) reinforces the previomserdoon the generally open
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appearance of the woodlands. Also the non-woody layers have a predonohdiies, sedges,
and dicotyledonous herbs compared to the grasses.

While these species could be argued to ‘characterize’ Tuaddi&nds at the broad scale, they
only represent about 14% of the native flora of these woodlands.

Significant Flora
Declared Rare and Priority Flora

Five rare taxa (priority taxa, that is taxa in consideration folad&tion as Declared Rare Flora, see
Table 3, Appendix 5 in Keighery and Keighery this publication) atediin Appendix 1. These
are: Conostylis pauciflorasubsp. pauciflora Haloragis aculeolata Jacksonia sparsams,
Lasiopetalum membranaceuamd Sarcozona bicarinataThese and other species are discussed
below.

Endemic Species

Previous work on the Spearwood Dune flora (Keighery 1991) identifiedhbs¢ species that are
largely confined to areas dominated by Tuart woodlands are found throughout thedSpdaunne
system. As a consequence, only two taxa appear potentially confindtuart dominated
communities. These are described below.

Lasiopetalum membranacey®terculiaceae)

Lasiopetalum membranaceuappears to be largely confined to Tuart dominated communities.
However, it does occur in other calcareous areas and thema isconfirmed record from
Dwellingup. This is a Priority 2 species (Atkins 2001; slse dable 3, Appendix 5 in Keighery
and Keighery this publication).

Rorippasp. Yalgorup (GJK 14455) (Brassicaceae)

Keighery (1999) listedRorippa sp. Yalgorup (GJK 14455) as an endemic of Tuart woodlands.
During the Swan Coastal Plain survey this species was r@ugrded twice, in Leschenault
Peninsular Conservation Park and Yalgorup National Park. Inczesehthe species was found in
deep moss banks in unburnt forest, where it was locally common. Iprbaably been lost
elsewhere by grazing followed by weed competition and firewéver, lan Thompson (pers.
comm.), who previously identified this asarippa currently considers that this taxon may be the
introduced Arabidopsis thaliana However generic determination in the Family Brassicaceae
betweenCardamine Rorippa and Arabidopsisis very difficult and, as this taxon is found in the
least disturbed areas of the Tuart woodlands, it is considered thaixinsdeserves further study.

Geographically Significant Taxa

A total of 33 species are at their northern or southern exterieo®wan Coastal Plain on the
Quindalup and Spearwood Dunes (Keighery 1991). Four of these species incGuart
woodlands. These are listed below.

Agonis flexuos@Myrtaceae)

Agonis flexuosd@Peppermint) is at its northern range end in Bold Park (TArad 42 on Table 4
and Map 4, Keighenrgt al. this publication) where it is locally common on the Quindalup Dune
areas. Interestingly in this, and adjacent areas, it rarely oaithr$ uart as an overstorey. South of
the City Beach/Swanbourne area there is an apparent disjumttibe distribution between here
and Mandurah. In the Mandurah area and south of thisAgya@is flexuosas commonly found in
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a variety of communities on both the Quindalup and Spearwood Durtée Rerth Metropolitan
Region, outside of the Swanbourne/City Beach afgmnis flexuosas an invasive weed in
Spearwood Dune communities, especidlgnksiaand eucalypt dominated woodlandsyonis
flexuosashould not be planted in these areas.

Stenopetalum robustu(Brassicaceae)

The only current record @&tenopetalum robustufrom the Swan Coastal Plain is from the Tuart
Forest Reserveéstenopetalum robustuotcurs between Ludlow and Albany and is replaced in the
same habitat b$. gracilesouth of Bunbury (Keighery 2002).

Veronica stolonifergScrophulariaceae)

Veronica stoloniferavas previously known ageronicaaff. calycina(BJK & NG 235) (Gibsoret

al. 1994). This taxon is related ta calycinabut is more robust and less densely pubescent and is
currently known from only a few records on the Quindalup and Spearwood Detseen the
Tuart Forest Reserve and Yanchep. Most of the habitat typi dcaurs in between Yalgorup and
Yanchep has been cleared or degraded by grazing and it appdagsraoe or at least very
uncommonVeronica stoloniferavas described from Fremantle.

Other Species of I nterest

Eleven species listed in Appendix 1 have been recognizedgai$icsint species on the Swan
Coastal Plain (Gov of WA 2000) and/or are listed as priocaika t(Atkins 2001, see also Table 3,
Appendix 5 in Keighery and Keighery this publication). Three of tlpseies Agonis flexuosa
Lasiopetalum membranaceuand Veronica stolonifera have been discussed previously. The
remaining species are not typical of Tuart woodlands but ocaasmmally in the woodlands.
Seven of these species are listed below together with some brief ntsnme

- Lepidium pseudohyssopifoliuna poorly collected species listed as Priority 1;

- Cartonema philydroidesa disturbance opportunist;

- Callitris preissii— a Swan Coastal Plain and Perth Metropolitan Region endemic;

- Conostylis pauciflorasubsppauciflora- a Priority 4 species;

- Haloragis aculeolata a poorly collected species listed as Priority 2;

- Acacia alatavar.tetrantha— a poorly collected species; and

- Jacksonia sparsms - a poorly collected species listed as Priority 3.

The last of the 11 specieSarcozona bicarinatacan be quite common in some Tuart woodlands
and is in need of a more detailed treatment.

Sarcozona bicarinat@Aizoaceae)

Sarcozona bicarinatavas previously known aSarpobrotussp. Hepburi(GJK 11518) (Gibsoet

al. 1994). This is a Priority 3 species (Atkins 2001, and seé&eTRZbAppendix 5 in Keighery and
Keighery this publication). This is an uncommon species until after fire wigelodally abundant.
On the Swan Coastal Plain it is largely confined to Tuart vaomi and these populations are
remarkably disjunct from their nearest neighbours in South Australia.

Weed Flora

A total of 161 species of naturalized vascular plants arededan Tuart woodlands of the 12
bushland areas. There are 23 commonly recorded weeds, being found in mor@%haf the
Tuart woodlands in the different bushland areas. These are alfowdy species and are grouped
below in their different life form classes.

M onocotyledons
Grasses:Aira species,Avena species,Briza maxima Briza minor Cynodon dactylon Ehrharta
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longiflora, Lagurus ovatusndVulpia myuros
Annually renewed (geophyte$iomulea rosea.

Dicotyledons
Annuals: Hypochaeris species, Carduus pycnocephalusSonchus oleraceusBrassica tournefortji
Petrorhagia prolifera Euphorbia peplusOrobanche mingrLupinus cosentinjiMedicago polymorpha
Melilotus indica Anagallis arvensisBellardia trixagqg Dischisma arenarismndSolanum nigrum

However, numerous surveys of bushland areas containing Tuart woodlankle ifPerth
Metropolitan Region have identified an additional suite ofdsethat are aggressive invaders of
these woodlands. Most of these have been previously listedddPdarth Metropolitan Region in
Dixon and Keighery (1995). Many of these were infrequently recomdedei 12 bushland areas
brought together for this study and probably have not reached theitipbtanges. These species
should be eradicated if found in areas of Tuart woodland.

Trees
Acacia pycnanthaAgonis flexuosa(outside of its natural range, see comment aboBejchychiton
populneusOlea europeandEucalyptus maculata

Shrubs
Leptospermum laevigatylRhamnus alaternugndSolanum linnaeanum

Grasses
Annuals:Bromus diandrusCynosurus echinatysolium multifloraandLolium rigidum
PerennialsEhrharta calycinaEragrostis curvulaHyparrhenia hirtaandPennisetunpurpureum.

Herbs

M onocotyledons
Annually renewed (geophytesfisparagus asparagoide#\sparagus crispysAlbuca canadensis
Chasmanthe aethiopicélocal serious weed on Mt Eliza and Woodmans Ppidgntedeschia
aethiopica Freesia hybrid, Lachenalia reflexa Ferraria crispa Homeria flaccida Gladiolus
caryophyllaceusRomulea roseeR. flavaandWatsonia merianaar. bulbillifera.

Dicotyledons
Annually renewed from see@herardia arvensjsCentranthus macrosiphomrctotheca calendula
Carduus pycnocephalu€irsium vulgare Centaurea melitensi®Jrospermum picroideandUrsinia
anthemoides
PerennialsEuphorbia terracinaandPelargonium capitatum.

These figures are comparable to some preliminary data présantéeighery (1984) for Tuart
dominated communities of the Perth Region (see Table 2). In the @84keighery found that
Tuart woodlands contained 21% of the native flora recorded fdP¢hidn Region, but 37% of the
Tuart woodland flora was weeds. This was significantly highan the percentage of the Perth
Region flora that is weeds, 27%. However the 1984 study included smaaly highly disturbed
remnants of the Perth Metropolitan Region. The results forsthidy, in less disturbed areas over
Tuart’s entire range, found that Tuart contains a similar ptiopoof weeds to the Perth Region,
28%, but a lesser percentage than that found in Tuart woodlands in the Bedpdiitan Region.

Tuart woodlands are generally more impacted by the actigfi€&iropeans than the surrounding
communities (see also Keighest al. this publication). The soils of Tuart woodlands on
Spearwood sands are relatively nutrient rich and these laagasbeen preferentially grazed since
cattle and sheep were introduced. To encourage annual regeodiannual grasses and herbs they
were also frequently burnt. As a consequence of these two bdistg regimes, the Tuart
woodlands on these soils have a proportionally large number of waetie farea occupied. While
the Quindalup sands are less fertile, Tuart woodlands here raggathe smaller in extent and they
have also been impacted by frequent fires and grazing.
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Areas of Tuart woodland in the Perth area, where the bushl&ad are smaller and more
fragmented, suffer from an additional suite of disturbances sscleraichment’ plantings

(plantings of non-local, often invasive species), dumping of gardeserefuutrient enrichment,
partial clearance and high human usage. In addition, as Tuart woediam typically on well

drained soils near the coast, they are ideal areas for urbanisation.

Of patrticular interest in these remnants, and in the moredsgotamnants in the rural areas, is the
introduction to Tuart woodlands of a series of weeds distributece®g-sating or omnivorous
birds, such as Ravens. Tuart is generally significantlgrtéian other species in bushland areas
and is preferentially used as a roosting site. As a consequerserjes of weed species are
associated with the area around the base of Tuart trees;itichge such species &sparagus
asparagoidegA. crispus Brachychiton populney€arpobrotus edulisLycium ferocissimunOlea
europea Rhamnus alaterny$olanum linnaeanun$. nigrum andZantedeschiaethiopica These
weeds are generally introduced from surrounding gardens and a wider range of fimnedien be
expected. A native speciegcacia cyclopswhich is typical of these communities, is also
distributed in this way.

CONCLUSIONS

Tuart woodlands are characterized by species that are cormdomidespread on the calcareous
soils of the western Swan Coastal Plain within the Quindalup padr8ood Dunes. This is not
suprising as the woodlands are largely confined to such sof.tfhere are no apparent endemics
to these woodlands, apart from Tuart itself, although a number toicted and geographically
significant species are recorded from the woodlands.

Significant variation in species composition occurs acrossrdhge of Tuart woodlands due to
geographic, soil and local habitat variation.

Weeds are relatively common in Tuart woodlands because ofapdstontinuing disturbances.
These weeds are most frequent in the areas with the higbesbdnce levels associated with the
Perth Metropolitan Region and are less frequent north and séuderth. A group of bird-
dispersed weeds, not normally a feature of Western Austrblishland, are becoming more
common in Tuart remnants.

Restoration and revegetation plans for Tuart woodlands neduaks mindful of these patterns of
variation in the understorey components.
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TABLES
TABLE 1. Bushland areasfor which the Tuart woodland floraislisted in Appendix 1.
Key
Column1l AreaCode
Column 2 Mapped Tuart Area Number
After Map 4 in Keighenet al. (this publication) with Bush Forever Site number (Gov
of WA 2000) in brackets, when appropriate.
Column 3 AreaName
After Keigheryet al. (this publication). The System Area number (Department of
Conservation and Environment 1983) is given in brackets when appropriate.
Column 4 Landform Units
QU Quindalup Dunes
SP Spearwood Dunes
Column 5 Total number of vegetation associations and flora (in brackets) in the
bushland area
Column 6 Information Source
Information from this study is given as GJK; other studies are refete
Area Tuart Area Name Land. | Total No. | Information Source
Code | AreaNo. | (System Areaor Bush Forever Site Unit Vege.
(Site No.) Number) Assocs
(flora)
CER 2 ‘Cervantes Tuart Reserve’ (ReseryesSP 1 GJK
39400/41008, east of Cervantes)
SEA 7 Seabird UCL QU 6 Keighery GJlet al.
(383) (1997)
YAN | part 11 | Yanchep National Park (M3) QU 8 GJK
(288) SP (573)
TRI part 12 | Trigg Bushland, Trigg/Scarborough QU/ 5 GJK
(308) |(M36) SP (251)
WO 14 Woodman Point, Coogee/Munster| QU 4 Powell and
(341) |(M90) (169) Emberson 1981,
GJK
C/W | part 15 | Lake Cooloongup, Lake Walyungup, QU 10 Keighery BJet al.
(356) | Hillman to Port Kennedy (M103) (256) (1997)
MEA 78 Mealup Point Nature Reserve SH 4 GJK
(229)
YAL 79 Yalgorup National Park (C54) SP 18 GJK
(563)
CRA 83 Crampton Nature Reserve (C61) S 6 GJK
(206)
LES 72 Leschenault Peninsular ConservatiorQU Trudgen (1984),
Park (C66) (263) GJK
MAI 73 The Maidens (South Bunbury QuU/ 4 Hart Simpson and
Coastal Land C70) SP (164) Associates (1994)
GJK
FOR 88 Tuart Forest Reserve (System area SP 6 Keighery and
1.1.2 (DCE 1976)) (705) Keighery
(this publication)
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TABLE 2. A comparison of the floristics of the Perth Region (after Marchant et al. 1987),
Tuart woodlands in the Perth Metropolitan Region (Keighery 1984) and Tuart

woodlandsin this study.

Key

Perth FloraPerth Region after Marchaet al(1987)
PMR Tuart Tuart woodlands in the Perth Metropolitan Region (PMR) after Keighery (1984)
SCP Tuart Tuart woodlands from 12 bushland areas, across Tuart's range SwémeCoastal

Plain (SCP), this study

TABLE 2a. A comparison of the nativefloras.

Native species
Group Perth PMR SCP
Flora Tuart Tuart
Ferns 23 0 4
Gymnosper ms 5 2 2
Dicotyledons 1020 230 276
M onocotyledons 462 84 132
Total 1510 316 414
TABLE 2b. A comparison of the weed and total floras.
Total (native & weed species) Weed species
Group Perth PMR SCP Perth PMR SCP
Flora Tuart Tuart Flora Tuart Tuart
Ferns 25 0 4 2 0 0
Gymnaosper ms 7 3 4 2 1 2
Dicotyledons 1372 352 386 352 122 106
M onocotyledons 753 146 185 191 62 53
Total 2055 501 575 545 185 161
Proportion of the 27% 37% 28%
total flora
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\ APPENDI X 1. Flora of the Tuart woodlandsin twelve bushland areas.

Key
Column 1 Family group
Families are listed alphabetically.
Column 2 Plant Taxa
Names include species, sub-species and varieties and arelpbiukbtically.
* Weed species
ms Manuscript name (shown after the name)
Column 3 Common Names

Generally after listing in Bennett (1993).

Columns4-15 Bushland Areas
See Table 1 for more detail on the areas.

W Weed species in this location
Area Area Name
Code (System Area No.)

CER |‘Cervantes Tuart Reserve’

(Reserves 39400/41008, east of Cervantes)

SEA | Seabird UCL

YAN | Yanchep National Park (M3)

TRI | Trigg Bushland, Trigg/Scarborough (M36)

WO [ Woodman Point, Coogee/Munster (M90)

C/W | Lake Cooloongup, Lake Walyungup (M103)
MEA | Mealup Point Nature Reserve

YAL | Yalgorup National Park (C54)

CRA | Crampton Nature Reserve (C61)

LES |Leschenault Peninsular Conservation Park (C66)
MAI | The Maidens (South Bunbury Coastal Land C70)
FOR | Tuart Forest Reserve (System area 1.1.2 (DCE 1976))

158



6GT

Plant taxa

Common names

Family FOR|MAI |LES|CRA|YAL [MEA|C/W | WO | TRI |YAN|SEA |CER
Adiantaceae Adiantum aethiopicum Common Maidenhair .
Cheilanthes austrotenuifolia Rock Fern . .
Aizoaceae * Carpobrotus edulis Hottentot Fig . . . . . .
Carpobrotus modestus Inland Pigface . .
Carpobrotus virescens Coastal Pigface . . .
* Tetragonia decumbens Sea Spinach . .
Tetragonia tetragonoides New Zealand Spinach .
Amar anthaceae Ptilotus drummondii Narrowleaf Mulla Mulla . . . .

Ptilotus manglesii

Pom Poms

Ptilotus polystachyus

Prince of Wales Feather

Ptilotus sericostachyus

Ptilotus stirlingii

Stirling’s Mulla Mulla

Amaryllidaceae

Amaryllis belladonna

Easter Lily

Narcissus tazetta

Jonquil

Anacar diaceae

Schinus terebinthifolius

Brazilian Pepper

Anthericaceae

Caesia micrantha

Pale Grass-Lily

Chamaescilla corymbosa var. corymbo

Eue Squill

Corynotheca micrantha var. micrantha

Sand Lily

Dichopogon capillipes

Sowerbaea laxiflora

Purple Tassels

Thysanotus arenarius

Thysanotus dichotomus

Branched Fringe Lily

Thysanotus manglesianus

Fringe Lily

Thysanotus manglesianus/patersonii
complex

Thysanotus multiflorus

Many-flowered Fringe Lily

Thysanotus patersonii

Twining Fringe Lily

Thysanotus sparteus

Thysanotus thyrsoideus

Kisybisy o
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Family

Plant taxa

Common names

FOR|MAI |LES|CRA|YAL [MEA|C/W | WO | TRI |YAN|SEA |CER
Tricoryne elatior Yellow Autumn Lily . . . . . . .
Tricoryne tenella .
Apiaceae Apium prostratum Sea Celery .
Centella asiatica .
Daucus glochidiatus Australian Carrot . . . . . . . . .
Eryngium pinnatifidum subsp. Blue Devils . . . . . . .
pinnatifidum
Homalosciadium homalocarpum . . .
Hydrocotyle alata . .
Hydrocotyle callicarpa Small Pennywort . .
Hydrocotyle capillaris Thread Pennywort .
Hydrocotyle diantha . . . . .
Hydrocotyle hispidula .
Hydrocotyle pilifera var. glabrata .
Hydrocotyle tetragonocarpa . .
Trachymene coerulea Blue Lace Flower . . . . . .
Trachymene pilosa Native Parsnip . . . . . . . .
Apocynaceae Alyxia buxifolia Dysentery Bush . . . . .
Araceae * Zantedeschia aethiopica Arum Lily . . .
Asclepiadaceae * Gomphocarpus fruticosus Swan Plant .
Aspar agaceae * Asparagus asparagoides Bridal Creeper . . . R
Asphodelaceae * Albuca canadensis .
* Asphodelus fistulosus Onion Weed . . . .
Bulbine semibarbata Leek Lily . . .
* Trachyandra divaricata Strap Lily . . . .
Asteraceae * Arctotheca calendula Cape Weed . . . . . .
* Aster subulatus Bushy Starwort .

Asteridea pulverulenta

Common Bristle Daisy

Bracteanthum macranthum
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Family

Plant taxa

Common names

FOR

MAI

LES

CRA

YAL

MEA

C/Iw

WO

TRI

YAN

SEA

CER

Brachyscome iberidifolia

Swan River Daisy

* Carduus pycnocephalus Slender Thistle . . . . . . . .
* Centaurea melitensis Maltese Cockspur . . N
* Cirsium vulgare Spear Thistle . . . . .

* Conyza albida

Tall Fleabane

* Conyza bonariensis

Flaxleaf Fleabane

Cotula australis

Common Cotula

* Cotula bipinnata

Ferny Cotula

* Cotula turbinata

Funnel Weed

Craspedia arenicola ms

* Dittrichia graveolens

Stinkwort

* Gamochaeta falcata

Euchiton gymnocephalus

Gnaphalium indutus

Euchiton sphaericus

Star Cudweed

* Hypochaeris glabra

Flat Weed

Ixiolaena viscosa

Sticky Ixiolaena

* Lactuca serriola

Prickly Lettuce

Lagenophora huegelii

Coarse Lagenophora

Millotia myosotidifolia

Millotia tenuifolia

Soft Millotia

Olearia axillaris

Coastal Daisybush

Olearia rudis

Rough Daisybush

* Osteospermum ecklonis

* Osteospermum clandestinum

Stinking Roger

Ozothamnus cordatus

Tangle Bush

Picris squarrosa

Pithocarpa pulchella

Beautiful Pithocarpa

Podolepis canescens
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Plant taxa

Common names

Family FOR|MAI |LES|CRA|YAL [MEA|C/W | WO | TRI |YAN|SEA |CER
Podolepis gracilis Slender Podolepis . . . .
Podolepis lessonii .

Podotheca angustifolia Sticky Longheads . . o
Podotheca chrysantha Yellow Podotheca .
Podotheca gnaphalioides Golden Longheads . .
* Pseudognaphalium luteoalbum Jersey Cudweed . . .
Pterochaeta paniculata Woolly Waitzia .
Quinetia urvillei . . o
Rhodanthe citrina .
Rhodanthe corymbosa .
* Senecio diaschides .
Senecio hispidulus Hispid Fireweed . . . .
Senecio lautus subsp. dissectifolius  |Variable Groundsel .
Senecio lautus subsp. maritimus Variable Groundsel . . . . . . .
Senecio quadridentatus Cotton Fireweed .
Senecio ramosissimus Auricled Groundsel . .
Siloxerus humifusus Procumbent Siloxerus . .
* Sonchus asper Rough Sowthistle . . . .
Sonchus hydrophilus Native Sowthistle .
* Sonchus oleraceus Common Sowthistle . . . . . . . . .
* Urospermum picroides False Hawkbit . . . .
* Ursinia anthemoides Ursinia . . . .
* Vellereophyton dealbatum White Cudweed . .
Waitzia aurea Golden Waitzia .
Waitzia suaveolens var. suaveolens |Fragrant Waitzia . . N
Brassicaceae * Brassica tournefortii Mediterranean Turnip . . . . . . .

* Cakile maritima

Sea Rocket

* Cardamine hirsuta

Common Bittercress

* Cardamine paucijuga

Kisybisy o
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Family

Plant taxa

Common names

FOR

MAI

LES

CRA

YAL

MEA

C/Iw

WO

TRI

YAN

SEA

CER

* Heliophila pusilla

Lepidium pseudohyssopifolium

Lepidium rotundum

Veined Peppercress

* Raphanus raphanistrum

Wild Radish

Rorippa sp (Yalgorup) GK 14455

Stenopetalum gracile

Stenopetalum robustum

Caesalpiniaceae

Labichea cassioides

Campanulaceae

* Wahlenbergia capensis

Cape Bluebell

Wabhlenbergia multicaulis

Wabhlenbergia preissii

Caryophyllaceae

* Arenaria serpyllifolia

* Cerastium glomeratum

Mouse Ear Chickweed

* Corrigiola litoralis

Strapwort

* Minuartia hybrida

* Petrorhagia velutina

Velvet Pink

* Polycarpon tetraphyllum

Velvet Pink

* Sagina maritima

* Silene gallica

French Catchfly

* Silene nocturna

Mediterranean Catchfly

* Spergula arvensis

Corn Spurry

* Stellaria media

Chickweed

Casuarinaceae

Allocasuarina humilis

Scrub She-oak

Centrolepidaceae

Centrolepis aristata

Pointed Centrolepis

Centrolepis drummondiana

Chenopodiaceae

Enchylaena tomentosa var. tomentosa

Barrier Saltbush

Rhagodia baccata subsp. baccata

Berry Saltbush

Rhagodia baccata subsp. dioica

Berry Saltbush
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Family

Plant taxa

Common names

FOR|MAI |LES|CRA|YAL |[MEA|C/W | WO | TRI |YAN| SEA |CER
Threlkeldia diffusa Coast Bonefruit . .
Colchicaceae Burchardia congesta Milkmaids . . .
Wurmbea monantha . .
Wurmbea tenella .
Commelinaceae Cartonema philydroides .
Convolvulaceae Dichondra repens Kidney Weed . . .

Convolvulus arvensis

Crassulaceae Crassula colorata var. colorata Dense Stonecrop . . . . . . . . N .
Crassula decumbens Rufous Stonecrop . . .
Crassula exserta .
Crassula glomerata . . .
Crassula natans .
Crassula peduncularis Purple Stonecrop . .
Cupressaceae Callitris preissii Rottnest Island Pine, Maro .
Cuscutaceae Cuscuta epithymum Lesser Dodder . . . .
Cyperaceae Baumea articulata Jointed Rush .

Baumea juncea

Baumea Twigrush

Baumea vaginalis

Sheath Twigrush

Carex appressa Tall Sedge .
Carex preissii . . . . . . . .
Cyperus polystachyos Bunchy Sedge .

Cyperus tenellus

Tiny Flat-sedge

Gahnia trifida

Coast Saw-sedge

Isolepis cernua

Nodding Club-rush

Isolepis cyperoides

Isolepis marginata

Isolepis nodosa

Knotted Club-rush

Isolepis stellata

Star Club-rush

Lepidosperma gladiatum

Coast Sword-sedge, Kerbin
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Family

Plant taxa

Common names

FOR

MAI

LES

CRA

YAL

MEA

C/Iw

WO

TRI

YAN

SEA

CER

Lepidosperma leptostachyum

Lepidosperma longitudinale

Pithy Sword-sedge

Lepidosperma sp. (Coastal terete BJK
NG 231)

&

Lepidosperma squamatum

Mesomelaena preissii

Mesomelaena stygia

Schoenoplectus validus

Schoenus clandestinus

Schoenus curvifolius

Schoenus grandiflorus

Large Flowered Bogrush

Schoenus humilis

Schoenus nitens

Shiny Bog-rush

Schoenus subflavus

Yellow Bog-rush

Tetraria octandra

Dasypogonaceae

Acanthocarpus preissii

Dasypogon bromeliifolius

Pineapple Bush

Lomandra caespitosa

Tufted Mat Rush

Lomandra hermaphrodita

Lomandra maritima

Coastal Mat-rush

Lomandra micrantha subsp. micrantha

Small-flower Mat-rush

Lomandra preissii

Lomandra purpurea

Purple Mat Rush

Lomandra sericea

Silky Mat Rush

Lomandra suaveolens

Dennstaedtiaceae

Pteridium esculentum

Bracken

Dilleniaceae

Hibbertia cuneiformis

Cutleaf Hibbertia

Hibbertia hypericoides

Yellow Buttercups

Hibbertia racemosa

Stalked Guinea Flower
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Family

Plant taxa

Common names

FOR|MAI |LES|CRA|YAL IMEA|C/W | WO | TRI |YAN| SEA |CER
Hibbertia subvaginata . .
Droser aceae Drosera erythrorhiza Red Ink Sundew . . .
Drosera glanduligera Pimpernel Sundew . N
Drosera menziesii subsp. penicillaris  |Pink Rainbow .
Drosera pallida Pale Rainbow .
Drosera stolonifera Leafy Sundew . .
Epacridaceae Astroloma ciliatum Candle Cranberry . .
Astroloma pallidum Kick Bush . . . . .

Conostephium pendulum

Pink-tipped Pearl

Conostephium preissii

Leucopogon capitellatus

Leucopogon oxycedrus

Leucopogon parviflorus

Coast Beard-heath

Leucopogon propinquus

Leucopogon racemulosus

Euphorbiaceae Adriana quadripartita Bitter Bush . . . . . .
Beyeria cinerea . .
Euphorbia australis Namana . .
Euphorbia peplus Petty Spurge . . . . . . . . .

Euphorbia terracina

Geraldton Carnation Weed

Monotaxis grandiflora

Diamond of the Desert

Phyllanthus calycinus

False Boronia

Poranthera microphylla

Small Poranthera

Ricinocarpus glaucus

Wedding Bush

Fumariaceae * Fumaria capreolata Whiteflower Fumitory . . . . °
* Fumaria muralis Wall Fumitory .

Gentianaceae * Centaurium erythraea Common Centaury . . . °

Geraniaceae * Erodium botrys Long Storksbill .

* Erodium cicutarium

Common Storkshill
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Erodium cygnorum

Blue Heronshill

* Geranium molle

Dove’s Foot Craneshill

Geranium retrorsum

Geranium solanderi

Native Geranium

* Pelargonium capitatum

Rose Pelargonium

Pelargonium littorale

Goodeniaceae

Dampiera linearis

Common Dampiera

Lechenaultia floribunda

Free-flowering Leschenaultia

Lechenaultia linarioides

Yellow Leschenaultia

Scaevola anchusifolia

Scaevola crassifolia

Thick-leaved Fanflower

Scaevola nitida

Shining Fanflower

Scaevola thesioides

Gyrostemonaceae|  Tersonia cyathiflora Button Creeper * °
Haemodor aceae Anigozanthos humilis Cat's Paw .
Anigozanthos manglesii Mangles Kangaroo Paw . . .
Conostylis aculeata Prickly Conostylis . . . . . . . .
Conostylis candicans Grey Cottonhead . . . . . .
Conostylis pauciflora subsp. pauciflora|Dawesville Conostylis .
Conostylis setigera Bristly Cottonhead .
Haemodorum spicatum Mardja .
Phlebocarya ciliata . . .
Halor agaceae Haloragis aculeolata .
Hyacinthaceae * Lachenalia reflexa .
Hypoxidaceae Hypoxis glabella Tiny Star . .
Iridaceae * Ferraria crispa Black Flag . . °
* Chasmanthe floribunda African Corn Flag . N
* Freesia aff. leichtlinii Freesia . . . . .
* Gladiolus caryophyllaceus Wild Gladiolus . .
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* Gladiolus undulatus Wild Gladiolus .

* Homeria flaccida One-leaf Cape Tulip . o .
Orthrosanthus laxus Morning Iris . . . . .
Patersonia occidentalis Purple Flag, Koma . . .
Patersonia juncea Rush Leaved Patersonia . .
Romulea rosea Guildford Grass . . . . o . . .
Watsonia meriana var. bulbillifera Bugle Lily .

Juncaceae Juncus bufonius Toad Rush . . . .

Juncus capitatus

Capitate rush

Luzula meridionalis

Field Woodrush

Juncaginaceae

Triglochin calcitrapum subsp. incurvum

Triglochin calcitrapum subsp. recurvunj
ms

Triglochin centrocarpum Dwarf Arrowgrass . . . . . . .
Triglochin trichophorum . .
L amiaceae Hemiandra pungens Snakebush . . . . .
Stachys arvensis Stagger Weed . o
Lauraceae Cassytha flava Dodder Laurel . . .
Cassytha glabella Tangled Dodder Laurel . .
Cassytha pubescens Downy Dodder-laurel .
Cassytha racemosa Dodder Laurel . . . . . . . . .
Linaceae Linum marginale Wild Flax . .
Lindsaeaceae Lindsaea linearis Screw-fern .

L obeliaceae Isotoma hypocrateriformis Woodbridge Poison . . .
Lobelia alata Angled Lobelia .
Lobelia gibbosa Tall Lobelia . .
Lobelia heterophylla Wing-seeded Lobelia .
Lobelia tenuior Slender Lobelia . . . . . . .

L oganiaceae Logania serpyllifolia .
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Logania vaginalis White Spray . . . . . . . N
Mitrasacme paradoxa Wiry Mitrewort . .
Loranthaceae Amyema miquelii Stalked Mistletoe . . .
Nuytsia floribunda Christmas Tree, Mudja . .
M alvaceae Alyogyne huegelii var. glabrata ms . .
Alyogyne huegelii var. huegelii . o
Mimosaceae Acacia alata var. tetrantha .
Acacia cochlearis Rigid wattle . . . . . . .
Acacia cyclops Coastal Wattle . . . . . . . .
Acacia huegelii . . . .
Acacia lasiocarpha Panjang . . . o .
Acacia longifolia .
Acacia paradoxa Kangaroo Thorn .
Acacia pulchella var. glaberrima Prickly Moses . . . . . . . .
Acacia pycnantha Golden Wattle .
Acacia rostellifera Summer-scented Wattle . . . . . .
Acacia saligna Orange Wattle . . . . . . . . . .
Acacia stenoptera Narrow Winged Wattle .
Acacia truncata .
Acacia willdenowiana Grass Wattle . . . .
Paraserianthes lophantha Albizia .
M or aceae Ficus carica Fig . *
Myopor aceae Eremophila glabra Tar Bush . . . . . .
Myoporum caprarioides Slender Myoporum . . . . . . .
Myoporum insulare Native Juniper . . . .
Myrtaceae Agonis flexuosa Peppermint, Wonil . . . . . W

Calothamnus quadrifidus

One-sided Bottlebrush

Calytrix angulata

Yellow Starflower

Chamelaucium uncinatum

Geraldton Wax
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Eremaea pauciflora .
Eucalyptus calophylla Marri, Mari .
Eucalyptus cornuta Yate .
Eucalyptus decipiens Redheart .
Eucalyptus gomphocephala Tuart, Duart . . . . . . . . . . . .
Eucalyptus marginata subsp. marginataJarrah, Djara . . . . .
Eucalyptus mundijongensis .
Eucalyptus rudis subsp. rudis Flooded Gum, Kulurda .
Hypocalymma robustum Swan River Myrtle .
Leptospermum laevigatum Victorian Teatree . .
Leptospermum spinescens . .
Melaleuca huegelii Chenille Honey-myrtle . .
Melaleuca preissiana Moonah .
Melaleuca rhaphiophylla Swamp Paperbark .
Melaleuca systena Coastal Honeymyrtle . . . . . . .
Melaleuca thymoides .
Melaleuca teretifolia Banbar .

Olacaceae Olax benthamiana . N

Oleaceae Olea europaea Olive . .

Orchidaceae Acianthus reniformis Mosquito Orchids . . . . . . . .

Caladenia arenicola

Carousel Spider Orchid

Caladenia chapmanii

Caladenia crebra

Arrowsmith Spider Orchid

Caladenia flava subsp. flava

Cowslip Orchid

Caladenia georgei

Tuart Spider Orchid

Caladenia hirta

Sugar Candy Orchid

Caladenia latifolia

Pink Fairy Orchid

Caladenia longicauda

Common White Spider Orch

o

Caladenia marginata

White Fairy Orchid
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Caladenia speciosa

Sandplain White Spider
Orchid

Caladenia vulgata

Spider Orchid

Corybas recurvus

Helmet Orchid

Cyanicula gemmata

Blue China Orchid

Cyanicula sericea

Silky Blue Orchid

Cryptostylis ovata

Slipper Orchid

Cyrtostylis huegelii

Mosquito Orchid

Diuris amplissima

Diuris corymbosa

Common Donkey Orchid

Elythranthera brunonis

Purple Enamel Orchid

Elythranthera emarginata

Pink Enamel Orchid

Eriochilus dilatatus

White Bunny Orchid

Leporella fimbriata

Hare Orchid

Leptoceras menziesii

Rabbit Orchid

Lyperanthus nigricans

Red Beak Orchid

Microtis media

Tall Mignonette Orchid

Monadenia bracteata

South African Orchid

Prasophyllum calcicola

Prasophyllum elatum

Tall Leek Orchid

Pterostylis aff. nana

Dwarf Snail Orchid

Pterostylis aff. vittata

Grey Banded Greenhood

Pterostylis aspera

Brown-veined Shell Orchid

Pterostylis brevisepala ms

Pterostylis recurva

Jug Orchid

Pterostylis rogersii

Pterostylis sanguinea

Dark Banded Greenhood

Pterostylis vittata

Banded Greenhood

Thelymitra benthamiana

Cinnamon Sun Orchid
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Thelymitra crinita Blue Lady Orchid .
Orobanchaceae * Orobanche minor Lesser Broomrape . . . . . . .
Oxalidaceae * Oxalis glabra .

Oxalis perennans

* Oxalis pes-caprae

Soursob

Papilionaceae

Bossiaea eriocarpa

Common Brown Pea

Brachysema praemorsum

Chorizema diversifolium

Yellow-eyed Flame Pea

Daviesia divaricata

Marno

Daviesia preissii

Gompholobium confertum

Gompholobium tomentosum

Hairy Yellow Pea

Hardenbergia comptoniana

Native Wisteria

Hovea chorizemifolia

Prickly Hovea

Hovea stricta

Hovea

Hovea trisperma var. trisperma

Common Hovea

Isotropis cuneifolia subsp. cuneifolia

Granny Bonnets

Jacksonia calcicola

Jacksonia furcellata

Grey Stinkwood

Jacksonia sparsa ms

Jacksonia sternbergiana

Stinkwood, Kapur

Kennedia coccinea

Coral Vine

Kennedia prostrata

Scarlet Runner

* Lotus angustissimus

Narrowleaf Trefoil

* Lupinus angustifolius

Narrowleaf Lupin

* Lupinus cosentinii

* Medicago polymorpha

Burr Medic

* Melilotus indicus

King Island Melilot

Nemcia reticulata
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Sphaerolobium medium .
Templetonia retusa Cockies Tongues . . . . .
* Trifolium angustifolium Narrowleaf Clover . .
* Trifolium arvense Hare's Foot Clover .
* Trifolium campestre Hop Clover . . . . . .
* Trifolium cernuum Drooping Flower Clover .
* Trifolium dubium Suckling Clover . .
* Trifolium glomeratum Cluster Clover . .
* Trifolium repens White Clover .
* Vicia sativa subsp. sativa Common Vetch . . . . .
Phor miaceae Dianella brevicaulis . .
Dianella revoluta Blueberry Lily . . . . . . . . . . .
Stypandra glauca Blind Grass . . .
Phytolaccaceae * Phytolacca octandra Red Ink plant . .

Pinaceae * Pinus pinaster Maritime Pine .
* Pinus radiata Radiata Pine . .
Pittospor aceae Billardiera variifolia .

Pittosporum phylliraeoides

Weeping Pittosporum

Sollya heterophylla

Australian Bluebell

Plantaginaceae

Plantago debilis

* Plantago lanceolata

Ribwort Plantain

Poaceae

* Aira caryophyllea

Silvery Hairgrass

Amphipogon turbinatus

Austrodanthonia occidentalis

Austrodanthonia pilosa

Smoothflower Wallaby Grasg

Austrostipa compressa

Austrostipa elegantissima

Feather Speargrass

Austrostipa flavescens
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Austrostipa pycnostachya

Austrostipa semibarbata

Bearded Speargrass

* Avena barbata

Bearded Oat

* Avena fatua Wild Oat . .

* Briza maxima Blowfly Grass . . . . . . . . .

* Briza minor Shivery Grass . . . . . N
Bromus arenarius Sand Brome . .

* Bromus diandrus Great Brome . . . . . . . . . .

* Bromus hordeaceus Soft Brome . .

* Cynodon dactylon Couch . . . . . .

* Cynosurus echinatus

Rough Dog’s Tail

* Desmarzeria rigida

Dichelachne crinita

Long Hair Plume Grass

* Ehrharta calycina

Perennial Veldtgrass

* Ehrharta longiflora

Annual Veldtgrass

* Eragrostis curvula

African Lovegrass

Hemarthria uncinata

Matgrass

* Holcus lanatus

Yorkshire Fog

* Hordeum leporinum

Barley Grass

* Lagurus ovatus

Hare’s Tail Grass

* Lolium multiflorum

Italian Ryegrass

* Lolium perenne

Perennial Ryegrass

* Lolium rigidum

Wimmera Ryegrass

Microlaena stipoides

Weeping Grass

* Paspalum dilatatum

Paspalum

* Pentaschistis airoides

False Hairgrass

* Poa annua

Winter Grass

Poa drummondiana

Knotted Poa

Poa poiformis

Coastal Poa
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Poa porphyroclados . . .
* Polypogon monspeliensis Annual Beardgrass .
Polypogon tenellus .
* Stenotaphrum secundatum Buffalo Grass . . .
* Vulpia bromoides Squirrel Tail Fescue . .
* Vulpia myuros Rat's Tail Fescue . . . . . . . .
Polygalaceae Comesperma confertum Milkwort . . . . .
Comesperma integerrimum Milkwort . . . . .
Polygonaceae * Emex australis Double Gee . . .

Muehlenbeckia adpressa

Climbing Lignum

Muehlenbeckia polybotrya

* Rumex acetosella

Sorrel

Portulacaceae

Calandrinia brevipedata

Short-stalked Purslane

Calandrinia calyptrata

Pink Purslane

Calandrinia corrigioloides

Strap Purslane

Calandrinia granulifera

Pygmy Purslane

Calandrinia liniflora Parakeelia .
Primulaceae * Anagallis arvensis var. arvensis Pimpernel . . . . . . . . .
* Anagallis arvensis var. foemina Pimpernel .
Samolus repens Creeping Brookweed .
Proteaceae Banksia attenuata Slender Banksia, Piara . . . . . . .

Banksia grandis

Bull Banksia, Pulgarla

Banksia leptophylla var. leptophylla

Banksia littoralis

Swamp Banksia, Pungura

Banksia menziesii

Firewood Banksia

Banksia prionotes

Acorn Banksia

Conospermum stoechadis x triplinerviu

iiommon Smokebush

Conospermum triplinervium

Tree Smokebush

Dryandra lindleyana

Couch Honeypot
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Dryandra sessilis

Parrot Bush, Pudjak

Grevillea crithmifolia

Grevillea preissii

Spider Net Grevillea

Grevillea vestita

Hakea lissocarpha

Honey Bush

Hakea prostrata

Harsh Hakea

Hakea trifurcata

Persoonia longifolia Snottygobble .

Persoonia saccata Snottygobble . .

Petrophile linearis Pixie Mops . .

Petrophile serruriae .
Petrophile striata

Stirlingia latifolia Blueboy . .

Synaphea floribunda .

Synaphea polymorpha Albany Synaphea, Pinda

Xylomelum occidentale

Woody Pear, Djandjin

Ranunculaceae

Clematis linearifolia

Slender Clematis

Clematis pubescens

Common Clematis

Ranunculus colonorum

Common Buttercup

Ranunculus muricatus

Sharp Buttercup

Ranunculus pumilio

Smallflower Buttercup

Restionaceae Hypolaena exsulca
Desmocladus aspera . . . . . . .
Loxocarya pubescens .

Rhamnaceae Cryptandra arbutiflora Waxy Cryptandra . .

Cryptandra mutila

Spyridium globulosum

Basket Bush

Spyridium tridentatum

Trymalium ledifolium subsp. ledifolium
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Rosaceae * Acaena echinata Sheep’s Burr .
Rubiaceae * Galium aparine Goosegrass . .
* Galium murale Small Goosegrass . . . . . . .
Opercularia hispidula Hispid Stinkweed . . . . . .
Opercularia vaginata Dog Weed . . . . . . . .
* Sherardia arvensis Field Madder . . .
Rutaceae Boronia alata Winged Boronia .
Diplolaena dampieri Southern Diplolaena . . . . .
Santalaceae Exocarpos sparteus Broom Ballart, Djuk . . . . . .
Leptomeria cunninghamii . .
Leptomeria preissiana .
Santalum acuminatum Kwandong, Warnga . . . . .
Sapindaceae Diplopeltis huegelii subsp. subintegra .

Dodonaea aptera

Coast Hop-bush

Scrophulariaceae

* Bartsia trixago

Bellardia

* Dischisma arenarium

* Dischisma capitatum

Woolly-headed Dischisma

* Kickxia spuria

* Parentucellia latifolia

Common Bartsia

* Parentucellia viscosa

Sticky Bartsia

* Verbascum virgatum

Veronica stolonifera

* \/eronica arvensis

Wall Speedwell

* Verbascum thapsus

Solanaceae

Anthocercis ilicifolia

Anthocercis littorea

Yellow Tailflower

* Physalis peruviana

Cape gooseberry

* Solanum americanum

Glossy Nightshade

* Solanum linnaeanum

Apple of Sodom
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* Solanum nigrum Black Berry Nightshade . . . . . . . . . .

Solanum symonii . . . . . .
Stackhousiaceae Stackhousia monogyna . . . °

Tripterococcus brunonis Winged Stackhousia .
Ster culiaceae Guichenotia ledifolia .

Lasiopetalum membranaceum . . . N

Rulingia luteiflora .

Thomasia cognata . . . . . .

Thomasia purpurea .

Thomasia triphylla . . . .
Stylidiaceae Stylidium bulbiferum .

Stylidium calcaratum Book Triggerplant . .

Stylidium glaucum Dotted Triggerplant .

Stylidium junceum Reed Triggerplant . .

Stylidium repens Matted Triggerplant . .
Thymelaeaceae Pimelea argentea Silvery Leaved Pimelea . . . .

Pimelea calcicola .

Pimelea rosea Rose Banjine . . . .
Tremandraceae Tetratheca hirsuta (glabrous) Black Eyed Susan . .
Tropaeoleaceae Tropaeolum majus Garden Nasturtium .
Typhaceae Typha domingensis Bulrush, Djandjid .

Typha orientalis Bulrush .
Urticaceae Parietaria debilis Pellitory . . . . . . . .

Urtica urens

Stinging Nettle

Valerianaceae

Centranthus macrosiphon

Verbenaceae Phyla nodiflora Fogfruit .
Violaceae Hybanthus calycinus Wild Violet . . . . . .
Xanthorrhoeaceae Xanthorrhoea brunonis .

Xanthorrhoea preissii Palga . . . o . N . N
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Zamiaceae Macrozamia riedlei Zamia, Djiridji . . . . . . . . 5 . .
Zygophyllaceae Zygophyllum apiculatum .
Zygophyllum fruticulosum Shrubby Twinleaf .
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Tuart ( Eucalyptus gomphocephala) and Tuart Communities

FLORISTICS OF THE TUART FOREST RESERVE*

GJ Keighery' and BJ Keighery

1. Science Division, Department of Conservation band Management,
Wildlife Research Centre, PO Box 51, Wanneroo, \&246.
2. Department of Environmental Protection, PO B@2K, Perth, WA, 6842.

ABSTRACT

The Tuart Forest Reserve contains a series of upland anchaveliant communities that once
characterized the coastal area between Busselton and Bunburyalhsdhte largest remnant of
Tuart Tall Woodland to Woodland, which is the only remaining contiguciasngle of the
uplands, wetlands and rivers of the Ludlow Plain Land System @&gkarwood Dune System. A
total vascular flora of 705 species is described for thestocomprising 543 natives and 162
weeds. There are ten priority taxa and one species of De&tared-lora in the Forest. The Forest
has a long history of multiple disturbances. The major wesdsArum Lilies Zantedeschia
aethiopica),Bridal Creeper Asparagus asparagoideand a range of annual grasses. Historical
accounts of the flora and vegetation of the Forest are detaibdompared with the current Tuart
Forest Reserve and some perceptions of the Tuart Forest Reserve.

INTRODUCTION

The ‘Tuart Forest Reserve’ encompass 2,880 hectares (ha) wf foublvn) reserves in the Shires
of Busselton and Capel (Maps 1 and 2). The central and southeomsgbgtween the Capel and
Sabina Rivers, are essentially State Forests 1 and 2 (Mam Hrea of 1,385 ha, which were
gazetted in 1919 (Forests Department 1919). Portions of this aregppwehased as early as 1903
and 1904. The remaining areas were private lands but, since 1919hdwveprogressively
repurchased by the Crown. This area is now the Tuart Foadgindl Park and adjacent State
Forest (Maps 1 and 2). For the purposes of this study this areaeise@fto as the Tuart Forest
Reserve. This same area was identified in System tti¢8e1.1.2) of the 1976 report
‘Conservation Reserves for Western Australia’ (DCE 1976). géreeral area of the Tuart Forest
Reserve is called the Tuart foress it is often unclear as to which specific area eatlglies
and/or comment have been applied. The Tuart Forest Reserve comgaiamaining remnants of
the Tuart dominated communities and associated wetlands that omaetetized much of this
area.

The Tuart forest has long been of interest to the Western Austratianunity as it:

« contains one of the first forests to be protected as State Forest;

* contains areas that have been the subject of numerous managecenents (for example
Forests Department of Western Australia 1921, Forests Depamméfgstern Australia 1956,
Forests Department of Western Australia 1979); and

! This report is Part V in the series ‘FloristicsReserves and Bushland Areas in the BusseltonoRegi
(System 1)’. A 1996 Wildflower Society of Westerrugtralia (Inc.) publication contains Parts | to IV
(Keigheryet al. 1996).

2 The State Forest areas included the Tuart F&teserve are contiguous with the National Park areas
(Maps 1 and 2). State Forest 12 is not includgfienT uart Forest Reserve.

® The term ‘forest’ as used in these names is irsedgeneral rather than technical sense as tghthand
cover of Tuart trees in the area do not necessauitgtitute a forest.
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* is the site of the original forestry school in 1921.

Despite this long association with the Forests Departthentegetation and flora of this large and
significant area has not previously been systematicallyegad: This lack of base information on
both the flora and plant communities of the Tuart forest has leagramtideal of speculation as to
their nature (for example see Broadbent this publication). Asnsecjuence this paper both
describes the present vegetation and flora of the Tuart FResstve (after the boundaries in Map
1) and compares this with the known historical records thatideszspects of the vegetation and
flora of the Tuart Forest Reserve.

LOCATION AND GEOGRAPHIC DETAILS

The Tuart Forest Reserve is located between Busselton andl @apee Swan Coastal Plain
(Map 1). The old forestry settlement of Ludlow (Map 1) is cénitrdhe Reserve and the area is
often referred to as the Ludlow Tuart Forest. A seriestfofr names are used to describe sections
of the Reserve as the Reserve has been divided into a sleriamed ‘paddocks’ (Map 2 after
Forests Department 1975). This report uses these names to detignedrious areas of the Tuart
Forest Reserve, referring to them as ‘Blocks’.

State Forest 12 lies to the south-east of the Tuart Forest Resepe {Mnd 2).

Four rivers flow through the area of the Tuart Forest Resémom the north-east to the south-
west these are the Capel, Ludlow, Abba and Sabina Rivers (M@mly)two of these, the Ludlow
and Abba Rivers, flow through the Reserve. The Sabina Riversniagksouth-east boundary of
the distribution of Tuart, and the Reserve (see Keigherl. this publication). The Capel River
flows through private land between the main area of the Resed/éVlinninup Block (Map 1).
Early descriptions of the area indicate these rivers, then unnamed, weferadid to as the ‘Vasse
River’.

SURVEY METHOD

Survey work in the Tuart Forest Reserve was performediatgatimes of the year over six years
of survey from April 1992 to 1997 and in December 2001.

Twenty-nine sites were located and described in the Faomeist Reserve (Appendix 1) to sample
the range of vegetation associations identified using aeriabgtagths and field interpretation.
The sites are located in those areas observed to be in tht@béiion in the particular unit being
sampled. These sites can be divided into the two groups described below.

e Four 100 rr%study sites were permanently located using four steel pggse(dix 1). Several
botanists recorded information in a set format on physocation and attributes, vegetation
structure, density and condition and the total flora of these pemhatudy sites (Keighery
1994). The permanent sites were sampled on at least two occasibrege included in a
detailed regional floristic survey of the Swan Coastal Plain (Gibsah1994).

¢ Twenty-five 100 nz1 relevés were located. The physical location and attributegtatemn
structure density and condition and partial flora lists were recoodeshth site.

Opportunistic plant collections and records, that is from outbidesites, were made during foot

and vehicle transects of the area at various times of the geer the six years of survey.

Information on the vegetation associated with each collection oordewas recorded.

Identification of plant collections were verified at the Westeustpalian Herbarium.

Over 200 specimens of unusual, rare and interesting species locadtedTuart Forest Reserve
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during these surveys have been lodged in the Western Australian Herbarium

Herbarium collections and known published and unpublished surveys wekedHer additional
records for the Tuart Forest Reserve.

A composite list of the flora of the Tuart Forest Resdisted against the associated vegetation
was compiled from all of the records describe above (Appendixl B)arit is considered that over
90% of the flora has been documented.

GEOMORPHOLOGY AND SOILS

The Tuart Forest Reserve is located on the Swan CoastalaPidiis aligned north-east to south-
west (Map 1), forming a band approximately 18 km long (25 km when MinnBlapk is
included) by 3 km wide lying parallel to the coast. It liem@pally within the Spearwood Dune
System, bounded to the coast by the Quindalup Dunes System and thefydnle and inland
by the Pinjarra Plain. At places on the inland side, aredRirgarra Plain are included in the
boundary of the Tuart Forest Reserve. While typically on thenS@oastal Plain the Spearwood
Dunes are separated by the Bassendean Dunes, this is not thetbassast-south-east area of the
Reserve, where the Bassendean Dunes are present as lovwodemt®e alluvium of the Pinjarra
Plain.

There have been a series of studies mapping the geology andf sbhédsstudy area and these are
outlined below.

The Urban Geology (Bunbury to Burekup, Anon. 1981) and Environmental Ge{Qaypel,
Belford 1987a and b) series map similar units at a 1 : 50€08. A series of units are mapped in
the Tuart Forest Reserve for the different landforms, and thesesaréodd below.

e Low sandy rises: ‘Sands associated with Tamala Limestone’ §€spapped in the Minninup
Block and, the equivalent unit, ‘Sands derived from Tamala liones’ (S7, calcareous
sands) are mapped in the Ludlow area (North, Lime Kiln, James @fel Blocks). Towards
the west there are only thin sheets of sand over limestone Wianala Limestone’ (Ls7) is
mapped.

* Wetlands: A variety of units are mapped in these. On tlge ef the Wonnerup Inlet are
Estuarine deposits of ‘Calcareous sand overlying estuatth€S27). In other wetland areas
are Swamp deposits of clayey silty sands (Cpsl) and two ofpEiuvium: sandy silts (Ms2)
and clayey sandy silts (Mscl) of the Guildford Formation.

* Rivers: Two types of ‘Alluvium’ are mapped: silty sands (Srmoh)the Ludlow River and
clayey sandy silt (Mscl) along the Abba and Sabina Rivers.

Tille and Lantzke (1990) map a series of land units in the kmdl capability study of the
Busselton-Augusta area. This study identifies a series of lateinsy on the Swan Coastal Plain in
the Busselton area associated with the major soil landform aofnibe Plain. These are outlined in
Table 1.

The Tuart Forest Reserve is generally confined to the Ludlaw Band System. However, to the

east-south-east the Ludlow Plain Land System meets the Rkda Land System and the

boundary between these units is difficult to determine. The omaigped by Tille and Lantzke

(1990) can be considered according to the same landform units as describmsfyrevi

« Low sandy rises: Low rises to 15m above sea level of welehladeep brownish yellow sand
(L, Spearwood sands).

« Wetlands: Several units are mapped in these. To the norttewelse edges of the Wonnerup
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Inlet are poorly drained shallow brownish yellow sands overlyimgdtone (Lwr). To the
south-east are low lying depressions with clayey (Cokelufs @oig). These depressions are
poorly drained in winter and some areas are saline. While not ohaspsuch, it appears that
in the area of the Simpson Wetland (see below) the Ludlow Riakets the Abba Plain and
there are areas of winter wet flats with sandy grey brown soils (Aw).

* Rivers: Narrow floodplains of sandy alluvial soils (Lv).

Both studies give comparable descriptions of the landforms and soils of thd dred gart Forest
Reserve.

VEGETATION
The Vegetation Map

The vegetation map (Map 3) shows the distribution of the prinplpat communities in the Tuart
Forest Reserve. The distribution of the communities is basekeostructural units described in
the Forest (Appendix 1). Five plant communities are mapped. Fours# thets are associated
with upland areas and the other with seasonally inundated erlegged areas. Of the upland
units, two are highly modified, being: Tuart over pasture ane Plantations. The remaining three
are less modified, being: two units of Tuart Woodland and the neetleeas which are a mosaic of
units. Included in the wetland mosaic are: woodlands dominated FloodedEBuatyptus rudig
Marri (Eucalyptus calophylla Melaleuca rhaphiophyllandMelaleuca cuticularisand shrublands
dominated byMelaleucaspecies anéHalosarcia.Two other units can be distinguished: an area of
Yate Eucalyptus cornufaWoodland and the communities associated with the river edges and
channels. These are both relatively small in area and higstiyrided and are not mapped. All of
these units are described in more detail below.

Uplands

Pine PlantationfMapping unit: pP)

The cover of native species in the this area is very low hemthere are TuarfAgonis flexuosa
(Peppermint), native shrubs, grasses, sedges and herbs iredhellae density of these native
species varies.

Tuart Tall Woodland over pastug®lapping unit: tW)

These areas have a groundcover of introduced grasses and herbs. Tloé matwez species, other
than Tuart and\gonis flexuosais low but there are native shrubs, grasses, sedges andrhmds
area. The density of these native species varies.

Tuart Tall Woodland over Candlestick Bankdiaiksia attenuajaWoodland

(Mapping unit: tbW; Quadrats Minn 01, Minn 02 and Minn 03 after Giletaal. 1994)

In this area Tuart is scattered or forms an Open Tall Woodtamloodland over a Woodland

dominated by Candlestick BanksBapnksia attenuaja PeppermintAgonis flexuosamay be co-

dominant in this Woodland. Low Jarrah trees are scattered snctihmunity. Other typical

understorey species are characteristic of the Spearwood Dune Systewlaahel the following:

» shrubsLeucopogon parvifloryfRhagodia baccatandHibbertia hypericoides

e herbs Arthropodium capillipes Orthrosanthos laxys Sowerbaea laxiflora Daucus
glochidiatus Hardenbergia comptonian&Trifolium campestre

e grasseg\ustrostipa flavescen®Briza maxima and

« sedgegdsolepis nodosa

Native species diversity in quadrats ranges from 49 to 28, and weeds from 8 to 22
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Tuart Tall Woodland over Peppermirtgonis flexuosgOpen Forest

(Mapping unit: taW; Quadrats: PEPB 01 after Gibsbal. 1994)

In this area Tuart forms an Open Tall Woodland to Woodland over an Best to Woodland

dominated by PepperminAgonis flexuosa Other typical understorey species are characteristic of

the Quindalup and Spearwood Dune Systems and include the following:

e shrubs Spyridium globulosum, Rhagodia baccatadHibbertia cuneiformis

« herbs -Arthropodium capillipes, Stypandra grandiflora, Sowerbaea laxiflora, *Trifolium
campestre;

« climbers -Hardenbergia comptoniana, Kennedia prostrata;

* grasses Microlaena stipoides, *Briza maximand

e sedges €arex preissii.

Native species diversity in one quadrat was 27 with 12 wéexlsutlined previously this site is in

the area of this unit observed to be in the best condition. Soibrtf Block the diversity and

density of native taxa in the understorey decreases and the density ofrveeeaises.

Yate Woodland

Yate Eucalyptus cornufareaches its northern limit on the eastern banks of the SRibiea and
appears to replace Tuart from here south. This community dominatédtéy once occurred on
the western margins of the Reserve however today only remmsest occur in the area and
isolated trees can be found on road verges, in adjacent paddockstlam®abina Nature Reserve
(Keighery 1999). The community appears to be totally destroyed anddbladb be mapped. The
occurrence of Tuart mapped by Smith (1973) in this area is apparently batiand.

Wetlands
(Mapping unit: WM)

Four areas of flat and basin wetland (Semeniuk 1987) are distieguigithin the Tuart Forest

Reserve. These wetland areas can be divided into two groups, being:

* Two are on the coastal side of the Forest on the northtweasgrgin of Lime Kiln Block and
Webster Block; and

* two are to the inland side (south-eastern side) on the soudrreasirgin of Buffer Block and
Simpson Block.

The coastal wetland areas are part of the extensive Wonnerlgnw/system. The vegetation is
influenced by the saline conditions and the estuarine depositsalohreous sand overlying
estuarine silt’ in these wetlands.

The inland wetlands are on Swamp deposits of clayey silty sand&arygpes of alluvium; sandy
silts (Ms2) and clayey sandy silts (Mscl) of the GuildfBaimation, part of the Pinjarra Plain.
The predominantly freshwater conditions in these wetlands is reflected vegetation.

A series of communities can be distinguished on the seasonally iadratad waterlogged areas.

The mosaic nature of these plant communities is a featuhe dfetavy soil wetlands on the Swan
Coastal Plain (Keighery and Trudgen 1992; Gibsbal 1994; Keighery, Keighery and Gibson

1996). The presence of the different communities is relatdeeteurface and subsurface soils and
the degree and duration of winter inundation and/or waterlogging.

Coastal Saline Wetland: Lime Kiln Wetland

(Quadrat Lime Kiln Wetland 01)

This small area is part of a larger wetland on the cbsista of the Tuart Forest, which has been
predominantly cleared for pasture. The area in the Tuart tFier@®minated by Flooded Gum
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(Eucalyptus rudis The understorey is significantly altered and few nativa®ain in this
community.

Coastal Saline Wetland: Webster Wetland

(Quadrats Webster Wetland 01 — 06)

As with the Lime Kiln wetland this area is part of a largetland that extends to the north and
west and has been significantly disturbed. This area supports cotiesigtiminated by wetland
species typically associated with saline water includimg sedgegCarex divisaand Juncus
kraussii and the samphireSarcocornia quinquefloraand Halosarcia indica However the tree
species in the area, Flooded Gum awdlaleuca rhaphiophyllareflect that fresher water is
available. Typical herbs of these communities @otula coronopifolia, Centella asiatica, Apium
prostratumandLobelia alata

Inland Fresh Wetland: Buffer Wetland

(Quadrats Buffer Wetland 01 - 05)

A series of communities dominated by varioMelaleuca species occur in this seasonally
inundated wetland. The principMelaleucaspecies aréM. rhaphiophylla M. vimineaand M.
lateritia. Interestingly, while the latter two species are alwaysits) M. rhaphiophyllacan be
either a low tree or tall shrub. At timesicalyptus rudiss also present. Typically these woodlands
and shrublands are over sedgelands dominated by species dwggyieslia muirii, Chorizandra
enodes Schoenus maschalinuend Baumea articulata As the soils in the wetlands dry, an
herbaceous layer becomes evident dominated by such speci&enasio glomerataS.
gquadridentatuslxiolaena viscosapAlternanthera nodifloraGoodenia micranthand Angianthus
drummondiiand patches of the gradgrostis avenacealVhen the lowest area of the wetland is
inundated (Quadrat 03) it is dominated by the aquatic phageotifia coronopifoliaand the
aquaticMontia australasica.

Inland Fresh Wetland: Simpson Wetland

(Quadrats Simpson Wetland 01 - 09)

The largest area of wetland is found in Simpson Block. A seficommunities can be described

in a transect across the wetland from better drained margins on sandy d¢taysvetter core of the

wetland on clays. Tall Woodlands on the margins and sandy riskm wlie wetlands can be

dominated by a series of eucalypts including Tuart, M&ucélyptus calophyllaand Flooded

Gum. While Tuart and Marri are not considered typical wetlgneties they are here associated

with other species typically associated with wetlands such asltbeihg:

* trees ‘Melaleuca preissianandBanksia littoralis;

e shrubs -Viminaria juncea, Melaleuca viminea, M. incana, M. rhaphiophylla, Kunzea
glabrescens, Hakea prostrata, H. varia, Regelia cilataPericalymma ellipticumand

e sedges Gahnia trifida, Lepidosperma longitudinadedBaumea rubiginosa

The seasonally inundated area of this wetland is dominated bsathe suite of shrubs as the

Buffer Wetland as well as several other species. Thas&lelaleuca vimineaM. incana, M.

lateriflora and M. uncinata.In this wetlandMelaleuca rhaphiophyllas generally a low tree.

Typically these woodlands and shrublands are over sedgelands thmmiyaspecies such as

Lepidosperma longitudinal&ahnia trifidaand Chorizandra enodesAs the soils in the wetlands

dry, a mixed herbaceous layer becomes evident. When the lowesf éneavetland is inundated

(Quadrat 07) it is dominated by the aquat®shoenus natansAponogeton hexatepalusnd

Villarsia submersa.

Rivers
(Quadrats Ludlow River Bank 01 - 02, Ludlow River Channel 01 and Abba River 01)

Flooded Gum and Marri Woodland are associated with the edges afidleiLand Abba Rivers,

185



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve.
GJ Keighery & BJ Keighery

while the channel is dominated Byicalyptus rudisVoodland oveMelaleuca rhaphiophylld.ow
Woodland. All areas have been subject to extensive unnatunaibdiste by grazing. The weed
*Watsonia merian&ar. bulbillifera and introduced grasses predominate along the rivers.

Floristic Community Types

The regional study of the floristic variation of the Swan @aBlain by Gibsoret al. (1994)

identified two floristic community types in the Forest (Table 2):

» floristic community type 25: Southerfcucalyptus gomphocephala Agonis flexuosa
woodlands; and

« floristic community type, 30b: Quindalupucalyptus gomphocephadmd/orAgonis flexuosa
woodlands.

The wetlands were not sampled in this or subsequent studies hdaeveadditional groups are

considered to be present as indicated by the floristics ofréias @.e. inferred groups in Table 1,

Appendices 1, 2 and 3). These are:

« floristic community type 1b: SoutheBucalyptus calophyllavoodlands on heavy soails;

« floristic community type 4Melaleuca preissiandamplands;

« floristic community type 9: Dense shrublands on clay flats; and

« floristic community type 13: Deeper wetlands on heavy sails.

FLORA
Historical Records of the Flora

The earliest known collections from the Tuart forest are fitmee sources. The exact provenance

of these collections is unknown. The three sources are listed below.

¢ The Baudin expedition - including the type specimen of Tuart.

* Georgiana Molloy - over 150 collections were made and many ¢ tvematerial grown from
her seed collections were used as type material by Boofdshn Lindley in ‘A Sketch of the
Vegetation of the Swan River Colony’ (Hasluck 1990).

e Ludwig Preiss - who stayed with Georgiana Molloy (Hasluck 1990).

The earliest accurately located collections from the aret@ made by Alexander Morrison in
1898 (most are in Edinburgh Herbarium) and WV Fitzgerald in 1903 (colleetieria Sydney).

When the Forestry School was established at Ludlow, the Botamithe Forests Department,
CA Gardner, made the first of his 25 collections of 16 taxa ftoenarea, spread over the years
1920, 1923, 1925, 1927, 1936 and 1940. The majority of these species have bebnrecen
collected except forCalandrinia liniflora, Conospermum acerosusubsp.acerosum(originally
collected in 1920), @nospermum caeruleursubsp. marginatumand the doubtful record of
Pultenaea drummond(labelled as collected near Ludlow). The lecturer at the Forestry S@ibol,
Stoate also collected near Ludlow and eight of these collectionairre Stoate also collected
Conospermum acerosuin 1922. Other collections made that have not been re-collected are
Hibbertia rhadinopodaand Olearia strigosa Dr. Nancy Burbidge made four collections from
Ludlow in 1942; all of these are wetland taxa and all have been recollected.

Further historical information on the flora comes from a mdgelocated account of the
understorey vegetation of parts of the Tuart forest in d’Esige{d938a, b, ¢ and d)These
reports, and especially the associated notebooks, document sedgetdtion surveys carried out

* These and other reports cited are in the archifése Department of Conservation and Land Managéme
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as pine plantations were established in the late 1930s.r#bilegetation attributes are described

for over 300 sites of which 265 are dominated by Tuart. While theategeinformation for each

of the sites is incomplete, this source gives more informatiothe flora of the area than any
other. A total of 149 species were recorded by d’Espeissis from sieese(Appendix 4). Taking
account of name changes since these records were madegahdse compared with current day
records (Appendices 2 and 3). While the majority of the speem®sded have been recorded in
this study, the following groups are of interest:

* species not located today Atlocasuarina fraseriana, Allocasuarina humilis, Anigozanthos
viridis, Carpobrotus ?aequilaterale, Hibbertia amplexicaulis/perfoligtgpogon formosus,
Lobelia gibbosa, ?Olearia pubescens/strigasaPatersonia xanthina;

« commonly recorded species confined to Minninup Block toda@alandrinia linifolia,
Conostephium penduluamdMelaleuca thymoidesand

« commonly recorded species uncommon in the same blocks to#laigezanthos manglesii,
Banksia attenuata, Conostylis aculeata, Dampiera linearis, Daviesiaridata, Daviesia
podophylla, Gompholobium tomentosum, Hovea trisperma, Isotropis cunsifocoielia
tenuior, Macrozamia riedleandScaevola phlebopetala.

These records do not appear to have been seen by later awhorhiough d’Espeissis stated he

placed collections in the Ludlow Herbarium. No collections underdnsencould be located in the

WA Herbarium today. It is possible that the collections maft and Gardner are the remnants of

this herbarium.

The Curator of the Western Australian Herbarium, RD Royceeatelll approximately 30 species
around Ludlow in 1951, 1954 and 1957. Of these, seven species have na-beected for this
study; these areCalycopeplus oligandrystSetariapalmifolia, *Watsonia marginatalsopogon
formosussubsp.dasylepis *Ixia maculata Kennedia carinataand Petrophile squamatasubsp.
pluridissectams. However, all of the natives are heavy soil wetland eririe taxa, rather than
species of the Tuart dominated communities and it is possible thatserfiem State Forest 12.

McCutcheon (1974) undertook an inspection of the Tuart Forest in 19'&ttad plans to set up
walking trails in the area. This report lists 53 speci@gfavhich we have re-recorded. As part of
this study he made a series of collections, which were Igitiald in Bunbury, but now largely in
the WA Herbarium.

Bartholemew (1986) and Piggot (1984) added another 65 species torthésti as the result of
their (and co-workers Fox and White) studies, making a total of Jetiesprecorded for the Tuart
forest. Weston (1989) recorded a further eight species bringing thotdd9. All of these records
have been re-recorded by the authors.

Searches of the Department of Conservation and Land ManagienWestern Australian
Herbarium using Flora Base (CALM 2001) for specimens assoocidthda series of key words
such as Ludlow, Tuart forest, Collectors Names, ‘Paddock’ namegRivers resulted in a listing
of over 450 specimens. A large proportion of these collections Wwergesults of this and other
surveys made to compile the data for Gibebal. (1994) and Keighery (1999). Those remaining
were individually checked and collections obviously made beyond the boesdd the Tuart
Forest Reserve and those of doubtful origin were eliminatéshugh the latter were retained for
future field searches. The collections of most interest remaining a
e *Agrostis stolonifera Ludlow River, Ludlow, K. Forrest s.n. Probably a weed of the
settlement.
e Caladenia lobata Ludlow, Forestry Department, 10-10-1961. Not re-collected, a very
unusual record.

®> A more complete appraisal of this informationl\wi& made in a future publication.
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* Hibbertia ferruginea Ludlow, AT Hotchkiss s.n., 04-Sept.-1953. A dampland species, rarely
recorded on the Swan Coastal Plain.

None of these taxa are ‘typical’ of Tuart dominated commundaigd they have not been re-

collected in the area.

Prior to this study there had been approximately 240 species eddooan within the boundaries
of the Tuart Forest Reserve. The historical records, thowgimiplete, suggest that major changes
have occurred in the floristics of the Tuart Forest Reserve.

Current Flora

The Tuart Forest Reserve contains a vascular flora efaat 705 taxa (Appendices 2 and 3). Of
these, 233 taxa were recorded in Minninup Block and 671 taxa in thgumrs blocks. Twenty-
eight natives and four weeds were only recorded in Minninup Blodlkaee indicated by an ‘M’ in
Appendix 2.

The 705 recorded taxa can be divided into the following groups

- 543 are natives,

- 162 are weeds,

- 12 are non-flowering vascular plants, nine being ferns and fern allies aed3imnosperms,
- 267 are monocotyledons (214 natives and 53 weeds), and

- 426 are dicotyledons (317 native and 109 weeds).

The Orchidaceae (54 taxa, including 1 weed), Myrtaceae (40 taxadimgls weeds), Cyperaceae
(44 taxa including 5 weeds), Asteraceae (62 taxa including 16 wdtms)eae (52 native taxa
including 32 weeds), Anthericaceae (20 taxa), Papilionaceae (40irtelxaing 16 weeds),
Proteaceae (19 taxa), Stylidiaceae (19 taxa), Apiaceae (17atakdéhe Mimosaceae (13 taxa) are
the most species diverse families.

Many taxa present in the Tuart Forest Reserve (Appendiced 3)aare characteristic of the wet
heavier soils of the southern side (or eastern side of tihe iRleth of Capel) of the Swan Coastal
Plain.

Significant Flora — Species of Special Interest

Declared Rare and Priority Flora

One species of Declared Rare Flora and ten rare taxa (ptéotétythat is taxa under consideration

for declaration as Declared Rare Flora, see Appendix 5, Talblerg)located in the Tuart Forest

Reserve. Of these eleven taxa:

* six are endemic to the Swan Coastal Plain, these bekpgnogeton hexatepalus, Jacksonia
sparsa ms Myriophyllum echinatum, Rhodanthe pyrethrum, Schoenus capillifaeling
Verticordia plumosaar. vassensis;

e nine are restricted to the southern side of the Plain &emeside of the Plain north of Capel),
these being Aponogeton hexatepalus, Blennospora doliiformis Chamaescillagibsonii
Eryngium feroxms, Myriophyllum echinatummRhodanthe pyrethrunSchoenus capillifoliys
Trichocline sp. Treeton (BJ Keighery & N Gibson 56dhd Verticordia plumosavar.
vassensis

* nine are species of clay based wetlands, these béipgrogeton hexatepalus, Blennospora
doliiformis ms, Chamaescilla gibsonii, Eryngium feroms, Myriophyllum echinatum,
Rhodanthe pyrethrum, Schoenus capillifolius, Schoenus natans, Trichsglifgeeton (BJ
Keighery & N Gibson 564) anderticordia plumosa/ar.vassensis

« three are true aquatic species, growing, flowering and seddingundated wetlands
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(sumplands), these beingAponogeton hexatepalus, Schoenus capillifobusl Schoenus
natans

These taxa are described below.

Declared Rar€&lora

One vascular plant from the Tuart Forest Reserve is curi@gtdyg as Declared Rare Flora (DRF,
Atkins 2001),Verticordia plumosavar. vassensigMyrtaceae). This is one of the three varieties
(Verticordia plumosavar. vassensisvar. ananeotesand var.pleiobotryg of the Plumed Feather
Flower listed as DRF. All three varieties are confinetht sandy clays of the southern side, or
eastern side of the Plain north of Capel, of the Swan @ldaktin.V. plumosavar. pleiobotryais
known from the Mundijong area in the Shire of Serpentine—Jailmlada V. plumosavar.
vassensisfrom the Ambergate area south of Busselton.

Two other species recorded for the Tuart Forest ResApanogeton hexatepalusd Schoenus
natans were until recently listed as DRF. However, the locatiodaoje populations of both
species has led to the reappraisal of the threat to both specibégwadet not currently listed.

Priority Flora(listed in Priority groups and then alphabetical order after jamil
Ten Priority Flora are currently recorded in the Tuart Forest Restiese are described below.

Trichoclinesp. Treeton (BJ Keighery & N Gibson 564) (Asteraceae) - Priority 2

This as yet undescribed species is confined to clay bastands, principally on the Plain. The
rosetted, annually renewed herb produces attractive Gerberfielikers in late spring to early
summer, when the soils are dry.

Schoenus capillifoliu¢Cyperaceae) - Priority 2
This aquaticSchoenusvas found in the Simpson Wetlands. The aquatic form of thisespei
confined to clay based wetlands of the Swan Coastal Plain.

Blennospora doliiformisns (Asteraceae) - Priority 3

This taxon was first recognized in the Gibsgral (1994) study aBlennosporaaff. drummondii
(BJK & NG 20) from eight populations from floristic communitypé&s 7, 10a and 18. While this
taxon is related t®&lennospora drummondliit can be distinguished from it by the golden corolla
lobes that do not age brown and several other features. Tibéradospora drummondivas only
found north of Perth. This species is listed on the priorityd#sBlennosporasp. Ruabon (BJ
Keighery & N Gibson 20).

Chamaescillagibsonii (Anthericaceae) - Priority 3

This newly described species was previously know@leamaescillaaff. spiralis (GJK 12501). It

is confined to clay based wetlands and on the Plain is found betwegim @nd the Tuart Forest
Reserve. This taxon was first recognized at the Brixton tStéetlands (Keighery and Keighery
1991). This taxon differs frort. spiralisin having straight, not spirally twisted leaves, pale blue
flowers and it grows and flowers in inundated claypans (clay based sumplands).

Eryngium feroxms (Apiaceae) - Priority 3
A newly recognized species of claypans, known from Waroona to tkee Mair area. The type
collection is from the Tuart Forest Reserve.

Rhodanthe pyrethrurfAsteraceae) - Priority 3
This attractive annual daisy flowers in the nearly dry tlased wetlands. It is known from seven
sites from Midland to near Albany.
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Myriophyllum echinatunjHaloragaceae) - Priority 3

This is a small inconspicuous species growing in inundated hrga$owering in waterlogged
soils. This poorly collected species is only found on the seasdnatigated heavy soils of the
Pinjarra Plain.

Schoenus natar(€yperaceae) - Priority 4

Schoenus nataris an annual aquatic that rises from a single basal tii@niranches towards the
surface. The stems reach the surface of the water, but do amgeeand lie just below the water
surface. Inflorescences are produced at the ends of the steimg sjoing. The inflorescences
float on the surface and produce stigmas then stamens abovatérgavenable wind pollination
to occur. The resulting fruits are held on the plant until mattwen the pedicel decays. They then
presumably sink into the drying mud as summer approaches. Thiscdgu@nfined to claypans,
and is known from Perth to the Lake Muir area.

Aponogeton hexatepal@ponogetonaceae) - Priority 4
Aponogeton hexatepaluStalked Water Ribbons, is an aquatic herb found in clay bassuhsdig
inundated wetlands (sumplands) on the southern/eastern side of the SwahRlaasta

Jacksonia sparsens (Papillionaceae) - Priority 4

This open shruklacksoniais a dominant understorey plant in tBanksiaWoodlands of the
Busselton Region both on the Plain and on the Blackwood Pla#ale. locally common in these
areas, its reservation status would need to be considered lgdbefare its status as a rare species
was changed.

Geographically Significant Taxa

Stenopetalum robustu(Brassicaceae)

The only current record @tenopetalum robustufrom the Swan Coastal Plain is from the Tuart
Forest Reservestenopetalum robustuotcurs between Ludlow and Albany and is replaced in the
same habitat b§. gracilesouth of Bunbury (Keighery 2002).

Wurmbea tenelléColchicaceae)
The only current record of this species on the Swan Coastal Plain is frdmdtid-orest Reserve.

Tuart Eucalyptus gomphocephalslyrtaceae)
Tuart is at its southern range end on the eastern side oabieaSRiver at the south-western end
of the Tuart Forest Reserve (see Keighadrgl this publication).

Yate (Eucalyptus cornutaMyrtaceae)

This tree, previously thought to only occur as far north gee@éaturaliste (Brooker and Kleinig
1990), is in fact the dominant tree on the Wonnerup flats west afuhe Forest Reserve. Trees
extend into the south-western end of the Tuart Forest Reseinese rare hybrids between Yate
and Tuart are found.

Montia australasicgPortulacaceae)
The only known record of this species on the Swan Coastal Pl&ionisthe Buffer Wetland.
Previously it had been collected from the Swan River at Maylands.

Significant Species Co-occurrences

Hyalosperma pusillum/H. cotula/H. simpléxsteraceae)

This complex of wetland species co-occur in the Simpson Wetldingse is only one other site
(at Waterloo) wherddyalosperma pusillunandH. simplexco-occur, but there are no other sites

190



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve.
GJ Keighery & BJ Keighery

known where all three species occur together.

Isolepis fluitansandl. producta(Cyperaceae)
These two floating aquatics occur between Perth and the StRlmges. Interestingly the only
other recorded co-occurrence is in the Stirling Ranges.

Species Restricted to Clay Based Wetlands

Also of interest are the large group of species recorded fihenTuart Forest Reserve that are
restricted to clay based wetlands. Sixteen of these havedesenbed in the sections above:
Aponogeton hexatepalus, Blennospora doliiformgs Chamaescillayibsonii Eryngium feroxms,
Hyalosperma pusillufi. cotula/H. simplexisolepis fluitans |. producta Montia australasica,
Myriophyllum echinatum Rhodanthe pyrethrumSchoenus capillifoliys Schoenus natans
Trichocline sp. Treeton (BJ Keighery & N Gibson 5@4id Verticordia plumosaar. vassensisA
further five are worthy of comment.

Eryngium pinnatifidunsubsppalustrems (Apiaceae)
This taxon is a subspecies confined to clay based wetlands between Gahgaka Muir.

Podolepis graciligSwamp form GJK 13 255) (Asteraceae)

A robust glabrous form of this species with large pink or wHiterers from the seasonally
inundated heavy soils of the Pinjarra Plain from Gingin to Bussda-urther studies on this form
are required to establish if it can be distinguished taxonomically.

Dysphania glomuliferaubspglomulifera(Chenopodiaceae)
This is another annual herb that flowers once the ponded watelriedsbut the soils are still
waterlogged and occurs between Bayswater and Bridgetown.

Goodenia claytoniace@Goodeniaceae)
This perennial herb flowers after the wetlands have dried. dtso recorded between Perth and
Albany.

Haloragis tenuifolia(Haloragaceae)
This annual herb is a rarely collected semi-aquatic spgooegng in seasonally inundated areas.
This species flowers once the ponded water has dried but the soils avatstilbgged.

A further two species are of interest.

Acacia paradoxdMimosaceae)

An uncommon taxon on the Swan Coastal Plain generally found assaeititet/erine banks of
several geomorphological systems. This species is ofted bsténtroduced to southern Western
Australia, although it does not behave or occur like a weed. Gigsah (1994) found that the
vegetation of the riverine areas was so degraded thatnbti possible to sample the natural
community in which this taxon occurred.

Conospermum flexuosusabsplaevigatum(Proteacege

This distinctive pale blue flowere@onospermums a recently recognized subspecies (Bennett
1995). It is found from Capel to Busselton on the Plain and eabtatmup with isolated
occurrences to the north along the Scarp and Plateau (Waroona and Jaara@adale

Weeds

There are a large number of weeds (162 species) recordecheomuart Forest Reserve
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(Appendices 2 and 3).

The majority of the weed species are:

< annual or annually renewed species; and

« confined to and/or occur in significant densities on the edges dfaties and drains or are
found in areas which have been partially cleared and/or grossly disturbed Img gnathie past
(‘Disturbed’ areas in Appendices 2 and 3).

However, there are a significant number that may impact ommibre intact areas of natural
vegetation in the Tuart Forest Reserve. These more signifie@eds can be ranked in regard to
the habitats they most affect (Dixon and Keighery 1995). The ngstisant weed species and
species groups which pose the most significant threat to natluals in the Forest are described
below, as well as a group of interesting and potentially serious weeds.

Generalist Weeds (uplands and wetlands)

Arum Lilies (Zantedeschia aethiopit§Araceae)

This is a widespread weed of both the wetlands and uplands tstatfor all vegetation units in
Appendices 2 and 3. Arum Lilies are toxic and unpalatable tdk.s#d& a consequence the
persistence and spread of this species has been aided by drecingt

» the reduction/loss of competing palatable native species;

* increased light when trees are pruned in the lower levels; and

* the increased fertility of the soil.

Both Arum Lilies and Bridal Creeper (see below) have succllentes that are eaten and
distributed by birds.

Bridal CreeperAsparagus asparagoideéAsparagaceae)
Weed ofEucalyptus rudidVoodlands and Riverine areas especially but spreading throughout the
whole forest.

Upland Weeds

There are many species in this group but of most concern greup of annual grasses being:
Bromus diandrusCynosurusechinatus Ehrharta longiflorg Lagurus ovatusLolium species and
Vulpia myuros Again these are species favoured by cattle grazing and prodatbyraged by
managers. Annual grasses create fire hazard and restiecteragon of Tuart and understorey
species.

Wetland Weeds
Widespread wetland weeds include Arum Lilyparaxis bulbiferaand the thistles Carduus
pycnhocephaluandCirsium vulgaré.

Riverine Weeds

Riverine weeds are: the perennial grasses, CoGgmogdon dactylon Kikuyu (Pennisetum
clandestinum and Buffalo Gtenotaphrum secundatyniWatsonia merianaar. bulbillifera and
Fumaria capreolataWeeds of the river pools and estuarine areasCanex divisa(especially on
the edges of the Wonnerup Inldsolepis prolifera Freshwater CouctP@spalum distichujnand
Typha orientalis

Other Weeds of I nterest

Locally abundant weeds includdbuca canadensig¢abundant around the Abba RiveAgcacia
pycnanthalespecially in Lime Kiln Block)Gladiolus undulatusindOxalis pes-capra¢especially
along the rivers)
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Potentially serious weeds are: Black Fl&grfaria undulatg, Freesia Ereesiahybrid) , Olives
(Olea europep Victorian Ti Tree K(eptospermum laevigatym Geraldton Carnation Weed
(Euphorbia terracing, feral pines and eucalypts from plantations and plantings.

A comprehensive weed management plan needs to be developed aadiad gf wetland areas
should cease as a matter of urgency.

VEGETATION CONDITION

Vegetation Condition was recorded for most of the plots describéioei Tuart Forest Reserve
(Appendix 1). However in considering the overall condition of theeRee it should be noted that
the plots are located in the most intact areas of vegetatiorvetis& hat is, the condition recorded
for the plots is that of the vegetation observed to be in thecbasition. As a consequence the
general condition of areas can be different than that described fapthe

The condition of the vegetation of the Reserve needs to bédewmt in terms of the upland,
wetland and riverine areas.

Uplands

The vegetation in the upland units in the Tuart Forest Resanges from Very Good to
Completely Degraded (Appendix 1 and Map 3). Of the various blocks MiprBlock is in the
best condition, generally being in Good to Very Good condition. Thegomus southern blocks
are generally in a Good to Degraded condition with Completely Degyaatte Very Good areas. In
general, condition declines from the north of these blocks to th&.sbbat is the vegetation
structure has been significantly altered and there aseo®rious signs of multiple disturbance.
Interestingly those areas in which pines have been planted sigmifficant numbers of the
original native species and when the pines are removed hamparable structure and floristics
to that of the more disturbed areas.

Wetlands
The wetlands are generally in better condition than the uplaadging from Excellent to
Degraded condition but generally being in Excellent to Very Good condition.

River
The vegetation of the rivers is generally in a Degraded to Completghaded condition.

DISCUSSION
Vegetation

This paper describes the present day vegetation of thé Foist Reserve (Vegetation section,
Appendix 1 and Map 3). A series of features of the vegetationifigéhe Reserve as being of
regional conservation value. These features are listed and disculssed be

The largest most southern remnant of Tuart Tall Woodland to Woodland on the Swan Coastal
Plain

A series of studies have identified the Tuart dominated &&getof the Tuart Forest Reserve area
as being of particular value as it is the largest area of Tuatvbaldland/Woodland remaining on
the Plain (Smith 1973, Beard 1981). Here the focus is on the vafud® trees of the Tall
Woodlands/Woodlands, that is the density and maturity of the Tuad. tiéhis large area of
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mature Tuart trees maintains high fauna conservation vahedas considerable scenic beauty
(see also Delet al this publication). While these are very significant vaJumnsideration should
also be given to the relationship between Tuart dominated coniesuimtthe Reserve and other
communities containing Tuart across the range of Tuart. €hgismal context is demonstrated by
reference to the floristic community types. Two floristic caumity types, floristic community
type 25 (SouthernEucalyptus gomphocephala Agonis flexuosawoodlands) and floristic
community type 30b (Quindalupucalyptus gomphocephaénd/or Agonis flexuosavoodlands)
are identified in the Forest; both have Tuart as a dominaniespésee Gibsoret al this
publication). In addition, these two floristic community types haveredominantly southern
distribution (Maps 4 and 5). Interestingly, floristic community t@aeis generally associated with
the Spearwood Dunes and floristic community type 30b is more comrasebciated with the
Quindalup Dunes. The only other bushland area with this same combio&floristic community
types dominated by Tuart is the Maidens/Shearwater ForesK@gheryet al this publication)
area south of Bunbury, emphasising the southern nature of these two groups.

Complex and diverse area of wetlands
Previous to this study, the wetlands of the Tuart Forest Rebakge generally been overlooked.
The floristics of the wetlands indicates that they contamoaaic of three floristic community
types: type 4Nlelaleuca preissiandamplands), type 9 (Dense shrublands on clay flats) and type
13 (Deeper wetlands on heavy soils). An additional floristicmanity type, type 1b (Southern
Eucalyptus calophyllavoodlands on heavy soils) is considered to be associatbdheitrises in
these wetlands. These floristic community types are typicdbociated with wetlands of the
eastern side (and southern side, south of Busselton) of the Gwaastal Plain. All remaining
naturally-vegetated wetlands on the eastern side of #ia Rhve significant conservation value
(Keighery and Trudgen 1992, Gibsen al. 1994, Keigheryet al. 1996). The regional floristic
survey of the Plain (Gibscet al. 1994) recommended that

‘As a consequence of the small amount of remnagéetadion on the eastern side* of the plain, all

such remnants in the study area with the basictagge intact or able to be regenerated are of high

conservation value.’

*includes the southern side, south of Busselton.
As a consequence of the loss of this vegetation across #ie Beveral of these floristic
community types (types 1b and 9), have been determined to be thdeateimgical communities
(English and Blyth 1997Ecological communities are defined as

‘naturally occurring biological assemblages thaturdan a particular type of habitat’
Information on the geographic extent of each ecological communityhanitireatening processes
that may be operating on the community is used to determine if dogemal community is
‘threatened’ Threatened ecological communities are those that have bemsedsand assigned to
one of four categories related to the status of the thredtet@dmmunity The categories are
‘Presumed Totally Destroyed’, ‘Critically Endangered’, ‘Endaredéor ‘Vulnerable’ (Appendix
5, Table 4)Floristic community types 1b and 9 are in the Vulnerable category.

These wetlands acquire additional significance in that whilg #re on clayey soils they are
mapped within the Spearwood Dune System, not on the Pinjarra &aiterh side of the Plain).
However, as mentioned earlier, these wetlands are at othecimterface of the Pinjarra Plain and
the Spearwood Dune System on the Ludlow Plain Land System andhdkisccount for the
floristic similarities. Elsewhere on the Plain such a cexpguite of wetland communities has not
been found in association with the Spearwood Dune System.

Only remaining example of contiguous areas of upland, wetland and rivers of the Ludlow Plain
Land System of the Spearwood Dune System

The Ludlow Plain Land System as mapped by Tille and Lantzke (19@0ysothroughout the
Busselton area but is best developed in this area and the &deans the largest remnant
containing upland, wetland and riverine areas. The upland and weatleas have been discussed
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previously but the riverine vegetation, although significamilgred, is of particular regional
significance as there is very little riverine vegetation iamg on the Plain.

Flora

The flora of the Tuart Forest Reserve shows a relativefyh level of species diversity
(Appendices 2 and 3). The diversity of wetland plant communities la&id dssociated flora,
together with extensive upland areas, accounts for this diversity.

Interestingly, the flora of the upland areas (Tuart Woodlangjpisal of the southern Spearwood
Dune System and shows strong similarities with other such bushlead (see Keighery this

publication). There is no indication from the currently and preworestorded flora that the Tuart

Forest Reserve had a significantly different understoreyttietrof today. This issue is discussed
after the following section.

Vegetation Condition

Before embarking on a comparison between present day vegetadidniséorical accounts of the
Tuart Forest Reserve there is a need to consider infornatidime condition of the vegetation in
the Reserve. There is substantial indication that much of teer®ehas been subject to gross
levels of disturbance over a long period. Four different pragticévities that have contributed to
this are described below.

e Grazing - Grazing by domestic animals has been practistgk iTuart forest since settlement
of the area in the mid-1830s (Hasluck 1990), beginning in 1834 andcs$imgeafter 1837.
Grazing leases within the boundaries of the Tuart Forest \Rebave been recorded since
1885 (Forests Department 1921). This practise became ‘institizediaby the Forests
Department in 1919, when the Department fenced the area into padduatiprovided water
points. In archival materials it is apparent that some plant inttmohs (clovers and medics) to
promote grazing were also made at this time. Toxic napeeiss, such aglacrozamiawere
also actively removed to aid grazing.

» Fire - Uncontrolled fires also occurred frequently last wgnuntil the fencing and grazing
increased in the early part of last century.

* Forestry - Management practices were largely focused on grgmibte crop of standing
timber. Richardson (1912) in the Annual Report of the Woods and F@eptstment, 1912
p. 10 states that
‘A reserve of 1200 acres near the Capel River isgofenced, and it is intended to take steps to
assist nature in re-afforesting this area. All ikatecessary is to assist nature by destroying the
over matured useless trees, removing the infem@spsuch as the peppermirBsnksiaetc.
and cleaning up and burning off all debris. At present time two traction engines are busily
engaged in pulling down all the old worthless tsiapeppermints etc’.

» Softwood Plantations - In addition, a considerable area of thenalrifprest (over 600
hectares) was almost totally alienated, being converted tesPim 1907 the Western
Australian Government approved the formation of softwood planta@éd Ludlow and it was
planned to clear 5,000 acres. In 1910 (Richardson 1910) 30 men, 40 bullockdraciiog
engines were working at Ludlow and by 1915 some 575 acres weredcéeatgolanted with
Pinus radiata P. pinasterandP. nigra (P. laricio) (Richardson 1913 and 1916). The preferred
species,P. radiata was not very successful and its failures lead to the soWeys of
d’Espeissis in the 1930s.
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These management practices have greatly increased dmsteraad promoted weeds. To a lesser
but significant extent the Reserve has been disturbed bystessociated with logging and the
plantations, farm drainage schemes and dieback disease.

Given the pressures on the forest by fire, alienation, nafwoused management practices and
grazing it is somewhat staggering to read in the Tuart WorkPlan 1975-1980 (Forests
Department 1975, page 8) that
‘There is little evidence as to whether any spetiase been eliminated by grazing, although it
certainly does limit most plant growth. Past expece has shown that regular cattle grazing has kept
down competition from certain species that throveem the overhead canopy is opened up, for
examplelacksoniaand the creepers.’
It is clear from such statements that grazing was only carside respect to its impact on the
forest (Tuart) trees not in respect to its impact on otheriep@ the community. If this statement
is considered in respect to the lack of systematic floreey before grazing, or since (prior to this
paper), and the limited historical collections suggesting lospeties, this statement cannot be
seriously considered. It would be more correct to state thaihgrhas caused the demise of much
of the original understorey and has seriously compromised martyediaristic values, hence
nature conservation values, of the Reserve.

The condition of the vegetation of the Tuart Forest Resem@sri® be considered in terms of the
upland, wetland and riverine areas.

Uplands

The vegetation in the upland units in the Tuart Forest Resamnges from Very Good to
Completely Degraded. Of the various blocks Minninup Block is @énkibst condition, generally
being in Good to Very Good condition. The contiguous southern blockeaegadly in a Good to
Degraded condition with Completely Degraded areas, such asnbePRntations. That is, the
vegetation structure has been significantly altered and #vererery obvious signs of multiple
disturbance.

Wetlands

The wetlands are generally in better condition than the uplaratiging from Excellent to
Degraded condition but generally being in Excellent to Very Good d¢ondithe wetlands on the
northern side of the Wonnerup Inlet have been severely impacted by grazimgand f

River
The vegetation of the rivers is generally in a Degraded to Completghaded condition.

However, the areas that have been cleared and/or grazedyenerating and it would be expected
that if weeds are controlled in these areas regeneraiilooceur naturally from the adjacent intact

vegetation. The Tuart Forest Reserve needs careful managemslotv, halt and reverse the

decline in vegetation condition.

Vegetation Past and Present

This section systematically considers the known historeebrds of the Tuart forest (and the

Tuart Forest Reserve) vegetation and flora. These records ar@lgrititerpreted on the basis of:

« the timing and context of the records;

« current knowledge of the vegetation and flora of the Swan Coastal Plain; and

« current knowledge of the vegetation and flora of the Tuart FBestrve and Tuart dominated
communities.
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The first known observations on the Tuart forest were madeang6is Peron and Leschenault de
la Tour who visited the area with the Baudin expedition in 18b&y both commented on the
country as being flat, covered with a magnificent forest witiclbkoil formed of vegetable mould,
however, they provided no other details (Peron 1807). The termdimeulsed frequently in the
early descriptions and, is considered, to best equate with humus.

The earliest detailed account of the forest is found in the natpaned by John Bussell of a trip to
the area in 1831 (Bussell 1833, page 191). In this he states
‘The country, as we advanced on the other sidéefitiulet, improved rapidly; the ground on which
we trod was a vivid green, unsullied with burntlksi or blackened grass trees; not that it was ealver
with a decided turf, but the vegetation seemed reapeulent than woody, and the plants growing to
about the same height, presented to the eye a braodace.’
Bussell then lapses into prose but later further describes the wnelies:
‘varied in form, or brilliant in colour; the grasgs plentiful, and the clover | have noted aboveén wi
it's bright scarlet and yellow flower, the daisytBercup and a purple marigold’.
From current knowledge of plant distribution and these descripivensan make the following
inferences about the plants described:
» ‘grasses’ were most probably a mixture of sedges, grassebeabs as all were grouped as
‘grass’, that is edible plants;
* ‘bright scarlet and yellow flower’ eithééennedia coccinear K. prostrata;
* ‘Buttercup’ eitheHibbertia species oRanunculus colonorurand,
* ‘apurple marigold’ that is a daisy and most lik€liearia rudis

This interpretation, in relation to the nature of grasses, tisefusupported by Bussell's description
of the edge of Wonnerup Inlet (page 194):
‘After dinner we walked two miles on the banks bé tlake, N.E.; fields of grass, in some places to
the water side, were waving like corn.’
The ‘grasses’ in this case were Sedges (Cyperaceaepgfneana such &choenoplectussolepis
andBolboschoenus

Bradshaw (2000) infers that Bussell's description is méedylito apply to areas of Marri/Flooded
Gum plains in the area and that Bussell’'s description of ‘wgute’ fits Eucalyptusrudis by its
soil requirements and locality. Bussell's description camtezpreted to apply to Tuart as Bussell
knew Marri previously from Augusta and visited the areapnng when the area dominated by
E. rudis would have been flooded. When Bussell's notes are read seqyehdatlescribes the
swamp area (page 190) before his description of the Tuart foress that
‘We now entered an extensive plain, the soil ofalihivas damp and in some places was standing
water. The surface of this plain, composed of elagt sand’
and further (page 192)
‘About a hundred or two hundred yards on the otiiée, we obtained a sight of the sea bearing NW.
The country here was so clear that a farmer coautdlir grudge the fine spreading trees of the retl an
white gum and peppermint the small portion of theugd they occupied....".
Bussell describes two ‘white gums’, one he knew from Augustari(K@ucalyptus diversicolgr
and the tree he encountered in the area of the Vasse River (page 196).
‘I now term the white gum, that which is seen oa thoist stiff Flats; of small stature; sending out
it's branches from below; changing it's bark sogfrently, so as soon to lose the marks of fire, but
imperceptibly, and not in large sheets; its woodtte, its bark is light grey.’
This description fits Tuart well, especially when Bussell campahe bark and size of Tuart and
Karri.

Of all the historical records considered here, Bussell's is actaptdhe most accurate as:
e it provides the ONLY approximate description of the Tuart fope$bre grazing by stock had
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impacted the condition of the Tuart forest; and
» it is sufficiently descriptive to allow some informed infeces to be made about the species
being described.

By comparison, later descriptions of Tuart forest are venitdid, and in effect, less informative.
Examples include the following.
* Bessie Bussell wrote to Capel Carter in April 1834 (Busselhtatt), describing the Vasse
country as
‘a beautiful undulating grassy lawn, between thgehtooart trees’.
e Lieutenant Bunbury in 1836 (Bunbury and Morrell 1930, page 90) desktlite area between
the Preston and Capel Rivers
‘an undulating Tooart country of considerable ektaiith plenty of grass’.
and on page 71
‘We came now into more open country with a good dégrass growing on a light soil under
very large white gums, called by the natives ‘Téglarthe soil evidently fertile, though sandy,
and free from the sharp scrub that had annoyediusgithe forenoon, tearing our trousers and
legs. It was quite refreshing to get into this ficeuntry through which travelling was quite
easy’.
This persistent reference to ‘grassy’ plains and woodlantignwnterpreted in light of the
Bussell's use of ‘grass’ to describe sedges (and othes-tikasplants) provides a different picture
of these communities. If other early descriptions of theetaipn across the Plain are considered
in this light these ‘grassy’ understoreys can be relatqudésent day communities on the Plain. A
series of authors have commented on this misinterpretatiégrass’ in a Western Australian
context and Appendix 6 looks at these issues broadly on the Plain and elsewhere.

By the late 19th and early 20th century there are a sefrigeneral statements about the open,
sparse or grassy nature of the forest understorey (Ednie-Bi8@61 Wilson 1911 as quoted in
Gabbedy 1988, page 20; Lane-Poole 1920; Gardener 1925 and 1944). For exalse (i
Gabbedy 1988), the minister for land, described Tuart as suitable farltagec
‘ ....with Tuarts dotted in parklike fashion, and actasional brake of Peppermints and a rich carpet
of annual grasses’.
By this stage the annual grasses are obviously WEEDS, siosenative grasses are perennials,
and the area had been grazed for over 70 years.

This is also reflected in the published and unpublished photograplise chrea (many are
reproduced in Weston 1989) and especially the photo in Ednie-Brown (1838) hidescribed
in very general terms as
‘of a more than typical portion of the Tuart Fosest

This photo is unfortunately without other details including provenabespite this, some
subsequent authors have stated that the photo was taken at Liidleas probably taken in
autumn, and shows an understorey of short or grazed grasses agrgddattbs or possibly low
shrubs. The photo has the appearance of a highly altered plant comrineniesult of many years
of fire and grazing. Although it is very similar to the aref Central and Malling Blocks near
Ludlow (Minninup Block has a completely different appearance)aitnot be proven that the
photograph is from the Tuart Forest Reserve.

Gardner (1944, page xlviii), commenting on the Tuart forest, wrote
‘Here it is a true savannah formation, with an ustlgy of Agonis and Banksia, Melaleuca and
Hakea, with a herbaceous ground covering in whiehshrubs are comparatively few. To the north
the understorey becomes shrubby, but retains simgeththe nature of savannah.’

Like Bussell he notes a predominance of low trees and tall shrubs ovieelbsyNOT grasses.

In the descriptions for vegetation maps of the area Smith (E9xBBeard (1981) focus more on
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the nature of the tree formation than the floristic compona&iise vegetation. Smith (1973) notes
that
* formerly massive Tuarts, up to 8m girth, formedthopen forest [40m tall or more] in their most
favourable areas, with crowns intermingled and anlpw scrub understory. Today there is only a
small area, just east of Sabina River and southefifle range (State Forest 12) that resemblghk hi
open forest’
Beard (1981, page 97), described the Ludlow Tuart as the only exanipddl ¥¥oodland in the
State but noted in his discussion of the Tuart forest that
‘ there is no information on the ground vegetation’

That is, in all the records considered above there is no detail thbtistics of the vegetation. As a

consequence these descriptions are open to different interpret&diven these interpretations are
made on the basis of a very limited knowledge of the vegetatidnflora of the Swan Coastal

Plain and current knowledge of the vegetation and flora ofTtlat Forest Reserve and Tuart
dominated communities. The interpretations presented in this papbased on this background
information.

Further support for the interpretation presented here comesafr@rently located account of the
understorey vegetation of parts of the Tuart forest in d’Esige{4938a, b, ¢ and %)These
reports, and especially the associated notebooks, document sgégetdtion survey carried out
before the pine plantations were completed in the late 1930s. rgbifemetation attributes are
described for over 300 sites, of which 265 are dominated by Tuarile WHie vegetation
information for each of the sites is incomplete, this soungesgnore information on the floristics
of the area than any other. A more complete appraisal of tioigriafion will be made in a future
publication but the report on Malling Block (d’Espeissis 193&) lse used as an example of the
information contained in the reports and notebooks. Ten sites aceib#el, of which 6 are
dominated by pure Tuart, 2 have Tuart and Marri and 2 have Tuant, &a Flooded Gum.
Thirty-one species are listed for the block, of which 3 aestré5 are shrubs, 2 vines, 8 perennial
herbs or sedges, 5 ?annual herbs and 2 are annual grass weedseddrdseare consistent with
present day vegetation and hardly suggest an abundance of grdesesler, d’Espeissis
commonly records Banksia in his sites suggesting that pati ¢fvo areas may have been more
similar in the past.

In conclusion the original Tuart forest was most likely a ©gden Forest to Tall Open Woodland.

In the southern area of the Tuart forest it appears that Grest over scattered trees Afjonis
flexuosaandBanksia grandi©over low mixed shrubland over sedges, grasses and herbs. Towards
the north, shrubs arBlanksia attenuathecome more common on the northern sandy rises. This is
especially true in Minninup Block. Substantial alteration of th@eustorey had occurred at least in
part of the area before 1900, especially in the main blocks of the forest.

CONCLUSION

The Tuart Forest Reserve is the largest vegetated renomattie Swan Coastal Plain in the
Busselton to Bunbury area and is one of the largest of such areas onrthe Plai

The Tuart Forest Reserve is significant on the Swan Coastal Pl&in as

e contains the largest, most southern, remnant of Tuart Tall Woodland to &Wdaati the Plain;

e contains a series of wetland plant communities, and their ag=sbéiiera, that are now rare on
the Plain;

e is part of the only remaining contiguous examples of the uplavettands and rivers of the

® These and other reports cited are in the archif/ése Department of Conservation and Land Manageme
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Ludlow Plain Land System (after Tille and Lantzke 1990) of the Spearwood Datent

* has a total vascular flora of over 705 species, comprising 543 natives and 162 \weeslsrd@
nine priority taxa and one species of Declared Rare Flora in the Fandst;

« has a diverse upland flora typical of the southern Spearwood Dunes.

The Reserve has a long history of multiple disturbances whilntgacted significantly on large
areas of the Reserve. The major weeds are Arum Liliast¢deschia aethiopicalgridal Creeper
(Asparagus asparagoideand a range of annual grasses.

The comparison of the limited historical accounts of the flora andatemebf the Tuart forest and
the present vegetation and flora of the Tuart ForeseiRe<learly indicates that the Reserve’s
past flora and vegetation was similar to the relatiteigct areas of the Reserve remaining today.
However, before 1900, substantial alteration of the understorey badextin the main blocks of
the forest. It is considered that these early changes in teati®n, and the generally vague
descriptions of the Tuart forest vegetation before this,timaee led some previous authors to
different conclusions as to the nature of the Tuart forest vegetation.
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TABLES

TABLE 1. Reationship between land systems (Tille and Lantzke 1990) and major landform

units of the Swan Coastal Plain (after McArthur and Bettenay 1960 and Gov of

WA 2000).
Land system Major landform e ement
Quindalup Coast Quindalup Dunes
Ludlow Plain Spearwood Dunes
Abba Plain* Pinjarra Plain*

*The Bassendean Dunes System is poorly developed in the Busselton
area. The Bassendean Sands occur in low rises over the aluvium of the
Pinjarra Plain. These low rises are most common to the north-east of
Busselton but are found in patches over the Abba Plain.

TABLE 2. Floristic Community Types (floristic community types after Gibson et al. 1994).

Key

Column1 Floristic Community Type Codes

After Gibson et al. (1994). An * preceding the number indicates that the type has been inferred
from the floristic data (see Appendix 1, 2 and 3).

Column 2  General Description of Floristic Community Types

Descriptions are based on generalized information from all plots in the group. Structural units are
categorized into forest, woodlands, shrublands, sedgelands and herblands after Gibson et al. (1994).

Column 3  Mapping Unit and Plotsin which the Floristic Community Type wasidentified

Column 4  Average Species Richness per Floristic Community Type

Modified from Table 6 in Gov of WA (2000). Average species richness per 10m x 10m plot, less
those species only occurring in a single plot (single records). Some community types can have a
high proportion of single records and these estimates of average species richness are underestimates
in some cases.

Supergroup 1 - Foothillg/Pinjarra Plain

[ *1b [ Southern Eucalyptus calophylla woodlands on heavy soils | WM | 650 |
Supergroup 2 - Seasonal Wetlands
*4 Melaleuca preissiana damplands WM 33.2
*9 Dense shrublands on clay flats WM 34.8
*13 | Deeper wetlands on heavy soils WM 16.9

Supergroup 4 - Uplands centred on Spearwood and Quindalup Dunes

Spearwood Dunes

25

30b

Southern Eucalyptus gomphocephala - Agonis flexuosa woodlands tbw 48.1
(MINN 01,02)
Quindalup Dunes
Quindalup Eucalyptus gomphocephala and/or Agonis flexuosa tw 35.0
woodlands (PEPBO01)
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MAP 3: Vegetation of the Tuart Forest Reserve
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Distribution of Floristic Community Type 25

\

GINGIN
SEABIRD o

MANDURAH

FINJARRA

HARWE™

BUNEIURY’

i
A DONNYBROOK
BUSSELTON o
0 25 50
Kilometres

__________________

w Floristic Community Type 25
o Populated places
V. Metrapolitan area of Perth
[] Swan Coastal Plain

FProjection: Map Grid of Australia (M & A28

 Department of
5 Erwironmental Protection

Map 4. Distribution of the Floristic Community Type 25 (Gibson et al. 1994 and

DEP 1996).

209



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve

GJKeighery & BJKeighery

Distribution of Floristic Community Type 30b
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\ APPENDI X 1. Vegetation Descriptions and Conditions.

General Information

Broad mapping units are used for the vegetation mapping (Map 3). The determin#teseadinits
is based on vegetation descriptions from the sites. The gdrmnatlaries between the mapping
units were determined from 1992 Department of Land Administratiark lalad white 1 : 50 000
orthophotograph sheets. The vegetation descriptions for each ofayged units are from the
areas considered to best illustrate these units, being ‘typiwdlin the best condition.

Sites are grouped on the basis of the mapping units.

Keys to the terminology used for the vegetation descriptions and specific condition ratings are
given in Appendix 5, Tables 1 and 2.

UPLANDS

Mapping Unit —tbW: Tuart Tall Woodland over Banksia attenuata Woodland

Floristic Community Type 25

MINN O1

Tuart Tall Woodland overAgonis flexuosa Open Woodland to Open Low Woodland over

Leucopogon parviflorus and Rhagodia baccata Low Open Shrubland overBfiza maxima
Grassland, Trifolium campestre Herbland andisolepis nodosa Open Sedgeland.

Total Species: 50, 28 natives and 22 weeds

Condition Rating: Good to Degraded

Comments: Annual weeds formed a layer of >70% cover. Seeédargedeschia
aethiopica were recorded. Tuart of different ages.

Soil: brown sand over pale orange sand Litter:  90%

Drainage: well Aspect: flat

Location: 3328'24.0"S 11828 42.2"E

MINN O2

Scattered Tuart ovekgonis flexuosa and Banksia attenuata Open Forest to Low Open Forest over
Hibbertia hypericoides Low Shrubland over Briza maxima Grassland andTrifolium campestre
andArthropodium capillipes Herbland.

Total Species: 64, 42 natives and 22 weeds

Condition Rating: ?Good

Soil: brown sand over pale orange sand

Drainage: well Aspect: flat
Location: 3328'24.0"S 11833 42.2"E

MINN O3

Tuart Tall Open Woodland oveBanksia attenuata Open Forest to Low Open Forest over
Hibbertia hypericoides Low Shrubland over Briza maxima Grassland andTrifolium campestre
andArthropodium capillipes Herbland.

Total Species: 57, 49 natives and 8 weeds
Condition Rating: Very Good to Good
Comments: The density of Tuart was atypical for the generala the plot. In general the

Tuart were scattered Tuart or formed a Tall Open WoodlaBdza maxima
and *Trifolium campestre have a combined cover of 20 —30% and are small
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non-vigorous plants. Evidence of frequent fire. Mixed age Tuart.

Soil: brown sand over yellow/brown sand Litter:  90%
Drainage: well Aspect: gentle, S
Location: 3328'44.1"S 11833’ 44.4’E

Mapping Unit —tW: Tuart Tall Woodland over Agonis flexuosa Open For est
Floristic Community Type 30b

PEPB O1

Tuart Tall Woodland oveAgonis flexuosa Open Forest ove8pyridium globulosum Tall Open
Shrubland oveHibbertia cuneiformis and Rhagodia baccata Open Shrubland oveBfiza maxima
Closed Grassland to Grasslameridium esculentum Fernland, and Asparagus asparagoides,
mixed annual weeds ardthropodium capillipes Herbland to Closed Herbland.

Total Species: 39, 27 natives and 12 weeds

Condition Rating: Good

Comments: Annual weeds formed a layer of >70% cover in mid-Octdhaen Lilies were
recorded.

Soil: brown sand over red/brown sand and limestone Litter: 100%

Drainage: well Aspect: gentle, W

Location: 3332'24.9"S 11830’ 45.1"E

WETLANDS

Mapping Unit —-WM: Wetland M osaic

Floristic Community Types 1b, 4, 9 and 13
(These types have been inferred and are considered to occur in a mosaic)

LimeKiln Wetland 01

Eucalyptus rudis Open Woodland over Acacia pycnantha Woodland with scatteredgonis
flexuosa over Exocarpos sparteus, Acacia cyclops, Spyridium globulosum, Rhagodia baccata Tall
Shrubland with vines of Asparagus asparagoides over Pteridium esculentum Closed Fernland
over *Bromus diandrus, *Avena fatua and *Briza maxima Grassland.

Condition Rating: Degraded to Good

Soail: brown/grey loamy sand over marl

Drainage: moderate to poor Aspect: gentle to the south wes

Buffer Wetland (an area of seasonally inundated sumpland and dampland; the plotsaare in
transect from east to west)

Buffer Wetland 01

Melaleuca viminea Tall Shrubland oveMelaleuca lateritia Shrubland ovetepyrodia muirii and
Chorizandra enodes Open SedgelandAgrostis avenacea Open Grassland&nd mixed Closed
Herbland.

Other species noted — Herl@oodenia micrantha and Angianthus drummondii.

Condition Rating: Excellent to Very Good

Sail: grey clayey sand

Drainage: poor Aspect: flat
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Buffer Wetland 02

Melaleuca viminea OpenScrub oveiSchoenus maschalinus Closed Sedgeland.
Condition Rating: Excellent

Sail: grey clayey sand

Drainage: poor Aspect: flat

Buffer Wetland 03

Melaleuca rhaphiophylla Low Woodland oveMealeuca viminea Tall Shrubland over

« when the wetland is inundated Gotula coronopifolia and Montia australasica Closed
Herbland: and

« when the wetland soils are waterlogged and drying - Mixed Opeuidther includingSenecio
glomerata, S. quadridentatus, Ixiolaena viscosa, Alternanthera nodiflora, *Dittrichia
graveolens, *Conyza albida and* Zantedeschia aethiopica.

Condition Rating: Excellent to Very Good

Sail: grey clayey sand

Drainage: poor Aspect: flat

Buffer Wetland 04

Eucalyptus rudis Woodland to Very Open Woodland ovéiielaleuca rhaphiophylla Low
Woodland overMelaleuca viminea Tall Shrubland oveiLepidosperma longitudinale Sedgeland
and* Zantedeschia aethiopica Herbland.

Other species noted — Herb€ohyza albida, *Mentha pulegium, Alternanthera nodiflora, Senecio

glomeratus

Condition Rating: Very Good to Good

Sail: grey clayey sand

Drainage: poor Aspect: flat

Buffer Wetland 05 (power line)

Melaleuca rhaphiophylla Low Forest over patches Baumea articulata Sedgeland

Condition Rating: Good to Degraded

Comments: This vegetation unit is associated with the powerand appears to have
formed in response to the disturbance of the vegetation assouidte the
power line installation.

Soil: grey clayey sand

Drainage: poor Aspect: flat

Simpson Wetland

Seasonally waterlogged ar eas (inter mittently inundated)

Simpson Wetland 01 (edge)

Tuart Tall Woodland oveMelaleuca viminea, M. incana and M. rhaphiophylla Tall Shrubland
overGahnia trifida Sedgeland.

Condition Rating: ?Excellent to Very Good

Soil: ?grey clayey sand

Drainage: poor Aspect: flat

Simpson Wetland 02 (rise)

Eucalyptus calophylla Woodland overAgonis flexuosa Low Woodland ovelKunzea glabrescens
andHakea prostrata Open Scrub over Mixed Sedgeland.

Condition Rating: Very Good

Soil: ?grey clayey sand

Drainage: poor Aspect: flat
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Simpson Wetland 03

Eucalyptus rudis Woodland over scatterédminaria juncea over Regelia inops Closed Heathland
over Lepidosperma longitudinale Sedgeland.

Condition Rating: ?Good to Disturbed

Soil: ?grey clayey sand

Drainage: poor Aspect: flat

Simpson Wetland 04

Eucalyptus calophylla Woodland over scattere@ucalyptus rudis and Agonis flexuosa over
Melaleuca preissana Open Low Woodland ovefunzea glabrescens Open Scrub oveDasypogon
bromeliifolius and Xanthorrhoea brunonis Low Shrubland over Mixed Sedgeland.

Other species noted — TreeNuytsia floribunda, Persoonia longifolia; Grasses: Ehrharta
longifolia, *Briza maxima, *Aira caryophyllea, Microlaena stipoides; Herbs:Craspedia variabilis,
Opercularia hispidula

Condition Rating: Excellent to Very Good

Comment: In open patches there are areas of Open Grassland andH®egbland
dominated by combinations of the other species noted.

Soil: grey sand over clay

Drainage: poor Aspect: flat

Simpson Wetland 05

Scatteredtucal yptus calophylla over Eucalyptus rudis Open Woodland ovevlelaleuca preissiana
Low Open Woodland oveKunzea glabrescens and Hakea varia Tall Shrubland ovelRegeia
ciliata Shrubland ovePhlebocarya ciliata Herbland.

Other species noted — Shruldscksonia furcellata, Xanthorrhoea brunonis, Acacia saligna, A.
stenoptera, A. extensa; Sedges: Schoenus rigens, Cyathochaeta avenacea, Lepidosperma
squamatum, Mesomelaena tetragona, Tetraria octandra; Grasses*Ehrharta longifolia, *Briza
maxima, *Vulpia myuros, Herbs: Conostylis aculeata, Haemodorum spicatum, Patersonia
occidentalis, *Hypochaeris glabra

Condition Rating: Very Good to Good

Comment: In open patches there are areas of Open Grassland endH®gmbland
dominated by combinations of the other species noted.

Sail: grey sand over clay

Drainage: poor Aspect: flat

Simpson Wetland 06

Eucalyptus calophylla Woodland oveMe aleuca preissiana andBanksia littoralis Low Woodland
over Kunzea glabrescens, Acacia saligna andAgonis flexuosa Tall Open Shrubland over

e Pericalymma dllipticum Closed Heath; or

e Baumearubiginosa Sedgeland; or

¢ Mixed Sedgeland

Other species noted — Shrub&nthorrhoea brunonis, Adenanthos meisneri, Synaphea petiolaris,
Dryandra lindleyana, Acacia extensa; SedgesHypolaena pubescens, Desmocladus fascicularis,
Lepidosperma squamatum, Mesomel aena tetragona, Tetraria octandra; Herbs:Phlebocarya ciliata
Condition Rating: Excellent

Comment: In open patches there are areas of Open Grassland andH®gbland
dominated by combinations of the other species noted.

Soil: grey sand over clay

Drainage: poor Aspect: flat
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Seasonally inundated areas

Simpson Wetland 07

Melaleuca rhaphiophylla Low Open Forest overepidosperma longitudinale Sedgeland and, when
inundated: Schoenus natans Sedgeland andiponogeton hexatepalus and Villarsia submersa
Herbland.

Condition Rating: Excellent to Very Good

Comments: At timedMelaleuca rhaphiophylla forms a Low Closed Forest without any
understorey.

Soil: grey clay

Drainage: poor Aspect: flat

Simpson Wetland 08

Scattered emergeiealeuca preissiana over Melaleuca viminea, M. incana, M. lateriflora and
M. uncinata Tall Shrubland over scatteréshhnia trifida over Chorizandra enodes Sedgelandnd
Mixed Closed Herbland.

Condition Rating: ?Excellent to Very Good

Comments: Patches wilihelaleuca viminea, M. incana and M. rhaphiophylla as dominants
Soil: grey clayey sand
Drainage: poor Aspect: flat

Simpson Wetland 09

Melaleuca viminea Open Scrub over scattered clumpsahzea micrantha over Mixed Herbland.
Condition Rating: ?Excellent to Very Good

Sail: ?grey clay

Drainage: poor Aspect: flat

Webster Wetland

Webster Wetland 01

Scatteredeucalyptus rudis to Eucalyptus rudis Open Woodland ovetEhrharta longifolia, *Vulpia
myuros and *Bromus diandrus Grassland ovejuncus kraussii Very Open Sedgeland

Condition Rating: Degraded

Soil: grey clay

Drainage: poor Aspect: flat

Webster Wetland Site

Juncus pallidus Open Sedgeland

Condition Rating: Degraded

Soil: grey sand over clay

Drainage: poor Aspect: flat

Webster Wetland Site

Carex divisa Closed Sedgeland ov€entella asiatica Herbland
Condition Rating: Degraded

Soil: saline clay

Drainage: poor Aspect: flat

Webster Wetland Site

Sarcocornia quingueflora Closed Low Heath

Condition Rating: Good

Sail: saline clay

Drainage: poor Aspect: flat
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Webster Wetland Site

Halosarcia indica Closed Low Heath ovetotula coronopifolia Open Herbland

Other species noted — Sedg&sglochin striata; Herbs:Atriplex hypoleuca, *A. prostrata
Condition Rating: Good

Comments: Clumps dfCynodon dactylon are found in the area of the plot.
Soil: clay
Drainage: poor Aspect: flat

Webster Wetland 02

Melaleuca rhaphiophylla Low Open Forest oveCarex divisa Closed Sedgeland,Paspalum
distichum Grassland and scattered emerg@&pitum prostratum and Lobelia alata over Centella
asiatica Closed Herbland.

Condition Rating: Good to Degraded

Comments: Clumps afuncus kraussii and* Zantedeschia aethiopica occur in the area of
the plot, the former towards the Inlet and the latter inland.

Soil: ?grey clay

Drainage: poor Aspect: flat

RIVERINE

Ludlow River

Ludlow River Bank 01

Eucalyptus calophylla Open Forest with scatterdalicalyptus rudis over Persoonia longifolia and
Acacia saligna Low Open Woodland oveltepidosperma squamatum Open SedgelanBteridium
esculentum Fernland and Mixed Weedyrassland.

Other species noted — Shrubs: scattefedcia pulchella, Adenanthos meisneri; Grasses:
Microlaena stipoides; Herbs: ‘Hypochaeris glabra, Daucus glochidiatus, Tricoryne elatior,
*Monadenia bracteata

Condition Rating: Degraded

Sail: sandy yellow brown clay

Drainage: moderate to poor Aspect: flat

Ludlow River Bank 02 (occurs as scattered patches)

Eucalyptus marginata Open Tree Mallee oveddibbertia cuneiformis, H. hypericoides, Grevillea
manglesioides and Adenanthos meisneri Shrubland ovePhyllanthus calycinus, Gompholobium
tomentosum and Xanthorrhoea brunonis Low Shrubland ovet epidosperma sguamatum Open
Sedgeland anBhlebocarya ciliata andConostylis aculeata Herbland.

Other species noted — Shrubacrozamia fraseri; Climbers:Hardenbergia comptoniana; Grasses:
*Briza maxima; Herbs: Arthropodium capillipes, Patersonia occidentalis, Tricoryne elatior;
SedgesTetraria octandra

Condition Rating: Degraded

Soil: sandy yellow brown clay over clay

Drainage: moderate Aspect: flat

216



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve
GJ Keighery & BJ Keighery

Ludlow River Channel 01

Eucalyptus rudis Woodland over scatterédelal euca rhaphiophylla over Hemarthria uncinata and
*Paspalum dilatatum Grassland.

Other species noted — HerbsAsparagus asparagoides, *Gladiolus undulatus, *Zantedeschia

aethiopica.

Condition Rating: Degraded

Sail: grey clayey sand with ironstone inclusions
Drainage: poor Aspect: flat
Abba River 01

Eucalyptus rudis Woodland overMealeuca rhaphiophylla Low woodland over Paspalum
distichum Closed Grassland aridantedeschia aethiopica andCentella asiatica Herbland.

Other species noted — Herbgisharagus asparagoides, *Gladiolus undulatus, * Rumex species.
Condition Rating: Degraded

Soil: ?grey clayey sand with ironstone inclusions

Drainage: poor Aspect: flat
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\ APPENDIX 2.  Floraof Minninup Block, Tuart Forest Reserve.
Key
Column 1 Family group
Families are listed alphabetically.
M Only recorded for Minninup Block
Column 2 Plant Taxa
Names includspecies, sub-species and varieties and are listed alphabetically.
* Weed species
ms Manuscript name (shown after the name)
Column3& 4  Vegetation Unit
T Bushland areas dominated by Tuart
D Disturbed areas
Family group Plant Taxa VTeg. Ugt
Amaranthaceae
M Ptilotus drummondii .
Ptilotus manglesii .
M Ptilotus sericostachyus subsp. sericostachyus .
Ptilotus stirlingii .
Anthericaceae
Arthropodium capillipes .
Caesia micrantha .
Chamaescilla corymbosa 1
Corynotheca micrantha .
Sowerbaea laxiflora .
Thysanotus arenarius .
Thysanotus patersonii .
Tricoryne elatior .
Tricoryne tenella .
Apiaceae
Daucus glochidiatus .
Eryngium pinnatifidum subsp. pinnatifidum 1
Homalosciadium homalocarpum
Hydrocotyle callicarpa .
Hydrocotyle diantha .
Trachymene pilosa .
Araceae
* Zantedeschia aethiopica . .
Asclepiadaceae
* Gomphocarpus fruticosus o
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Family group Plant Taxa VTeg. Ugt
Asphodelaceae
* Asphodelus fistulosus .
* Trachyandra divaricata .
Asteraceae
* Arctotheca calendula . .
Asteridea pulverulenta .
M Brachyscome iberidifolia .
* Carduus pycnocephalus . .
* Cirsium vulgare .
* Conyza albida .
Cotula australis .
* Cotula bipinnata .
* Cotula turbinata . .
Craspedia variabilis .
M Gnaphalium sphaericum o
* Hypochaeris glabra . .
Lagenophora huegelii .
Millotia myosotidifolia .
M Olearia axillaris .
* Osteospermum ecklonis . .
Picris squarrosa .
Podotheca angustifolia .
M Podotheca gnaphaloides .
* Pseudognaphalium luteo-album p
M Pterochaeta paniculata .
Quinetia urvillei .
Senecio hispidulus .
M Senecio lautus subsp. dissectifolius .
M Senecio minimus .
Siloxerus humifusus .
* Sonchus oleraceus . .
* Ursinia anthemoides . .
Waitzia suaveolens .
Brassicaceae
* Brassica tournefortii .
* Heliophila pusilla . .
* Raphanus raphanistrum .
Stenopetalum robustum .
Campanulaceae
M Wahlenbergia capensis .
Wahlenbergia preissii . .
Caryophyllaceae
* Cerastium glomeratum . .
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Family group Plant Taxa VTeg. Ugt
* Petrorhagia velutina . .
M Silene gallica var. gallica .
* Spergula arvensis . .
* Stellaria media .
Centrolepidaceae
Centrolepis drummondiana <
Chenopodiaceae
Rhagodia baccata .

Colchicaceae
Burchardia congesta .
(Burchardia umbellata in Gibsehal. 1994)

Convolvulaceae
Dichondra repens .

Crassulaceae

* Crassula alata .
Crassula colorata .
Crassula peduncularis .
Cyperaceae
Carex preissii .
Isolepis marginata . .
M Isolepis nodosa .
Lepidosperma angustatum p
Schoenus curvifolius .
Schoenus grandiflorus .
Dasypogonaceae
Acanthocarpus preissii .
Lomandra caespitosa .
Lomandra hermaphrodita .
Lomandra micrantha .
M Lomandra preissii .
Lomandra purpurea .
Lomandra suaveolens .
Dilleniaceae
Hibbertia cuneiformis .
Hibbertia hypericoides .
Hibbertia racemosa . .
Droseraceae
Drosera erythrorhiza .
Drosera menziesii subsp. penicillaris .
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Family group Plant Taxa VTeg. Ugt
Drosera pallida .
M Drosera stolonifera .
Epacridaceae
M Astroloma ciliatum .
Astroloma pallidum .
M Conostephium pendulum o
Conostephium preissii .
M Leucopogon capitellatus .
Leucopogon parviflorus .
M Leucopogon propinquus .
Euphorbiaceae
Adriana quadripartita .
* Euphorbia peplus . .
Phyllanthus calycinus .
M Poranthera microphylla .
Fumariaceae
* Fumaria capreolata .
* Fumaria muralis .
Geraniaceae
* Erodium cicutarium . .
* Geranium molle .
Geranium solanderi .
* Pelargonium capitatum . .
Haemodoraceae
Conostylis aculeata .
Conostylis candicans .
Hypoxidaceae
M Hypoxis glabella .
Iridaceae
* Freesia hybrid . .
Orthrosanthus laxus .
Patersonia occidentalis .
* Romulea rosea . .
Juncaceae
Luzula meridionalis .
Juncaginaceae
Triglochin centrocarpum .
Triglochin trichophorum .
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Family group Plant Taxa VTeg. Ugt
Lauraceae
Cassytha racemosa .
Lobeliaceae
Lobelia tenuior .
Mimosaceae
Acacia cochlearis .
Acacia cyclops . .
Acacia huegelii .
Acacia pulchella .
Acacia saligna .
Acacia willdenowiana .
Paraserianthes lophantha o
Myoporaceae
Eremophila glabra .
Myoporum caprarioides .
Myrtaceae
Agonis flexuosa . .
Eucalyptus gomphocephala p
Eucalyptus marginata .
Orchidaceae
Caladenia flava .
Caladenia latifolia .
M Caladenia georgei .
M Caladenia longicauda .
Caladenia speciosa .
Cyrtostylis huegelii .
Cryptostylis ovata .
Elythranthera brunonis .
Eriochilus dilatatus .
Leporella fimbriata .
Leptoceras menziesii .
* Monadenia bracteata . .
Pterostylis aff. nana .
M Pterostylis aspera .
Pterostylis brevisepala .
Pterostylis vittata .
Pyrorchis nigricans .
Thelymitra benthamiana .
Thelymitra crinita .
Orobanchaceae
Orobanche australiana .
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Family group Plant Taxa

Veg. Unit

T

D

Oxalidaceae

Oxalis perennans

Papilionaceae

Bossiaea eriocarpa

Gompholobium tomentosum

Hardenbergia comptoniana

M Hovea chorizemifolia

Hovea trisperma

Isotropis cuneifolia

Jacksonia furcellata

Kennedia prostrata

Lotus angustifolius

Lupinus angustissimus

Lupinus cosentinii

Medicago polymorpha

Ornithopus compressus

Trifolium campestre

Trifolium cernuum

Trifolium dubium

Trifolium glomeratum

w| k| x| k| | x| | x| #| *

Vicia sativa subsp. nigra

Phormiaceae

Dianella revoluta

Poaceae

* Aira cupaniana

Amphipogon turbinatus

Austrodanthonia occidentalis

Austrostipa flavescens

M Austrostipa semibarbata

Avena barbata

Briza maxima

Briza minor

Bromus diandrus

Bromus hordeaceus

EIEIEIEIE:

Cynodon dactylon

Dichelachne crinita

Ehrharta longiflora

Eragrostis curvula

Hordeum leporinum

Lagurus ovatus

[ | *| #| *

Lolium rigidum

Microlaena stipoides

*

Pennisetum clandestinum

* Poa annua
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Family group Plant Taxa VTeg. Ugt
Poa poiformis .
* Sporobolus indicus .
* Stenotaphrum secundatum p
* Vulpia bromoides .
* Vulpia myuros . .
Pinaceae
* Pinus pinaster . .
Polygonaceae
* Acetosella vulgaris .
* Emex australis .
Portulacaceae
Calandrinia calyptrata .
M Calandrinia linifolia .
Primulaceae
* Anagallis arvensis . .
Proteaceae
Banksia attenuata .
Banksia grandis .
M Grevillea vestita .
M Persoonia saccata .
Petrophile linearis .
Ranunculaceae
Clematis linearifolia .
Ranunculus colonorum .
Ranunculus pumilio
Rhamnaceae
Cryptandra arbutiflora .
Spyridium globulosum .
Roasaceae
* Acaena echinata .
Rubiaceae
* Galium aparine .
Opercularia hispidula .
Opercularia vaginata .
* Sherardia arvensis . .
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. Veg. Unit
Family group Plant Taxa €9
T D
Rutaceae
Diplolaena dampieri .
Santalaceae
M Exocarpos sparteus .
Scrophulariaceae
* Dischisma arenarium .
* Parentucellia latifolia .
* Parentucellia viscosa .
* Veronica arvensis .
Veronica calycina .
Solanaceae
* Physalis peruviana .
* Solanum linnaeanum .
* Solanum nigrum .
Thymeleaceae
Pimelea argentea .
Pimelea rosea .
Urticaceae
Parietaria debilis .
Violaceae
Hybanthus calycinus .
Xanthorrhoeaceae
Xanthorrhoea preissii .
Zamiaceae
Macrozamia riedlei .

225



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve
GJ Keighery & BJ Keighery

APPENDIX 3.  Floraof the Contiguous Blocks (North to Bullock/Mill),
Tuart Forest Reserve.

Key
Column 1 Family group.
Families are listed alphabetically.
Column 2 Plant Taxa.
Names includspecies, sub-species and varieties and are listed alphabetically.
* Weed species
ms Manuscript name (shown after the name)

Columns 3-8 Vegetation Unit.

T Upland areas dominated by Tuart
WM Rise Rises in the Wetland Mosaic generally dated by Jarrah and Marri
WM Mel Bushland wetland areas dominatedMbstaleuca species
WM Er Bushland areas dominated Bycalyptus rudis
R Native vegetation along and in rivers
D Disturbed areas
Family group Plant Taxon Vegetation Unit

T WM | WM | WM R D
Rise | Mel Er

Adiantaceae
Adiantum aethiopicum .
Cheilanthes austrotenuifolia .

Amaryllidaceae

* Amaryllis belladonna . .
Amaranthaceae
Alternanthera nodiflora .
* Amaranthus lividus .
Ptilotus manglesii .
Ptilotus stirlingii .

Anthericaceae
Agrostocrinum scabrum . .
Arthropodium capillipes . . .
Arthropodium preissii .
Borya scirpoidea . .
Caesia micrantha .
Caesia occidentalis .
Chamaescilla corymbosa -
Chamaescilla gibsonii (= aff. spiralis) p

Corynotheca micrantha o

Laxmannia ramosa .
Sowerbaea laxiflora . . .
Thysanotus manglesii . o
Thysanotus multiflorus . .
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Thysanotus patersonii ‘
Thysanotus sparteus '
Thysanotus thyrsoideus 1
Thysanotus triandrus ’
Tricoryne elatior . .
Tricoryne tenella .

Family group Plant Taxon

Apiaceae

Apium prostratum .
Centella cordifolia .
Daucus glochidiatus . . .
Eryngium ferox ms .
Eryngium pinnatifidum subsp. palustre ms .
Eryngium pinnatifidum subsp. pinnatifidum 1
Homalosciadium homalocarpum p
Hydrocotyle alata .
Hydrocotyle callicarpa .
Hydrocotyle diantha .
Hydrocotyle hirta old record, no known current location
Platysace compressa .
Schoenolaena juncea ’
Trachymene coerulea . .
Trachymene pilosa . .
Xanthosia ciliata .
Xanthosia huegelii .

Apocynaceae
Alyxia buxifolia . . .
* Vinca major . .

Aponogetonaceae
Aponogeton hexatepalus b

Araceae
* Zantedeschia aethiopica . < ‘ 1 b ]

Asclepiadaceae
* Gomphocarpus fruticosus . .

Asparagaceae
* Asparagus asparagoides . o 8 .

Asphodelaceae
* Albuca canadensis . . .

* Asphodelus fistulosus . .
Bulbine semibarbata .
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Asteraceae
Angianthus aff. drummondii .
(BJ Keighery & N Gibson 013)
Angianthus aff. preissianus .
(GJ Keighery 13527)
* Arctotheca calendula .
* Artemisia absinthium .
* Aster subulatus .
Asteridea pulverulenta .
Blennospora sp. Ruabon .

(BJ Keighery & N Gibson 20)
(= B. aff. drummondii (golden bracts)

BJK&NG 20)
Brachyscome bellidioides .
* Carduus pycnocephalus . 1 .
Centipeda cunninghamii . o .
* Cirsium vulgare . . .
* Conyza albida .
Cotula australis . .
* Cotula bipinnata .
Cotula coronopifolia . .
Cotula cotuloides .
* Cotula turbinata . .
Craspedia variabilis .
* Dittrichia graveolens . .

Gnaphalium gymnocephalum .
Gnephosis tenuissima ]

Hyalosperma cotula . .
Hyalosperma pusillum .
Hyalosperma simplex .

* Hypochaeris glabra . . . . .
Ixiolaena viscosa . .
Lagenophora huegelii . .
Millotia myosotidifolia .
Myriocephalus helichrysoides ‘

* Osteospermum ecklonis o ’
Picris squarrosa .
Podolepis gracilis (Swamp form) . .

(GJ Keighery 13126)
(= 'Swamp’ GJK 13126)
Podotheca angustifolia .
Pogonolepis stricta .
Pogonolepis sp. Mundijong .
(GJ Keighery 13226) (="star”)
* Pseudognaphalium luteoalbum 2
Quinetia urvillei .
Rhodanthe corymbosa . o
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Rhodanthe pyrethrum .
Siloxerus multiflorus . .
* Senecio diaschides .
Senecio glomeratus o J .
Senecio hispidulus . .
Senecio quadridentatus . . .
Senecio ramosissimus ’
Siloxerus filifolius .
Siloxerus humifusus .
* Sonchus asper . .
Sonchus hydrophilus .
* Sonchus oleraceus o o . .
Trichocline spathulata .
Trichocline sp. Treeton .
(BJ Keighery and N Gibson 564)
* Ursinia anthemoides . .
Waitzia suaveolens .
* Vellereophyton dealbatum . . o

Family group Plant Taxon

Brassicaceae

* Brassica tournefortii .
* Cardamine hirsuta .
Cardamine paucijuga . o J
* Heliophila pusilla . . .
* Raphanus raphanistrum »
* Sisymbrium erysimoides .
Stenopetalum robustum .

Campanulaceae
Wabhlenbergia multicaulis . .
Wabhlenbergia preissii . .

Callitrichaceae
* Callitriche hamulata .
* Callitriche stagnalis .

Caryophyllaceae

Cerastium glomeratum . . . .
* Corrigiola littoralis . . .
* Petrorhagia velutina . . .
* Silene gallica var. quinqguevulnera .
* Spergula arvensis .
* Stellaria media .

Centrolepidaceae

Aphelia cyperoides .
Brizula drummondii .
Brizula muelleri .
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Centrolepis alepyroides J

Centrolepis aristata . . .
Centrolepis cephaloformis ’

Centrolepis drummondiana . o

Centrolepis glabra .

Centrolepis polygyna .

Chenopodiaceae

Atriplex hypoleuca .

* Atriplex prostrata . .

* Chenopodium multifidum .

* Chenopodium murale . .

Dysphania glomulifera . .

Halosarcia indica .

Halosarcia pergranulata 1

Rhagodia baccata o . q

Sarcocornia quinqueflora o

Suaeda australis o

Threlkeldia diffusa .

Colchicaceae

Burchardia congesta .
(= Burchardia umbellata)

Burchardia multiflora .

Wurmbea dioica .

Wurmbea pygmaea .

Wurmbea tenella .

Commelinaceae

Cartonema philydroides . .

Convolvulaceae

Dichondra repens .

Crassulaceae

* Crassula alata .
Crassula colorata . .

* Crassula decumbens °

* Crassula natans . o
Crassula peduncularis . o

Crassula thunbergiana ’

Cyperaceae
Baumea articulata .
Baumea juncea . . .
Baumea preissii .
Baumea vaginalis .
Bolboschoenus caldwellii .

230



Tuart (Eucalyptus gomphocephala) and Tuart Communities: Floristics of the Tuart Forest Reserve
GJ Keighery & BJ Keighery

Family group

Plant Taxon

Vegetation Unit

T WM
Rise

WM | WM R
Mel Er

*

Carex divisa

Carex preissii

Chorizandra enodis

Cyathochaeta avenacea

Cyathochaeta equitans

Cyperus congestus

Cyperus eragrostis

Cyperus tenellus

Gahnia trifida

Isolepis cernua

Isolepis fluitans

Isolepis marginata

Isolepis oldfieldiana

Isolepis producta

Isolepis prolifera

Isolepis stellata

Isolepis sp. (GJ Keighery 14895)

Lepidosperma angustatum

Lepidosperma gladiatum

Lepidosperma leptostachyum

Lepidosperma longitudinale

Lepidosperma squamatum

Mesomelaena tetragona

Schoenus bifidus

old record,

no known current |

ocatio

Schoenus capillifolius

Schoenus curvifolius

Schoenus efoliatus

Schoenus elegans

Schoenus grandiflorus

Schoenus humilis

Schoenus odontocarpus

Schoenus rigens

Schoenus subbulbosus

Schoenus sublaxus

Schoenus tenellus

Schoenoplectus validus

Tetraria octandra

Dasypogonaceae

Acanthocarpus preissii

Dasypogon bromeliifolius

Lomandra caespitosa

Lomandra hermaphrodita

Lomandra micrantha

Lomandra nigricans

Lomandra purpurea

Lomandra sericea

Lomandra suaveolens
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Dennstaedtiaceae

Pteridium esculentum

Dilleniaceae

Hibbertia cuneiformis

Hibbertia cunninghamii

Hibbertia hypericoides

Hibbertia racemosa

Hibbertia rhadinopoda

no known current locatio

Hibbertia stellaris

Hibbertia vaginata

Droseraceae

Drosera erythrorhiza

Drosera gigantea

Drosera glanduligera

Drosera macrantha subsp. macrantha

Drosera menziesii subsp. penicillaris

Drosera neesii

Drosera pallida

Drosera rosulata

Drosera tubaestylis

Elatinaceae

Elatine gratioloides

Epacridaceae

Astroloma pallidum

Conostephium preissii

Leucopogon parviflorus

Euphorbiaceae

Adriana quadripartita

* Euphorbia peplus

* Euphorbia terracina

Phyllanthus calycinus

Fumariaceae

* Fumaria capreolata

* Fumaria muralis

Gentianaceae

* Cicendia filiformis

* Centaurium erythraea

Geraniaceae

* Erodium cicutarium
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Erodium cygnorum old record, no known current location

* Geranium molle

Geranium solanderi

* Pelargonium capitatum

Pelargonium littorale

Goodeniaceae

Anthotium junciforme

Dampiera linearis

Dampiera trigona

Goodenia claytoniacea

Goodenia eatoniae

Goodenia micrantha

Goodenia pulchella

Lechenaultia expansa

Scaevola phlebopetala

Velleia trinervis

Haemodoraceae

Anigozanthos flavidus

Anigozanthos manglesii

Conostylis aculeata

Conostylis candicans

Haemodorum simplex

Haemodorum sparsiflorum

Haemodorum spicatum

Phlebocarya ciliata

Tribonanthes australis

Tribonanthes ?uniflora

Tribonanthes violacea

Haloragaceae

Haloragis brownii

Haloragis tenuifolia

Myriophyllum echinatum

Hydatellaceae

Trithuria bibracteata

Trithuria submersa

Hypoxidaceae

Hypoxis occidentalis

Iridaceae

* Chasmanthe floribunda

Ferraria crispa

*
* Freesia X refracta
* Gladiolus undulatus
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Orthrosanthus laxus . . ’
Patersonia juncea o o
Patersonia occidentalis L
Patersonia occidentalis (Swamp Form) . .
* Romulea rosea . . .
* Sparaxis bulbifera . .
* Watsonia meriana var. bulbillifera .
Isoetaceae
Isoetes drummondii .
Juncaceae
* Juncus articulatus . .
* Juncus bufonius . .
Juncus caespiticius o
* Juncus capitatus . .
Juncus kraussii . .
* Juncus microcephalus !
Juncus pallidus . .
Juncus pauciflorus .
Juncus planifolius .
Luzula meridionalis .

Juncaginaceae

Triglochin calcitrapum subsp. recurvum ms .

Triglochin centrocarpa .

Triglochin huegelii .

Triglochin lineare .

Triglochin mucronatum .

Triglochin muelleri .

Triglochin striata .

Triglochin trichophora .

Lamiaceae

Hemiandra pungens o

Lavandula stoechas o

Mentha X piperita . .

Mentha pulegium . .

| k| | *

Stachys arvensis .

Lauraceae

Cassytha racemosa » >

Lemnaceae

Lemna disperma . .

Lentibulariaceae

Polypompholyx multifida .
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R

Polypompholyx tenella

Utricularia inaequalis

Linaceae

Linum marginale

Lindsaeaceae

Lindsaea linearis

Lobeliaceae

Grammatotheca bergiana

Isotoma scapigera

Lobelia alata

Lobelia rhombifolia

Lobelia tenuior

* Monopsis debilis

Loganiaceae

Logania serpyllifolia

Logania vaginalis

Phyllangium paradoxum

Loranthaceae

Nuytsia floribunda

Lycopodiaceae

Phylloglossum drummondii

Lythraceae

Lythrum hyssopifolia

Marsileaceae

Marsilea angustifolia

Pilularia novae-hollandiae

Melianthaceae

* Melianthus major

Menyanthaceae

Villarsia albiflora

Villarsia capitata

Villarsia parnassifolia

Villarsia submersa

Villarsia violifolia

Mimosaceae

Acacia alata

Acacia cochlearis
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Acacia cyclops . .

Acacia extensa .

Acacia huegelii . .

Acacia incurva .

Acacia paradoxa .

Acacia pulchella . .

* Acacia pycnantha . .

Acacia saligna . . .

Acacia stenoptera .

Acacia willdenowiana . .

Paraserianthes lophantha . .

Myoporaceae

Eremophila glabra .

Myoporum caprarioides . .

Myoporum insulare .

Myrtaceae

Agonis flexuosa . . .

Agonis linearifolia .

Astartea aff. fascicularis J .
(GJ Keighery 14066)

Astartea sp. | (GJ Keighery 14061) .

w
.

Astartea sp. Gingalup (N Gibson & M Lyorj
119) (GJ Keighery 14074)

Baeckea camphorosmae .

Calothamnus lateralis .

Calothamnus quadrifidus o

Calytrix flavescens .

Darwinia oederoides .

Eucalyptus calophylla .

Eucalyptus cornuta .

Eucalyptus cornuta X gomphocephala .

Eucalyptus decipiens . ‘

* Eucalyptus diversicolor

* Eucalyptus globulus .

Eucalyptus gomphocephala . 3 o

* Eucalyptus maculata .

Eucalyptus marginata .

Eucalyptus rudis subsp. cratyantha . .

Hypocalymma angustifolium . .

Kunzea ericifolia .

Kunzea recurva . o

Kunzea rostrata .

* Leptospermum laevigatum

Melaleuca cuticularis . .

Melaleuca incana . N o

Melaleuca lateriflora .
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Melaleuca lateritia

Melaleuca leptoclada

Melaleuca preissiana

Melaleuca rhaphiophylla

Melaleuca systena

Melaleuca uncinata

Melaleuca viminea

Pericalymma spongiocaule

Regelia ciliata

Verticordia attenuata

Verticordia densiflora var. caespitosa

Verticordia plumosa var. vassensis

Olacaceae

Olax benthamiana

Oleaceae

*

Olea europea

Onagaraceae

Epilobium billardierianum

Epilobium hirtigerum

Orchidaceae

Caladenia brownii

Caladenia chapmanii

Caladenia flava

Caladenia georgei

Caladenia hirta

Caladenia latifolia

Caladenia lobata

Caladenia lorea

Caladenia macrostylis

Caladenia marginata

Caladenia nana

Caladenia paludosa

Caladenia radiata

Caladenia reptans

Caladenia serotina

Caladenia speciosa

Caladenia variegata

old record,

no known current location

Corybas despectans

old record,

no known current location

Corybas dilatatus

Cyrtostylis huegelii

Cryptostylis ovata

Cyanicula deformis

Cyanicula gemmata

Diuris aff. amplissima (GJ Keighery 13788
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Diuris amplissima .

Diuris filifolia .

Diuris laxiflora .

Elythranthera brunonis . .

Elythranthera emarginata o

Eriochilus dilatatus .

Eriochilus helonomos .

Leporella fimbriata .

Leptoceras menziesii .

Lyperanthus nigricans .

Microtis atrata .

Microtis media subsp. media . 1

Microtis orbicularis .

* Monadenia bracteata . . o

Prasophyllum drummondii . .

Prasophyllum macrostachyum .

Pterostylis aff. nana (GJ Keighery 13648) .

Pterostylis brevisepala o

Pterostylis pyramidalis .

Pterostylis rogersii .

Pterostylis sp. Cauline Leaves .
(N Gibson and MN Lyons 1490)

Pterostylis sp. Slender Snalil .
(GJ Keighery 14516)

Pterostylis vittata . .

Thelymitra antennifera .

Thelymitra crinita .

Thelymitra flexuosa . .

Thelymitra pauciflora .

Orobanchaceae

Orobanche australiana ~ «

Oxalidaceae

Oxalis perennans . . .

* Oxalis pes-caprae .

* Oxalis polyphylla . .

* Oxalis purpurea .

Papilionaceae

Bossiaea eriocarpa .

Brachysema praemorsa - r .

Callistachys lanceolata .

Chorizema diversifolium . .

Chorizema nanum .

Daviesia decurrens .

Daviesia podophylla . .

Daviesia preissii . .
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Eutaxia virgata

Gompholobium aristatum

Gompholobium marginatum

Gompholobium tomentosum

Hardenbergia comptoniana

Hovea stricta

Hovea trisperma

Isotropis cuneifolia

Jacksonia furcellata

Jacksonia sparsa ms

Kennedia coccinea

Kennedia prostrata

Lotus angustifolius

Lotus uliginosus

Lupinus angustissimus

Lupinus cosentinii

Lupinus luteus

X[ k[ k| k| *| *| *

Medicago polymorpha

Melilotus indica

Mirbelia dilatata

Sphaerolobium medium

Sutherlandia frutescens

Trifolium campestre

Trifolium dubium

Trifolium fragiferum

old record,

no known current locatio

Trifolium repens

Vicia sativa subsp. nigra

X[ k| k| k| *| *| *

Vicia sativa subsp. sativa

Viminaria juncea

Philydraceae

Philydrella drummondii

Philydrella pygmaea

Phormiaceae

Dianella brevicaulis

Dianella revoluta

Stypandra grandiflora

Phytolaccaceae

* Phytolacca octandra

Pinaceae

* Pinus pinaster

* Pinus radiata

Pittosporaceae

Pittosporum angustifolium
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Sollya heterophylla .

Plantaginaceae

* Plantago lanceolata . .

Poaceae

Agrostis avenacea . .

Agrostis plebeia .

* Aira cupaniana . . .

Amphibromus nervosus .

Amphipogon turbinatus .

* Anthoxanthum odoratum . . .

Avristida ramosa .

Austrodanthonia occidentalis .

Austrodanthonia setacea d .

Austrostipa compressa . s

Austrostipa flavescens o

Austrostipa pycnostachya . d

Avena barbata

Avena fatua . . .

Briza maxima . . .

Briza minor . . . .

Bromus catharticus

Bromus diandrus .

Bromus hordeaceus . o

Cynodon dactylon . . .

Cynosurus echinatus .

Xl k| k| k| k| k| ¥| ¥| *| *

Dactylis glomerata .

Deyeuxia quadriseta . ’

*

Digitaria sanguinalis . .

* Ehrharta longiflora . . . .

* Eragrostis curvula . .

Glyceria declinata .
(cosmopolitan freshwater native species)

* Glyceria maxima .

*

Hainardia cylindrica . .

Hemarthria uncinata . .

Holcus lanatus . .

Hordeum leporinum . .

Hordeum marinum . o

X k[ k| *| *

Lagurus ovatus . . . .

Lolium rigidum . . .

Microlaena stipoides . . .

Neurachne alopecuroidea .

* Parapholis incurva . . .

* Paspalum dilatatum . . .

* Paspalum distichum .

Paspalum vaginatum ‘ q
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Family group Plant Taxon

(cosmopolitan freshwater native species)
* Pennisetum clandestinum s b
* Phalaris paradoxa . .
* Poa annua . .

Poa poiformis .
* Polypogon monspeliensis o . ‘
Polypogon tenellus .
Sporobolus indicus . .
Stenotaphrum secundatum . . .
Vulpia bromoides . .
Vulpia myuros . .

X k| *| *

Polygalaceae
Comesperma calymega p
Comesperma polygaloides .
Comesperma virgatum .

Polygonaceae

* Acetosella vulgaris . . .

* Emex australis . .
Muehlenbeckia adpressa ’ .
Persicaria prostratum ’ !
Persicaria salicifolium .

* Rumex crispus .

* Rumex pulcher .

Portulacaceae
Calandrinia calyptrata .
Calandrinia composita .
Montia australasica .

Primulaceae
* Anagallis arvensis . . . . .
Samolus junceus .

Proteaceae

Adenanthos meisneri .
Banksia attenuata .
Banksia grandis .
Banksia littoralis . . .
Conospermum flexuosum subsp. laevigatym .
Dryandra lindleyana subsp. lindleyana . .
(D. nivea GJK 6622 in Gibsahal. 1994)
Grevillea manglesioides . ’
Hakea lissocarpha old record, no known current location
Hakea prostrata .
Hakea sulcata .
Hakea varia . .
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Persoonia elliptica .

Persoonia longifolia .

Petrophile linearis . .

Stirlingia latifolia .

Synaphea floribunda .

Synaphea petiolaris .

Ranunculaceae

Clematis linearifolia . .
Ranunculus colonorum . .

* Ranunculus muricatus o
Ranunculus pumilio .

Restionaceae

Anarthria prolifera .

Anarthria scabra .

Desmocladus fasciculatus b

Desmocladus flexuosus L

Hypolaena exsulca .

Hypolaena pubescens [

Lepyrodia muirii . .

Lyginia barbata .

Meeboldina coangustata b

Meeboldina scariosa .

Stenotalis ramosissima .

Rhamnaceae
Cryptandra arbutiflora .
Spyridium globulosum . . .
Trymalium ledifolium . .
Rosaceae
* Acaena echinata .
Rubiaceae
* Galium aparine .
Opercularia hispidula . . .
Opercularia vaginata .
* Sherardia arvensis .
Rutaceae
Boronia dichotoma .
Boronia fastigiata .
Diplolaena dampieri . .
Philotheca spicata .
Santalaceae
Exocarpos odoratus ’
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Family group

Plant Taxon

Vegetation Unit

WM
Rise

WM
Mel

WM R
Er

aceae

Scrophulari
*

Bartsia trixago

Dischisma arenarium

Dischisma capitatum

Gratiola pubescens

Glossostigma diandrum

Linaria maroccana

Parentucellia latifolia

Parentucellia viscosa

Verbascum thapsus

X[ k| k| k| *| *

Verbascum virgatum

Veronica arvensis

Veronica calycina

Selaginellaceae

Selaginella gracillima

Solanaceae

*

Physalis peruviana

Solanum americanum

Solanum hoplopetalum

Solanum linnaeanum

X k| *| *

Solanum nigrum

Solanum symonii

Sterculiaceae

Lasiopetalum membranaceum

Thomasia triphylla

Stylidiaceae

Levenhookia pusilla

Levenhookia stipitata

Stylidium amoenum

Stylidium megacarpum
(GJ Keighery 14850)

Stylidium calcaratum

Stylidium crassifolium

Stylidium dichotomum

Stylidium divaricatum

Stylidium ecorne

Stylidium emarginatum

Stylidium guttatum

Stylidium inundatum

Stylidium longitubum

Stylidium mimeticum

Stylidium petiolare

Stylidium piliferum
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Vegetation Unit

Family group Plant Taxon T WM T WM TwWh TR 5
Rise | Mel Er
Stylidium repens .
Stylidium striatum .
Stylidium utricularioides .
Thymeleaceae
Pimelea angustifolia .
Pimelea argentea o
Pimelea hispida
Pimelea rosea . .
Typhaceae
Typha domingensis .
* Typha orientalis
Urticaceae
Parietaria debilis . .
* Urtica urens . .
Verbenaceae
* Verbena officianalis
Violaceae
Hybanthus calycinus . .
Xanthorrhoeaceae
Xanthorrhoea brunonis .
Xanthorrhoea gracilis old record, no known current locatio
Xanthorrhoea preissii .
Zamiaceae
Macrozamia riedlei . .
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| APPENDIX 4.  Composite Flora Lists from the work of d’Espeissis

TABLE 1. Listing of species recorded from Tuart dominatedsites (Pure Tuart, Tuart and
Marri, Tuart and Jarrah and Tuart and Flooded Gum) in Malling B lock from
d’Espeissis (1938b) and soil site notebooks 122 and 123, held in the archiokthe
Department of Conservation and Land Management at Woodvale.

*Acaena species
Acacia alata

Acacia cyclops

Acacia extensa

Acacia heteroclita
Acacia huegelii

Acacia littorea

Acacia pulchella

Acacia saligna

Acacia willdenowiana
Adenanthos meisneri
Agonis flexuosa

*Aira species
Allocasuarina fraseriana
Allocasuarina humilis
*Anagallis arvensis
Anigozanthos manglesii
Anigozanthos viridis
*Arctotheca calendula
Arthropodium capillipes
Astroloma drummondii
Astroloma pallidum
Austrostipa semibarbata
*Avena species

Banksia attenuata
Banksia grandis
Banksia littoralis
Boronia spathulata
Bossiaea eriocarpa
Bossiaea linophylla (T/M)
*Briza maxima

*Briza minor

Burchardia multiflora
Burchardia umbellata
Caladenia flava
Calandrinia liniflora
Callistachys lanceolata
Carpobrotus ?aequilaterale
Comesperma virgatum
Conostylis aculeata
Craspedia variabilis
Cryptandra arbutiflora var. tubulosa
Dampiera linearis
Dampiera ?triloba
Daviesia divaricata

Daviesia incrassata
Daviesia podophylla
Desmocladus fasciculatus
Dianella revoluta

Drosera macrantha
Dryandra lindleyana
*Erodium ?moschatum
Eryngium pinnatifidum
Eucalyptus calophylla
Eucalyptus gomphocephala
Eucalyptus rudis

Geranium solanderi
*Geranium molle
Gompholobium tomentosum
Grevillea vestita

Hakea prostrata
Hardenbergia comptoniana
Hemiandra pungens
Hibbertia amplexicaulis/perfoliata
Hibbertia cuneiformis
Hibbertia cunninghamii
Hibbertia hypericoides
Hibbertia racemosa

Hovea trisperma

Hybanthus calycinus
*Hypochaeris glabra
Isopogon formosus subsp. dasylepis
Isotropis cuneifolia
Jacksonia furcellata
Jacksonia ?sternbergiana
Kennedia coccinea
Kennedia prostrata
Lagenophora huegelii
Lasiopetalum membranaceum
*Lavatera species
Leucopogon propinquus
Lepidosperma gladiatum
Lepidosperma species
Lobelia tenuior

Logania serpyllifolia
Logania species (?vaginalis)
Lomandra preissii (?micrantha)
Lyginia barbata

Macrozamia riedlei
Melaleuca preissiana
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Melaleuca rhaphiophylla Pyrorchis nigricans
Melaleuca thymoides Ranunculus colonorum
Microlaena stipoides Senecio species (?lautus)
Muehlenbeckia adpressa Sowerbaea laxiflora
Nuytsia floribunda Stackhousia monogyna
Olearia ?pubescens *Stellaria media
Opercularia hispidissima Synaphea ?favosa
Opercularia vaginata Synaphea petiolaris
Orthrosanthus laxus Tetraria octandra
Patersonia occidentalis Thelymitra crinita
Patersonia xanthina Thysanotus ?arenarius
Pelargonium littorale Thysanotus manglesii/patersonii
Persoonia longifolia Thysanotus sparteus
Persoonia saccata Trachymene species
*Petrorhagia prolifera Tricoryne elatior
Petrophile linearis *Trifolium species
Petrophile striata Tripterococcus brunonis
Philotheca spicata Viminaria juncea
Phyllanthus calycinus Waitzia aurea

Pimelea argentea Xylomelum occidentale

Pimelea rosea
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TABLE 2. Listing of species recorded from River PaddocKCentral Block) from d’Espeissis
(1938c) and soil site notebook 123. Sites described as Tuartpéded Gum and

Jarrah/Marri/Tuart.

Acacia pulchella

Acacia saligna

Acacia stenoptera
Agonis flexuosa

*Aira caryophyllea
Allocasuarina humilis
Anigozanthos manglesii
Anigozanthos viridis
Astroloma ?drummondii
Astroloma pallidum
Arthropodium capillipes
Austrostipa semibarbata
Banksia attenuata
Banksia grandis

Banksia littoralis

Borya scirpoidea
Bossiaea eriocarpa
Brachyscome iberidifolia
*Briza maxima
Conostephium pendulum
Conostylis aculeata
Dampiera linearis
Dasypogon bromeliifolius
Daviesia divaricata
Desmocladus fasciculata
Dianella revoluta
Dryandra lindleyana
Erodium cygnorum
Eryngium pinnatifidum
Eucalyptus calophylla
Eucalyptus cornuta
Eucalyptus gomphocephala
Eucalyptus marginata
Eucalyptus rudis
Geranium pilosum/solanderi
Gompholobium tomentosum
Hakea prostrata
Hardenbergia comptoniana
Hemiandra pungens
Hibbertia cunninghamii
Hibbertia hypericoides
Hibbertia racemosa
Hybanthus calycinus

*Hypochaeris glabra
Jacksonia furcellata
Kennedia prostrata
Lagenophora huegelii
Leucopogon propinquus
Lobelia gibbosa

Lobelia tenuior
Lomandra (?micrantha)
Lepidosperma species
Lyginia barbata
Macrozamia reidlei
Melaleuca species
Melaleuca thymoides
Meeboldina sp. (Restio confertospicatus)
Mesomelaena tetragona
Muehlenbeckia adpressa
Nuytsia floribunda
Opercularia vaginata
Patersonia occidentalis
Patersonia xanthina
Pericalymma ellipticum
Persoonia longifolia
Petrophile linearis
*Petrorhagia velutina
Philotheca spicata
Phlebocarya ciliata
Phyllanthus calycinus
Pteridium esculentum
Ptilotus species
Ranunculus colonorum
Scaevola striata
Senecio species
Sowerbaea laxiflora
Stypandra glauca
Synaphea ?spinulosa
Tetraria octandra
Thysanotus sparteus
Tricoryne elatior
*Trifolium species
Tripterococcus brunonis
Viminaria juncea
Xanthorrhoea preissii
Xylomelum occidentale
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APPENDIX 5.

Reference tables used for describing vegetat, vegetation condition, DRF
and Priority categories and threatened ecological communities.

TABLE 1. Vegetation Structural Classes (Keighery 1994 (adapted from Muir 1977, @n

Aplin 1979)).
Life Form/ Canopy Cover
Height Class (percentage)
100 - 70% 70 - 30% 30 - 10% 10 - 2%
Tall Closed Forest | Tall Open Forest Tall Woodland all Dpen Woodland
Trees >30m
Trees 10-30m Closed Forest Open Forest Woodland Open Woodland
Trees < 10m Low Closed Forest | Low Open Forgdtow Woodland Low Open Woodland
Tree Mallee Closed Tree Mallee| Tree Mallee Open Tree Mallee y\@pen Tree
Mallee
Shrub Mallee Closed Shrub Shrub Mallee Open Shrub Mallee Very Open Shrub
Mallee Mallee
Shrubs > 2m Closed Tall Scrub Tall Open Scrup  Tall Shrubland Il Dpen Shrubland
Shrubs 1-2m Closed Heath Open Heath Shrubland Open Shrubland
Shrubs < 1m Closed Low Heath | Open Low Heatthow Shrubland Low Open Shrubland
Grasses Closed Grassland Grassland Open Grassland Very Gesland
Herbs Closed Herbland Herbland Open Herbland Very Openbldad
Sedges Closed Sedgeland Sedgeland Open Sedgeland VerySxulgeland

TABLE 2. Vegetation Condition Scale (Keighery 1994).

Pristine (1)

Pristine or nearly so, no obvious signs of distadea

Excellent (2)

Vegetation structure intact, disturbance affectimtividual species and weeds are non-aggressivaespe

Very Good (3)

Vegetation structure altered, obvious signs ofudisince.

For example, disturbance to vegetation structuresed by repeated fires, the presence of some

aggressive weeds, dieback, logging and grazing.

more

Good (4)

Vegetation structure significantly altered by veshvious signs of multiple disturbance. Retains dpasi
vegetation structure or ability to regenerate it.

For example, disturbance to vegetation structurese@d by very frequent fires, the presence of soerg (v

aggressive weeds at high density, partial cleadi@hack and grazing

Degraded (5)

Basic vegetation structure severely impacted byudiance. Scope for regeneration but not to a

approaching good condition without intensive mamaget.

For example, disturbance to vegetation structuusead by very frequent fires, the presence of vggressive

weeds, partial clearing, dieback and grazing.

state

Completely Degraded (6)

The structure of the vegetation is no longer intaad the area is completely or almost completelyavit

native species.

These areas are often described as ‘parkland dleadith the flora comprising weed or crop specieishv

isolated native trees or shrubs.

=
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TABLE 3. Definitions of Declared Rare Flora and Priority Flora (after Atkins 2001).

‘Declared Rare Flora — Extant Taxa(R): Taxa which have been adequately searched fo
are deemed to be in the wild either rare, in danger of extmatir otherwise in need of spec
protection, and have been declared under section 23F Wfittiéfe Conservation Act 1950 to be

“rare flora”.

‘Declared Rare Flora — Presumed Extinct TaxgX): Taxa which have not been collected,
otherwise verified, over the past 50 years despite thorougbh#eg, or of which all known wild

populations have been destroyed more recently, and have been declaresktatider23F of the

Wildlife Conservation Act 1950 to be “rare flora”.’

A ‘Declared Rare Flora and Priority Flora List’ is publsl each year by CALM (Atkins 2001
Priority Flora are taxa that are under consideration for demaras ‘rare flora’ but are in need
further survey or continued monitorinbhe list recognizes four categories of Priority Flora:

‘Priority One — Poorly Known Taxa (1): Taxa which are known from one or a fq
(generally < 5) populations which are under threat, either duealh gopulation size, or being g
lands under immediate threat, e.g. road verges, urban areas, farmland, actiakleasises, etc., g
the plants are under threat, e.g. from disease, grazingdlyafemals, etcMay include taxa with
threatened populations on protected larlsch taxa are under consideration for declaratio
“rare flora”, but are in urgent need of further survey.’

‘Priority Two — Poorly Known Taxa (2): Taxa which are known from one or a fq
(generally < 5) populations, at least some of which are not beltevied under immediate thre
(i.e. not currently endangereduch taxa are under consideration for declaration as “rene’,f
but are in urgent need of further survey.’

‘Priority Three — Poorly Known Taxa (3): Taxa which are known from several populatig
and the taxa are not believed to be under immediate threat (i.eumetly endangeredyuch
taxa are under consideration for declaration as “rare fldyvat are in urgent need of furth
survey.’

‘Priority Four — Rare Taxa (4): Taxa which are considered to have been adequately sur

and which, whilst being rare (in Australia), are not curretttgdatened by any identifiable factof

and
al

or

14

PW

=

N as

PW

These taxa require monitoring every 5-10 years.’
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TABLE 4. Definitions of the status of the threat to ecological commmities (English and
Blyth 1997).

Category 1

Presumed Totally Destroyed
An ecological community which has been adequately searched fartwihich no representative
occurrences have been located. The community has been found tallye destroyed or s
extensively modified throughout its range that no occurrenceigflikely to recover its species
composition and/or structure in the foreseeable future.

O

Category 2

Critically Endangered
An ecological community which has been adequately surveyed and foungetbden subject tp
a major contraction in area and/or which was originallyroftéd distribution and is facing severe
modification or destruction throughout its range in the immediature, or is already severgly
degraded throughout its range but capable of being substantially restoebdmlitated.

Category 3

Endangered

An ecological community which has been adequately surveyed and foungetbden subject t
a major contraction in area and/or was originally of lichidistribution and is in danger of
significant modification throughout its range or severe modificairatestruction over most of its
range in the near future.

O

Category 4
Vulnerable
An ecological community which has been adequately surveyed and fowe declining and/q
has declined in distribution and/or condition and whose ultimate se¢was not been assured
and/or a community which is still widespread but is belieWleglyl to move into a category of
higher threat in the near future if threatening processeshcentir begin operating throughout fits
range.

=

Category 5

Data Deficient
An ecological community for which there is inadequate datassiga it to one of the above
categories and/or which is not yet evaluated with respect to sfatuzat.
(Usually an ecological community with poorly known distribution aidgy that is suspected to
belong to any of the above categories. These ecological commumatiesa high priority for
survey and/or research.)

Category 6

Lower Risk

A community which has been adequately surveyed and evaluated atablavaiformation
suggests that it does not qualify for one of the above categories of threat
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| APPENDIX 6. Grassy Woodlands in Western Australia |

There are a series of references to ‘grassy woodlandsarlg accounts of the vegetation of
Western Australia. For example, Fraser (1830) in his accouheofdgetation of the margins of
the Swan River, wrote
‘Proceeding up the river from the above mentionegkek [Claise Brook] the country assumes a
distinct appearance from that seen below. On tliesdean expansive marsh [Walters Brook, on the
boundary of Perth and Maylands], bordered by thikd Casuarina, surrounded by a flat of the
richest description, rivalling in point of soil thaf the Hawkesbury. Here | first observed the Beom
or Kangaroo Grass of New South Wales in great iaxge (with the exception of some seen on the
banks at Point Frazer [near Herrison Island])’.
Fraser, a botanist form the east of Australia was utitamwith the diversity of sedges on the
Swan Coastal PlairiThemeda triandra (Kangaroo Grass) does not penetrate the Swan Coastal
Plain beyond the Pinjarra Plain (Guildford Clays), a gmiatance upstream from the area
described by Fraser. What he had to be observing was a pedgapsViesomelaena tetragona,
but more likelyBolboschoenus, Schoenoplectus or Isolepis nodosa at the edge of the semi-saline
Swan Estuary, not a rich fresh alluvial flat. This is furteapported by Bussell's reference to
Cyperaceae as ‘grasses’ along the edge of the Wonnerup hals¢r ks here acting as a salesman
for the Colony as Kangaroo Grass was a desirable pasture grass.

This apparent broad classification of grass continues. Dakin )\ li@l@escribing the habitat of the
Albany Pitcher PlantGephalotus follicularis) shows a photo (Figure 2) labelled

‘Pitcher Plants on ground amongst grasses etc’.
The picture clearly shows the Pitcher Plants amongst sealggsrushes (Cyperaceae and
Restionaceae species) NOT grasses. Even as late as 13@tinBet al. (1991) in their study of
herbicide control of grasses in the Tuart forest list sedgesostylis aculeata, Lomandras,
Patersonia occidentalis and Lilies as ‘Native Grasses'.

Unfortunately many authors (for example Ward 2000, Bradshaw 2000) laepted these
comments at face value and continue to refer to ‘grassynwnities on the Plain even though
such communities cannot be located today.

A series of other authors have commented on the status cegras the south-west and the
apparent inaccuracies of these assumptions. Some examplashafosuments from studies by
botanists who have documented aspects of the south-west’s vegetati@mraadefigiven below.

« Diels (1906) inDie Pflanzenwelt von West-Australien sidlich des Wendekreises

In a specific section on ‘Families under represented in theh&est province’, Diels makes the

following statements
‘If one examines the general floristic characteths south-west, a striking feature will be apparen
namely, the relatively few members of the famili€aminaceae and Compositae which are
present.’.....
‘The same holds good for the Graminaceae. The ocenoe of grasses on sandy soils is extremely
poor. Griseback’s statement in “Vegetation der Efd4, 216) quoting Drummond that the sandy
areas of the Swan River Colony are “preferably wsedrassland” is absolutely incorrect.’” (Diels has
a footnote here to say that ‘I have found no suemark in Drummond’s writings. A
misunderstanding must have occurred.’)....
‘The rarity of the occurrence of Graminaceae anth@asitae in south-west Australia is very difficult
to understand. Climatically similar areas, e.g.Mediterranean and the Cape region of South Africa,
are rich in members of both of these families. Mor, introduced species, particularly annuals, do
remarkably well in south-west Australriza maxima, for example, is at present more common than
any of the indigenous grasses.’
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* Beard (1981) inVegetation Survey of Western Australia, Swan, 1:1,000,000 series,
explanatory notes to Sheet 7
Beard comments specifically on the mystery of the Kangaroo Grass of @ra3ey
‘as there seems to be no indigenous grass in WeAtestralia fitting the description’.
He was quite right since it was a sedge. Beard continued
‘It is an equal botanical mystery to try and idgnthe plants growing in the beautiful open grassy
country so often alluded to by pioneers. Therefewe native grasses in the southwest and it seems
unlikely they actually formed grasslands. It is mprobable that the settlers used the term ‘graesy’
a loose sense to mean young green herbage whitdh @onsist of annuals of all kinds, new shoots of
perennials, sedges and Restionaceae as well aggras
In addition, but not mentioned by Beard, Fraser was familiar \eithperate Eastern Australia
where grasslands @iustrodanthonia, Poa andThemeda are developed.

» Keighery and Trudgen (1992) inRemnant Vegetation on the Alluvial Soils of the Eastern
Side of the Swan Coastal Plain.
Keighery and Trudgen discussed historical accounts of the viegetdtthe Pinjarra Plain, in
particular that by Fraser (March, 1827 in Seddon 1972) which described the
‘...magnificent AngophorasE{calyptus calophylla)’ and ‘The Brome, or Kangaroo-grass of New
South Wales in great luxuriance’
and observations of other early settlers that resultedeinlévelopment of a concept that the area
had an
‘open, park-like appearance...with scattered teeeisthe grassy ground layer.’
Here it was also considered very probable that the gr&saser describes, that is the ‘Brome or
Kangaroo-grass’, are in fadflesomelaena tetragona and Cyathochaeta avenacea. These two
species, members of the Cyperaceae, are very common and goaspgit the understorey of the
remnants of this vegetation and have inflorescences that wiwaldhg semblance of the Bromes
(members of the genuBromus) and Kangaroo Grass (members of the gefhesneda). The
grasses described by Fraser are common components Edfidilgptus woodlands of the eastern
states and Fraser would have expected to see these undespexni®g. Mesomelaena tetragona
would have been completely new to Fraser, being from a genus endemic to WA.

Fraser’s description of ‘Brome or Kangaroo-grass’ as a conspiaamugonent of the understorey
should apparently be modified as was the reference to magnifisegophoras’, which were
actually the endemid&ucalyptus calophylla. Keighery and Trudgen supported Beard’'s (1979)
conclusion that the areas referred to by Fraser were rssygnaodlands. They concluded that the
mystery of the grasses mentioned by Beard should now be codsigsaved and supported
Beard’s description of the vegetation of the area as being:

‘....open woodland oE. calophylla ...... little but herbaceous under growth’
with the following addition in relation to the understorey being

e a mixture of herbs and sedges.’

* Mattiske Consulting (1995) inA Review of Grassy Woodlands in the Western Australian
Wheatbelt.

Mattiske Consulting listed Tuart, York Gum, Salmon Gum, Wandoo rélpiMerrit and Yate

woodlands as possible grassy woodlands. However, they found that, (page 21)
‘In all examples studied grasses formed a minorpmment of the understory. The ground layer was
dominated by herbs and sedges and by monocotseslaisd other herbs with grass like form. This,
not the dominance of grasses accounts for thelgg@rland grassy appearance of these sites’.

These studies and other biological surveys of the Swan CtasPlain and Wheatbelt
undertaken over the past decade support the above statemeritsat grassy woodlands are
NOT a feature of the south-west Australian landscape.
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VERTEBRATE FAUNA OF TUART WOODLANDS
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ABSTRACT

Vertebrate data from 12 Tuart woodland locations on the SwanaC&&asin are presented with an
appraisal of changes since European settlement.

The avifaunal communities in Tuart woodlands are diverse witsp@2ies definitely recorded.

There have been sharp declines in some wide-ranging spkategréviously seemed to favour

Tuart woodlands. Other specialist woodland species have dkdfinmoth Tuart as well as other

woodlands on the Swan Coastal Plain. Despite the diversityrds, ithere have been no detailed
studies on the role of avifauna in Tuart woodlands or the signific of resources such as tree
hollows to breeding birds.

Only 16 of the 35 mammal species that either currently orquslyi occurred on the Swan Coastal
Plain have been definitely recorded in Tuart woodlands. Despitprttmble loss of mammal
species from the woodlands, several species with distributiamsedein the southern Tuart
woodlands still persist in this area. The Western Ringtadisifd and the Common Brushtalil
Possum have very dense populations associated with the Tuart/Pepgerest of the Ludlow
area. Mammal species surviving best are those that utilize tleevbdbr daytime refuges.

The herpetofaunal community of Tuart woodlands is relativelgrdey with 43 species of reptiles
and 7 frog species. This comprises slightly more than halieof71 reptile species and less than
half of the 15 frog species that either currently or previoasturred on the Swan Coastal Plain.
Most reptile species are widespread in other vegetatswriasions of the coastal plain but some
reach their maximum abundance in the Tuart woodlands.

INTRODUCTION

Tuart woodlandsare confined to the near-coastal sands of the Swan CoastakeRlending from
Jurien in the north, southward to the Sabina River (see Magsd14 in Keigheryet al. this
publication). Communities dominated by this eucalypt are under tHreat the many
anthropogenic changes associated with near-coastal localites,asuagriculture, grazing and
urbanisation. In areas of urban development the clearing and frtgioe of Tuart woodlands has
had a marked impact on their extent and fires have become frequeent, while their faunal
assemblages have been adversely affected by predation from introduced foxats.and ¢

The vertebrate fauna of Tuart woodlands is very poorly documemnigd@ previous regional
assessment of faunal assemblages has been made. This cuiitina$ts information available on
the vertebrate fauna of tlBanksia woodlands of the Swan Coastal Plain, the focus of numerous
surveys and ecological studies (see How and Dell 1989), and tegetesaics of the Darling
Scarp (see Dell 1983, Dell and How 1988, Wellington and Dell 1989).

! Editors’ Note: The terms forest and woodland a®eduin a non-technical manner in this paper.
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METHODS

Published and unpublished data sources were examined for informatspeafic areas of Tuart
woodland. These are listed below for each of the major vate2groups and presented in Table 1
and also shown on Map 4 in Keigheagtyal. (this publication). Howet al. (1996) sampled several
additional sites with Tuart emergents but these were natdedlin the compilation because Tuart
comprised less than two percent of the canopy cover of the upper stratumsitégsat Tuart Hill,
Shenton Park, Mount Claremont and Kings Park in the Perth areajohsgecies additional to
those already included from the Tuart woodland sites in the metropoligan are

Birds

Data were compiled from a series of sources which are etailTable 1. These data appear in
Table 2. Nomenclature and family sequence of bird names follows Johri2d008. (

Mammals

Data were compiled from a series of sources which arelatktai Table 1. Fenced pitfall traps
were used in all surveys and Elliott aluminium box traps in thjprnity, while mist-netting for bats
was undertaken in the studies by Burbidge and Rolfe, and Napier (192 data appear in
Table 3.

Reptiles and Amphibians

Data for these groups were collated from the same sourcks #se mammals but with the
addition of several unpublished surveys. The sources are deitailféable 1. Data for reptiles
appear in Table 4 and for amphibians in Table 5.

RESULTS AND DISCUSSION
Birds

A total of 92 bird species (Table 2) have definitely beenrdszbin the 12 Tuart woodlands from
the data sources listed in Table 1. This number is low comparta ttotal of over 200 species
listed for the Swan Coastal Plain (Storr and Johnstone 1BI88)ever many of these additional
species are associated with heathlands, swamps or lakegoafdl not be expected to occur in
woodlands. Despite this, a number of other species could occuargsahthe Tuart woodlands,
especially those on the southern portions of the Swan Coastal Rtaie not had systematic
surveys.

The avifauna of the Swan Coastal Plain has been well documented withregégoal publications
by Alexander (1921), Serventy (1948) and Storr and Johnstone (1988). Thesmces are
particularly useful as each documents temporal changes amlijhig species reductions due to
the effects of habitat destruction and other perturbations.

Storr and Johnstone (1988) summarized sharp declines in widegasygcies that previously
seemed to favour Tuart woodlands on the Swan Coastal Plain. inbksked the Yellow Robin,

Crested Shrike-tit, Rufous Treecreeper, Yellow-plumed Honeyemtd Grey Currawong, all
having declined even in large reserves where habitat changesbbam minimal. Of these, the
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Rufous Treecreeper and Crested Shrike-tit no longer occur on e Guastal Plain, the Yellow-
plumed Honeyeater is only known from Flooded Guiagcélyptus rudis) at Lowlands on the
Serpentine River, and the Yellow Robin and Grey Currawong onlyrancthe more extensive
woodlands in the northern or southern parts of the Swan C&daial All of them, however, still
occur in WandooHucalyptus wandoo) and other woodlands of the Darling Scarp.

Other specialist woodland species have declined in both Tuartlaaswother woodlands on the
Swan Coastal Plain. These include the Red-capped Parrot, WeektiteW White-naped
Honeyeater (regarded by Alexander (1921) as fairly common, efipeci the Tuart forest),
Purple-crowned Lorikeet and Varied Sittella. Alexander (1921) cortedethat in the valleys on
the eastern slopes of the coastal hills Tuart “grows intoeafbrest tree”. Presumably many of
these trees were harvested for timber with consequent inimicatsefiethe bird assemblage.

The Regent Parrot is an exception to those species that ldiveedeas it has definitely increased
in recent times on the Swan Coastal Plain, particularly ipahnidy cleared Tuart woodlands south
of Mandurah where it breeds.

Unlike the detailed study of the impact of fire Banksia woodland birds (Bamford 1986) and its
significance to honeyeaters as a food resource (Bulils 1982, Collins 1985), there have been no
detailed studies on the role of avifauna in Tuart woodlands. Tége df or decline in, the
insectivorous bird species from the Swan Coastal Plain has emoelamined in detail, neither has
the role of birds in controlling damaging insects. This tafSsird species may explain the increase
in Tuart Longicorns Bhoracantha impavida) and leaf eating insects that sometimes severely
damage Tuart trees.

The structural significance of Tuart woodlands to bird s illustrated by the data from
Southern Beekeepers Reserve. This small isolate of Tuag Haverse bird assemblage (Burbidge
and Boscacci 1989) and forms an important roosting and nesting location for nubiet®pecies
that utilize the surrounding extensive I@anksia woodlands and heaths; it also provides possibly
the only source of suitable tree hollows in which Carnaby’'s Gookean nest. This provision of
breeding or shelter resources probably applies to many birdespgbcbughout the range of Tuart
woodlands.

Sixteen of the 92 bird species included in Table 2 are obligatters in tree hollows and Tuart
woodlands are important to their breeding success in coastfiblog. Other species such as some
of the birds of prey in coastal locations mainly breed in Twaes, further adding to the
significance of these woodlands.

Mammals

Native mammal species are becoming increasingly uncommon on the highlyehdatifiiforms of
the near coastal regions of Western Australia. This iscpéatly the case on the Swan Coastal
Plain in the vicinity of Perth where urbanisation and agriceltbave accelerated the local
extinction of numerous native mammal species (How and Dell 199ahyMpecies which
included woodlands in their preferred habitats have either disagpeabecome much reduced in
number and range.

Only 15 of the 35 mammal species that either currentlypreviously (How and Dell 1993)
occurred on the Swan Coastal Plain have been definitely recordadcart woodlands (Table 3).
However, many of the species recorded on the Swan Coastalh@le become locally extinct
since settlement and, consequently, there are fewer extaies@vailable to persist in Tuart
woodlands.
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Early reports of the mammalian fauna from the Busselton re@bortridge 1909 and 1936)
suggest that numerous species occurred in the savanna woodlantisvboaands) of the region
at the time of first settlement. However, recent surveye hiadicated that most species have
probably become very rare or locally exti