CUNNINGHAMIA 6(2): 283-509 « DECEMBER 1999

Scientific Editor
Doug Benson

Other Members of Scientific Editorinl Committee
Tim Entwisle, John Benson, Ken Hill, Jocelyn Howell

Editor of Publications
Gary Bridle

General Editor
Penny Farrant

Typesetting
Lyn McDougall
Debby McGerty

Printer
Ligare Pty Lid

ISSN 07279620

National Herbarium of New South Wales
Royal Botanic Gardens Sydney

:. Mrs Macquaries Road

Sydney NSW Australia 2000

283

A survey of 25 remnant vegetation sites in the
South Western Slopes, New South Wales

G.E. Burrows

Burrows, G.E. (Johnstone Centre, Charles Sturt University, PO Box 588, Wagga Wagga
NSW Australia, 2678) 1999. A survey of 25 remnant vegetation sites in the South Western
Slopes, New South Wales. Cunninghamia 6(2): 283-314.

A presence/absence survey of 25 remmant vegetation sites, principally Nature
Reserves and State Forests, was carried out in the South Western Slopes (SWS) of
New South Wales. A total of 658 taxa were recorded of which 188 (29%) were
exotics. Eleven sites had an overstorey dominated by Callitris glaucophylia or
Eucalyptus camaldulensis and 14 sites had an ovetstorey dominated by various
eucalypt species such as Eucalyptus blakelyi, Eucalyptus goniocalyx, Eucalyptus
macroryncha, Eucalyptus polyanthemos, Eucalypius rossii and Eucalyptus sideroxylon.
The Callitris glaucophylia/Eucalyptus camaldulensis dominated sites were in the
western half of the region, were flatter and at lower elevation (average minimum
and maximum elevations were 191 and 214 m, respectively), were smaller (average
area 646 ha), wete usually grazed more intensely, had a smaller average number
of species per site (151) and a larger average percentage of introduced species (40%).
In contrast, the sites dominated by various eucalypt species were usually in the
eastern half of the region, had greater relief and were at higher elevation (average
minimum and maximum elevations were 294 and 520 m, respectively), were larger
(average area 1161 ha), were usually grazed less intensively, had a larger average
number of species per site (179) and a smaller average percentage of introduced
species (27%). This study provides the first published set of relatively
comprehensive species lists for the SWS and has provided information relevant to
species distribution, proportion of introduced species in the flora, threatened
species, areas of conservation significance and directions for future research.

Introduction

Mainland NSW is divided into 13 botanical regions (Harden 1990). The South Western
Slopes (SWS) botanical region is probably the most intensively and extensively
disturbed region of NSW. A combination of mainly flat to undulating country,
relatively fertile soils and reliable rainfall led to European settlement proceeding
rapidly between 1829 and 1845 (Moore 1953a) and this led to large scale modification
of the landscape for cropping and grazing of domestic stock over the next 100 years.
Since 1945 the widespread adoption of pasture improvement involving the use of
fertilisers and potentially invasive grasses and legumes has been responsible for a
continued decline in native vegetation condition and diversity The degree of
disturbance is reflected in the small percentage of the SWS conserved in the reserve
system and in the small number of botanical surveys.
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In the 1980s the SWS had the second lowest percentage (0.2%) of reserved land
(National Parks, Nature Reserves, State Recreation Areas) in NSW (Benson 1988). In
the SWS there are no National Parks, six Nature Reserves (Hattons Corner 4 ha,
Narrarndera 71 ha, Table Top 103 ha, The Rock 341 ha, Burrinjuck 1300 ha, Ulandra
3930 ha} and two State Recreation Areas (Burrinjuck 173 ha, Bethungra 385 ha) with a
total area of 6307 ha. Tn 1986 the total area of reserved land in NSW was 3 438 941 ha
(4.2%), while in 1997 total reserved land in NSW had increased to 4 536 513 ha (5.7%)
(Roger Good, pers. comm.), but there had been no additions to the reserve system in
the SWS.

An indication of the limited research into the flora of the SWS is given by the
compilations of floristic lists for NSW prepared by various authors at the National
Herbarium of NSW. In total, only 26 of 813 lists recorded by Pickard (1972), Bryant &
Benson (1981), Keith (1988) and Benson & Melrose (1993} are relevant to the SWS and
several of these lists record only a limited number of species.

Given the small proportion of the SWS in the reserve system and the limited botanical
research undertaken in the region it was considered useful to construct relatively
comprehensive species lists for many of the larger areas of remnant vegetation. This
broad scale approach aims to present information on: i) species occurrence and
distribution in the SWS, ii) presence of threatened flora, iii) species and areas of
conservation significance, iv) presence of introduced species and v) physical and
botanical differences between the eastern and western parts of the SWS. This
information should assist in conservation planning in the region while indicating
future research areas.

Previous studies

General descriptions of the vegetation of the SWS are provided by Beadle (1981),
Costermans (1981), Gillison & Walker (1994) and Sheahan {(1998). Detailed studies of
the native vegetation of the SWS or adjoining areas are, in chronological order, as
follows:

Moore (1953a} described and mapped the pre-European extent of vegetation in the
south-eastern Riverina which included the current study area but also extended
further to the north and to the south west. He recorded 435 species (103 exotics) in
seven alliances and provided separate species lists for the alliances, ranging from 48 to
287 species per alliance. Moore (1953b) described the disclimax communities
(pastures) of the same region, particularly in its western half,

McBarron (1955) recorded observations on approximately 500 native, 260 exotic and
350 cultivated species in the Albury, Holbrook and Tumbarumba districts. He
concentrated on disturbed areas rather than remnant vegetation in the mountains and
arranged the information taxonomically rather than by site or community groupings.

- Norris and Thomas (1991) studied 19 rocky outcrops and ranges to the west of the
present study area. Each site was assessed with up to three 20 x 20 m quadrats or by
traverses. A total of 338 species were recorded (16% exotic} with an average of 46
species per site,
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Howard (1994}, in an unpublished report, provided a summary of the condition of the
vegetation in 72 State Forests in the SW5 and the southern half of the Central Western
Slopes. A listing of the main tree, shrub and groundcover species was provided for
each State Forest. Fourteen of the 25 sites assessed in the present study were covered
by Howard (1994). Twelve State Forests were listed as having a high biclogical
diversity including five assessed in the present study (Benambra, Ellerslie,
Livingstone, Pulletop and Tumblong).

Prober and Thiele (1995) studied species diversity in Eucalyptus albens woodlands in
the Central Western Slopes. By using a series of traverses they recorded 179 native
species and 130 exotic species in 34 sites, all of which were less than 32 ha in area.
Prober (1996) studied grassy Eucalyptus albens woodlands from southern Queensland
to northern Victoria, although the survey work was largely resiricted to NSW. Prober
{1996) recorded 472 species (375 native) from 90 20 m x 50 m quadrats and noted that
remnant quality declined significantly in southern NSW, indicating a need for a
greater conservation effort in southern areas.

Bos and Lockwood (1996) studied the flora, fauna and recreation opportunities of
45 forest blocks in the SWS biogeographic region (see Thackway and Cresswell 1995
for borders), including 18 of the 25 sites studied in the present study. A total of
225 8 x 8 m or 20 x 20 m quadrats were surveyed (an average of five quadrats per forest
block) and a total of 456 species were recorded and 16 communities recognised.

Benson et al. (1997) studied the native grasslands of the Riverine pleiin which is to the
west of the current study area. They assessed 67 10 x 20 m quadrats and recorded
224 species (25% exotic) in six communities.

There has heen a recent emphasis on the assessment of roadside vegetation in the SWS.
Walker (1997b) listed c. 130 species for the roadside vegetation in Coolamon Shire,
with numerous listings of 10-30 species for specific areas. Similar assessments have
been catried out for the Olympic Way (Stelling 1996), Tumut Shire (Walker 1997a) and
Lockhart Shire (Bull 1997).

Stelling (1998), in a revegetation guide for the SWS between the Murray and
Murrumbidgee Rivers, provided approximately 75 cross sectional vegetation profiles
with lists of the main tree, shrub and groundcover species. Do

Climate

Average annual rainfall ranges from approximately 450 mun at Matong and Brookong
State Forests in the west of the study area to approximately 900 mm at Ellerslie,
Murraguldrie and Tumblong State Forests in the east; an increase of 450 mm/year in
90 to 100 km (Table 1), See Moore (1953a) for a map of rainfall isohyets in the study
region. February is the driest month for most of the region, while October is the
wettest month for the drier and more westerly sites and the winter months are the
wettest for the more easterly sites.
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Table 1. Summary of meteorological data for selected weather stations in the study area (Bureau
of Metecrology 1998) arranged by increasing average annual rainfall.

highest mean lowest mean highest lowest average
maximum minimum mean mean annual
daily daily menthly monthly rainfalt
temperature temperature rainfall rainfall {mm)
0 0 {mm} (mm)
Narrandera 32.2 Jan 2.5 Jul 46 Oct 31 Mar 451
Matong Forestry 32.9 Jan 2.3 ul 51 Oct 24 Dec 462
junee 32.4 Jan 2.3 lul 53 Oct 36 Feb 533
Wagga Wagga 31.2 Jan 2.7l 61 Oct 38 Feb 585
Cootamundra 31.5 Jan 1.9 Jul 61 Oct 39 Feb 626
Gundagai 31.6 lan 2.1 Jul 790 41 Feb 714
Albury 30.1 Jan, Feb 2.8l 102 Jul 36 Feb 785
Adelong 30.8 Jan 0.9 Jul 84 Jun 42 Feb 795
Murraguldrie 29.7 Jan 1.6 Jul 95 Aug 51 Feb 892
Carabost 28.9 Jan 0.7 Jul 112 Jul 58 Feb 1049
Methods

A total of 25 sites were surveyed in this study (Table 2, Fig. 1). Sites 1-10 were in the
western half of the SWS, consisted of relatively flat country and had an overstorey
dominated by Callitris glaucophylla. Berry Jerry and Currawananna State Forests (sites
10 and 11) differ from the other western sites as both adjoin the Murrumbidgee River
and had a mix of Callitris glaucophylla and Eucalyptus camaldulensis communities.
Currawananna SF was dominated by Cypress Pine and had a narrow ribbon of River
Red Gum on its southern border, while Berry Jerry SF was dominated by River Red
Gum and had a small area of Cypress Pine and Box eucalypts on its southern
boundary. Sites 12-25 were mairdy in the eastern half of the SWS and consisted mainly
of rocky outcrops and the lower slopes of the Great Dividing Range, with an
overstorey dominated by various eucalypt species such as Eucalyptus blakelyi,
Eucalyptus goniocalyx, Eucalyptus macrorhyncha, Eucalyptus polyanthemos, Eucalypius
rossii and Fucalyptus sideroxylon. Sites 12-16, while mainly rocky outcrops, had a lower

fringe of vegetation similar to the Cailitris glaucophylla communities. A summary of .

atfributes pertaining to the eastern and western sites is presented in Table 3.

At each site spedes were recorded as etther present or absent (Appendix 1), there were
no recordings of cover, abundance or distribution. Each site was surveyed by making

a series of systematic traverses, at least three times in a year, usually starting in late

winter or early September and finishing in early to mid December (Appendix 2). Each
survey trip usually consisted of at least four hours in the field, usually by a pair of
collectors. Additional species recordings for Matong and Lester State Forests and

Ganmain and Coolamon Reserves were obtained from 60 semipermanent guadrats.

. assessed at monthly intervals during spring 1996 for another project. All sites were on

. publicland except for Malebo Range and Flowerpot Hill, although permission to cross
‘private land must be obtained to access Pulletop, Ellerslie, Benambra and Tumblong
- State Forests and Tabletop Nature Reserve.
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Table 2. Various characteristics of the 25 sites assessed (SF: State Forest, NR: Nature Reserve).

Site Site name Abb- Area Elev'n Total No. native %
no. rev'n (ha) range spacies species  exotics
. {m asl) recorded recorded
1 Brookong SF bro 346 150-180 114 76 33
2 Milbrulong SF mil 376 200-225 131 91 31
3 Kockibitoo SF koc 244 160-170 117 75 36
4 Matong SF mat 3176 160-170 221 135 39
5 Ganmain Reserve  gan 91 195-200 152 107 30
& Lester SF les 790 210-250 167 104 38
7 Kindra SF kin 520 220-240 145 99 32
8 Coclamon Reserve oo 58 250-260 163 102 37
9 Winery Hill wh c. 20 230-295 129 65 50
10 Currawananna SF  cur 286 165-190 . 184 95 48
11 Berry Jerry SF bi 1198 165-170 135 66 51
12 Pomingalarna Park  pom 226 200-295 165 112 32
13 Malebo Range mal c. 400 260-388 164 103 37
14 Galore Hill Reserve  gh c. 500 240-380 191 140 27
15 Flowerpot Hill fp c. 100 290-462 7 91 22
16 The Rock NR tr 341 210-554 213 158 25
17 Pulletop SF pul 309 360-450 118 91 24
18 Livingstone SF liv 2183 320470 190 146 23
19 Tabletop NR tt 103 360-720 153 117 24
20 Benambra SF ben 1445 300-640 191 136 29
21 Murraguldrie SF mur 4485 350-701 221 180 28
22 Ellerslie SF eli 909 280-545 199 135 32
23 Tumbleng SF tum 712 270-588 186 138 26
24 Mundarlo Road mun c. 100 270-325 132 % 29
25 Ulandra NR ~ula 3930 400-761 258 180 26 —

Most of the main areas of remnant forest or woodland were surveyed in the western
half of the study area, but in the east large areas of forest on private property were not
assessed (Fig. 1).

The data in Appendix 1 were analysed using the PATN package. PATN analysis
assumes that sites are of equal area and surveyed with uniform method and intensity.
This is not the case in this study but allowing for these limitations broad trends in site
relationships can still be investigated. Presence-absence data from each site were used
to classify sites into groups of similar composition. The hierarchical, agglomerative,
flexible unweighted paired group arithmetic average (UPGMA) procedure in the
PATN package (Belbin 1994) was used, with the Czekanowski dissimilarity coefficient
and. default value, beta = -0.1. All species were included in the analysis.
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Fig. 1. Tree cover in the study area based on Department of Land and Water Conservation maps
showing the approximate location of the 25 study areas. Site area numbers follow Table 2. The maps
on which this figure are based were prepared during 1990-1993 from aerial photography carried
out during 1985-1990. The minimum area of tree cover for inclusion was 100 ha. Note the increase
in remmant tree cover to the east, especially east of the Hume Highway. Much of the south east
corner of this figure is outside the SWS hiogeographic region and to a lesser extent the SWS
botanical region.

Results and discussion

Atotal of 658 taxa were identified to the level of species or subspecies and of these 188
(29%) were introduced species (Appendix 1). Other studies west of the Great Dividing
Range in NSW have recorded between 16 and 25% exotics (Moore 1953a, Cunningham
et al. 1981, Norris & Thomas 1991, Sivertsen & Metcalfe 1995, Benson et al. 1997).
Sivertsen and Metcalfe (1995) considered 20% exotics a high proportion and on this
B_a‘sis all sites surveyed in the present study had a high to very high percentage of
weed species (Table 2, Appendix 1).
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Ninety-nine families were recorded. The six most common families or subfamilies
recorded were the Poaceae (88 species, 43% exotic), Asteraceae (86 species, 31% exotic),
Fabaceae-Faboideae (48 species, 35% exotic), Orchidaceae (25 species, none exotic),
Cyperaceae (24 species, 8% exotic) and Fabaceae-Mimosoideae (24 species, none
exotic). These five families accounted for 45% of the species recorded. The Poaceae,
Asteraceae and Fabaceae-Faboideae have also been the most species abundant
families in other studies in this general region (Moore 1953a, Norris & Thomas 1991,
Sivertsen & Metcalfe 1995, Benson et al. 1997).

As noted the sites were divided into two main groups (western and eastern) based on
location, landform and dominant overstorey species and some of the main attributes
of the two groups are presented in Table 3.

Table 3. Characteristics of sites in the western and eastern parts of the study area.

Attribute Western sites (1-11) Eastern sites (12-25)

dominant overstorey species Callitris glaucophyila, various
Eucalyptus camaldufensis  Eucalyptus species

usual grazing intensity medium to high nil to low

average area (ha) 646 1161

average elevation range (m asl) 191214 294-520

average no. spp.fsite 151 179

average no. native spp./site 92 125

range: nc. native species/sita 65-135 91-190

average no. of introduced speciesfsite 58 19

average % introduced species/site 39 27

Analysis of the data in Appendix 1 by the PATN package (Fig. 2) generally supported
the division of the sites into western and eastern groups. The flat Callitris glaucophylla
dominated areas (sites 1-8) were grouped together, along with site 10 (Currawananna
SF) which had less than 5% of its area covered by Eucalyptus camaldulensis
forest/woodland. Likewise, the easterly areas without a lower fringe of Callifris
glaucophylls type vegetation (sites 17-25) were grouped together, with the
subgroupings usually based on geographical proximity. Interestingly, Ulandra NR and
Livingstone SF were grouped together although they are 80 km apart. Of the five rocky
outcrops with a lower fringe of Callitris glaucophylla type vegetation (sites 12-16) three
sites (Pomingalarna Parlk, Malebo Range and Galore Hill Reserve) were grouped with
the flatter western sites, but distinct from them, and two sites (The Rock Nature
Reserve and Flowerpot Hill) were grouped with the eastern sites, but again were
distinct from them. Berry Jerry SF (site 11) which had over 90% Eucalyptus
camgldulensis cover was indicated to be distinet from all other sites.

Most species were recorded at few sites and few species were found at more than 90%
of sites (Fig. 3}. Sivertsen and Metcalfe (1995) noted that 41% of the species recorded
during their study occurred only once or twice. They also noted while this alone does
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Fig. 2. Dendrogram showing the two main groups of sites and the relative isolation of site 11, Berry
Jerry SE. Site name abbreviations f{ollow Table 2.
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not confer rare or threatened status, it does indicate that further investigation of these
populations is warranted. The study of Sivertsen & Metcalfe (1995) was quadrat based
while the present study was based on wide ranging traverses at different times of the
year. Thus most species recorded at only one site (e.g. shrub species such as Cassinia
laevis, Astroloma humifusum, Beye?i& viscosa, Dampiera lanceclata, Goodenia ovata,
Prostanthera ovalifolia, Zieria cytiscides and Cyphanthera albicans recorded only at The
Rock NR) can be reliably considered to be locally rare. In the present study 37% of taxa
were recorded at only one or two sites and this finding is discussed below in relation
to areas of possible conservation significance.

The fives sites with the lowest native species diversity were all in the west of the study
area (Brookong, Milbrulong, Kockibitoo and Berry Jeiry State Forests and Winery
Hill). The five sites with greatest native species diversity were eastern-type sites and
three were reserves (Galore Hill Reserve and The Rock and Ulandra Nature Reserves)
and two were State Forests (Livingstone and Murraguldrie).

At November 1997, 7555 plant taxa had been recorded for NSW in the census database
{National Herbarium of NSW) with 1463 taxa recorded for the SWS and of these 471
(32%) were introduced. Thus the present study recorded approximately 45% of all
SWS taxa, 47% of native species and 40% of introduced species. The area of the 25
study sites was 23 354 ha which is less than 1% of the SWS. Thus a relatively large
percentage of species were recorded in a relatively small area. Further survey work in
the Acaciq pendula—Atriplex nummularia alliance (Moore 1953a), the flood plains of the
Murrumbidgee and Murray Rivers, swamps and clay pans, areas bordering on the
Southern Tablelands and in intensively disturbed areas would result in a significant
increase in the number of species recorded.

The study added numerous species to the census database (National Herbarium of
NSW) of species recorded for the SWS. Of the 658 taxa recorded 107 (16%) had not
been previously recorded for the SWS (Harden 1990-1993). As might be expected most
of these species were recorded from a small number of sites (72 or 67% were recorded
at only one or two sites), but several (eg. Bursaria spinosa, Stachys arvensis, Plerostylis
mutica, Lirtica urens, Cotula australis, Goodenin hederacea and Anagallis arvensis) were
found at 9 or more sites. While not recorded for the SWS on the NSW Herbarium'’s
census database many of the 107 species have been recorded for the region in other
studies, eg. the seven species listed above were all recorded by McBarron (1955). Only
two species were found that had not been previously recorded for NSW and one of
these was Pultengeq humilis, This species Is known from Victoria and Tasmania and
was found at Murraguldrie SE c¢. 50 km north of the NSW/Victorian border.
Herbarium specimens of the majority of these 107 taxa have been sent to the NSW
National Herbariurm.

Rare or Threatened Australian Plants

In the 1995 update of Rare or threatened Australian plants (Briggs & Leigh 1996) 19
ROTAPs are listed for the SWS and in a 1997 update obtained from Environment
Australia 21 ROTAPs were listed (Burrows 1998). Of these 21 species six are listed as
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presumed extinct in the SW5 and one species (Aphanes pumila) is known from only a
single collection and is not described in the Flora of NSW. The remaining 14 species
are classified as Endangered (1 species), Vulnerable (8 species), Rare (2 species) or
Poorly Known (3 species) (Burrows 1998). Of these 14 species three {(Ammobium
craspedioides, Senecio garlandii and Diuris tricolor) were recorded during this study. The
first two species ate listed as “Vulnerable” and the last as "Poorly Known',

Ammobium craspedioides is recorded in the Flora of NSW as ‘rare, confined to the Yass
district’ (IHarden 1992) but a small population was found in Livingstone State Forest
{c. 30 km south of Wagga) and presumably there may be further populations in the
intervening distance of over 100 km.

Senecio garlandii (Woolly Ragwort) is probably the most easily observed ROTAP in the
SWS as it is a conspicuous part of the flora of the upper part of The Rock NR and is
sometimes mistakenly considered a weed. Previously Senecio garlandii was known
from only six or seven sites and only one of these, The Rock NR, was a conservation
area. Senecio garlandii was recorded from a further three sites of which two are
conservation areas (Ulandra and Table Top Nature Reserves) and this study has
confirmed its apparent habitat preference for the upper scree slopes of steep sided hills
and rocky outcrops in the SWS (Burrows 1995).

Diuris tricolor was recorded at several sites (sites 1, 3, 4, 6, § and 10} in the Callitris
glaucophylla communities to the west of Wagga Wagga and while never abundant the
“Poorly Known’ listing may not be appropriate.

Brachycome papillosa was recorded from one site in the western part of the SWS. This
species is listed as Vulnerable but is not recorded for region 52, the SWS (Briggs &
Leigh 1996).

Further study arising from the present investigation

Keith (1988) noted that “Floristic lists are often the only source of botanical information
for a particular area and may serve as a useful starting point for more detailed study.”
Likewise this study has provided the impetus for more detailed quadrat based studies
of various aspects of the remnant vegetation in the SWS. Seven of the eight areas of
reserved land in the SWS are located in the eastern half of the region and the other area
(Narrandera NR) is a small area of Eucalyptus camaldulensis forest. Thus no dryland
vegetation in the western half of the SWS5 is included in the reserve system. Essentially
the only remnant vegetation in this western area were several Callitris glaucophyila
dominated State Forests. These forests superficially appeared to be of low conservation
value as the overstorey was a Callitris monoculture through eucalypt ringbarking, no
shrub layer was present and the ground layer was dominated by introduced species.
This study showed that many of these forests had a relatively high diversity of native
species (average 95 native species/site), but did not provide information on
distribution or abundance. To provide this information a study funded by the National
Estates Program (NEP 96 422} assessed 105 10 x 10 m quadrats in several
Callitris glaucophylla dominated woodlands and forests (including sites 4, 5, 6 and 8 of
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that some quadrats had a high diversity of native species per quadrat (up to 46) and
indicated that some of these areas had a high conservation value {Burrows,
unpublished data).

In addition, there is an urgent need for research into areas such as detailed vegetation
mapping, reserve selection, off-reserve remnant vegetation management, weed
management and regeneration techniques (Yates & Hobbs 1997).

Areas of possible conservation significance

This study provides information which may be useful in identifying areas that might
be of conservation significance. '

a) In the west of the SWS Matong S had a much larger area than the other Callitris
glaucophylla sites surveyed and had the highest number of total species and native
species recorded, 221 and 135, respectively (lable 2). Morgan and Terrey (1992)
considered that Matong SF was one of two ‘key areas’ for conservation within the
lower slopes of the SW5, based mainly on its size. It appears that this is a valid
assessment based on the results of this study and on unpublished quadrat
based surveys.

b) Coolamon Reserve is the southern extension of Kindra SE. With assistance from
State Forests of NSW this area is now managed by a local landcare group for its
conservation value and is a de facto nature reserve. On the basis of the present results
it would be beneficial if similar arrangements could be organised for Ganmain
Common as this site had a high diversity of native species and relatively few exotic
species were recorded.

¢) Of the State Forests in the eastern half of the SWS Livingstone SF and Murraguldrie
SF require further assessment as they had the highest number of native species,
combined with relatively low percentages of exotic species. Howard (1994) listed
Livingstone SE along with Benambra, Ellerslie, Tumblong, Pulletop and eight other
State Forests not covered in the present study, as priority areas for future evaluation
due to their high biological interest. Murraguldrie SF was assessed as having only
restricted biological interest by Howard (1994).

The results were also assessed for sites that possessed a large number of taxa that wete
recorded only once or twice during the study. It was considered that these sites may
be of conservation significance given the number of locally rare species they held.
Matong SF and Ganmain Common had relatively large numbers of locally rare species
for sites 1-11, while The Rock NR, Ulandra NR and Murraguldrie SF had relatively
large numbers of locally rare species for sites 12-25. For the non-reserve areas these
results again indicate the potential conservation significance of Ganmain Common
and Matong and Murraguldrie State Forests. Currawananna ST and Berry Jerry ST also
had large numbers of infrequently recorded species as they had the only regularly
flooded Eucalyptus camaldulensis communities studied.
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Indicator species of eastern and western areas

While the overstorey species that defined the various sites were readily ascertained the
results indicated that there were various shrub and groundlayer species that had
distinct distribution patterns and were part of defining sites 1-11 and sites 12-25.
Species that were recorded from at least 5 sites and up to 16 sites were useful as
potential indicator species, a total of 234 species. Species that were recorded at less
than five sites were too infrequent to give an accurate indication of distribution, while
species recorded at more than 16 sites were usually widespread in the SWS.

Indicator species were defined as follows:

a} in the western sites:
1) 5 to 6 recordings in sites 1-11, 0 to 5 recordings at sites 12-16, and 0 recordings for
sites 17-25, or
ii} 7 to 11 recordings in sites 1-11, 0 o 5 recordings at sites 1216, and 0-1 recordings
for sites 17-25.
b) in the eastern sites:
i) 5 to 6 recordings in sites 12-25 and 0 recordings for sites 1-11, or
i) 7 to 14 recordings in sites 12-25 and 0-1 recordings for sites 1-11.

This is similar to the criteria used by Benson et al. (1997) that indicator species were
those species that occurred in more than 40% of the sites in a community and were
rarely or never found in another community.

Of the 234 species considered, 176 were native and 58 were introduced. Ninety-nine
native species (44% reduction) and 15 introduced species (74% reduction) met the
above selection criteria. Sivertsen and Metcalfe (1995) noted in their PATN analysis
that exotic herbaceous species were not considered as they have a tendency to grow in
a wide range of environments and native communities and this is also shown in the
present study. A listing of the 20 most frequently recorded native indicator species for
sites 1-11 and 12-25 is given in Table 4.

A similar analysis of the data was performed but using the site groupings indicated by
the PATN analysis (Fig. 2, Table 5). The site groupings used were sites 1-14 but
excluding site 11 and sites 15-25. Indicator species were defined as those having a
minimum of 7 recordings in one of the site groupings and:

i) if there were 7 recordings in one group a maximum of one recording was permitted
in the other group,

ii) if there were 8-11 recordings in one group a maximum of two recordings was
permitted in the other group, and

iii) if there were 12-13 recordings in one group a maximum of three recordings was
petmitted in the other group.

In general there was a good correlation between the two approaches especially for the
more westerly sites where there was a 80% correlation between the left hand side
" columns of Tables 4 and 5.

Sites 1-11 (western Caflitris)
Finadia nutans

Calandrinia eremaea

Callitris glaucophyiia

Sida corrugata

Goodenia pinnatifida

Acadia deanef subsp, pauciuga
Euicalyptus microcarpa

Acacia decora

Chamaesyce drummondi
Allocasuarina luehmannii
Lepfdium pseudohyssopifofium
Enteropogon acicufaris

Acacia montana
Chenopodium desertorum

Atriplex semibaccata
Actinohole ufiginosum
Muyriocephalus rhizocephalus
Pimelea curvifiora

Acacia hakeoides
Rhodanthe pygmaea

Sites 1-14 (excluding 11)
Finadia nutans

Calatis cuneffofia

Callitris glaucophylia

Sida corrugata

Eucalyptus melliodora
Goodenia pinnatifida
Eucalyptus microcarpa
Acacia decora

Chamaesyce drummondii
Aflocasuarina luehmannii
Lepidium pseudohyssopifolium
Enteropogon acicularis

Acacia montana
Chenopoedium desertorum

Atripfex semibaccata
Vittadinia cuneata
Actinobole ufiginosum
Pimelea curviflora
Acacia hakeoides
Calotis hispidula
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Table 4. Native indicator species for sites 1-11 {(western Callitris) and 12-25 {eastern Eucalyptus),
arranged within columns by decreasing recording frequency.

Table 5. Native indicator species for sites 1-14 (excluding site 11) and sites 15-25, arranged
within columns by decreasing recording frequency.
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Sites 12-25 (eastern Eucalyptus)
Stipa densiflora

Hardenbergia violacea

Poa sieberfana

Luzula densifiora/meridionalis
Exocarpos cupressiformis
Gonocarpus tetragyntis
Indigofera australis
Poranthera microphyla
Stypandra glauca

Fucalyptus polvanthemos
Eucalyptus macrorhyncha
Hibbertia cbustifofia
Aflocasuarina verticiflata
Cheilanthes austrotenuifolia
Parietaria debilis

Brunonia australis

Acacia doratoxylon
Lepidosperma laterale
Bursaria spincsa

Eticalyptus goniocalyx/nortonii

Sites 15-25

Gonocarpus tetragynus
indigofera australis
Poranthera microphyiia
Eucalyptus polyanthemos
Eucalyptus macrorhyncha
Hibbertia obtusifolia
Cheifanthes austrotenuifolia
Brunonia australis

Acacia doratoxyfon
Lomandra filiformis

Lepidosperma laterale
Carex appressa
Eucalyptus goniocalyx/nortonii

Lissanthe strigosa
Microseris lanceolata
Calvtrix tetragona
Brachyloma daphnoides
Xanthorrhoea glatica
Pterostyfis nutans
Galium gaudichaudii
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Moore (1953a) also briefly discussed some species which were indicative of rainfall
levels. He noted that species of Stipa and Danthonia are found over a wide range of
rainfall conditions, that several genera of the Chenopodiaceae are restricted io the
drier areas, as is also shown in the present study (Tables 4 and 5, Appendix 1). He also
noted a third less well-defined group which only occurred in areas of relatively high
rainfall. Of the five species given by Moore (1953a) as examples of this group two
(Acacia pycnantha and Sebaen ovata) were frequently found in the drier sites in the
present study, two species (Acacia acinacea and Acacia rubida) were restricted to the
wetter sites in the present study but were found at relatively few sites and only one
species (Brunonia australis) occurs in Tables 4 and 5.

Influence of grazing intensity

The results show a correlation between degree of disturbance through grazing by
domestic stock and the percentage of introduced species at a site. All the Callitris
glaucophylla and Eucalyptus camaldulensis dominated sites have been routinely grazed
by stock except for Ganmain Common and Coolamon Reserve. Ganmain Common
was fenced on only two sides and thus stock were not kept in the area for long periods
and it had the lowest percentage of weeds (30%) for the western sites. The easterly
sites were mostly ungrazed and had, on average, a lower percentage of weed species
(Table 3}.

Sivertsen and Metcalfe (1995) noted that about 40% of plant species recorded for their
Riparian/Floodplain remnants were exotics, an average 22% of species recorded in the
Box and Cypress Pine remnants were exotics, and in the Mallee and Hills remnants an
average of 14% of species were exotics. A similar trend was found in the present study
with 49, 36 and 27% of species were exotics in sites 11 and 12 {floodplain), sites 1 to 10
(Cypress Pine) and sites 13-25 (Rocky Outcrops, Hills), respectively.

Given that grazing by domestic stock is detrimental to native vegetation it is
unacceptable that most areas of public land, including Crown Land, in the SWS
continue to be grazed without a Grazing Management Plan having been prepared and
implemented. State Forests of NSW (Narrandera District) are now preparing Grazing
Management Plans that seek to maintain or enhance biodiversity whilst reducing fuel
loads (Wilson et al. 1997). The Albury Rural Lands Protection Board is implementing
a similar approach for the management of their Stock Routes and Reserves. Such an
approach should be adopted by managers of other public lands.

Additional species lists

An additional 23 species lists from a variety of sources were found for 16 of the 25
surveyed sites. The majority of these lists were not referred to in the floristic lists
published by the National Herbarium of NSW. On average, four times more species
were recorded in the present study than in previous surveys, thus it would appear that
the species lists of the present study are relatively complete. However intensive,
quadrat-based assessment of four of the Callifris dominated sites {sites 4, 5, 6 and &)

- produced, on average, a 17% increase in the number of species recorded. Thus while

. the species lists of the present study are more comprehensive than those previously
vailable they are not definitive,
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Growth form analysis

As shown in the ‘Growth Form’ column of Appendix 1, of the 653 taxa identified to
species or subspecies 194 (30%) were annuals, 7 (1%) were biennials, 295 (45%) were
perennial herbs, 120 (18%) were shrubs and 37 (6%) were trees. Likewise Moore
{1953a) found that for most of the seven alliances that he identified the life-form
spectrum was dominated by hemicryptophytes (herbaceous perennials) and
therophytes (annuals). These figures show that much of the plant biodiversity of this
region was associated with the groundlayer and in the west where there were usually
only one or two tree species in the overstorey and the shrub layer was almost non-
existent the groundlayer can encompass over 95% of the plant species diversity. The
perennial herbs were the dominant growth form and were comprised of species with
various subterranean organs. During summer most of these species, except for some
grasses and species such Sida corrugate and Boerhavia dominii, were dormant below
ground level. Thus surveys conducted in the SWS during mid to late summer, autumn
and much of winter for either scientific, commercial or legal reasons will produce a
major underestimate of botanical diversity and could miss species for which there are
specific responsibilities.

Of the annuals and biennials 65% were exotics, while only 12% of the perennials
(perennial herbs, shrubs, trees) were exotics. Prober and Thiele (1995} found similar
proportions in their study of the understorey of grassy Eucalyptus albens woodlands in
the Central Western Slopes and noted this difference could be exploited when
rehabilitating degraded remnants.

Conclusion

While the SWS is an area that has been extensively and intensively altered in the past
200 years, some areas of remnant vegetation still exist. Their relative rarity, particularly
in the western half of the region, makes the protection of these areas all the more
critical, and emphasises the need to identify and map them while investigating
suitable conservation-based management strategies. :
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Appendices

Appendix 1. Species records for various sites in the SWS, NSW
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Plant species for 25 remnant vegetation sites in the South Western Slopes, NSW. Site abbreviations
follow Table 2. A plus {+) in the site cclumns indicates a species has been recerded for a site, a questicn
mark (?) indicates that a taxon was probably present at a site tut flowering material was needed for
positive identification. An asterisk (*) before a spacies name indicates a naturalised taxon. The growth
form column (gf) indicates whether a species is an annual {a), biennial (bi), perennial herb (sh), shrub (s)
or tree (t). The 'SWS' column indicates whether a taxon was recorded on the NSW Herbarium census
database for the South Western Slopes, as per Harden (1990-1993), with yes (y) and no (N). For site
information see table at the end of appendix 1 (page 314}

SPECIES g;gagQ‘g'ég_g.s‘.ggg.a:&gnggggg% a §
Ferns & fern allies
ADIANTACEAE
Adiantum aethiopicum ++++ + ph N
ASPLENIACEAE
Asplenium flabeffifolium + +++++ + ph vy
Pleurosorus rutifolius
fsubglandufosus + + + +4+ ++ + ph vy
BLECHNACEAE
Blechnum minus + ph vy
DENNSTAEDTIACEAE
Hypolepis rugosula + o+ + ph vy
Pteridium escufentum + + + ph vy
MARSILEACEAE
Marsifea drummondii ++ 4+ + + + ph vy
OPHIOGLOSSACEAE
Ophioglossum lusitanicum + 4+ 4+ + ph vy
SINOPTERIDACEAE
Cheifanthes austrotenuifolia +4+ 4+ ++++++++ phoy
Cheilanthes distans ++ o+ + ph vy
Cheilanthes sieberi +++++t+ bt F A+ +t+t++ 4+ + phoy
Pellaca falcata ' 4+ + + ph N
Cycads & conifers
CUPRESSACEAE
Caliitris endlicheri FEHAF O+ 4 + oty
Caliitris glaucophylla S T S s o o o S SR Ty
PINACEAE
*Pinus radiata ? + t N
T
Monocotyledons
ALISMATACEAE
Damasomitum minus + o+ + a vy
ALLIACEAE )
*Nothoscordum borbonicum + ph vy
ANTHERICACEAE
Arthropodium minus Fr+FF+++ A+ 4+ + 4+ ++++ phoy
Caesia ?calliantha + ph vy
Dichopogon fimbtiatus + + + oh vy
Dichopogon strictus + +4+++++++ + b+t +++++++++ phoy
Laxmannia gracilis + + ph N
Thysanotus patersonif + ++ o+ + + t+++++++++ ph oy
Thysanotus tuberostis + + ph vy
Tricoryne elatior t+t++ 4+t ++++ FH+++++++ ++ +4+ ph oy
ASPARAGACEAE
*Myrsiphylfum asparagoides + + + + + ph vy
ASPHODELACEAE
Buiibine buibosa ++++++++ + +++ ++++F+++ + phoy
Bulbine semibarbata + + o+ a y
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SPECIES g;gg@gggggs'éi‘%i"%‘gzﬁ’gg%ggg; < % SPECIES g;ga@gggggggagamézngggggé ) § |
CENTROLEPIDACEAE ORCHIDACEAE i
Centrolepis -strigosa + + + a vy g Caladenia caerulea * + + 4+ + + + ph vy
COLCHICACEAE g Caladenia cucullata - + e+ ph v
Burchardia umbeliata + +4+ +++ + phoy v Caladenia dimorpha + + + ph N
Wurmbea dioica tH+ bbbttt +++ £+ phoy i Caladenia fuscata L t+b b+ + 4+ phoy
CYPERACEAE v Caladenia iridescens + ph N
Carex appressa + + + +++++++ phoy ﬁ Caladenfa phaecdlavia + ++ o+ + + + + ph vy
Carex bichenoviana + + ph v E Calochilus robertsonii +++ 7+ + ph y
Carex breviculmis + + ph N . Cyrtostylis reniformis ? b+ 7+ ++ ph vy
Carex incomitata + ph vy Ditiris goonaoensis + ph v
Carex inversa F++++F+ ++++ +F ++ + ph vy Ditris tricolor + 4+ + o+ o+ 4 ph N
Cyperus condinnus + ph N Diuris sufphurea + ++ + ph N
*Cyperus eragrostis + 4+ F + + ph vy Diuris sp. + o+ ++ + ph ?
Cyperus exaifatus + ph vy Glossodia major ' + o+t +++++++4++ +++ ph vy
Cyperus gunnii + ph vy Microtis unifolia L e +++++++ +4+++4+ ph oy
Cyperus thotskyanus + + ph vy Pterostylis curta ¥ ph N
Cyperus fucidus + 7 ph ¥ Pterostylis hispidula + ph N
Cyperus sphaeroideus + gh ¥ Pterostylis mutica 4+t + + o+ 7+ ph N
*Cyperus tenelfus + + o+ ++++ a y Pterostylis nana + ? + ph N
Eleccharis acuta + 4+ o+t + o+ + ph vy Pterostylis nutans ? +4+++7+ + ph N
Eleocharis atricha + ph vy Pterostylis pedunculata + o+ ph N
Eleocharis gracilis + ph N Plerostylis setifera + ph vy
Fleocharis plana + ph 'y Pterostylis sp. B + ph N
Eleocharis pusiifa + + ph vy Thelymifra ixioides ? 7+ ph N
Isofepis habra + ph N Thelymitra megcalyptra ? ph oy
Isolepis hookeriana 7+ +4+ 7 +++++ + a vy Thelymitra paucifiora | + + 7 7? 7?7 + ph vy
isciepis inundata + ph oy PHORMIACEAE
iepidosperma laterale ++ + +4+ +++++ phoy Dianefla fongifolia + o+ + I ph y
Schoenus apogon + + + +H+FFE++T A+ + QY Dianefla revoluta t+ 7?74+ + + +4+4+++ ++4++ phoy
Schoents latelaminatus + a y Stypandra glauca +++++ + ++4++++ ph vy
HYPOXIDACEAE : POACEAE
Hypoxis glabella +A+FE b dr FEt+++++++ 5+ 4+ phoy Agrostis avenacea
Hypoxis vaginata + ph v var, avenacea + + + + ++ + a vy
{RIDACEAE *Alra cupanfanalelegantfssime + 4+ + + + 4+ 4+ + 4+ A+ ++ T+t A+ ++FE 4+ 2y
*Freasia sp. + + + + + ph N *Alopecurus geniculatus + + ph vy
*Romufea minutiflora + o+ ph vy Amphibromus neesi + + + + ph vy
*Romulea rosea ++++ ++ FEFAE++ FFT A+ ++ ph ¥y Amphibromus nervosus T + ph N
JUNCACEAE *Anthoxanthum odoratum T oh vy
*funcus acutus + ph vy Aristida behriana + A+ + 4+ + + + ++ ph vy
Juncus aridicola + + + ? 0+ ph ¥ Aristida calycina var. pracaita + ] ph vy
*juncus bufonius 4+ +H+++++ + F++ F+ Y Aristida jerichoensis + 4 + + ph y
*Juncus capitatus + + o+ o+ o+ ++ + ++++++ a0y Aristida ramosa + + + 7 ++ o+ ph vy
Juncus filicaudis *Avena fatua b+ A+ - T
X subsecundus + ph ¥ Bothriochloa decipiens + + 4+ o+ + + ph vy
Juncus flavidus + o+ ? + + + phy *Briza maxima + + + + o+ +++++++F+++ 2y
Juncus fockei + ph y *Briza minor S I S T A e e e e s - T
Juncus holoschoenus + 4+ o+ 7 + ph ¥y *Bromus diandrus + +++F+F AR+ @y
Juncus homalocaulis + +++ ph oy *Bromus hordeaceus + + + + + + a vy
Juncus radula + 0+ o+ o+ o+ + ph v *Bromus madritensis + a vy
Juncus remaotifforus + + + ph vy *Bromus mofliformis ++++F+ b+ 4+ +4+ 4+ F A+t a vy
Juneus sarophorus ++ + ph ¥ *Bromus rubens ++++ o+ + ++ 4+ + + + +++ a vy
Juncus subsecundus + T+ 47 ++ ph vy *Bromus cartharticus + a vy
Juncus vaginatus + + ph oy Chionochloa paliida + o+ ++ + ph vy
Luzula densiflora/meridionalis ++4++++ FH++++++ phoy Chioris truncata + PR - 4 - - + ph vy
Luzufa flaccida + ph v Cynodon dactylon + + 4+ o+ + + + ph vy
JUNCAGINACEAE *Cynosurus echinatus + a y
Trigiochin procerur + ph y Danthonia caespitosa + ph vy
LOMANDRACEAE Danthonia duttoniana + ph vy
* Lomandra effusa + ph ¥ Danthonia eriantha A i i A + + + + 4t oh vy
:. Lomandra filiformis + + +?+ ?2+++ + ph vy Danthonia linkii var. finkii + o+ 4+ + o+ + ph ¥y
Lomandra fongifolia + + ph N Danthonia monticola + + + ph ¥y
~ Lomandra muitiflora e N T ph vy Danthonia racernosa + + + ph y
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(= = (= B ol a] n oo Qoo T oo o @ = e [(+] 24}
SPECIES §i§§§§§§§§E§§%€qu'.#§3%§§% ‘E’hg . SPECIES 3523335‘855"533“ 5<”g3~§§m > 2
: OEA
Danthonia setacea e o7 * EE z 2’ Xp)\g;;?}ﬁﬁ:ea QISEQE
Danthonia tenuior * + ph vy L subsp. angustifolia +++ ++++ 4+ ph oy
Deyeuxia quadriseta oh y % )
Dichelachne crinita + . phy Dicotyledons
Dichelachne Firtelia b4 phoy P AMARANTHACEAE
Dichelachne micrantha + + + ph oy ?f Alternanthera denticufata + o+ +++ o+ + + a vy
Digitaria ‘brownii oh y 1 Alternanthera nana + + + 7+ o+ a vy
Digitaria divaricatissima oy * a vy *Amaranthus albus + a vy
*Echinochioa crus-gali * v+ o+ phoy *Amaranthus hybridus + a N
Echinopogoern ovatus ot ph y *Amaranthus retroflexus + a y
*Ehrharta longifiora oo +oay Ptifotus macrocephalus + o+ ph
*Eleusine tristachya tr + +4+ ph oy Philotus semilanatus o+t phy
Elymus scaber LA T T oh Prilotus spathulatus + 4+ + + ph y
Enneapogon nigricans o oh ANACARDIACEAE
Enteropogon acicufaris P I I O + phy *Schinus areira T 4+ ++ + o+ t N
Eragrostis brownif + o+ + ++ + pa v APIACEAE
*Eragrostis cilianensis + + o+ LAy *Apium graveolens + bi N
Eragrostis parviflora + * a y *Ciclospermum leptophyviium + a y
Eriochioa psetidoacrotricha * hoy Daucus glochidiatus N T R
*Holcus fanatus * i Bh y *Foeniculum wiigare + a N
Homopholis proluta + + a vy Hydracotyle callicarpa + + o+ + a vy
*Hordeum leporinum +++++++ A+ + + 2y Hydrocotyle foveoiata ++ 4 o+ F+oa y
*Lamarckia aurea et * + a y Hydrocotyle faxifiora o+ttt + t bt F A+ b b+ phoy
*iofium perenne/multiflorum + + + + 4+ 2 b+ ++HFFF FE+ F A+ 2 Hydrocotyle pecuncufaris + oh N
*Panicum capillare + + + + ph oy Creomyrrhis ericpoda + ph vy
Panicum effusum + + ¥ a N Platysace lanceolata . sy
*Panicum schinzii * ph v Trachymene cyanopetala + o+ a y
Paspalidium aversurm + oh N APOCYNACEAE
Paspalidium constrictum * * ph Parsonia eucalyptophylla + pc Y
Paspalidium jubiflorum +E + ph y ASTERACEAE
*Paspalum difatatum + + + + + Eh v Actinobole uliginosum ++ FE++ 4 + o+ 4+ + a y
Paspalum distichum * ph Ammobium craspedicides + ph
*Pernisetum clandestinum + a vy *Arctotheca calendula A T I R Rk T AN Ar i
*pentaschistis airoides A T + ph oy *Aster subufatus * 2y
*Phalaris aquatica * * b a vy Brachycome angustifolia + + ph y
*Phalaris mincr * a y Brachycome diversifolia
*Phalaris paradoxa * * ¥ ’ ph ¥ feurvicarpa +7 4+ 4 + ph v
*Piptatherum mifiacea * a ¥ Brachycome gracilis +4+ 7T+ +4 + T4+ a vy
*Poa annia + N + + ph oy Brachycome lineariloba S+ % a vy
*Poa bulbosa rrieos h oy Brachycome multifida
Poa labillardlieri + 4+t ';' N ph v var. multifida + + a N
Poa sieberiana TR A + P a y Brachycome papiflosa + ph T
*Polypogon monspeliensis T hoy Brachycome perpusilla + + a y
Pseudoraphis spinescens + 7+ pa v Brachycome spathulata . + ph y
*Rostraria cristata toEEE et + ph oy Bracteantha bracteata + 44+ a y
*Setaria graciis + + ph vy Bracteantha viscosa ++ + + + + ++++ +++ ph oy
Sporobolus creber ph v Calotis cuneifolia tH+ b E A+ 4 ph vy
Stipa gffSTfoUT"S + * . . ooy Calotis hispidula S + ;‘ y
Stipa bigeniculata + Calotis iappulacea + o+ + o+t + + + ph ¥y
Stiga densiflora + A bE A e pE g Calotis scggigera + eh oy
Stipa elegantissima fobh ot + ph y *Carduus tenuiflorus
Stipa mollis v " Eh y /pycnocephalus + + o+ + 4+ ++ +++++++++ +++ Ay
Stipa nodosa * * ” + ph *Carthamus lanatus ++++ o+ ok +4 4+ a y
Stipa scabra subsp. falcata N T T T T S I S ph y Cassinia aculeata + sy
Themeda australis + TaTeao® a 4 Cassinia arcuata + + sy
*Vulpia bromoides o R S S i S i i Caseinia laavis . sy
*Vuipia muralis + a y Cassinia longifolia + +++ o+ 5y
(o *Vulpia myuros o * * Cassinia sp. + + + 72
POTAMOGETONACEAE ph vy *Centaureg calcitrapa + a y
. Potamogeton tricarinatus + *Centaurea melitensis 4+ + a vy
TYPHACEAE - + ph *Centaurea solstitialis + a y
 Typha. orientalis - * pnoy
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Centipeda cunninghamii + o+ + ++ 4+ o+ + ph ¥y Cynoglossum suaveolens + + + o+ 4+ 4+ 4 ph vy
Centipeda minima + + a y *Fchium plantagineum SR T S R I S e -
*Chondrilla juncea 77 +4+  + 4+t + + ph vy *Heliotropium europaeum + + o+ 4+ a vy
Chrysocephalum apiculatum  + ++ 4+ ++++ + + +++ + +++++ ph ¥y Myosotis australis ' + + a y
Chrysocephalum *Myosotis discofor + . +oay
semipapposum + ottt + o+ ++ + + + ph vy Myosotis sp, + 4+ 4 -+t PR
*Cichorium intybus + ph vy BRASSICACEAE o
*Cirsium vulgare ++ o+ o+ +4++ v+ T4 FH+++ + by *Brassica rapa + a vy
*Conyza albida + +++ + a N *Capsella bursa-pastoris + + + + a y
*Conyza bonariensis + 7?7 ++ 7+ + a vy *Cardamine hirsuta + + a v
Cotla austrafis ++  ++++ F + + + + 4+ + a N Cardamine pauciiuga + + a y
*Cotula bipinnata + + o+ + + a vy Lepidium pseudohyssopifolium  + ++ ++ +++ + + + a vy
Craspedia canens + ph vy *Raphanus raphanistrum + a y
Craspedia variabifis + + + + + + ph ¥y Rorippa faciniata ' + oh
*Crepls foetida + + + a y *Rorippa nasturtium
Cymbonotus fawsonianus + + o+ + +4+++4+++++ phoy -aquaticum o ph N
*Gnaphalium americanum + a N *Rorippa palustris + 8y
Graphalium gymnocephalum + + ph vy *Sisymbrium erysimoides -+ a N
Gnaphalium indutum + a N *Sisymbrium officinale + + + + a N
Gnaphalium sphaericum + o+ + + + + 77 +4++ 7 a y *Sisymbritm orientafe + a vy
*Hedypnois rhagadioloides + 4+ + + o+ o+ O+ a vy CACTACEAE
Hyalosperma demissum + + + + + a ¥ *Opuntia sp. + ph 2
Hyalosperma semisterife + + o+ + a y CALUTRICHACEAE
*Hypochaeris radicatafglabra + + + + + + +++++ +t+ ++++++++ 3 -+ + ph vy *Callitriche stagnalis + -+ 4 a N
ixiolaena leptolepis + + ph N CAMPANULACEAE
*{actuca serriola + + + + + + bi vy Wahlenbergia communis + + + + oh oy
teptorhynchos elongatus + ph vy Wahlenbergia gracifenta + + + 4+ + + + + + a y
Leptorhynchos squamatus + + + + ++ o+ ph vy Wahlenbergia gracilis B + ph vy
Microseris lanceofata +++++++++ ph ¥y Wahlenbergia stricta t+++ FF+ ttEb b E A+ ++ phoy
Minuria feptophyila + ++ +++ ph vy CARYOPHYLLACEAE
Myriccephalus rhizocephaius  + +  + ++  + N a vy *Cerastium glomeratum tt+t+t+++ b+ F A+ A+ Ay
Podelepis jaceoides ++ ? ph vy *Moenchia erecta + + o+ ++ ++ +++++ + ++ @y
*Podospermum resedifolium + bi N *Petrorhagia nanteuilif + a y
Pseudognaphalium futeoalbum + +7 + + + o+ + a vy *Petrorhagia velutina SR I I S R S I R T S Y B "
Rhodanthe corymbiffora + o+ + + a vy *Polycarpon tetraphyfium + + a N
Rhodanthe laevis + + a N *Sifene gallica o+ + e+t F T+ 4+ F ++ + @y
Rhodanthe pygmaea + ++ o+t + + + a y *Sperguiaria rubra + 4+ o+ a y
Rutidosis multiflora ' + + o+ o+ a y *Stellaria media + 44+ + o+ +4+ o+ ++ A+t ++ a oy
Senecio diaschides + ph N Stellaria pungens + +++ 7 ph oy
Senecio garfandii + + + + + ph vy CASUARINACEAE
Senecio hispidulus +4++4+++ ph vy Aflocasuaring fuehmannii + o+ b+ ? 4+ + + + t oy
Senecio fautus + + a vy Allocastarina verticiffata + + A+ o+ + oty
Senecio quadridentatus + + ++++2 +++++++ ph y Casuarina cunninghamiana + r ~y
Sigesheckia australiensis + o+ +4+ +4+ + a vy CHENOPODIACEAE
*Silybum marianum ++ o+ + ++++ + bloy Atriplex sernibaccata + 74T+ 0+ + o+ ph "y
Solenogyne dominit + 44+ +++ O+ + +4+4++ + ph vy Atriplex spinibractea + ph vy
*Sofiva sessilis + + 4+ a y *Chenopodium album 7 T 2y
*Soljva stclonifera + + a y Chencpodium desertorum
*Sonchus asper + o+ o+ + +4++ +++ @Y subsp. microphyfiun TP+ + ph v
*Sonchus oleraceus B o b S + ++ + a vy Chenopodium pumifo + + + +ooay
Stuartina muelleri +++ ottt +4++++ FF+H+FE++ @Y Einadia hastata + o+ + + ph N
*Taraxacum officinale + o+ + ph vy Finadia nutans ++F b+ o+ + ph vy
*Tolpis umbellata + + + +++++ a y Enchylaena fomentosa 7+ s N
Trintilodiscus pygmaeus R I T T SR S i S R S S St S . R - B Maireana decalvens + sy
Vittadinia cervicularis + a N Maireana enchyaenoides + + 5y
Vittadinia cuneata +4+  + 4+ o+ + + a y Maireana humilima + 24+ +77 7 sy
Vittadinia gracilis + 4+ + o+ 7 + 5 ¥ Malfreana microphylia + + + s N
Vittadinia sp. T+ + 17 Sclerolaena muricata + ++ sy
i *Xanthium spinosum + + + a N CLUSIACEAE
: B'QRAN_GINACEAE Hypericum gramineum + + 4o+ ph vy
\msinckia intermedia +H+ 4+ o+ + a vy *Hypericum perforatum + o+ 4 + 4+ + ++ ph vy
ph N

Cynoglossim: australe +
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CONVOLVULACEAE
*Convolvulus arvensis
Convolvulus erubescens
*Cuscuta campestris
Dichondra repens
Evolvulus alsinoides

var., decumbens

CRASSULACEAE
Crassula colorata
Crassufa decumbens
Crassula sfeberfana

CUCURBITACEAE
*Cucumis myriocarpus

DILLENIACEAE
Hibbertia obtusifolia
Hibbertia riparia
Hibbertia sericea

DROSERACEAE
Drosera glandufigera
Drosera peltata

ELATINACEAE
Elatine gratioloides

EPACRIDACEAE
Acrotriche serrulata
Astrofoma humifusurm
Brachyloma daphnoides
Leucopogon attenuatus
Leucopogon virgatus
Lissanthe strigosa
Melichrus urceolatus

EUPHORBIACEAE
Beyeria viscosa
Chamaesyce drummondii
Phyllanthus hirtellus
Poranthera microphylia
*Ricinus commuhis

FABACEAE

Caesalpinioideae
Senna artemisioides

subsp. zygophyfla

Fahocideae

Bossiaea prostrata

*Chamaecytisus palmensis

Daviesia latifolia

Daviesia feptophylla

Daviesia mimosoides

Daviesia uicifolia

Desmoditim varians

Diliwynia juniperina

Diltwynia phyficoides

Diltwynia sericea

Futaxia microphylla/diffusa

Glycine canescens

Glycine clandestina

Glycine tabacina

Glycine sp.

*Glycyrrhiza glabra

Gompholobiumn huegelii

Goodia medicaginea

.. Hardenbergia violacea

Hovea linearis
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Indigofera adesmiifolia
Indigofera australis
*Medicago minima
*Medicago polymorpha
Platylobium formosum

Pultenaea
Pultenaea
Pultenaea
Puftenaea
Puftenaea
Puftenaca
Pultenaea
Pultenaea

boormanii
cunninghamif
foliofosa
himifis
largiflorens
laxiflora
polifolia
procimbens

Swainsona procumbens
Templetonia stenophylla

*Trifolium
*Trifolium
- *Trifolium
*Trifolium
*Trifolium
*Trifolium
*Trifolium
*Trifolium
*Trifolium
*Trifolium
*Trifolium

angustifolium
arvense
campesifre
cernuum
ctibiuim
glomeratum
hirtum
repens
striatum
subterraneum
tfomentostm

*Vicia sativa
*Vicia villosa

Mimosoideae

acinacea
amblygona
baileyana
brachybotrya
buxifolia
Acacia dealbata
Acacia deanef
subsp. pauciiuga
Acacia decora
Acacia difformis
Acacia doratoxylon
Acacia genistifolia
Acacia gunnii
Acacia hakeoides
Acadia implexa
Artacia lanigera
Acadia feucoclada
Acacia linearifolia
Acacia montana
Acacia oswaldif
Acacia paradoxa
Acadia pycnantha
Acadia rubida
Acacia ulicifolia
Acadia verniciffua

Acacia
Acacia
Acadia
Acadcia
Acacia

FUMARIACEAE

*Fumaria capreolata
*Fumaria densiflora
*Fumaria murafis
*Fumaria sp.

GENTIANACEAE

*Centaurium erythraea
ltenuiflorum
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MALVACEAE.
in*Malva parviflora

SPECIES §3§§§E§§§EE§3‘§-€=E? FILEI 9 %
*Cicendia quadrangudaris +4+ o+ + + + o+ 4+ 4+ ++ a vy
Sebaea ovata 4+ b + + ++ 4+ a vy

GERANIACEAE
*Erodium botrys + O+ 7 F 44 + + + a2y
*Frodium cicutarium ++ o+ o+ + + + a vy
Erodium crinitum Fh A+ FFFF A+ + a vy
*Erodium moschatum + + + + a vy
*Geranium molle + + + 7+ ++ a y
Geranium retrorsum + + o+ + ph ¥
Geranium solanderi ++ +4+ o+ + +tH+Et++E A+ phoy
Pefargonitim australe + ph

GOODENIACEAE
Brunonia ausiralis + +++++++++ ph ¥y
Dampiera lanceolata + sy
Dampiera purpurea + sy
Goodenia gracifis + + + ph vy
Goodenia hederacea A+ + ++4+4+ +++++4+ ph N
Goodenia heteromera + + a N
Goodenia ovata + s ¥
Goodenia pinnatifida B T I S SR T + a vy
Goodenia pusilliflora ++ 4+ + ++ a y
Velieia paradoxa + + ph v

HALORAGACEAE
Gonocarpus elatus + o+ +++++ +++ + ++ ph ¥
Gonocarpus tetragynus + +4++++++++++ ph vy
Haloragis aspera + ph N
Haloragis heterophyfla + ¥ ph vy
Myriophyifum sp. + + a 2

LAMIACEAE
Ajuga australis + o+ + 4+ ++++++ + ph oy
*Marrubfum vulgare + o+ ++++++ + + ++4+ 74+ ph oy
Mentha diemenica + : + ph v
*Mentha pulegium + + 4+ 7 ph vy
Prostanthera granitica + s N
Prostanthera ?denticulata ‘s N
Prostanthera ovalifolia + s N
Salvia plebeia + ph N
*Salvia verbenaca + +++++++ ++ + o+ + ph ¥y
Scutellaria humilis + + + ++ + ph ¥y
*Stachys arvensfs +++ +4 + + + + + a N

LAURACEAE
Cassytha melantha +?  + + ph vy
Cassytha pubescens +7 7 + ph N

LENTIBULARIACEAE
Utricufarfa dichotoma + ph vy

LINACEAE
*Linum usitatissimum + + + + a vy

LOBELIACEAE
Isotoma axillaris + + + +++++ + ph ¥y
fsotoma fluviatilis + + + 4+ + ph vy
Lobefia gibbosa + + o+ + ph vy
Pratia concolor ++ + + + ph v

LORANTHACEAE
Amyema linophyfium + + 5y
Amyemna miquelii + +H+F++ O+ + ++ 5 ¥
Amyema pendulum + 7+ sy
Amyema miraculosum ? + sy

L Muellering eucalyptoides + o+ + sy
. LYTHRACEAE
i bythrum hyssopifolia +++ o+ B e e +++ ++ a y
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16

*Modiola carofiniana
Sida corrugata
Sida trichopoda

MELIACEAE

Melia azedarach

MENYANTHACEAE

Nymphoides crenata

MYOPORACEAE

Eremophila debilis

Myoporum morntanim

Myoporum platycarpum
subsp. perbellum

MYRTACEAE

Callistemon sieberi

Calytrix tetragona
Eucalyptus albens
Eucalyptus blakelyi
Eucalyptus bridgesiana
Fucalyptus camaldulensis
Eucalyptus dwyerf
Eucalyptus goniocalyx/nortonif
Eucalyptus macrorhyncha
Eucalyptus meffiodora
Fucalyptus microcarpa
Eucalyptus polvanthemos
Eucalyptus rossif
Eucalyptus sideroxylon
Kunzea parvifolia
Leptospermum brevipes
Leptospermum continentale
Leptospermum multicaule
Micromyrtus ciffata

NYCTAGINACEAE

Boerhavia dominif

OLEACEAE

*Olea europea

ONAGRACEAE

Epflobium billardierianum
subsp. dnereum
Epflobium hirtigerum
Ludwigia peploides
*Oenothers stricta

OXALIDACEAE

Oxalis perennans
*Oxafis pes-caprae

PAPAVERACEAE

*Papaver somniferum
subsp. setigerum

PHYTOLACCACEAE

*Phytolacca octandra

PITTOSPORACEAE

Bursaria spinosa
Cheiranthera cyanea
Pittosporum phyiliraeoides

PLANTAGINACEAE

*Planfago lanceolata
Plantago varia

POLYGONACEAE

*Acetosella vulgaris
Persicaria._fapathifolia
FPersicaria prostrata
*Polygonum aviculare
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Polygonum plebeiumn
Rumex brownif
*Rumex conglomeratus
*Rumex Crispus
Rurnex tenax
PORTULACACEAE
Calandrinia eremaea
Montia fontana
Portulaca oleracea
PRIMULACEAE
*Anagalflis arvensis
PROTEACEAE
Greviflea alpina
Greviflea foribunda
Grevillea lanigera
Grevilfea polybractea
Hakea leucoptera
Hakea tephrosperma
Persoonia rigida
RANUNCULACEAE
Clematis microphylia
var. microphylla
Ranunculus lappaceus
*Ranunculus muricatus
Ranuncufus pumilo
*Ranunculus sceleratus
Ranunculus sessififlorus
*Ranunculus trifobus
Ranuncufus undosus
RHAMNACEAE
Cryptandra amara
Spyridium parvifolium
ROSACEAE
Acaena novae-zelandiae
Acaena ovina
Aphanes australiana
*Potentilla recta
*Rosa rubiginosa
*Rubus ‘fruticosus’
*Sanguiscrba minor
RUBIACEAE
Asperula conferta
*Galium aparine
*Galium divaricatum
Galium gaudichaudii
*Galium murale
Galium propinquum
Opercularia hispida
Opercularia varia
Pomax umbellata
*Sherardia arvensis
RUTACEAE
Correa reflexa
Eriostemon myoporoides
Geijera parviflora
Zieria aspalathoides
Zieria cytisoides
SALICACEAE
~ *Salix babylonica

—+
+
+
+
4
+
+

I o

+
+
+

= Z s Z |SMAS

[ IV T ¥ B Vs I
D

+
+

=]
e < R CURN DR ER o e 7]

EE o e 2

o]
w T 2 RS

+

+
T N

I I

LE I T R R V)
< e

-

SPECIES

Burrows, Remnant vegetation, South Westemn Slopes NSW

jew
ueh
=]
upy
na
wod
[ew
yb
dy
1
Ind
N
uaq
Anw
15
wm
unw
B|n
16

SARS

SANTALACEAE
£xocarpos cupressiformis
Sanfalum actiminatum
Santalum fanceofatum
SAPINDACEAE
Alectryon oleifolius
subsp. elongatus
Dodonaea boroniifolia

D. viscosa
subsp. angustissima

SCROPHULARIACEAE
Derwentia perfolfata
Gratiola penduncufata
Gratiola peruviana
*Kickxia elatine
Limosella australis
timosella curdieana
*linaria pelissetiana
Mimulus gracilis
*Orobanche minor
*Parentucellia latifolia
*Verbascum thapus
*Verhascum virgatum

*\eronica arvensis
*Veronica peregrina
Veronica plebefa
SIMAROUBACEAE
*Aflanthus altissima
SOLANACEAE
Cyphanthera albicans
*Lycitim ferocissimum
Sofanum cinereum
Sofanum esurfale
*Sofanum nigrum

STACKHOUSIACEAE
Stackhousia monogyna

STERCULIACEAE
Brachychiton popuineus

STYLIDIACEAE
Levenhookia dubia
Stylidium despectum
Styfidium graminifolium

THYMELAEACEAE
Pimelea curviflora
Pimelea finifolia

" URTICACEAE

Parietaria debilis

2 *Urtica urens

- VERBENACEAE

o *Phyla nodiflora

*Verbena bonariensis

- *Verbena officinalis

== *VYerbena supina

VIOLACEAE

~ Hybanthus monapetaius

. Viola betonicifolia

- ZYGOPHYLACEAE

v MTribulus terrestris

o

D. viscosa subsp. angustifolia

eI

D. viscosa subsp. cuneata ++++++

+

o SR

*Veronica anagallis-aquatica

S www v s & 2w
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*Solanum pseudocapsicum
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315
i tage Number of : _ . ‘ .
sites o haturalised naturaliced native taxa . Dispersal of the exotic coastal dune plants
Brookong S 114 38 33.3  Gladiolus gueinzii and Trachyandra divaricata
Milbrulong SF 131 305 oo _ . !
Kockibitoo SF 117 35.9 : : in Australia
Matong SF 221 38.9 :
Ganmain Reserve 152 29.6 _
Laster SF o 77 Petrus C. Heyligers
Coolamon Reserve 163 37.4
Winery Hill 129 49.6
Currawananna SF 184 48.4 : : Heyligers, P.C. (CSIRO Wildlife and Ecology, GPC Box 284, Canberra ACT 2601} 1999,
Berry Jerry SF ‘ 135 511 Dispersal of exotic constal dune plants Gladiolus gueinzii and Trachyandra divaricata
Fr:;; ;Egallfarr?;epark ; 22 3312 in Australis. Cunninghamia 6(2): 315-329.
Galore Hill Reserve 191 26.7 Gladiolus gueinzii (Iridaceae) and Trachyandra divaricata (Liliaceae s..) are South
if:’;gi?(t riﬁ %H ;_}]g ;Ei : African dune plants naturatised in Australia. Gladiolus gueinzii has two modes of
Pulietop SF 119 235 ' dispersal: winged seeds, and cormels that may float for up te seven months in
Livingstone SF i 190 23.2 : ‘seawater Its Ausiralian cccurrences are restricted to New South Wales. It was first
Tabletop NR 153 235 collected in 1950 near Newcastle and hag spread 250 kan to the north and 500 lan
Benambra SF 191 288 ' to the south. From large distances between the early herbarium records it was
g/{llggiguslgne 5 ;;g : inferred that buoyancy of the cormels enables Gladiolus giteinzii to establish at sites
Turnblong SF 186 25.8 : remote from existing populations. The climatic conditions of the area over which
Mundarlo Road 28.8 _ ' Gladiolus gueinzii presently ocours are broadly similar to those of the more humid
Ulandra NR 264 part of its native range. Further spread may be restricted due to unfavourable
thermal factors.
. Trachyandra divaricata is a “tumbleweed’. Wind dislodges and carries away the
Appendix 2. Number of survey trips per site and year/s of survey trips ‘crowns” of tangled mature infructescences, in the process peppering their trails
Site Site No. survey  Year/s of survey trips : with innumerable small seeds. In the 1930s Trachyandra divaricats became
No. trips : . established near Perth, Western Australia, while in 1940 it was also found near
1 Brookong SF 4 Sept-Dec 1992 Karridale, 300 km further south. In the intervening area it has become a major weed
5 Milbrulong SF a Sept-Dec 1992 : : in the dunes and has spread to paddocks inland, causing poisoning of livestock.
3 Kockibitoo SF 4 Sept-Dec 1992 _ : Traciyandra divaricatn has also turned up at several other outlying coastal locations
4 Matong SF 9 Nov 1994-Oct 1995, Aug-Nov 1936 - as well as at an inland site. The distances involved are suggestive of dispersal by
5 Ganmain Reserve 7 Sept=Dec 1992, Aug-Nov 1996 : human agency, for instance through cars or boats, The Mediterranean and adjacent
B Lester SF 8 Sept-Dec 1993, Aug—Nov 1996 _ semi-arid climates of the south-west of Western Australia mirror a similar situation
7 Kindra SF 4 Sept-Nov 1982 in southern Africa. Hence, the area appears to be well suited to Trachyandra
a Coolamon Reserve 9 Sept—Nov 1992, Aug-Nov 1996 . : divaricata and further spread can be expected.
Winery Hil 30+ ;99;’[; 9912993 Oct-Nov 1995 ' : In New South Wales Trachyandra divaricata was first found in 1968 at a dune
g::rjﬁirr‘;gr;a i 1 g Szgt_i QE 9C£L—Sep"( 1995 ; rehabﬂitation site near Wollongong. It possibly came in as a contaminant of Acacia
Porningalarna Fark 104 1990, 1991 saiigna planting stock from Western Australia. Since then it has become established
Malebo Range 7 Sept-Naov 1995 at several other reclaimed areas, but has not spread much beyond such sites,
Galora Hill Reserve 1992, 1993 possibly because of unfavourable climatic conditions. Nevertheless, in case
Flowerpot Hill Sept-Dec 1992 _ . aggressiveness takes a turn for the worse, it would appear desirable to eradicate
The Rock NR 1988-1990 occurrences in New South Wales while this is still achievable.
Pulietop SF Sept-Dac 1992 ' :
Livingstene SF Sept-Nov 1992 : :
Tabletop NR Oct 1992-0ct 1993 : Introduction
Benambra SF Sept 1994-0ct 1995 -
Murraguldrie SF Aug 1994-Jan 1996 : Gladiolus gueinzii Kunze (family Iridaceae) and Trachyandra divaricata (Jacq.) Kunze

Ellerslie SF Aug-Dec 1995 (family Liliaceae s.1.: Asphodelaceae, Anthericaceae) are coastal species native to South
Tumblong SF Aug-Dec 1995

The former occurs in the south-east, the latter in the south-west, with its range
Mundarlo Road Aug-Nov-1992 <
Ulandra NR 1992, 1993




