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F O R E W O R D

Weeds are one of the major factors impacting on Australia’s biodiversity and agriculture. Weeds
change the functioning of natural ecosystems, compete with and alter the habitat of native plants
and animals and even threaten the survival of some species that are in low numbers. Weeds also
impact negatively on agriculture by increasing costs either by interfering with crop growth or animal
production or by acting as harbours for pests and diseases of agricultural plants.

Introduced plants that have become naturalised in Australia now comprise about 10% of the total
Australian flora. They include many plants that were introduced intentionally for agriculture and
horticulture.

Not all introduced and naturalised plants necessarily become invasive, although many do. This book
aims to categorise the approximately 2700 non-native plant species that are known to be naturalised
in Australia into groups of major or minor threats to natural ecosystems or agriculture. Some non-
native naturalised plant species present in Australia are known to be weedy overseas and may have
similar effects here. Some of these are recommended as targets for eradication programs because
eradication could be achieved at relatively low cost before they become invasive and spread widely.

The categories of non-native naturalised plants highlighted in this book thus suggest opportunities
for future containment and eradication programs. This categorisation of Australia’s naturalised flora
will be a useful resource for those involved in weed management, and those involved in natural
resource management more broadly.

Dr Peter O’Brien Dr Rhondda Dickson

Executive Director First Assistant Secretary
Bureau of Rural Sciences Department of the Environment and Heritage

Land, Water and Coasts Division
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S U M M A R Y

The naturalised flora of Australia was compiled from vouchered specimens in State, Territory and
national herbaria. It was found to consist of about 2700 species believed to be non-native, although
some uncertainty remains about the introduced status of a small percentage of that total.

Of this total, 798 species (about 30%) were considered a major problem and 1388 species (about
50%) a minor problem to managers of natural ecosystems. A total of 34 non-native species that are
limited at present to one or a few populations in a defined geographic area is recommended for
eradication from natural ecosystems. Those non-native species known to be having a direct impact
on rare or threatened native plants numbered 49; most of these species are widely distributed
across a number of States but 8 within this group with more limited distributions are suggested as
further candidates for eradication from natural ecosystems.

The majority (53%) of Australia’s naturalised non-native species were considered to pose little or no
threat to agricultural ecosystems. Of the total of 1266 species that were considered a problem, 840
(about 65%) were categorised as a minor problem only, partly because they were not considered
sufficiently important to warrant control at any location. Species that may act as harbours for
diseases or insect pests, or that may be toxic at some stage of their life cycles, numbered 295.
Sixteen naturalised non-native species were known to be subject currently to eradication attempts
throughout their known Australian range because of their perceived impacts on agricultural
ecosystems. A further 9 species are suggested as candidates for eradication from agricultural
ecosystems.

For nearly all the plant species considered, information on their dates of naturalisation, their likely
rates of spread, or their likely economic impact was not available. These deficiencies in knowledge
will need to be overcome before predictions of the probable negative impacts of weeds on
Australian natural and agricultural ecosystems can be further refined.

The work presented in this book was commissioned by the Department of Environment and
Heritage and the Bureau of Rural Sciences in 2000 and 2001 respectively. The Cooperative Research
Centre for Australian Weed Management convened a group of scientific experts on weeds and the
Australian flora from all of the States and Territories of Australia to undertake the projects. This book
represents a combination of the previously unpublished reports which resulted from these two
projects. An addendum (page 14) briefly describes developments since the original reports were
written.
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I N T R O D U C T I O N

A range of different categories and terms may be used to describe non-native plants, depending on
what stage of the overall invasion process they are at, which in turn is determined largely by
biological characteristics and introduction history. Naturalised non-native plant species may be
defined as those that have been introduced, become established and that now reproduce naturally in
the wild, without human intervention. This definition combines two of the current usages recognised
recently by Richardson et al. (2000). Collectively, this category of the total number of plant species in
Australia is termed the naturalised flora. Some categories of naturalised non-native plants already are
well defined because they have legal standing; other categories are less well defined.  

The special category of ‘noxious weed’ is recognised throughout Australia, in that the category is
enacted by legislation in each State or Territory for particular invasive plant species. Not all ‘noxious’
plants, however, are declared for every State or Territory. For instance, an invasive plant species of
the wet Tropics may be declared ‘noxious’ in Queensland, the Northern Territory and for the
northwest of Western Australia, but not in the temperate southern states in which the species’
chances of becoming invasive may be low or non-existent. Wherever it is enacted, a declaration of
‘noxiousness’ always implies the need for active management to reduce the impact of the particular
plant species on human activities. Declaration of invasive plant species has a long history in the
Australian States. Often in the past, however, noxious plants were widespread and already abundant
in the landscape before they were declared and very little may have been done subsequently to
reduce their populations (Moore 1971). Accordingly, recent emphases with regard to this category of
naturalised plants have shifted to consider smaller scales of distribution (e.g. a catchment) and
different sub-categories of ‘noxiousness’ on which land managers can be seen to act. 

To address goal 2 in the National Weeds Strategy (Anon. 1999) 20 invasive plant species, with
mostly widespread distributions in Australia, were categorised and accepted as the Weeds 
of National Significance (WONS). The technical criteria behind this category are described in 
Virtue et al. (2002).

Some other categories of naturalised non-native plants are less well defined; they include plant
species that are categorised as introduced and/or adventive – terms that encompass plant species
known to be native to a region or regions outside Australia. Such a category may also be termed
variously alien or exotic. Of the total number of introduced species that have been detected only
relatively recently in Australia (i.e. within the last 15 years or less), a small number (relative to the
total) that are known already to have major negative impacts on natural or agricultural ecosystems
outside Australia, are categorised as Recent Incursions. These plant species may receive special
consideration nationally, that leads to the development of an appropriate management strategy such
as eradication or containment.

A category of naturalised non-native plant species that has been recognised only very recently is that
of so-called ‘sleeper weeds’. This category has been defined as those non-native plants that have
naturalised but are believed to have not yet reached their potential to form large and widespread
populations in Australia (Groves 1999), despite being naturalised for some years. Like the category
of Recent Incursions it is an attractive category for action because the cost of containment or of
eradication expended now is much less than the relatively high future costs when the species has
spread and reached its ecological limits (Williams 1997).  

Another term that has arisen relatively recently in Australia is that of ‘environmental weed’. This
term refers to those naturalised non-native plant species that have invaded non-agricultural areas of
natural vegetation and are presumed to impact negatively on native species diversity or ecosystem
function. This category may also consist of plant species that are invasive beyond their native or
indigenous range – a further complication and one that is becoming more significant as Australian
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plants are used more widely in both horticulture and re-vegetation projects within Australia.
Environmental weeds are distinguished from agricultural weeds by the ecosystem they impact in
some way but it should be noted that the one plant species may be invasive in both natural and
agricultural ecosystems in Australia.

Whilst there exist different criteria for the definition and use of these terms for different categories
of naturalised plant species that are non-native to Australia, the terminology used to describe the
conservation status of native plant species is usually defined much more rigorously. Australia follows
the IUCN criteria for the different categories of rarity (see, for example, Briggs and Leigh 1996).
These criteria are included in the most recent database for threatened plants native to Australia – the
Species PRofile And Threats database or “SPRAT” – maintained by the Department of Environment
and Heritage. The SPRAT database lists endangered or vulnerable plant species for Australia (usually
termed Rare Or Threatened Australian Plant, or ROTAP, species and now listed under the
Environment Protection and Biodiversity Conservation Act, 1999). The database identifies threats to
these species, although the threat posed by naturalised species is usually a general one and the
particular non-native species responsible for the threat only sometimes are identified.

This book groups Australia’s total of about 2700 naturalised non-native plant species into categories;
some of the above categories will not be discussed further, such as the WONS group. The first part
of the book concerns the categorisation of the species comprising the naturalised flora based on
their perceived negative impacts on the approximately 25,000 native plant species and especially on
those that are listed as endangered or vulnerable. It will identify some naturalised non-native species
(so-called environmental weeds) considered of greatest threat to native plant diversity in the short
term that may still be amenable to early intervention. The second part of the book groups a slightly
up-dated listing of naturalised non-native species into categories based on their perceived impacts
on Australian agricultural ecosystems. This part of the book will identify a further number of species
of agricultural weeds, including some in the ‘sleeper weed’ category, as candidates for early
intervention leading to their containment or eradication from Australia.

The work presented here was commissioned by the Department of Environment and Heritage and
the Bureau of Rural Sciences in 2000 and 2001 respectively (see Appendices 1 and 2). The
Cooperative Research Centre for Australian Weed Management convened a group of scientific
experts on weeds and the Australian flora from all of the States and Territories of Australia to
undertake the projects. This book represents a combination of the previously unpublished reports
which resulted from these two projects.
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M E T H O D S

G E N E R A L

A listing of all naturalised non-native plants in Australia (Hosking et al., in prep.) was made available
as a database of about 2700 taxa. The total number of non-native naturalised species used to assess
categories applicable to natural ecosystems was 2681, (see Appendix 3) at the time the first
categorization was done in 2000. The categorisation of Australia’s non-native naturalised species for
their potential agricultural impact was done one year subsequently and hence the total number of
species was slightly increased (at 2732 taxa), as a result of continuing research and updating of
nomenclature (see Appendix 4).

A limited number of species are considered to be ‘native’ by some State herbaria but ‘introduced’ or
‘non-native’ by other State herbaria (see Table 1 and Appendix 3 for examples). From this national
list, a separate database for each State or Territory was created. The only species to be considered
throughout this book were ones for which a voucher specimen existed at a State, Territory or the
National herbarium. Such a proviso means that all names used in this book can be checked should
queries arise in the future. Species listed on each State database were then ranked in terms of an
agreed set of categories appropriate to either natural or agricultural ecosystems, details of which are
given in the next two sections respectively. The rankings were made by experts from each State or
Territory and represent the best personal judgements available.

In each case when assembling the national rating from the individual State and Territory ratings, 
the highest rating by any one State or Territory was used. The ratings for each species were then
tabulated and the total scores for the number of species in each of the different categories added.

The total number of species considered appropriate for containment and/or eradication was further
reduced by asking each expert who made the initial rankings to choose the one or two species they
considered most suitable for eradication from their State or Territory.  Two national listings of these
species were then compiled: one for naturalised species that pose a direct threat to natural
ecosystems because of their perceived impact on endangered native plant species; and the other on
the basis of the perceived potential of naturalised species to impact agricultural ecosystems in the
future, should they ever spread further.

Throughout the book, we shall refer to each taxon as a ‘species’, even though this usage does not
always reflect its true taxonomic status.

N A T U R A L  E C O S Y S T E M S

The agreed categories for assessing the status of naturalised non-native species in natural
ecosystems were:

Category Explanation

0 Reported as naturalised but only known naturalised population now removed or thought
to be removed

0? Uncertainty as to whether any plants exist
1 Naturalised and may be a minor problem but not considered important enough to

warrant control at any location
1? Uncertainty as to whether a small number of plants remain
2 Naturalised and known to be a minor problem warranting control at 3 or fewer locations

within a State or Territory
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3 Naturalised and known to be a minor problem warranting control at 4 or more locations
within a State or Territory

4 Naturalised and known to be a major problem at 3 or fewer locations within a State or
Territory

5 Naturalised and known to be a major problem at 4 or more locations within a State or
Territory

? Information not available at present.

Categorisations were carried out in 2000 for naturalised plants of natural ecosystems. Other
attributes were used to further categorise the national listing (see Appendix 3). They were:

Symbol Explanation

C or c Under active control throughout State (C) or in part of State (c)
E or e Eradication being attempted throughout State (E) or in part of State (e)
N or n Noxious and/or Declared throughout State (N) or in part of State (n)
P Proposed candidate for attempted containment or eradication
H Habitat-specific
A Agricultural and/or ruderal weed primarily; no known threat to native plants
S Potential to spread further
Ø Origin uncertain – possibly a native species according to some State herbaria.

A G R I C U L T U R A L  E C O S Y S T E M S

Agricultural ecosystems were considered to be crops, pastures and horticultural enterprises such as
nurseries and turf farms. Aquatic weeds (even those that may block irrigation channels or dams)
were not included in this survey, nor were weeds of forestry. Species that have burrs on otherwise
useful plants or those plants that rarely come into contact with stock also were not included.

The agreed categories for assessing the status of naturalised non-native species in agricultural
ecosystems were those as for natural ecosystems (see above) with the following additions:

Category Explanation

+ Present in a State or Territory but not given a rating as an agricultural weed, either
because it was not considered a problem or because it was not known to occur in
agricultural areas at present.

Symbol Explanation

D Harbour for diseases (potential or actual)
I Harbour for insects that cause problems to agriculture (such as fruit fly)
T Toxic (includes species that are toxic at times and useful at other times)
X Includes weeds that potentially will be a greater agricultural problem than the rating

shown; this category includes weeds presently known only from natural ecosystems. 

These categorisations were carried out in 2001 (i.e., one year later than for those of natural
ecosystems).
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R E S U L T S

T A X O N O M I C  A S P E C T S

The listing of all naturalised non-native plants for Australia is presented at Appendix 3, arranged
alphabetically by genus and species. Alternate names are given where known. Of the 2681 species
identified in Appendix 3, 34 were considered to be native by some State herbaria (Category Ø). Each
of these problematic species is identified in Appendix 3 but they have also been listed (Table 1) to
draw attention to the differences in taxonomic opinion.

T A B L E  1 The 34 plant species in the Australian flora about which there is uncertainty with
regard to whether the species is native or naturalised; all species listed below are
considered to be native by at least one State herbarium and to be naturalised non-
native species by other herbaria.

Genus Species Family

Acacia farnesiana Fabaceae (Mimosoideae)

Adenanthera pavonina Fabaceae (Mimosoideae)

Aeschynomene aspera Fabaceae (Faboideae)

Aeschynomene indica Fabaceae (Faboideae)

Albizzia lebbeck Fabaceae (Mimosoideae)

Bidens pilosa Asteraceae

Bromus arenarius Poaceae

Cenchrus caliculatus Poaceae

Chamaecrista nigricans Fabaceae (Caesalpinoideae)

Corchorus aestuans Tiliaceae

Corchorus capsularis Tiliaceae

Crotalaria retusa Fabaceae (Faboideae)

Cyclocarpa stellaris Fabaceae (Faboideae)

Cyperus compressus Cyperaceae

Echinochloa colona Poaceae

Ipomoea nil Convolvulaceae

Isachne pulchella Poaceae

Genus Species Family

Lysimachia vulgaris Primulaceae

Lythrum hyssopifolia Lythraceae

Lythrum salicaria Lythraceae      

Mollugo verticillata Aizoaceae

Oryza rufipogon Poaceae

Paspalum distichum Poaceae

Paspalum scrobiculatum Poaceae

Pennisetum alopecuroides Poaceae

Persicaria lapathifolia Polygonaceae

Phyla nodiflora Verbenaceae

Pistia stratiotes Araceae

Ruschia tumidula Aizoaceae

Russelia equisetiformis Scrophulariaceae

Salsola kali Chenopodiaceae

Sida pusilla Malvaceae

Triumfetta rhomboidea Tiliaceae

Urena lobata Malvaceae

Categorisation for natural ecosystems

Full details on the total numbers of species in each category for natural ecosystems are presented
for each species in Appendix 3. Of the total of 2681 naturalised non-native species listed (Appendix
3), only 29 (Category 0) are known to have been eradicated, or thought to have disappeared, in the
wild in Australia (Table 2), with a further 2 species of uncertain status in this regard (Category 0?).
About half the total number of naturalised non-native species were judged to be a minor problem in
Australia at present (Categories 1, 1?, 2 and 3). Of the 798 species that were considered a major
problem, about 60% were known to be a problem at three or fewer locations (Category 4). The
naturalised status of only 15 species (0.5% of the total) was unknown (Category ?), although future
information may reduce this already low number still further. 



Weed Categories for Natural and Agricultural Ecosystem Management 7

T A B L E  2 Number of naturalised non-native species in the Australian flora categorised in 2000 in
terms of their different stages of naturalisation in natural ecosystems (see Methods
for explanation of these categories).

Category 0 0? 1 1? 2 3 4 5 ?

No. species 29 2 431 18 676 712 465 333 15

The 731 species that were rated as primarily agricultural or ruderal weeds (Category A) were
assumed to pose a lesser, or no known threat, to native plants (Table 3). A further 201 species were
rated as habitat specific (Category H). In 2000, there were 437 species considered to be under
active control (C or c category) or declared noxious in at least one State (Category N) or in part of a
State (Category n). A total of 34 species were considered controllable or merited controlling, i.e. they
belonged to Category P, and these individual species are recommended as candidates for attempted
containment or eradication (Table 4). The collection of additional information could increase the
number of species (presently 250 or c. 9% of the total) predicted to have potential to spread within
or between States (Category S). 

T A B L E  3 Number of naturalised non-native species in the Australian flora categorised in 2000 in
terms of their status as weeds of natural ecosystems, their ability to be controlled or
eradicated, and their potential for further spread (see Methods for explanation of these
categories). 

Category A H C,c,N,n P S

No. species 731 201 437 34 250

Those species deemed appropriate for an attempt at containment or eradication are listed separately
(Table 4), together with their distributions by State and/or Territory.

T A B L E  4 The 34 naturalised non-native species in the Australian flora that are impacting on natural
ecosystems for which a national containment or eradication program is recommended,
together with their distribution by State or Territory (see Addendum, page 14).

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

Acacia catechu var. sundra NT

Acacia karroo Qld, NSW, SA, WA

Annona reticulata Q, NT?

Asystasia gangetica ssp. micrantha NSW

Bassia scoparia weedy form Tas., WA

Centaurea eriophora SA

Centaurea maculosa NSW

Chromolaena odorata less weedy form Qld

Chromolaena odorata weedy form Qld

Crataegus azarolus SA

Cyperus teneristolon NSW

Dittrichia viscosa WA

Gliricidia sepium WA

Iva axillaris ssp. robustior Vic, SA

Jarava plumosa SA

Juncus subnodulosus SA, NSW?

Koelreuteria elegans ssp. elegans Qld

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

Lachenalia reflexa WA

Nassella charuana Vic.

Oenanthe pimpinelloides Vic., SA

Ornithogalum longibracteatum NSW, Vic., WA

Orobanche ramosa SA

Panicum racemosum Vic.

Pelargonium alchemilloides WA

Piptochaetium montevidense Vic.

Reseda phyteuma Vic., SA

Retama raetam SA, WA

Schoenoplectus californicus NSW

Senecio glastifolius NSW, WA

Stachys sylvatica Vic.

Succowia balearica WA

Thunbergia laurifolia Qld

Tipuana tipu Qld

Trianoptiles solitaria Vic.

State and Territory abbreviations: NT = Northern Territory, Qld = Queensland, NSW = New South Wales, Tas. = Tasmania, 
WA = Western Australia, Vic. = Victoria, SA = South Australia.
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Categorisation for impacts on Rare Or Threatened Australian Plant (ROTAP) species

A total of 49 naturalised non-native species were known to be having a direct impact on those native
species rated as ‘rare’ or ‘threatened’ in the Australian flora (Table 5). They belong to a wide range of
plant families. Many other naturalised non-native plants may also be having an impact on native plant
and/or animal species but the effects were either not known to the authors or were considered to
be indirect.

T A B L E  5 The 49 naturalised non-native species in the Australian flora having a direct impact on
ANZECC-rated rare or threatened native plant species, together with their distribution
by State or Territory.

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

Anagallis arvensis red & blue fl’d forms All (not NT)

Asparagus asparagoides All (not NT)

Avena barbata All 
(not Qld, NT)

Babiana angustifolia NSW, Vic., 
SA, WA

Brassica tournefortii All (NT)

Briza maxima All (NT)

Briza minor All (not NT)

Cakile edentula All (not NT)

Cakile maritima ssp. maritima All 
(not Qld, NT)

Carpobrotus edulis x C. virescens WA only

Cenchrus ciliaris All 
(not Vic, Tas)

Chrysanthemoides monilifera ssp. monilifera All 
(not Qld, NT)

Chrysanthemoides monilifera ssp. rotundata Qld, NSW, 
Vic

Cinnamonum camphora Qld, NSW, 
SA,WA

Cirsium vulgare All (not NT)

Coffea arabica Qld only

Cytisus scoparius ssp. scoparius All 
(not Qld, NT)

Dipogon lignosus All (not NT)

Erodium botrys All (not 
Qld, NT?)

Freesia hybrid* All (not NT)

Fumaria capreolata All (not 
Tas., NT)

Gladiolus caryophyllaceus WA only

Hygrophila costata Qld, NSW

Hyparrhenia hirta All (not 
Tas, NT)

Isolepis hystrix All (not Qld, 
Tas., NT)

Isolepis prolifera NSW, Vic., 
WA

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

Juncus capitatus All 
(not Qld, NT)

Lantana camara All (not Tas.)

Lophopyrum elongatum (?ponticum) All (not Qld, 
NT, WA?)

Moraea flaccida All 
(not Qld, NT)

Moraea lewisiae Vic. ,WA

Moraea miniata NSW, Vic., 
SA, WA

Myosotis sylvatica All 
(not Qld, NT)

Nassella leucotricha Vic. only

Nassella neesiana NSW, Vic., 
SA

Nassella trichotoma NSW, Vic., 
Tas.

Parentucellia viscosa All 
(not Qld, NT)

Phalaris aquatica All (not NT)

Polygala myrtifolia var. myrtifolia in V All 
(not Qld, NT)

Populus nigra ‘italica’ NSW, Vic., 
SA, WA

Romulea rosea var. communis WA only

Rubus anglocandicansø All (not NT)

Sisymbrium erysimoides All (not 
Tas, NT?)

Sparaxis bulbifera All 
(not Qld, NT)

Tradescantia fluminensis All 
(not WA, NT)

Watsonia marginata Vic., SA, WA

Watsonia meriana var. bulbillifera All (not NT)

Watsonia meriana var. meriana SA,WA

Watsonia versfeldii var. alba V, Tas., WA

* Sometimes referred to as Freesia alba x F. leichtlinii ø Formerly R. procerus in the R. fruiticosus agg.

State and Territory abbreviations: NT = Northern Territory, Qld = Queensland, NSW = New South Wales, Tas. = Tasmania, 
WA = Western Australia, Vic. = Victoria, SA = South Australia.
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Categorisation for agricultural ecosystems

Of the 1267 naturalised non-native species identified as a problem to Australian agriculture, about
two thirds were considered to be of only minor importance at present (total of Categories 1, 2 and 3)
(Table 6). Of the 426 species that were considered a major problem to agricultural enterprises, about
18% were known to be a problem at three or fewer locations (Category 4). 

T A B L E  6 Number of naturalised non-native species in the Australian flora categorised in 2001 
in terms of their different stages of naturalisation in agricultural ecosystems 
(see Methods for explanation of categories).

Category + 0 0? 1 2 3 4 5

No. species 1444 6 15 353 133 355 64 362

In 2001 there were 429 species considered to be under active control (C or c category) or declared
noxious in at least one State (Category N) or in part of a State (Category n) (Table 7 and Appendix 4).
Eradication was being attempted throughout a State (Category E) or in part of a State (Category e)
for 156 species. Species known to act as harbours for disease agents or insect pests numbered 31,
and 264 species were identified as being toxic. Species proposed for control or eradication 
(Category P) numbered only 8 (see Table 8). Although virtually all species have the potential to
spread further, 224 species were considered to have potential to spread considerably (Category S). 
A further category (X) comprised 108 species that are unlikely to have a greater agricultural impact
than the suggested rating and includes species that at present are known only from natural
ecosystems (Table 7).

T A B L E  7 Number of naturalised non-native species in the Australian flora categorised in 2001 in
terms of their status as weeds of agricultural ecosystems, their ability to be controlled
or eradicated and their potential for further spread (see Methods for explanation of
categories). Species that may harbour diseases (actual or potential) or insect pests or
are known to be toxic at some stage of their life cycles are also given.

Category C,C,N,n E,e D,I T,T? P S X

No. species 429 156 31 264 8 224 108

Some of the species being eradicated throughout their Australian range at present or recommended
as suitable for an attempt at their containment or eradication nationally are listed in Table 8, together
with their distribution by State or Territory. Of the 16 species identified as currently subject to an
eradication program, Bassia (Kochia) scoparia, Centaurea maculosa, Jarava plumosa (syn. Stipa
papposa) and Orobanche loricata may already have been eradicated, although monitoring for all four
species should continue for several more years to validate this apparent result. Programs for the
remaining 12 species continue.
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T A B L E  8 The 27 naturalised non-native species in the Australian flora that are impacting
agricultural ecosystems for which a national or State containment or eradication
program is being implemented or is recommended (based on information available 
in 2001), together with their distribution by State or Territory.

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

For eradication or being eradicated at present

Asystasia gangetica ssp. micrantha NSW

Bassia (Kochia) scoparia WA

Centaurea maculosa ACT

Chromolaena odorata Qld

Cleome rutidosperma NT

Clidemia hirta Qld

Equisetum arvense NSW

Equisetum hyemale NSW, Vic., 
Tas, WA

Equisetum ramosissimum NSW

Hieracium pilosella Tas

Jarava plumosa SA

Limnocharis flava Qld

Mikania micrantha Qld

Genus Species Subspecies (ssp.) Distribution 

or Varieties (var.).

Nassella charruana Vic.

Orobanche loricata Tas

Orobanche ramosa SA
Recommended for eradication

Aeschynomene paniculata Qld

Brillantaisia lamium Qld

Carthamus leucocaulos WA

Crupina vulgaris SA

Cyperus teneristolon NSW

Hieracium aurantiacum Tas, Vic.

Hieracium murorum NSW

Onopordum tauricum Vic.
Recommended for containment

Elephantopus mollis Qld, NSW

Praxelis clematidea Qld

State and Territory abbreviations: NT = Northern Territory, Qld = Queensland, NSW = New South Wales, Tas. = Tasmania, 
WA = Western Australia, Vic. = Victoria, SA = South Australia, ACT = Australian Capital Territory.



Weed Categories for Natural and Agricultural Ecosystem Management 11

D I S C U S S I O N

S P E C I E S  T H A T  A R E  P O S S I B L Y  N A T I V E

It is recognised widely that some cosmopolitan species in the Australian flora may be considered
‘native’ by some and ‘introduced’ by others. Kloot (1984) discussed the role of long-distance
dispersal in influencing the introduced elements of the flora of southern Australia. He concluded that
there were about 100 species that were believed, at least by earlier botanists, to have arrived in
Australia from elsewhere by long-distance dispersal at a time that pre-dates European settlement
(1788). These 100 or so species thus could be interpreted as either ‘native’ or ‘introduced’,
depending on the time and means of introduction.

Furthermore, some plant species in what Kloot called his ‘alien acquired’ category may have a
variant in Australia that is native and other variants that may have been introduced. Such taxonomic
variation is especially true of naturalised species, such as Tribulus terrestris, where it is believed that
a non-native variant or genotype occurs in southern Australia but that the variant or genotype
common in central and northern Australia may be native (Squires 1969, Morrison and Scott 1996a,
1996b, Scott and Morrison 1996). It thus should come as no surprise that we identified a group of
34 species (Table 1), albeit a relatively small number of species, about which there is still some
disagreement as to whether they are naturalised or native. This situation is highlighted by the
example of one species listed in Table 1, viz. Pistia stratiotes, that is a noxious weed in all Australian
States (where its control is obligatory) but the same species is considered native to the Northern
Territory (Gillett et al. 1989). Only further research at an international level may resolve such
uncertainties and seeming anomalies.

I M P A C T S  O N  N A T U R A L  E C O S Y S T E M S  

This present categorisation of the naturalised non-native flora of Australia attempts to reduce the
approximately 10% of the total Australian flora to smaller groups, and thereby draw attention to
species which may be candidates for active management, leading in some cases to their eradication.
Previous attempts, such as the increasingly-cumbersome system of State declarations of some non-
native species as noxious, have focused management primarily on already-widespread species that
have a predominantly agricultural impact. More recently, the recognition of twenty weeds of national
significance has focussed management by community groups on a group of mostly already
widespread ‘environmental weeds’ as well as agricultural weeds. Most previous declarations of
‘noxiousness’ have failed in the past, however, to direct management activity to those species that
may not yet be distributed widely or are not yet having a major impact on production agriculture.
Many such species are still only locally distributed and amenable to containment, if not eradication.
Of the approximately 2700 species judged by us to be naturalised and non-native, we identified 34
species (Table 4) where we believe a containment or eradication program is feasible and justified
ecologically in terms of their impacts on native plant species or natural ecosystems. We suggest
that at least one species per State or Territory be targeted for eradication from natural ecosystems
as a matter of urgency. For instance, Succowia balearica in Western Australia is an ideal candidate
for early eradication before it becomes a major weed of the botanically-diverse natural vegetation on
the Swan Coastal Plain (Keighery 1996).

In the national compilation of each State categorisation, we encountered several methodological
problems to do with interpretation of categories, especially those relating to prediction of spread
(Category S in Table 3). Sometimes species were known to be present in a State from personal
observation but if that knowledge was not backed up by voucher specimens deposited in herbaria,
we rejected it as a record in the national database, on which these categorisations are based.  
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A previous consideration of the naturalised non-native flora of Australia in terms of impacts on
natural ecosystems (Humphries et al. 1991) concluded that whilst major weed problems in 
northern and central Australia usually arose because of invasions of single dominant species 
(e.g. Cryptostegia grandiflora, Mimosa pigra, Tamarix aphylla), those in southern Australia comprised
groups of species. Many areas of natural vegetation in southern Australia have been invaded by
many different non-native species with diverse life-forms and dispersal mechanisms. Management
of such invaded vegetation based on a single-species approach usually results in one weed being
replaced by another. An approach to research and management based on single species is implicit 
in the approach taken in the present short-term study, but it may not be effective for natural
ecosystems in the longer term unless it is strengthened further by re-vegetation programs that use
competitive but non-invasive native species. 

I M P A C T  O N  N A T I V E  R A R E  O R  T H R E A T E N E D  A U S T R A L I A N

P L A N T  ( R O T A P )  S P E C I E S  –  A  S P E C I A L  C A S E

Leigh and Briggs (1992) showed that four native plant species had become extinct because of
presumed competition from weeds. A further 12 native species were endangered currently by the
presence of non-native species, but 57 (13%) of the total of 441 rare or threatened native plant
species were at risk in the future because of weed competition. Of the latter group, Groves and
Willis (1999) highlighted two examples of a direct impact of naturalised non-native species on native
plant diversity. The first related to the orchid Pterostylis arenicola endangered in South Australia by
dense cover of the invasive South African species Asparagus asparagoides (Sorensen and Jusaitis
1995). In this example, the non-native plant was shown to have a direct negative impact on orchid
rosette numbers. The second example is that of a small shrub Pimelea spicata, once widespread 
in southeastern New South Wales but now confined mostly to small fragments of Cumberland 
Plain woodland – itself an endangered community. In this example, the non-native plant is again 
A. asparagoides that shades the small shrubs of P. spicata in winter and competes with them for
water and soil nutrients. The results of these two studies provide useful material on which to base
management actions. They both concern one non-native species on our list of 49 that is impacting
directly on rare or threatened native plant species. Research programs on some of the other 48 non-
native plant species listed in Table 5 are urgently required. There are undoubtedly other rare and
endangered species being impacted either directly or generally by naturalised plant species than the
49 identified in this study (for instance, see Halford 1998 and Anon. 2000 for southeastern
Queensland).

I M P A C T S  O N  A G R I C U L T U R A L  E C O S Y S T E M S

About half (53%) of the total naturalised non-native flora was considered to pose little or no risk to
agricultural ecosystems, either because the species were not considered a problem in any State or
Territory or else they were not known to occur in agricultural ecosystems at present (Table 6). Of the
1266 species considered to pose a problem to agricultural ecosystems, about 65% of them were
categorised as only a minor problem at present, sometimes because they were not considered
important enough to warrant control at any location. Such a rating may well change with changed
patterns in agriculture, however. For instance, the silver grasses (Vulpia spp.) switched in the 1970s
from being regarded as minor weeds to those having major impacts on agriculture in southern
Australia.

Most of the species identified as major problems were known to occur at four or more locations – a
fact that makes their eradication or containment all the more difficult. Only 64 species that were
categorised as ‘major’ problems occurred at three or fewer locations in a particular State or Territory
(Table 6). For instances where such species are known only from one State or Territory within the
Australian region, a strong case could be made for increased management effort. Examples of such
candidate species for eradication or containment are listed in Table 8, as a basis for further
examination and possible future funding programs.
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Our analysis of the naturalised non-native flora of Australia has highlighted 156 cases where
eradication attempts are being made either throughout a State or in part of a State (Table 7). More
needs to be known about the success of these efforts and the range of methods used, especially as
they relate to the area covered by each population, the number of populations and the length of the
post-eradication monitoring period. Recent results from California (Rejmanek 2000) indicate that the
eradication of non-native plants from infestations smaller than one hectare in area is almost always
possible, but that it is unlikely that infestations larger than 100 ha can ever be eradicated, given a
realistic level of resources. Groves and Panetta (2002) assembled case histories for a limited number
of past and current weed eradication programs in Australia, but more case histories will be needed
before useful generalisations can be formulated. In this book we have highlighted 16 naturalised
non-native species where nationally or State-coordinated eradication programs are being practised
already; a further 9 are suggested as being highly appropriate and timely (Table 8).

One impact of naturalised plants that is often overlooked in discussions on weed impact is the role
that such species may play as harbours for diseases or insect pests. Together with those plants that
are toxic to animals or humans, they numbered 295 species (Table 7). Most had a wide distribution,
however, and their eradication was usually considered to be not feasible. This aspect of impact on
agricultural ecosystems encompasses some naturalised plants that are usually considered to impact
on natural ecosystems, such as Cotoneaster spp., but which may also impact horticultural industries
because they can act as alternate hosts for pathogens (such as fireblight in the case of Cotoneaster). 

F U R T H E R  I N F O R M A T I O N  N E E D S

Whether for natural or agricultural ecosystems, spread rates for only a few naturalised plants are
known and this paucity of information made it difficult to categorise the naturalised flora according to
rate of spread, despite this attribute being related to invasive ability. The database used for these
analyses did not include dates of naturalisation and this deficiency precluded consideration of the
incidence of ‘sleeper weeds’ in the naturalised flora. Incorporation of dates of first collection (and
perhaps number of sites) as a very approximate surrogate for the date of naturalisation into the
database would enhance its usefulness in this regard, as would further research on which
naturalised species may be usefully considered as ‘sleepers’ among both environmental and
agricultural weeds. Given, however, the observed contribution of changed management regimes to
increased impacts of agricultural weeds (see our earlier Vulpia example), the process of identification
of ‘sleepers’ in an agricultural context may differ from that used to identify this category of
naturalised species in natural ecosystems.

Finally, even for long-naturalised plants in agricultural ecosystems, let alone those primarily invasive
in natural ecosystems, information on their likely economic impacts was rarely available. The main
attribute of a plant species recently naturalised in Australia that seems to drive an eradication
program is its known occurrence as a major weed outside Australia. An enhanced methodology for
determining the likely economic impact of a recently naturalised species will need to be developed
before prediction of the impact of such species on Australian natural and agricultural ecosystems
can be further improved.



14 Weed Categories for Natural and Agricultural Ecosystem Management

A C K N O W L E D G M E N T S

We acknowledge the assistance of staff of many herbaria in the preparation by John Hosking of the
database on all naturalised plants in Australia. We also thank Cathy Miller, Peter Moore, Kim Navin
(CSIRO Plant Industry, Canberra) and David Cunningham (BRS) for help with the preparation of the
Appendices; and Alan Maguire (NSW Agriculture, Tamworth), John Weiss (KTRI, Frankston) and
Mark Boersma (DPIWE, Devonport) for information on noxious plants in New South Wales, Victoria
and Tasmania respectively. Information on noxious plants for Queensland, Western Australia and the
Northern Territory was obtained from the Weeds Australia web site at http://www.weeds.org.au/.
Information on certain species for eradication was taken from a forthcoming publication by Geoff
Sainty and others; we thank the authors for their permission to use their material in this way. David
Cunningham, Dane Panetta and Peter Williams provided useful comments on a final draft of this
book for which we are grateful. We thank Gerry Maynes and Robert Moore (DEH) and Mary
Bomford (BRS) for initiating and guiding the two consultancies.

A D D E N D U M

As of May 2003, the number of plant species in the naturalised non-native flora of Australia totalled
2810 – an increase on the totals presented in the earlier analyses, arising from continuing update of
nomenclature and results of field surveys. The information contained in each original report may not
necessarily reflect present knowledge or taxonomic usage. One species for adding to the list of
species that could be eradicated from Australia (because it is likely to have a significant impact on
natural ecosystems and it does not seem to be completely out of control at present) is Passiflora
tarminiana (listed in the Appendices as P. mollissima commonly known as Banana passionfruit). This
species is an important environmental weed in New Zealand and has been observed recently
becoming so at sites in Victoria and New South Wales. The taxon Koelreuteria elegans ssp. elegans
is listed in Table 4 as a possible species for containment or eradication. This species, now also
naturalised in New South Wales, should more correctly be referred to as K. formosana (or K. elegans
ssp. formosana). It is a popular ornamental plant and the species is likely to be more widely
naturalised than current herbarium records suggest. Based on the process referred to in Appendix 1
and addressed in Appendix 3, the Department of the Environment and Heritage has established a
national environmental alert list. The list currently contains 28 species, and detailed information
covering their description and management is being prepared for distribution. The information
presented in this book has also been used to inform Department of Agriculture, Fisheries and
Forestry projects on agricultural sleeper weeds.
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A P P E N D I X  1  

T E R M S  O F  R E F E R E N C E  F R O M  T H E  

D E P A R T M E N T  O F  T H E  E N V I R O N M E N T  

A N D  H E R I T A G E

The Invasive Species Section of the Australian Government Department of the Environment and
Heritage contracted the Cooperative Research Centre (CRC) for Australian Weed Management
Systems to:

1. Organise a peer-group review by weed experts from all States and Territories to consider
current knowledge about naturalised non-native plants and to group them into broad-band
categories based on:
a. their impact on native species, in particular nationally-listed endangered 

or vulnerable species;
b. their effect on ecosystem function;
c. their current and potential distribution; and
d. their invasive ability and rate of spread.

2. Identify those naturalised non-native plants that are in the early stages of establishment and
range expansion and for which early intervention could lead to their containment or
eradication.

3. Prepare a summary report of the recommended categories for naturalised non-native plants
and list priorities for those species considered of greatest threat but still amenable to early
intervention.

These Terms of Reference were met in the form of a progress report to the Department of the
Environment and Heritage submitted by the CRC for Australian Weed Management on May 15,
2000 and a final report on June 30, 2000.

A P P E N D I X

Terms of 
Reference
DEH

1
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A P P E N D I X  2  

T E R M S  O F  R E F E R E N C E  F R O M  T H E  

B U R E A U  O F  R U R A L  S C I E N C E S

The Bureau of Rural Sciences, within the Australian Government Department of Agriculture,
Fisheries & Forestry, contracted the Cooperative Research Centre (CRC) for Australian Weed
Management to:

1. Organise a peer-group review by weed experts from all States and Territories to consider
current knowledge about the 2681 naturalised non-native plant species in Australia and sort
them into broad-band categories (categorised as major, minor or no risk) based on:
a. their impact or potential impact on profitability and sustainability of primary industries 

and the natural resource base;
b. their current and potential distribution;
c. their invasive ability and rate of spread.

2. For naturalised plants categorised as high risk, identify the primary industries most at risk
from further spread.

3. For naturalised plants categorised as high risk, identify those that are limited to one or a few
populations in the early stages of establishment and range expansion and for which early
intervention could lead to their containment or eradication.

4. Prepare a summary report of the recommended categories for naturalised non-native plant
species and list priorities for those species considered of greatest threat to primary
industries and the natural resource base but still amenable to early intervention.

These Terms of Reference were met in the form of a progress report to the Bureau of Rural
Sciences submitted by the CRC for Australian Weed Management on March 15, 2001 and a final
report on October 31, 2001.

A P P E N D I X

Terms of 
Reference
BRS

2
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Weeds currently cost Australia billions
of dollars each year in lost agricultural
production. They also cause untold
damage to Australian native species
and ecosystems. Many introduced
plants are waiting in the wings with 
the potential to become future weeds.
This book brings together the current
knowledge on the 2700 non-native
plants that have naturalised in
Australia. Each species is assessed for
its impact or potential impact as a weed
of natural and agricultural ecosystems. 

The authors recommend some species
as targets for eradication programs.
Eradication at relatively low cost is
feasible for some species if action is
taken before they become invasive and
spread widely. Such action could save
Australia from huge future losses. 

The authors are drawn from all of the
States and Territories of Australia and
are scientific experts on weeds and the
Australian flora. The information they
present here will be invaluable for
weed managers, other decision makers
and researchers concerned with natural
resource management at a local,
regional or national level.


