
Attachment 2. The status of non-native species in New 
South Wales – introductions, naturalisations, invasions 
Invasive Species Council, November 2023 

Mostly based on information extracted from the Invasive Species Council’s draft State of Environmental 
Biosecurity Report. See Attachment 1 for data.  

1. Plants 
Introductions: The number of introduced plant species traded and cultivated in New South Wales (alien 
and native species not indigenous to NSW) is unknown. Australia-wide, an estimated 34,650 alien taxa 
have been introduced to date [1]. At least 11,000 native taxa have been introduced beyond their native 
range (a 2007 estimate) [2]. Apart from 64 regulated species (prohibited, restricted or under a control 
order, Attachment 1), non-native species can be freely traded and cultivated in New South Wales 
(although there may be GBD restrictions in certain regions). This situation was described in the 2009 
independent review of the EPBC Act as ‘a substantial failure’ of state and territory regulation [3].  

Naturalisations: About 1,700 plant species have been recorded as naturalised in NSW and more than 
100 others are uncertainly naturalised (Table 1). Most are alien species, introduced from other countries 
for gardening and farming; 5% are native to other parts of Australia (Table 1). More than 1 in every 5 
plants in the state is not native (naturalised species make up more than 22% of the total New South 
Wales flora, consisting of 6,003 native species and 1,707 naturalised species). The state has considerably 
more naturalised plant species than any other Australian jurisdiction and is recognised as one of the 
weediest mainland regions in the world [4,5].   

Invasions: The invasiveness of the naturalised flora in New South Wales and Australia have not been 
comprehensively assessed using a consistent method. Based on state/territory weed assessments using 
a variety of methods, more than half (54%) the naturalised species in NSW are reported as invasive (or 
having an adverse environmental impact) somewhere in Australia, and another 10% are considered to 
be potentially invasive (Table 1). About 20% of the naturalised NSW flora (363 plant species) has been 
rated as having a significant – ‘high’, ‘massive’, ‘extreme’ or ‘major’ – impact in one or more Australian 
jurisdictions (but the ratings for each jurisdiction are not comparable) (Attachment 1). A NSW-specific 
assessment in 2018 rated 225 species and species groups (of 266 assessed) as a high environmental 
threat [6]. Other estimates of invasive plant numbers in Australia are lower – a 2023 study (based on 
other datasets) found that about 10% of naturalised plants were ‘invasive’ (their tally for naturalised 
was about 4,100 taxa) [1].  

Impacts on threatened biodiversity: 149 species naturalised in NSW have been assessed as a threat to 
nationally listed threatened species somewhere in Australia [7] (Attachment 1), although this is a 
considerable underestimate as threat descriptions for listed species often refer generically to weed 
threats without naming species. We have not compiled the relevant data for species listed as threatened 
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by the NSW Government, but recommend this assessment be done, using the methodology of the 
recent national assessment by the National Environmental Science Program [7]. The only published 
assessment of weed impacts on threatened biodiversity in NSW is now almost 20 years old – it found 
that weeds threaten 45% of threatened species, populations and communities listed in New South 
Wales [8].  

66 naturalised plant species in NSW are designated weeds of national significance and 44 species are 
recognised as key threatening processes (KTPs, Table 2) – 4 as individual species listings, 7 as part of the 
group listing of perennial grasses and 33 as part of the group listing of exotic vines and scramblers 
(although it is not made clear in these listings whether each species qualifies as a key threatening 
process). The KTP listings are far from comprehensive and there are no current threat abatement plans, 
rendering the listings unhelpful except for information purposes.  

Import restrictions: Only about 6% (106) of species naturalised in NSW are prohibited imports into 
Australia while 47% (846) are permitted imports (Attachment 1). A lack of import restrictions can lead to 
increased propagule pressure and the importation of new genotypes that could exacerbate the invasive 
potential of these species. Hybrids are also permitted without risk assessment if their parent species are 
permitted despite the potentially greater invasive risks of hybrids.  

Some of the naturalised species that are neither permitted nor prohibited imports may have an 
ambiguous status if it is not clear whether they were legally imported into Australia (prior to a 
requirement for risk assessment). One of the deficiencies of New South Wales’ current regulatory 
approach is that smuggled species would be permitted entry into the state unless they are explicitly 
prohibited.  

State restrictions: Of the >1,800 species naturalised and possibly naturalised, only 4% are restricted or 
prohibited at a state level and 5% are restricted in one or more regions (Attachment 1), meaning that 
90% of naturalised plants can legally be traded and cultivated in the state, a state of affairs likely to 
exacerbate the invasiveness of many species due to ongoing propagule pressure and the potential for 
introducing new genotypes. Adding to the invasion risks is the lack of consistency between states and 
territories in the biosecurity status of weedy plants.  

State management: There are very few state weed management plans – 3 that are current and 2 that 
are recent (Table 2). We have not tallied how many naturalised plants are the focus of management 
under regional weed management plans in NSW, but this would be a worthwhile focus.  

Biocontrol agents have been released for 74 species naturalised in New South Wales, including 23 for 
lantana and 12 for parthenium (Attachment 1). It is not clear how many have successfully established 
and mitigated the invasiveness of the target weed. This would be a worthy focus of review.  

2. Vertebrate animals 
Introductions: The number of introduced vertebrate species present in New South Wales (alien and 
native species not indigenous to NSW) is unknown. Australia-wide, more than 1,800 alien species have 

https://www.zotero.org/google-docs/?5N7OKm
https://www.zotero.org/google-docs/?VB3mOo


3 

been introduced – mostly as pets or livestock or for zoos. The vast majority are aquarium fish and the 
numbers present in Australia are highly uncertain, with recent estimates ranging from about 500 to 
2,000 [9,10].  

Naturalisations: Excluding native fish translocated for conservation purposes, at least 69 vertebrate 
species have naturalised in NSW (Table 1).Fishes make up a third of the naturalised species (33%), 
mammals 29%, birds 25%, reptiles 6% and amphibians 3%. New South Wales has the second highest 
number of naturalised vertebrates in Australia (after Queensland).  

Most naturalised species have been introduced deliberately from other countries, but more than a third 
of naturalised fishes are native to Australia, translocated for recreational fishing. Apart from fish, the 
majority of naturalised vertebrates have been naturalised for several decades. About 40% of the 
naturalised fishes, mostly aquarium fish, have been naturalised in Australia only since the 1970s.  

Invasions: Most naturalised vertebrates are invasive – adverse environmental impacts in Australia have 
been recorded for 62% of the naturalised species in New South Wales and the potential for adverse 
impacts has been noted for another 24% (Table 1).  

Impacts on threatened biodiversity: At least 5 species are known to have contributed to national 
extinctions and 30 have been rated as a medium- or high-impact threat to nationally listed threatened 
species (Attachments 1). We have not compiled the relevant data for species listed as threatened by the 
NSW Government, but recommend this be done. An assessment conducted almost 20 years ago found 
that invasive animals (29 different species) pose a threat to 40% of threatened biodiversity – 154 plants, 
186 animals, 17 endangered populations and 31 endangered ecological communities [11].  

21 naturalised vertebrate species have been listed key threatening processes in New South Wales or 
federally (under the EPBC Act) (Table 2). The KTP listings are not comprehensive and none of the listed 
species has a current threat abatement plan, rendering the listings unhelpful except for information. The 
one naturalised vertebrate in New South Wales to have a current species-specific management plan – 
dingo / dog (not a KTP) – is a threat mainly for sheep graziers and attracts a high proportion of public 
funding despite the benefits being largely private and commercial.  

State restrictions: There are no state-wide restrictions on the trading or keeping of any naturalised 
vertebrate species.  

3. Invertebrate animals 
It is not feasible to comprehensively compile information on naturalised invertebrates, for too little is 
known about the species present in New South Wales and Australia and their impacts.  

The most impactful group in the environment have been the social insects – ants, bees and wasps. At 
least 33 alien hymenopteran species have naturalised in New South Wales, of which at least 6 ant, 1 
wasp and 2 bee species are considered invasive or potentially invasive in Australia (Attachment 1). Three 
have been rated as a threat to nationally threatened species. 
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Of at least 26 naturalised mite species, one is known to cause severe disease and others are considered 
potentially invasive (Attachment 1). The recent naturalisation of varroa mite in New South Wales may 
prove highly beneficial for native bees (by reducing populations of feral honey bees) and for reducing 
the impacts of weeds that rely on honey bee pollination or it could prove highly detrimental if future 
mite incursions bring pathogens that infect native bees. As a high priority the NSW Government should 
fund research to document the impacts of varroa mite on the natural environment.   

Of at least 9 crustacean species naturalised in New South Wales, 2 are known to have adverse impacts 
and others are considered to be potentially invasive (Attachment 1).  

Table 1. Naturalised plants and vertebrates in NSW and their invasiveness / potential invasiveness 
across Australia 

Species group Number 
naturalised 
species  

Number 
naturalised 
alien species 

Number 
naturalised 
native species 

Number 
species for 
which adverse 
impacts have 
been reported 
in Australia 

Additional 
species with 
potential for 
adverse 
impacts 

Mammals 20 [+2] 20 [+2] 0 19 (95%) 2 (10%) 

Reptiles 4 [+2] 3 [+2] 1 2 (50%) 1 (25%) 

Birds 17 [+1] 14 [+1] 3 9 (53%) 7 (41%) 

Amphibians 2 1 1 1 (50%) 1 (50%) 

Fishes 26 [+2] 17 9 [+2] 14 (54%) 9 (35%) 

All vertebrates 72 [+7] 55 [+5] (76%) 17 [+2] (20%) 45 (62%) 17 (24%) 

Plants 1,707 [+144] 1,621 [+91] 
(95%) 

86 [+23] (5%) 920 (54%) 177 (10%) 

Note: Data and sources are in Attachment 1. The number of species considered uncertainly naturalised 
is indicated in square brackets. Three of the naturalised native fish species were translocated for 
conservation reasons.  

Table 2. Invasive species in NSW listed in NSW recognised as key threatening processes and species 
(not necessarily a KTP) with a state management plan 

Species group Number species 
listed as key 
threatening 
processes 

Number of state 
management 
plans 

Species with a current state management plan 
(≤10 years old) 
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(national or 
NSW) 

Vertebrates 21 1 NSW wild dog management strategy 2022–2027 

Invertebrates 0 0  

Plants 46 5 NSW Black Knapweed Strategic Plan (2023), NSW 
Parthenium Weed Strategic Plan (2022), NSW 
Parkinsonia Weed Strategic Plan (2022), Orange 
hawkweed strategy 2011-2017, NSW Alligator 
weed strategy 2010-2015 
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Attachment 3. Extinctions and imminent extinctions 
Invasives Species Council, November 2023 

1. NSW’s extinctions and invasive species 

Thirty-one animal species (30 vertebrates, 1 invertebrate) are recognised as extinct under the NSW 
Biodiversity Conservation Act 2016 (Attachment 1). Reflecting the situation nationally, most have been 
mammals (n=23) or island birds (n=6).  

New South Wales is also likely to have recently suffered Australia’s first fish extinction – the Kangaroo 
River Macquarie perch (Box 1) (the Pedder galaxias is ‘extinct in the wild’). Although no cause has been 
specified, the rapidity of the loss in the absence of habitat degradation strongly suggests an introduced 
pathogen was responsible [1].  

A NSW frog, the yellow-spotted tree frog (Litoria castanea), has also been assessed as likely to be extinct 
– due to chytrid fungus and gambusia [2,3] – but there are doubts about whether it is a distinct species 
[4].   

Attributing causes is necessarily speculative for many early extinctions. But, reflecting the situation 
nationally, invasive species are likely to have been the dominant cause of animal extinctions in NSW – 
the main cause or a major (≥30%) contributor to at least 20 (of 31) extinctions (65%) (Attachment 1). 
The main invasive species responsible have been cats (n=12), foxes (n=12) and black rats (n=4).  

Nationally, the rate of animal losses appears to have been accelerating, with 19 confirmed or likely 
extinctions and 3 confirmed or likely extinctions in the wild since the 1960s (Table 1, [5]). More than 
80% are thought to have been caused by invasive species – introduced predators or pathogens. The 
invasive causes of extinctions have become more diverse in recent decades, with the main drivers being 
cats, foxes, rats, wolf snakes, Trypanosoma lewisi, chytrid fungus and trout [5]. 

Offering the potential for species restoration in future, 18 animal extinctions in New South Wales have 
been at a state level only – for example, numbats, bilbies, greater stick-nest rats, western quolls and 
Tasmanian bettongs. Some have recently been reintroduced or there are plans to reintroduce them to 
fenced predator-free havens. To restore them more widely will require much more effective control of 
cats and foxes, which is not feasible with current control techniques.  

New South Wales’ extinct species also include 28 plants according to the list under the Biodiversity 
Conservation Act, or 14 species according to the Australian Plant Census (8 from the NSW mainland and 
6 from Lord Howe Island). Most have presumably been lost to habitat destruction or livestock grazing. 
Solanum bauerianum (endemic to Lord Howe Island and Norfolk Island) was lost mainly to black rats [6].  
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Box 1. The likely extinction of the Kangaroo River Macquarie perch 
 
An extract from a 2023 report by the Invasive Species Council on modern extinctions  [5]. 
 
The Kangaroo River Macquarie perch was once plentiful in the Kangaroo River, a largely undisturbed 
tributary of the Shoalhaven River in coastal New South Wales. That was until introduced carp 
(Cyprinus carpio) were illegally freed in the river in the 1990s and there was stocking of hatchery-bred 
Australian bass (Macquaria novemaculeata), which are native to the river. In that same decade the 
perch declined very rapidly to extinction, and by 1998 none could be found despite many searches. 
One individual survived in captivity until 2008. 

A genetic study provided the basis for distinguishing the Kangaroo River Macquarie perch as a species 
by indicating a substantial genetic divergence from other Macquarie perch populations, implying 
separate evolution for about 2 million years. 

Fish expert Simon Kaminskas of the Murray-Darling Basin Authority proposed that the ‘rapid and so 
far unexplained collapse’ strongly suggests a pathogen was introduced into the catchment with one of 
the introduced fish species. He nominated epizootic haematopoietic necrosis virus (EHNV), or some 
other introduced virus of the Iridoviridae family, as a likely culprit. EHNV is known elsewhere to have 
caused declines of Macquarie perch (Macquaria australasica), silver perch (Bidyanus bidyanus) and 
galaxias species (Galaxias spp.). Proving that a virus caused the sudden disappearance is not possible, 
but no other explanation has been suggested. 

The Kangaroo River Macquarie perch is Australia’s first completely extinct fish species, and it’s unlikely 
it will be the last. Fish experts have nominated 22 species of small stream fish at imminent risk of 
extinction, mainly from trout and other translocated fish species. 
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Table 1. Extinctions and likely extinctions of Australian animals since the 1960s and their likely causes 

Decade Invasive species Habitat destruction, 
degradation 

Altered hydrology Climate change Uncertain 

1960s 
  

Yallara (Macrotis 
leucura) 

       

Central hare-wallaby 
(Lagorchestes 
asomatus) 

       

Northern Mulgara 
(Dasycercus woolleyae) 

    

1970s 
  

Desert bandicoot 
(Perameles eremiana) 

  Lake Pedder earthworm 
(Hypolimnus 
pedderensis) 

    

Southern day frog 
(Taudactylus diurnus) 
 

      Kuchling's long-necked 
turtle (Chelodina 
kuchlingi) (70%) 

1980s 
  
  
  

Southern gastric 
brooding frog 
(Rheobatrachus silus) 

       

Northern gastric 
brooding frog 
(Rheobatrachus 
vitellinus) 

        

Gravel-downs ctenotus 
(Ctenotus serotinus) 
(72%) 

        

Christmas Island shrew 
(Crocidura trichura) 
(92%) 
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1990s 
  
  

Mountain mist frog 
(Litoria nyakalensis) 
(85%, 93%) 

      Kangaroo River 
Macquarie perch 
(Macquaria sp.) (89%) 

Sharp-snouted day frog 
(Taudactylus 
acutirostris) 

        

Pedder galaxias 
(Galaxias pedderensis)* 

        

2000s 
  
  

Northern tinker frog 
(Taudactylus rheophilus) 
(86%, 90%) 

  Bramble Cay melomys 
(Melomys rubicola) 

  

White-chested white-
eye (Zosterops 
albogularis) 

        

Christmas Island 
pipistrelle (Pipistrellus 
murrayi) 

        

2010s 
  
  

Christmas Island forest 
skink (Emoia nativitatis) 

        

Blue-tailed skink 
(Cryptoblepharus 
egeriae)* 

        

Lister’s gecko 
(Lepidodactylus listeri)* 

        

 

Notes: The likely extinct species included in this table have a likelihood of extinction rating in brackets that was assigned in a series of expert elicitation 
processes under the National Environmental Science Program [2,7–10]. We have included those assessed as at least 70% likely to be extinct. Two species 
assessed as likely to be extinct have been rediscovered since the assessments and are not included here. The references for all except two species are in 
reference [5]. Since the publication of that report, additional likely extinct mammals – 4 newly described mulgara species, probably extinct due to cats and 
foxes – have been reported for Australia [11]. We include one of those mulgaras here as it was last collected in the 1960s.  
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2. Imminent extinctions 
Following is an extract from the Invasive Species Council’s draft State of Environmental Biosecurity Report [12]. 
The information is national, not specific to New South Wales.  

With about 100 plant and animal species facing a high risk of imminent extinction, Australia is on the 
brink of an extinction catastrophe. Invasive species are a significant threat to almost three-quarters of 
these predicted extinctions. These figures have come from a series of studies under the National 
Environmental Science Program in which experts rated the extinction risks for the most imperilled 
species (in structured elicitation processes) – freshwater fishes, mammals, birds, reptiles, frogs, 
butterflies and plants [2,7–9,13,14].  

Of the 32–42 vertebrate species with a high risk (>50% likelihood) of extinction within 20 years, 
freshwater fishes are the most imperilled, with 22 species at risk [9].   

Frogs are the second most imperilled group, with 8 species facing a high risk of extinction, although 4 
are probably already extinct [2,10]. Likewise, 6 reptile species face a high risk of extinction, but 2 are 
probably already extinct [7,10]. Four bird species face a high risk (as do an additional 8 subspecies), with 
3 probably already extinct, and 2 mammals, with 1 probably already extinct [8,10]. Although many more 
mammals are highly threatened, most are now safer from extinction because they have been introduced 
(or reintroduced) to islands and fenced reserves free of foxes and cats [15].  

Continuing the pattern of the past 2 centuries, invasive species are the most prevalent threat to the 
species at highest risk of extinction. Of the 37 at-high-risk animal species for which threats have been 
rated, 31 (86%) are threatened to a high degree by invasive species and 36 (97%) to a medium or high 
degree. The invasive threats comprise more than 20 different species. Predators and pathogens 
dominate, with the most prevalent threats being chytrid fungus (the main threat to frogs) and trout (the 
main invasive threat to freshwater fishes). All it would take to eliminate a galaxiid fish endemic to a 
waterway would be for ‘an uninformed or unsympathetic angler’ to introduce brown or rainbow trout or 
another predatory fish [9]. Several invasive ungulates (pig, deer, horse) are medium-impact threats.  

Most at-risk species are threatened by several factors – an average of 3.7 high-impact threats per at-risk 
species (including 1.2 invasive species on average). The other major threats are climate change and 
extreme weather events (23 species), habitat loss, degradation and fragmentation (21 species), 
disrupted population processes (20 species) and adverse fire regimes (19 species). The threats to 
reptiles are poorly understood; no threats to 4 at-risk species could be rated [16]. 

Although there have been surprisingly few verified plant extinctions in Australia, the large numbers of 
highly threatened plants suggest a ‘looming extinction debt’ [17]. Close to half of >600 species listed as 
endangered or critically endangered by federal or state/territory governments are known from fewer 
than 250 individuals and about 10% from fewer than 50 individuals.  

A recent expert assessment identified 49 species (and 6 subspecies) at high risk of extinction within 10 
years and another 187 taxa at medium risk of extinction (10–100 years)  [17]. At high risk are extremely 
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rare plants (<250 plants or a single population) with continuing declines. Plants at medium risk have low 
numbers (typically <2500) and continuing declines.  

Most at-risk plants have suffered historical declines due to habitat destruction, and survive as small, 
fragmented populations vulnerable to loss and degradation through a myriad of threats acting in 
concert  [17]. Invasive species (disease, feral herbivores and weeds) are a major threat to at least a third 
of the species, along with adverse fire regimes (24%), urbanisation (21%), climate change (13%) and 
grazing by native or domestic herbivores.  

However, a recent invader is about to dramatically increase the extinction risks for plants in Australia’s 
most iconic family, the Myrtaceae. A study published in 2021 has predicted the likely extinction of 16 
widespread rainforest trees within one generation due to myrtle rust – ‘a plant extinction event of 
unprecedented magnitude’ [18]. Another 20 species may also be at risk but require more monitoring. 
Although myrtle rust has been in Australia only a short time (first detected in 2010), it is already 
infecting more than 350 species. Native guava (Rhodomyrtus psidioides), formerly common on rainforest 
edges, is already nearly extinct and likely to be replaced in many places by lantana, a weed that 
increases the flammability of rainforests [19]. 

Taking these additional extinctions into account, invasive species – myrtle rust, phytophthora, feral 
herbivores (rabbits, goats, deer, horses) and weeds – are significant drivers of at least 35 (54%) 
predicted imminent extinctions of plants. 

Overall, invasive species are the most prevalent driver or contributor to the decline of animal and plant 
species at high risk of imminent extinction – impacting to a medium or high degree 74% of the species. 
Other major threat categories are habitat loss, degradation and fragmentation (42%), climate change 
(38%); disrupted population processes (32%) and adverse fire regimes (29%).  

The 15 invasive species (plus several unspecified weed species) most likely to cause or contribute to 
imminent extinctions include those that have been long established in Australia, such as trout, 
phytophthora and cats, but also more recent arrivals. Chytrid fungus probably arrived in the late 1970s, 
and myrtle rust, now the most prevalent risk for imminent extinctions, just over a decade ago.  
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Climate change is expected to cause extinctions 
when native plants and animals are prevented 
from migrating out of their hotter or drier habitats 

to more suitable climates. But for many species a more 
imminent or serious threat will be the opportunities 
created by climate change for invasive species to 
proliferate and cause more harm.

Invasive species have already caused many extinctions 
and are one of the major causes of decline of native 
species and ecosystem degradation. The 2009 
assessment of the vulnerability of Australia’s biodiversity 
to climate change noted that in many cases the impacts 
of invasive species benefiting from climate change are 
likely to exceed the direct impacts of climate change.1 

1. Devastating invaders
Globally, invasive species have been recognised as the 
most serious threat to biodiversity after habitat loss.2 
Along with habitat loss and climate change, they are one 
of the top three threats to Australian species.3 

Australia has lost by far the highest number of mammal 
species in recent times, with foxes or cats (and rabbits 
to some degree) implicated in most of these extinctions. 
Many birds on islands have been wiped out by 
introduced rats, and an exotic fungus has caused the 
extinction of at least four frog species (see Box). 

The threats are escalating as new species become 
established and as existing invaders proliferate and 
spread. Just one exotic pathogen Phytophthora 
cinnamomi threatens hundreds of endemic plant 

species in Western Australia,6 and numerous mammal 
species need protection from foxes and cats. Weeds 
are increasingly dominating many ecosystems, 
fundamentally altering their composition and function. 
More than 80% of federally threatened ecological 
communities are threatened by weeds.7 Rabbits have 
prevented woodland regeneration over vast areas, and 
goats, pigs and other hard-hoofed feral animals are 
causing widespread degradation. Marine invaders have 
transformed coastal ecosystems, becoming dominant 
predators or filter feeders. 

2. Climate change – driving diverse 
changes
Since 1950, Australian average temperatures have 
increased by 0.9ºC, and average rainfalls have dropped 

in coastal eastern Australia, Victoria, and south-west 
Australia.8 Climate models suggest these trends will 
intensify as atmospheric carbon dioxide levels continue 
to rise (see box next page). Emissions are increasing 
at a rate currently exceeding the worst-case emissions 
scenarios of the Intergovernmental Panel on Climate 
Change.9 

3. Climate change impacts on  
species and ecosystems
Different species will respond to climate change in 
different ways. CSIRO researchers Mike Dunlop and 
Peter Brown outline three models of response.11 

The most prevalent model predicts that species will 
move gradually and at different rates as the climate 
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Living in a warmer,  
wilder, weedier world

22 mammals5 (16 species, 6 subspecies) due largely to 
predation by foxes and/or cats, with rabbits also implicated as 
a contributing factor in some cases. 

Across much of Australia all native mammals weighing 
between 35 grams and 5.5 kilograms have disappeared. 

Nine species survive only on cat- and fox-free islands or 
inside large fenced enclosures. 

13 island birds (3 species, 10 subspecies) due to predation 
by black rats (Rattus rattus), cats and pigs, and competition 
from introduced birds and honeybees.

4 (but probably 6) frogs due to infection by chytrid fungus 
(Batrachochytrium dendrobatidis) in eastern Australia.

 2 endemic rodents on Christmas Island due to infection by a trypanosome blood parasite from introduced black rats.

The extinction toll of Australian animals  
due to invasive species4

Pig Footed Bandicoot ((Chaeropus ecaudatus).
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changes – ‘gradual changes in distribution’ – to maintain 
a similar climatic niche. The obvious conservation 
response is to ensure that species are able to migrate, 
by removing barriers to movement and creating corridors 
to potential habitats. However, many species will not 
move: plants are often constrained by soils rather than 
climate and other species are constrained by biological 
factors such as competition or predation. Although the 
model is “intuitively appealing”, and allows for simple, 
directional predictions, Dunlop and Brown caution that 
the preference for it may not reflect reality. For invasive 
species, this model implies their ranges will also gradually 
change in response to changing climatic conditions. 

Another model – “rapid changes in distribution”12 – 
predicts range expansion for some species that can take 
advantage of changing conditions. Fire pioneers, for 
example, will benefit from more fires; wind- and water-
dispersed species may benefit from more cyclones 
and floods; and higher CO2 levels will give some plant 
species a competitive edge. This model is particularly 
pertinent for those invasive species likely to benefit 
from more extreme events or more CO2. The impact of 
these climate change “winners” may be detrimental to 
some native species. In some cases, native species that 
benefit from the changes may also become invasive. 
Conservation responses to this model include addressing 
the threats caused by climate change “winners”. 

A third model – “changes in abundance” – predicts 
that climate change will affect the abundance of some 
species rather than their distribution. Some species 
will decline and others will proliferate, and that in turn 
will affect ecosystem structure and function. Species 
vulnerable to climate change may retract to climate 
refuges, such as cooler or wetter locations in their 
range. Some invasive species are likely to become more 

abundant and increase pressure on declining species. 
Conservation responses to this model include protection 
of refugia for declining species and control of threats 
deriving from more-abundant species. 

All three models are likely to account for some 
changes,13 and under each, it is likely that invasive 
species will strongly affect how native species and 
ecosystems fare under climate change.

4. Invasive species – overall winners 
under climate change
Under climate change, some species will decline and 
others will thrive. Winners and losers will include invasive 
species. The cane toad, for example, is expected to 

expand its range further south,14 but rising temperatures 
would constrain rabbit breeding.15 Some invasive species 
will benefit in some places and decline in others. 

This does not mean there will be an overall balancing 
out: for a variety of reasons invasive species are overall 
likely to cause more harm under climate change. 

One reason is that many invasive species are generalists 
and highly adaptable, able to tolerate or take advantage 
of change and disturbance.16 Many weeds are weedy 
because they thrive over a wide range of climatic 
conditions. 

An increase in extreme events in particular will offer 
new opportunities for invasive species to proliferate and 
spread – weeds colonise bare patches after droughts, 
fires and cyclones; and foxes and cats prey on animals 
whose shelter is destroyed by those events.17 We know 
from past experience that extreme events promote 
invasions: floods in the 1970s spread carp (Cyprinus 
carpio) throughout the Murray-Darling system18 and athel 
pine (Tamarix aphylla) along hundreds of kilometres of 
the Finke River in central Australia.19 Carp are now the 
most abundant big fish in the Murray-Darling and athel 
pine is a weed of national significance.

Native species and ecosystems stressed by climate 
change will be less competitive and more vulnerable to 
threats by invasive species. Stressed plants, for example, 
would be more vulnerable to diseases like phytopthora 
dieback or displacement by weeds. 

Human responses to climate change are likely to provide 
new invasive opportunities – with the introduction 
of weedy biofuel crops or the spread of weeds in 
fodder after droughts and other extreme events – and 
less control of existing invaders. If farmers are under 
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Climate change predictions for Australia
By 2050, annual warming in Australia is predicted 
to range from 1.5 to 2.8ºC for the highest emissions 
scenario, increasing to 2.2 to 5.0ºC by 2070. 

Reduced average rainfall is predicted over most of 
Australia. 

By 2070, for the highest emissions scenario the 
predicted range of change in southern areas is from a 
30% decrease to a 5% increase, little change in the far 
north and from -30% to +20% in other areas. 

More droughts are expected over most of Australia: by 
2070 up to 40% more droughts in eastern Australia and 
up to 80% more in south-western Australia. 

There is a substantially increased fire risk in  
south-eastern Australia; the risk has not been  
assessed elsewhere.
Source: CSIRO and the Bureau of Meteorology10
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economic stress due to extreme weather events and 
governments have other climate-related budgetary 
demands, we can expect less focus on weed and pest 
control. In addition, some herbicides and biological 
control agents may be rendered less effective under 
climate change.

5. Interactions between climate change 
and invasive species
Climate affects the distribution, abundance and 
behaviours of invasive species. It also affects native 
species and ecosystems, and human behaviours with 
invasive species (see Figure 1). Conversely, some 
invasive species exacerbate climate change (see  
section 5.5). There are uncertainties with all these factors 
– climate, its impacts on native and non-native species, 
and future human actions – which make predicting 
interactions very difficult.20 Invasive species can initiate 
complex, unpredictable cascades of change. High levels 
of uncertainty are unavoidable, and policies therefore 
should make allowances for inevitable “ignorance, 
imprecision, stochasticity, and surprise”.21  

However, we can identify likely trends and patterns of 
change, which is essential to developing strategies to 
prevent the interacting threats. Here we give examples 
of likely changes in three interactive categories: the 
interactions of invasive species with climate factors 
(abiotic interactions), with other species affected by 
climate change (biotic interactions) and with human 
actions in response to climate change (anthropogenic 
interactions). Table 1 (page 6) also exemplifies the 
variety of predicted interactions that are likely to lead to 
increased weed, pest and disease threats. 

5.1 Interactions with abiotic changes 
– temperature, rainfall, CO2, extreme 
events, fire
Following are a few examples of invasive species 
expected to directly benefit from future climate patterns, 
such as higher average temperatures and more extreme 
events. They are predictable to some extent based on 
current patterns of invasion.

•  Changed rainfall patterns: Southwest Western 
Australia is in the grip of a plant disease – 
phytophthora dieback – that has infected a million 
hectares of native bush, threatening dozens of 
species found nowhere else.22 Climate change is 
expected to bring more rain during summer, which 
would spread the disease more rapidly because the 
spores travel with flowing rainwater. This could result 
in plant extinctions and ecosystem collapse.23 The 
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HUMANS
behaviours, 

demographics

NATIVE SPECIES
Distribution, 

abundance, behaviour

CLIMATE CHANGE
Rainfall, temperature, extreme events (floods, droughts, cyclones), fire

INVASIVE SPECIES
Distribution, abundance, behaviour

Figure 1. Complexity of interactions between climate change and invasive species.
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disease could also worsen in south-eastern Australia 
if there are wetter summers and warmer winters 
under climate change.24

•  More-intense cyclones: Lurking in many gardens 
in the Wet Tropics are exotic plants that have not 
yet had the right conditions to spread beyond the 
garden fence. More-intense cyclones under climate 
change bringing forest damage and flooding could 
provide opportunities for their spread. Many of them 
are rainforest plants that could colonise clearings in 
rainforest.25

•  Warmer temperatures: Foxes are already 
increasing their numbers at higher altitudes in the 
Australian Alps as the climate warms. Vulnerable 
native animals include the endangered mountain 
pygmy possum and broad-toothed rat. Weeds too 
will spread further up the slopes, pushing out less 
competitive native species.26 

Most aquarium fish are from tropical waters, so 
increases in average water temperatures will provide 
more habitat for released or escaped fish.27 

•  More fire: Exotic pasture grasses in northern 
Australia up to 4 metres tall fuel fires so intense they 
can kill trees. In a damaging cycle that can turn 
native woodlands into exotic grasslands, such fires 
promote yet more grass invasion.28 Climate change 
could increase the frequency of fires, facilitating the 
further invasion of exotic grasses. 

5.2 Interactions with biotic changes 
Following are examples of how invasive species may 
benefit from changes to other organisms caused by 
climate change. They are much harder to predict 

because they involve a sequence of interactions. 

•  Reduced competitiveness and increased 
vulnerability of native species: Plants and 
animals stressed by climate change-induced 
drought are likely to be more susceptible to disease 
– during drought southern hairy-nosed wombats 
are more susceptible to mange caused by an exotic 
mite, for example.29 (Conversely, native animals 
under stress due to predation by foxes or cats or 
habitat degradation by goats or deer are likely to 
be more vulnerable to stress caused by a changing 
climate and less able to adapt.) 

When plants die due to drought and other climate 
stresses, their place is likely to be taken by weeds 
such as serrated tussock (Nasella trichotoma), 
which are often rapid colonisers.30 

More fires under climate change can lead to 

less vegetation cover for native species, such as 
endangered eastern bristlebirds,31 exposing them to 
more predation by foxes and cats.  

•  Less effective control of invaders: Some 
biological control agents may become less 
effective under climate change. Under experimental 
conditions of high CO2 and temperature, a leaf-
miner (Dialectica scalariella) introduced as biocontrol 
for Paterson’s curse (Echium plantagineum) became 
less effective because of reduced nutritional quality 
of leaves.32 (Conversely, some biocontrol agents are 
likely to become more effective.) Glyphosate, the 
most important herbicide, is also likely to become 
less effective under climate change.33

•  Compromised dispersal of native species: Many 
native plants that need to migrate southwards in 
response to higher temperatures rely on birds to 
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• Many invasive species are highly adaptable, tolerant of a wide range of conditions and advantaged by disturbance.

• Extreme events often facilitate biological invasions. 

• Native species under stress are less competitive with and more vulnerable to invasive species.

• Human responses are likely to provide more invasive opportunities and may result in less effective control. 

Why invasive species will be overall winners under climate change
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spread their seeds. But in many areas fruit-eating 
birds, including currawongs, figbirds and silvereyes, 
now live largely upon the fruits of weedy garden 
plants, and the seeds of weedy camphor laurel, 
privet and others are more likely to be dispersed 
than the seeds of native plants. Weedy shrubs and 
trees can produce larger crops of fruit than native 
plants because they are not attacked by insects 
or diseases that control them in their countries of 
origin.34

5.3 Interactions with  
anthropogenic changes
Following are examples of how invasive species may 
benefit from human responses to climate change. 

•  New agricultural and horticultural products: 
There are plans to grow vast areas of biofuels such 
as giant reed (Arundo donax) and jatropha (Jatropha 
curcas) in Australia. Giant reed is a catastrophic 
riparian weed in the US, costing millions of dollars to 
control, and jatropha is also a significant weed.35 

Breeders are developing new drought-tolerant and 
hardier plant varieties for gardens and pastures. 
Many of the species are already weedy, and hardier 
cultivars could increase their invasion into natural 
areas.36 With an increased potential for hybridisation 
and genetic recombination, some could become 
super-invaders.37 New drought-hardy breeds of 
goats could breed with feral goats, exacerbating their 
impacts. 

•  Introductions in new areas: There is considerable 
talk of agriculture moving north as conditions 
become drier in southern Australia under climate 

change. This would inevitably result in the 
introduction of new potentially invasive species. 

•  Less control effort: A recent NSW survey found 
that feral animal numbers did not decline during 
a drought, attributed to fewer control efforts by 
farmers under economic stress.38 The challenge of 
coping with climate change events may compromise 
the control of pests and weeds. Governments may 
have less money to direct to such efforts. 

See Table 1 (next page) for further examples of potential 
interactions between climate change and invasive 
species, with more detailed interaction categories.

5.4 Native invaders under climate 
change
Some native species are likely to do much better than 
others under climate change – surviving extreme events, 
migrating into new areas, or flourishing under new 
weather patterns – and the more successful species 
could become so dominant they suppress biodiversity, 
and effectively become native weeds or pests. 

Australia already has many native plants considered 
weeds39, either because they have spread from 
cultivation into new areas or because they have 
multiplied from human impacts and outcompete other 
native species. Because of this we need to think carefully 
about what “invasive” may mean in the future. Is a newly 
arriving native plant or animal an invader or something 
responding as it should? 

Laughing kookaburras are an example.  They have 
moved higher in the Australian Alps and are hunting 
alpine skinks, which have not previously been subject to 
bird predation and are highly vulnerable because they are 

live-bearers and need to bask in the sun for incubation.40

Climate change is likely to result in more invasions 
by native species when they shift or are shifted due 
to climate change. Some of the worst weeds – eg. 
pittosporum (Pittosporum undulatum) and cootamundra 
wattle (Acacia baileyana) – are Australian. Native species 
threatened by climate change may be deliberately shifted 
to new locations with more suitable climates, running the 
risk that they will become invasive.41

5.5 Invasions that increase greenhouse 
gas emissions
Some invasive species can exacerbate climate change 
by increasing greenhouse gas emissions (and some have 
the opposite effect42). But this has not yet received much 
research focus.

Weeds can change rates of carbon sequestration and 
decomposition and promote fire. Flammable weeds such 
as gamba grass and mission grass promote more and 
higher intensity fires that kill sapling trees and sometimes 
adult trees and promote grass invasion – a positive 
feedback loop (see Box 3).43 Lower tree density reduces 
carbon storage in woodlands. Many of Australia’s major 
weeds are large flammable grasses: molasses grass 
(Melinis minutiflora), para grass (Urochloa mutica), 
veldt grass (Ehrhata calycina), buffel grass (Pennisetum 
ciliare), and African lovegrass (Eragrostis curvula) and 
the proposed biofuel giant reed (Arundo donax) as a 
potential major weed). 

Weeds can increase emissions by stimulating higher 
rates of soil carbon decomposition and reducing carbon 
stores.44 Some weeds that invade wetlands – willows 
(Salix spp.), for example – release methane, which they 
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Changed conditions         Introduction & naturalisation of invasive species         Spread & proliferation of invasive species          Other potential advantages for invasive species

ABIOTIC CONDITIONS (climate, fire & CO2)
Altered temperature and 
rainfall patterns

A warmer Antarctic peninsula is more favourable for establishment 
of seeds, insects or spores transported by visitors or blown by wind 
or stuck to birds. Alpine areas become suitable for more garden 
plants to establish. Warmer temperatures create more favourable 
habitats for released tropical aquarium fish.

Phytophthora  cinnamomi spreads in south-western WA due 
to a greater coincidence of warmer and wetter conditions. 
Weeds and feral animals (eg. foxes) move higher into alpine 
areas. Warmer temperatures accelerate the life cycle of 
invasive pathogens and insects.

More droughts More drought tolerant plant species/varieties are introduced. Weeds (eg. serrated tussock) colonise bare patches,  
replacing native plants killed by drought. Some invasive 
animals increase populations more quickly after droughts. 

Invasive plants and animals are able to dominate resources 
and refuges during drought and recover more quickly.

More/more-intense  
cyclones & floods

Exotic fish are washed out of ponds into wetlands. Weed seeds are 
washed/ blown from gardens and paddocks into bushland.  

Weeds spread with flood waters, eg. athel pine, lippia, and 
they may be able to colonise faster than native species. 

Violent weather destroys competing native  
vegetation.

Intensifying fire regimes Flammable pasture grasses spread with more fire and  
promote fire. Weeds spread along fire tracks.

Wildlife is more exposed to foxes and cats due to loss of 
vegetation cover.

Higher CO2 levels Weeds that become more water efficient under higher CO2 
levels spread into drier areas. Increased asexual repro-
duction of weeds due to greater below-ground growth of 
rhizomes and roots. 

Some biocontrol agents and herbicides become less effective. 
Some native species benefit less from CO2 fertilisation than 
competing weed species.

BIOTIC CONDITIONS (other species affected by climate change)
Native species moving Some native species moving to new ranges become invasive. Hosts or vectors (eg. mosquitoes) of invasive pathogens 

move into new areas. Changed migration patterns of frugi-
vores spread weeds into new areas.

Movement of native species provide more resources for 
invasive species, eg. prey for predators.

Native species &  
ecosystems stressed

Plant death creates spaces for colonisation by weeds. 
Animal deaths create more resources for some invaders.

Stressed organisms are more vulnerable to invasive patho-
gens, eg. wombats to mange and plants to phytophthora 
dieback.

ANTHROPOGENIC CONDITIONS (human responses to climate change)
New products &  
industries, relocations

Agriculture shifts north, and new weed, pest and disease species are 
introduced. Climate refugees inadvertently or deliberately introduce 
new invasive species into the country.

Disturbance/clearing in new areas for agriculture provides 
opportunities for invasive species to spread.

Climate change  
mitigation & adaptation, 
response to extreme events

Weedy biofuel plants are cultivated. Invasive trees are cultivated for 
carbon credits. New drought-hardy plants are introduced for gardens 
and pastures. Some native species shifted into new areas to save 
them from climate change become invasive.

Fodder distributed in response to droughts and floods 
spreads weed seeds. 

Due to economic stress, there is less control of feral animals 
by landowners and governments.  
Governments reduce budgets for control programs.

Table 1 Examples of potential interactions between climate change and invasive species.
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extract from the mud they grow in.45

Below-ground invaders such as earthworms can 
increase decomposition rates and reduce soil carbon 
stores – by making conditions favourable for more-rapid 
decomposers (eg. bacteria over fungi) and for low-
biomass tree species, for example.46

Worldwide, emissions from livestock are estimated to 
account for about 14% of greenhouse gas emissions.47  
Most feral animals in Australia – pigs, goats, deer, 
donkeys, horses, cattle, buffalo, rabbits – emit 
methane and nitrous oxide (as byproducts of bacterial 
fermentation of cellulose) and therefore contribute to 
greenhouse gas emissions. Feral animals are responsible 
for an estimated 4-5% of the Northern Territory’s 
emissions.48 

These herbivores can also contribute to climate change 
by changing the structure and composition of the 
ecosystems they invade. The most profound impacts 
occur when herbivory both damages trees and prevents 
subsequent recovery of forests.49

Invasive leaf-eating insects and plant pathogens can also 
substantially reduce carbon uptake by forests. Large-
scale disease and herbivory is turning some northern 
hemisphere forests from carbon sinks into carbon 
sources.50 Longer-term impacts on carbon uptake 
depend on which species replace trees killed. 

Predators can also affect the carbon dynamics of forests. 
Invasive yellow crazy ants (Anoplolepis gracilipes) are 
changing the structure and composition of forests on 
Christmas Island. By preying on the red crabs that 
process leaf litter, they reduce the decomposition of 
forest litter (which would reduce emissions). But by 
protecting honeydew-secreting scale insects from 

predators, they increase the growth of sooty mould, 
which reduces photosynthesis and leads to canopy 
dieback and sometimes tree death (which is likely to 
increase emissions).51

6. Responding to the double trouble of 
climate change and invasives
Worldwide, climate mitigation efforts so far have failed 
dismally and trends in greenhouse gas emissions 
exceed worst-case IPCC scenarios.54 Attention is 
turning increasingly to how native species and ecological 
communities can be supported to survive the inevitable 
changes. 

Invasive species are already a major threat to biodiversity, 
and likely to cause more extinctions in Australia even 
without climate change. Climate change strengthens the 
imperative for addressing such threats. 

Climate adaptation measures should address invasive 
species threats in three ways:

(1)  Reduce existing invasive species threats to 
increase the capacity of native species and 
ecosystems to adapt to climate change;

(2)  Control invaders or potential invaders likely to 
benefit under climate change; and

(3)  Prevent new introductions, ensuring that responses 
to climate change do not create new invasive 
species problems. 

Climate mitigation measures should also include 
addressing invasive species threats:

(4)  Control invasive species that contribute to 
greenhouse gas emissions.

Reduce invasive threats to increase capacity for 
adaptation

Extinctions are often the result of multiple, cumulative 
threats. Reducing other threats is essential to providing 
species with the best prospects of surviving and 
adapting to climate change. With invasive species one of 
the top three threats to biodiversity, they should be a very 
high priority in efforts to facilitate adaptation to climate 
change. 

Some species have survived past climate change by 
retracting to refuges. Identification and protection of 
refuges from invasive species and other threats should 
be a high priority. Fire refuges, for example, need 
protection from invasion by flammable weeds and 
drought refuges from predation by cats and foxes and 
exotic competitors for resources. 

Control invaders likely to benefit under climate 
change

Climate change will change priorities for managing 
invasive species, with new threats emerging, some 
existing threats increasing and others declining. It is 
prudent to substantially reduce the number of potential 
invasive species (eg. eradicate sleeper weeds) and 
control species likely to exert the most serious threats. 
For example, there should be programs to eradicate 
garden plants that could spread into the Wet Tropics 
after cyclones or invade warming alpine areas. A 
national priority should be fighting the dieback disease 
Phytophthora cinnamomi, as it is a major threat that 
could get much worse in some areas under climate 
change. 

fact sheetInvasive species and climate change
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Prevent new harmful introductions

While Australia has a good risk assessment process 
for introductions of new species from overseas, most 
species imported prior to 1997 (when risk assessment 
was introduced) have never been assessed and can be 
freely imported. Most states and territories regulate the 
use of only a very small proportion of invasive species, 
allowing new introductions without risk assessment. For 
example, the highly invasive riparian weed giant reed 
(Arundo donax) that costs millions of dollars annually to 
control in California can be grown for biofuels in Australia 
without risk assessment. New hardier varieties of existing 
weedy garden plants or pasture plants that could greatly 
exacerbate their threats can also be introduced without 
assessment. 

It is also important to ensure that any translocation of 
native plants and animals to more suitable habitats 
under climate change does not lead to them becoming 
invasive. 

Reduce greenhouse gas emissions by reducing 
invasive threats 

Some invasive species threats could be addressed as 
part of efforts to reduce Australia’s greenhouse gas 
emissions. A high priority should be to limit the spread 
of flammable weeds that both increase fuel loads well 
beyond natural levels and increase emissions due to 
more fires and in some cases the death of trees. 

There would be both biodiversity and mitigation benefits 
in reducing the numbers of feral animals in many areas. 

It is also very important to ensure that climate mitigation 
efforts do not increase invasive species threats. For 
example, trees planted as carbon sinks should not be 
invasive species.

7. Conclusion
The already dire impacts of invasive species are likely to 
be exacerbated under climate change. That invaders are 
increasing most where temperatures have risen the most 
– the Australian Alps – is an early warning of potentially 
momentous changes. More frequent or severe extreme 
events are of particular concern as previous experience 
shows they can dramatically boost weed and pest 
invasions.

Invasive species management should be a major 
part of adapting to climate change. Some of the new 
spending for climate change adaptations should go to 
understanding and reducing climate-boosted invasive 
species threats. There needs to much greater public 
support for action on invasive species. And as well as 

taking public transport and using low-energy lightbulbs, 
householders should remove potential invaders from 
their environment as part of their own climate change 
response.

Summary of recommendations
Reduce invasive threats to increase capacity for 
adaptation

•  Reduce invasive species and other threats to native 
species and ecological communities likely to decline 
under climate change.

• Protect likely climate change refuges from threats, 
including those due to invasive species. 

fact sheetInvasive species and climate change
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Some interactions between invasive species and climate change are particularly worrisome because they exacerbate positive 
feedback loops – problems cyclicly begetting worse problems. 

Flammable invasive pasture grasses such as gamba grass (Andropogon gayanus) and mission grass (Pennisetum polystachion) 
promote fire by providing very high levels of dry fuel for fire.52 They also benefit from fire by increasing in its wake. Climate 
change is likely to intensify fire regimes, which in turn will promote more exotic grass invasion, tree death and higher greenhouse 
gas emissions.

The damage that cyclones cause to rainforests promotes invasion by exotic vines such as blue thunbergia (Thunbergia 
grandiflora) and turbina (Turbina corymbosa). Vine invasion prevents canopy recovery, rendering forests more vulnerable to future 
cyclone damage and vine invasion. Climate change is predicted to increase the intensity of cyclones, exacerbating this cycle.53 

Tree pathogens that benefit under climate change – Phytophthora cinnamomi in southwest Australia, for instance – can render 
trees more vulnerable to the impacts of climate change (eg. drought or fire) and contribute to greenhouse gas emissions when 
trees are killed. Weeds may take the place of trees killed. 

There are human-based feedback loops as well. The more invasive species that establish, the less many people are inclined to do 
about it – due to the feeling that the problem is too big and hopeless. Climate change will exacerbate this trend by driving even 
more environmental problems. Promoting motivation to avert invasive species threats is a key climate change challenge.

Positive feedback loops of invasive species and climate change
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Control invaders likely to benefit under climate 
change

•  Develop programs to prevent potential invasive 
species threats under climate change, including 
eradicating potential weeds from gardens in the Wet 
Tropics and alpine areas.

•  Direct strong research and control efforts to 
invasive species likely to exert the highest threats to 
biodiversity under climate change, eg. Phytophthora 
cinnamomi and flammable invasive pasture grasses. 

Prevent new harmful introductions
•  Adopt a permitted list approach to exotic species at 

the state level that permits release only if they pose 
low invasive risks.

•  Ensure that all new cultivars or breeds of  
existing weedy or pest species undergo risk 
assessment and are permitted for import or  
release only if they pose low risk. 

•  Subject biofuel crop species and other species 
proposed for widespread cultivation to risk 
assessment, permitting cultivation only for low-risk 
species.

•  Develop a national policy on translocation of native 
plants and animals that requires rigorous risk 
assessment of the invasive threat. 

Reduce greenhouse gas emissions by reducing 
invasive threats 

•  Develop programs to limit the spread of flammable 
weeds to limit the risk of intensified fire regimes and 
increased greenhouse gas emissions.

•  Fund control programs for feral animals as a 

mitigation measure. 

•  Ensure that climate change mitigation programs do 
not increase invasives species threats, eg. ensure 
that plants used for carbon sinks and biofuels are 
non-invasive.
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Invasive animals – particularly foxes, cats, rabbits 
and rats – have caused or contributed to dozens of 
extinctions in Australia, and threaten many of our 

most vulnerable native species. Goats, pigs, horses 
and other hard-hoofed feral animals cause serious 
degradation.2 

As with native species, climate change will benefit 
some invasive animals and cause others to decline. 

However, because disturbance and stress to native 
species and ecological communities often benefit 
invasive species, and because climate change will 
bring new invasive threats, the overall threat from 
invasive species is likely to increase. 

In many cases the increased threats from invasive 
species are likely to exceed the direct threats of 
climate change to native species.3

Here are some examples of what can be expected.

1. Range changes due 
to new temperature and 
rainfall patterns
New temperature and rainfall 
patterns may facilitate the 
establishment of new invaders 
and increase the impacts of 
others. 

There is already evidence of this occurring. After 
existing along the Victorian coast for almost a century, 
European green crabs (Carcinus maenas) invaded 
Tasmanian waters after a run of unusually warm 
winters in 1988 to 1991.4 As the climate warms, cane 
toads are predicted to expand southwards,5 and cats 
may be able to spread to some islands currently too 

wet for them that serve as sanctuaries from exotic 
predators.6 Tropical aquarium fish – the largest 
category of invasive animals in Australia – are likely 
to establish and spread further as waters become 
warmer.7

There are many changes afoot in the Australian Alps 
as temperatures rise. Foxes, hares (Lepus europaeus), 
house mice (Mus musculus), and feral horses (Equus 
caballus) are increasing at high altitudes.8 Bogong 
moths are arriving later, forcing endangered mountain 
pygmy possums (Burramys parvus), which eat 
them, to forage more widely. This makes them more 
vulnerable to predation by foxes, which also eat 
bogong moths.9 

However, some invasive species will suffer. Higher 
temperatures will disadvantage rabbits because they 
need cool weather for breeding.10 

2. Invasion opportunities 
with extreme events
Climate change is predicted 
to increase the frequency or 
severity of extreme events, such 
as cyclones, floods, droughts 
and fires, to the benefit of some 
invasive animals. 

By linking outdoor ponds with waterways and 
waterways with each other, floods spread feral fish, 
such as cichlids (Cichlidae) and carp (Cyprinus 
carpio).11 Storms and cyclones can destroy fences, 
allowing animals to escape from deer farms, game 
reserves and zoos. During cyclone Larry more than 
200 deer of various species escaped in the Wet 
Tropics.12 

More fires could increase predation by cats and 
foxes on declining species, by removing protective 
vegetation cover.13 Predation after fires is believed 
to be reducing numbers of the endangered eastern 
bristlebird,14 and probably contributed to the 
disappearance of numbats from arid Australia.15 In 
Victoria, predation of endangered pygmy possums 
increased after fires on Mount Buller.16 

After fires, feral herbivores can prevent regeneration. 
The entire population of the endangered tree 
Nematolepis wilsonii was destroyed during the 2009 
Victorian fires. Fences are needed to protect replanted 
saplings from feral sambar deer,17 which are the tree’s 
major threat.18 

Feral animals can compromise the capacity of native 
species to survive droughts – by depleting limited 
resources and dominating refuge areas. Rabbits 
probably contributed to the decline of rufous hare 
wallabies during droughts in central Australia.19
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“The ultimate outcomes 
are expected to be 
declines in biodiversity 
favouring weed and 
pest species (a few  
native, most introduced) 
at the expense of the 
rich variety that has occurred naturally 
across Australia.”
– The Garnaut Climate Change Review1
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3. Increased vulnerability 
to feral threats
The stress imposed by climate 
change is likely to increase 
the susceptibility of species to 
invasive animals. Increased fox 
predation on pygmy possums in 
the Australian Alps is an example of this. 

The converse is also true – that species or ecosystems 
threatened by invasive species are likely to be more 
vulnerable to climate change. For example, the 
grazing pressure of rabbits, goats and other invasive 
herbivores reduces the resilience of native plants to 
drought. 

Many marsupials – including bridled nailtail wallabies 
(Onychogalea fraenata), golden bandicoots (Isoodon 
auratus), banded hare wallabies (Lagostrophus 
fasciatus) and rufous hare wallabies (Lagorchestes 
hirsutus) – which survive only in the northern parts of 
their former range – may be particularly vulnerable 
because they have suffered from fox predation in the 
southern parts of their range but may no longer be 
able to survive further north.20 

Human responses can 
increase threats
Some human responses to 
climate change may exacerbate 
feral animal problems. If water is 
spread between catchments to 
avert shortages, aquatic pests 
such as tilapia (Oreochromis mossambicus) will have 
an opportunity to spread. 

Farmers struggling with drought or floods are less likely 
to control feral animals – this may have led to an increase 
in the abundance of some pest species in NSW from 
2002-04.21 Invasive ants can be transported when debris 
is cleaned up after cyclones,22 and fire breaks and tracks 
created for fire control can serve as conduits for feral 
animals.23 

New agricultural products or the shift of agriculture 
to new areas can also increase the threat of invasive 
species. For example, farmers may farm goats, which 
may escape into the wild, or introduce new hardier 
breeds that are more invasive. 

Invasive animals can 
increase emissions
Feral herbivores – including 
camels, goats, horses, 
donkeys, rabbits – emit potent 
greenhouse gases (methane, 
nitrous oxide) as a byproduct 
of cellulose digestion, accounting for more than 4% 
of estimated emissions in the Northern Territory.24 
Feral herbivores also indirectly increase emissions by 
limiting tree regeneration and thereby reducing carbon 
sequestration. 

Reducing the impacts of invasive animals and 
preventing their spread are essential to increasing 
the capacity of native species and ecosystems to 
adapt to climate change. See the Invasive Species 
Council fact sheet ‘Policy solutions for climate 
change and invasive species’.
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When the climate changes, some species 
benefit and others lose out. This is the case 
with exotic weeds as well as native species. 

So, with global warming, might a balance of sorts 
be struck, with those weeds at the limits of their heat 
tolerance being pushed back while those that tolerate 
warmer conditions expanding? 

That might be the case if climate change just involved 
increases in mean temperatures, but it is far more 
complicated than that. 

Climate change means more extreme weather events, 
greater stresses on native species and ecosystems, 
and climate-driven activities, such as the introduction 
of new, hardier pasture and garden plant varieties. 

Combined, these factors can be expected to push 
Australia towards an overall much weedier state. 

Often outcompeting native species, weeds are 
already one of the most serious threats to Australian 
biodiversity.2  There are at least 2700 exotic plants 
established, and many thousands more potential 
weeds.3 

Native species stressed by climate change 
will become more susceptible to destruction or 
displacement by weeds. Transformed ecosystems 
composed largely of weeds and vigorous native 
species may result.4  

With most terrestrial animals dependent on plant 
production, weed invasion can profoundly alter 
ecosystems and ecological processes.5 In many cases 
the impacts of invasive species benefiting from climate 
change are likely to exceed the direct impacts of 
climate change.6 

Here is an outline of some of the complex ways that 

climate change and weeds will interact to cause harm 
to Australian biodiversity (and agriculture as well).

Extreme weather equals more weed 
opportunities
When native vegetation is stressed 
or destroyed by droughts, fires, 
floods or severe storms, weeds gain 
new opportunities to replace native 
species.7 

There is a huge pool of invasive 
plants available to colonise bare 
spaces left by drought, fire and storm damage,8 and 
wind and flooding waters help spread weeds. 

Many of Australia’s worst weeds benefit from extreme 
events, including at least 13 of the country’s 20 Weeds 
of National Significance.9 Athel pine (Tamarix aphylla), 
for example, spread along 600km of the Finke River in 
central Australia after severe flooding in the 1970s and 
1980s, replacing river red gums. It could spread much 
further under climate change.10 

Serated tussock (Nassella trichotoma) benefits 
from bare patches created by droughts, marram 
grass (Ammophila arenaria) and bitou bush 
(Chrysanthemoides monillfera rotundata) from storms, 
and willows (Salix spp.) from floods. Climate change-
altered fire regimes will also favour some weeds, 
particularly fire-promoting exotic pasture grasses (see 
below). 

Range shifts due to temperature and  
rainfall changes
As mean temperatures increase, 
some weeds will be able to 
expand their range into new 
areas. The tropical weed prickly 
acacia (Acacia nilotica spp. 
indica) is likely to spread south11 
and athel pine could spread 
throughout inland rivers as far 
south as the Murray River in Victoria.

Lowland species such as lantana (Lantana camara) 

Many of Australia’s worst weeds benefit from extreme 
events, including at least 13 of the country’s 20 Weeds 
of National Significance.9 Athel pine (Tamarix aphylla), for 
example, spread along 600km of the Finke River in central 
Australia after severe flooding in the 1970s and 1980s, 
replacing river red gums. It could spread much further 
under climate change.10 
Photo: Athel pine infestation, courtesy Colin Wilson

Many weedy species will thrive in 
climate change’s wilder weather
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may be able to shift into the uplands.12 Weeds moving 
into alpine areas could have a particularly severe 
impact because many alpine plant communities 
are localised with rare endemic species, and there 
are numerous weed species at lower altitudes.13 On 
subantarctic Heard Island, the weed winter grass (Poa 
annua) has been spreading rapidly on deglaciated 
sites.14

Weeds constrained by rainfall may also find new 
habitats under new climate conditions. Lantana and 
mist flower (Eupatorium riparium), for example, could 
expand if rainfall increased in some areas.15

Increased invasiveness due to  
carbon dioxide fertilisation
C3 weeds (using one of two types 
of photosynthetic pathway, which 
responds to higher levels of CO2) 
such as parthenium (Parthenium 
hysterophorus) may grow more 
rapidly under higher carbon 
dioxide levels and become more 
competitive.16 

CO2 can affect plant and leaf size, seed size and 
production, the nutritiousness of leaves to herbivores, 
plant toxicity and pollen production. 

Nitrogen-fixing weeds, such as brooms, gorse and 
acacias may especially benefit because growth 
stimulated by CO2 will not be constrained by low 
nitrogen levels.17 

Under high CO2, C3 plants are likely to become more 
water-efficient,18 potentially allowing weeds such 
as prickly acacia and rubber vine (Cryptostegia 
grandiflora) to move into drier habitats.19 

Vines respond strongly to higher CO2 levels,20 and 
there are many highly damaging invasive vines (eg. 
cat’s claw Macfadyena unguis-cati and rubber vine) 
that could benefit. 

Higher CO2 levels are likely to reduce the effectiveness 
of glyphosate, the main chemical used to control 
environmental weeds in Australia.21

Increased dispersal & pollination of 
weeds from animal behaviour changes
If fruit-eating birds arrive earlier and leave later for 
migration, as has been occurring, 
fruit-bearing weeds may benefit 
from greater dispersal. 

Higher temperatures and other 
factors are likely to increase 
insects’ breeding cycles and 
provide more weed pollination.22 

As animals, including invasive species, move into new 
areas in response to climate change, they are likely to 
spread weeds or create disturbance advantagous for 
weeds. 

Transformations due to feedback loops
Some weeds create positive 
feedback loops that may 
be exacerbated by climate 
change, and result in ecosystem 
transformations. 

Flammable weedy pasture 
grasses, such as gamba 
grass (Andropogon gayanus) and mission grass 
(Pennisetum polystachion) may convert large tracts of 

eucalypt woodland into treeless plains, as they both 
promote fire and are promoted by fire, a trend likely to 
be exacerbated by climate change.23

When weedy vines flourish after cyclones, they retard 
rainforest regeneration and increase the vulnerability 
of rainforests to future cyclone damage, which benefits 
vines.24 

Native ecological communities already under pressure 
from weed invasions are likely to be more vulnerable 
to climate change, which in turn will render them more 
vulnerable to weed invasion, creating a feedback loop 
leading to greater losses of native species.

Climate change will render native species more 
vulnerable to weeds either directly or indirectly, for 
example by facilitating the spread of the serious plant 
disease caused by Phytophthora cinnamomi, which 
is expected to benefit from wet periods increasingly 
coinciding with warm soil temperatures.25

More weed opportunities due to human 
climate change responses
In their responses to climate 
change, humans are likely to 
introduce more weeds and create 
more opportunities for invasion. 

Many crops proposed for biofuels 
– jatropha (Jatropha curcas) and 
giant reed (Arundo donax) for 
example – are serious weeds.26 
New hardier pasture and garden plants developed 
to withstand drier conditions expected under climate 
change are likely to have a high weed risk.27

Agricultural adaptations to climate change, including 
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new products and shifts into new areas, will also 
create more opportunities for weeds. 

More weeds will be one of the inevitable results of 
the proposed shift of more intensive agriculture into 
northern Australia. If graziers switch from sheep to 
cattle, prickly acacia will spread, as cattle disperse 
more seeds.28 

Behavioural changes in response to extreme weather 
events often facilitates weed invasion: weed control 
is a lower priority when there are floods or droughts, 
clean-ups after cyclones may spread weeds and 
overgrazing during droughts promotes unpalatable 
weeds.29

Reducing the impacts of weeds and preventing new 
weeds are essential to increasing the resilience of 
ecosystems and giving native species the best chance 
to deal with the adverse impacts of climate change. 
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Attachment 5. Considerations for biodiversity and 
carbon markets relevant to invasive ungulates 
Invasive species Council, November 2023 

1. Payments should be linked to demonstrated population reduction and environmental benefits at a 
landscape scale.   

2. There must be ongoing suppression after the population has been reduced. The majority of 
payments shouldn’t be linked to the initial population reduction, but to the ongoing maintenance of 
a low population density (below a damaging threshold). Credits must be lost/repaid if populations 
rebound due to inadequate management.  

3. Programs should be focused on the management of all ungulates, not just particular species.  

4. There must be rules to stop landholders allowing invasive ungulate numbers to build up prior to 
participating in the market to make it easier to access credits.  

5. There must also be rules to ensure additionality where land managers already have responsibility to 
control invasive species.  

 



Attachment 6. Strengthening regulation of plant 
pathways 
Invasive Species Council, November 2023 

Extracted and modified from the Invasive Species Council’s draft State of Environmental Biosecurity 
Report. While additional information relevant to New South Wales has been added, much of the focus is 
not specific to New South Wales.  

What are the naturalisation trends in New South Wales?  

New South Wales is undergoing extensive botanical homogenisation – at least 22% of the state’s flora is 
now non-indigenous (Table 1), although most introduced species are far from achieving their full 
potential distribution.  

New South Wales faces an enormous plant invasion debt due to the large number of: 

● locally naturalised species with the potential to spread and become invasive 
● potential weeds (based on an invasion history elsewhere) present but not (yet) naturalised – 

cultivated in gardens or paddocks  
● non-native species present in Australia that are permitted for trade into the state.  

Although new potentially invasive plant species will continue to enter Australia – (a) through permitted 
imports (because risk prediction is fallible), (b) as new, more invasive cultivars of species already present 
in Australia, and (c) by being smuggled – the majority of plants likely to become invasive are already 
here, due to rampant introductions over the past 230 years. Few have been assessed for their invasive 
risks and few are prohibited for trade and cultivation under state and territory laws.   

A recent compilation of plant introductions into Australia since 1770 identified 34,650 alien species [1]  
– about 1.5 times the number of Australian native species [2], and almost 10% of the world’s known 
flora (>357,000 species) [3]. Several thousand species with a weed history overseas have not naturalised 
in Australia (an estimated 5,900 in 2007 [4]) indicating that weeds-in-waiting could considerably exceed 
the number of weeds already naturalised. Plants with a history of invasion elsewhere do not fully 
constitute the pool of risk species, given that many other species do not have a history of introduction 
elsewhere to draw from, that changing conditions in Australia may facilitate future invasions, and that 
what is benign elsewhere may find conducive conditions for invasion among the highly diverse 
ecosystems in Australia.  

The pool of risk species also includes native plants – more than 11,000 species were reported to be in 
cultivation in 2007 [4] (equivalent to almost half Australia’s native plant species), mostly for ornamental 
reasons. About 500 (5%) of these have naturalised beyond their native range (Table 1).  

https://www.zotero.org/google-docs/?ANULe1
https://www.zotero.org/google-docs/?seuh0i
https://www.zotero.org/google-docs/?T7XA64
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https://www.zotero.org/google-docs/?pN4kTz
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The rate of new naturalisations of alien species in Australia appears to be consistently about 20 new 
species a year (Table 1). The reported rate since 1990 has been 13 a year in NSW (Table 1). Whether 
there has been an escalation in recent times is not clear for the rate is highly biased by the intensity of 
searches for new plants. Concerted searching from 2000 to 2005, for example, yielded 118 new records 
for New South Wales, an average of 20 a year [5].  

There have been no comprehensive public analyses of the potential invasiveness of recent 
naturalisations in New South Wales, including whether they are likely to result in more or less serious 
environmental consequences than earlier naturalisations. Of the 118 newly detected naturalisations 
from 2000 to 2005, 10 species (8%) were assessed as having a ‘major’ or ‘moderate to major’ weed 
potential in NSW and 28 (24%) as having a moderate potential [5].  

What are the primary pathways of concern?  

Most of Australia's introduced, naturalised and invasive plant species were intentionally introduced – 
many for multiple purposes. Of the alien plant species for which there is information about their 
pathway to Australia (n=30,721), almost all (>95%) have been cultivated in domestic or botanic gardens 
for ornamental purposes (Table 2) [1]. A surprising number have also been cultivated for medicinal 
purposes – 26% of introduced species and 45% of naturalised species. More than a quarter of 
introduced species and more than a third of naturalised species have been used in primary industries – 
for cropping, livestock pastures or forestry. Species associated with multiple pathways are more likely to 
have naturalised and become invasive [1]. 

The dominant future pathways for the naturalisation of species already present in Australia will 
undoubtedly continue to be gardening. The risks have escalated in recent decades with (a) continued 
population growth and urban expansion and (b) the rise of internet trading, which provides greater 
choice to consumers and is much harder to regulate than local nursery sales.  

Pasture plantings are also high risk due to their scale, high propagule pressure, frequent proximity to 
remnant bushland, and the qualities selected such as persistence, vigour, competitiveness and tolerance 
of environmental stress that make them likely to become invasive [6]. A recent survey of pasture plants 
developed or promoted by 17 organisations in 8 countries on 6 continents found that 91% of taxa 
developed by agribusinesses were listed as weeds [6]. Pasture grasses often form vast monocultures and 
can transform ecosystems by altering nutrient cycles, soil water regimes, geomorphology and 
sedimentation and intensifying fire regimes [7–9]. For example, a Victorian study found that native 
grasslands invaded by canary grass (Phalaris aquatica) had 3–5 times more fuel mass and fire intensity 
was 3 times higher than in native kangaroo grass grasslands [10]. The continued planting and spread of 
invasive pasture grasses is one of New South Wales’s most neglected environmental threats.  

Although the large publicly funded pasture breeding programs of the 1950s to 1990s no longer exist 
(Box 1), there is ‘continued impetus to develop new pasture plants’ – so as to increase productivity 
(biomass and feed quality), impart tolerance to diseases and insect pests, develop new crop/graze 
systems and summer-active grasses for temperate areas and fill production gaps (e.g. for beef 
production on vertisol soils) [11]. Climate change will likely add to the incentive to develop hardier, 

https://www.zotero.org/google-docs/?uaQ1LJ
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more drought-tolerant varieties. The Australian Pastures Genebank contains more than 80,000 varieties 
of grasses and legumes that were previously imported into Australia and are potentially available for the 
development of new cultivars [12]. There is also a focus on importing ‘elite’ varieties from overseas, 
reselecting plants from old plant evaluation sites and some plant breeding [11]. Although there has been 
some acknowledgement by pasture researchers of the invasive risks of alien pasture species, the 
industry continues to research and promote damaging species [6,13].  

How are pathway risks assessed and regulated? 

There are 2 different systems for regulating plant pathways within Australia: 

Permitted-list approach: Like the system applying at the national border, since 1998 Western 
Australia has required any proposed new plant introductions to pass a risk assessment. 
Currently, about 47,000 species are permitted entry to Western Australia and about 870 are 
prohibited. The Northern Territory applies this approach for aquatic plant introductions 
(regulated under the Fisheries Act). A permitted-list approach ‘embraces the precautionary 
principle’ insofar as species proposed for introduction are treated as potential risks unless 
assessed as ‘safe’ [14]. The effectiveness of this system depends on the rigour of assessment, 
degree of applied precaution and enforcement.  

Prohibited-list approach: The other state and territory governments generally permit the trade 
and cultivation of any plant taxa except those that are expressly prohibited (typically no more 
than 100–200 species), meaning there are no clear restrictions in most jurisdictions on more 
than 99% of the >34,000 plant species present in Australia.  

In New South Wales, fewer than 100 species are prohibited – listed under Schedule 2 of the Biosecurity 
Act as prohibited matter, under Schedule 3 of the Biosecurity Regulation as weeds or subject to a 
control order (see NSW database). There are also regional priority weeds that may be subject to 
restrictions on the basis of the ‘general biosecurity duty’.  

There is a requirement under the NSW Biosecurity Regulation (section 34) for people proposing to 
import a vascular plant species not present in the state to notify the government of their intention to do 
so at least 20 working days prior to importation. What this leads to (a risk assessment?) is not specified 
and there do not appear to have been any species added to Schedule 3 of the Biosecurity Regulation as 
a result. Given the obscurity of this requirement, we suspect it is often (or mostly?) ignored.  

Although priority 1.2 of the Australian Weed Strategy is to ‘adopt consistent risk assessment and 
prioritisation approaches within Australia’, most states and territories apply different methods of risk 
assessment. It is not clear in most jurisdictions how systematically risks are assessed and how the 
regulatory and management priorities are determined.  

The NSW Government has said its weed risk management system (developed in 2009) is best practice 
and ‘aims to provide a standard, nationally accepted and transparent process’, including for [15]: 

https://www.zotero.org/google-docs/?HXPYzQ
https://www.zotero.org/google-docs/?9ZJ0Mv
https://www.zotero.org/google-docs/?FLrdzy
https://www.zotero.org/google-docs/?13892a
https://www.zotero.org/google-docs/?cgUxTI
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● deciding which plants should be approved for release in NSW 
● identifying which plants require further research prior to release in NSW 
● prioritising weeds for the allocation of limited management resources 
● determining the appropriate legislative status for undeclared naturalised plants 
● reviewing the legislative status of currently declared weeds. 

As far as we are aware, there has been no independent evaluation of the reliability of this risk 
assessment method for the different specified purposes [16,17]. Although uncertainty is measured, 
there is no information about how this influences risk ratings and whether the precautionary principle is 
applied in decision-making.  

There does not appear to be any current public information about which plant species have been risk-
assessed in New South Wales and the risk basis for current priorities for state-based regulation and 
eradications. Weed risk assessments are not published. There is no obvious reason for keeping risk 
assessments confidential and they would add to the body of often-scarce available knowledge about 
weed risks in Australia.  

A 2014 paper reports that the NSW Government undertook a process to identify and prioritise new and 
emerging environmental weeds [18]. Of 218 identified species there was sufficient information to assess 
the risks of 149 species (72 lacked sufficient data) and assign them to categories – eradicate (36 species), 
contain spread and manage. The results were used to update weed priorities for the National Parks and 
Wildlife Service [18].. Whether this assessment process has been regularly repeated and the outcomes 
used to inform state and regional priorities is not clear. There was an intention to apply the approach 
Australia-wide to identify new and emerging weeds and to publish the results in an online database, but 
this does not appear to have occurred either for the NSW or national results [19].  

Apart from genetically modified plants, which are assessed nationally by the Office of the Gene 
Technology Regulator, there appear to be no regulatory requirements for the assessment of the risks of 
introducing new cultivars of invasive pasture plants or other high-risk categories of plants cultivated 
over large areas [20].  

Under the current regulatory approach, there is little or no incentive for industries that profit from 
selling invasive plants to consider, assess or manage the risks of the plants they sell – for it is the public 
and private land managers who pay for management of environmental weeds. Due to a lack of 
systematic processes for assessing and managing risks, agricultural departments managing biosecurity 
also avoid taking responsibility for permitting the trade and cultivation of high-risk species (and 
sometimes also for breeding or funding the breeding of new invasive taxa).  

In addition to a regulatory approach, since 2017 the NSW and ACT governments with the Nursery and 
Garden Industry have been working to develop a voluntary certification scheme. It was launched in 2022 
with a website (gardeningresponsibly.org.au/) containing information on low risk ‘certified’ plants and 
suppliers committed to the scheme (currently 9 retail nurseries and 14 wholesale nurseries). It has not 
yet been adopted by any large retailers.  

https://www.zotero.org/google-docs/?Ar4Wgv
https://www.zotero.org/google-docs/?uKaPtd
https://www.zotero.org/google-docs/?dZYMT2
https://www.zotero.org/google-docs/?56Te4A
https://www.zotero.org/google-docs/?ebfO02
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A similar scheme operating in California since 2005, PlantRight, has achieved some positive outcomes, 
with annual surveys (by volunteers) finding that nurseries selling one or more of a subset of 7 locally 
invasive plants dropped from 44% in 2014 to 20% in 2021 [21] (20% is equivalent to more than 300 
nurseries). The outcomes were mainly achieved by the commitment of Box Stores (large retailers) to 
stop selling invasive plants. Chain retailers were the store type most likely to sell invasive plants (47%). 
Despite some success, voluntary certification seems a laborious, slow and uncertain way of reducing the 
risks of this pathway. The pivotal question is whether people should be given the choice of selling and 
growing plants likely to become invasive. Regulation would surely be a much more effective, efficient 
and fair approach.  

How effective is pathway regulation for limiting the trade and cultivation of high-
risk plants?  

The 2009 independent review of the EPBC Act found that the movement of plants within Australia is 
‘effectively unconstrained’, that they ‘represent a vast reservoir of potential future problems’, and that 
there has been ‘a substantial failure’ of regulation by the state and territory governments [22].  

Assuming that species weedy in other countries are potential weeds somewhere in Australia, there are 
at least 9,000 weeds or potential weeds in Australia [3] but fewer than 500 are subject to any form of 
legislative control in any one of Australia’s states/territories apart from the Northern Territory (for 
aquatic plants) and Western Australia. That is, there are no restrictions on the sale or planting across 
most of Australia on about 95% of weeds/potential weeds and about 85% of already naturalised species.  

The 2009 review recommended that the Council of Australian Governments:  

develop criteria and management protocols for the movement of potentially damaging exotic 
species between State and Territories, working towards a list of ‘controlled’ species for which 
cost‑effective risk‑mitigation measures may be implemented. 

This has not occurred. Since then, Australia has made little, if any, progress in reducing the risks of plant 
pathways within Australia. The risks have likely grown given the greater number of alien species now 
present in Australia and intensification of land uses in some areas.  

For a quarter of a century, there have been many unrealised intentions to reduce plant pathway risks, 
particularly of the garden plant trade. A 1998 national strategy called Garden Plants under the Spotlight, 
developed by the Weeds Cooperative Research Centre, the Nursery Industry Association, and the 
federal, state and territory governments, outlined strategies to [23]: 

● educate and inform the Australian gardening public about invasive garden plants 
● educate the plant industry and horticultural media about invasive plants 
● obtain cooperation from industry and media in the promotion, sale and distribution of 

environmentally friendly alternative plants.  
● increase sales of non invasive garden plants. 

https://www.zotero.org/google-docs/?xbaEvC
https://www.zotero.org/google-docs/?tyK03F
https://d.docs.live.net/14367f9fb419442e/000%20SoEB%20report/000%20check%20now/Permitted%20list%20essay%20for%20TL%20edit.doc#_ftn3
https://www.zotero.org/google-docs/?RVwJPj


6 

From a compilation of 860 species identified as ‘garden thugs’, a list of 100 was presented to the nursery 
industry for comment and a final list of 52 plants was identified by the strategy as ones to be 
‘discouraged’ from use in Australians gardens [24]. But not all nurseries agreed to withdraw these few 
dozen plans from sale and several years later 60% were still being sold – contradicting the assumption in 
the strategy that ‘when notified of a problem, many if not the great majority of nurseries voluntarily 
stop sales of the worrisome plants’ [23,25]. This and other failed efforts at self-regulation are a reason 
to be sceptical that the current NSW PlantSure scheme will significantly reduce pathway risks.  

Since then, no national weed strategy (2007, 2017) has even specified a goal to reduce the risks of 
domestic trade in potentially invasive plants. Intended or not, the perpetual promises to solve the 
problem by voluntary actions have done a good job of staving off regulation. There are tighter laws 
against littering in Australia than there are to prevent people spreading invasive plants.  

For several reasons, the current regulation of plant pathways is guaranteed to exacerbate Australia’s 
already severe weed problems. Under the current permissive approach: 

● dozens more plant species will continue to naturalise each year, including many known to be 
invasive elsewhere 

● the invasive risks of some species will increase due to continued importation (increasing the 
propagule pressure), and the importation or breeding of new varieties, boosting their adaptive 
capacity 

● smuggling – likely to be a ‘significant problem’ [14] – is facilitated by internet commerce and 
because there are mostly no state/territory rules to prevent the sale of illegally imported plants 
once they have crossed the Australian border.  

All of these reasons, combined with population growth (more gardeners), internet trade and increasing 
environmental disturbance, mean that the current rate of naturalisations and invasions is likely to grow. 
The lack of regulation of plant pathways is among the greatest gaps in Australian environmental law.  

In 2006, weed officers from 6 state/territory governments (including New South Wales) published a 
paper, ‘Turn the tap off before you mop up the spill’, recommending that the state and territory 
governments consider implementing a nation-wide permitted-list approach [14]. The prohibited list 
approach, they said, ‘struggles to keep pace with the tens of thousands of potentially invasive plant 
species’ currently offered for sale. A permitted-list approach may be ‘a more effective and efficient way’ 
to deal with such a large number of potentially invasive plant species. Almost 2 decades later, no 
progress has been made and the number of naturalised plants in Australia has increased by several 
hundred species (Table 1).  

https://www.zotero.org/google-docs/?N59fuZ
https://www.zotero.org/google-docs/?nsNQVX
https://www.zotero.org/google-docs/?iRXMaF
https://www.zotero.org/google-docs/?LUd2hk
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To strengthen environmental biosecurity 
 
To significantly reduce the rate of naturalisation of new invasive plants, the states and territories 
need to greatly strengthen their regulation of plant pathways to reduce the number of invasive and 
potentially invasive plants being traded and cultivated. The most feasible way of doing so is to permit 
the trade and movement only of species assessed as a low invasive risk and prohibit all others (except 
those widely cultivated for which a ban will not reduce risks or is not feasible).  
 

● All states and territories should apply a permitted list approach as the basis for regulating 
plant trade. Ideally, this would be applied consistently across Australia, with permitted and 
prohibited lists based on an agreed best-practice risk assessment method and taking into 
account the risks for neighbouring states or territories of permitting particular species. 
Sharing resources and assessments and harmonising the lists for each state and territory 
would optimise the effectiveness and save on costs. Box 1 suggests a process for developing a 
permitted list approach.  

 

Box 1. A suggested approach for developing a permitted-list approach  
 
Assess existing permitted-list approaches to evaluate their effectiveness and the lessons that can be 
learned.  

Review and revise risk assessment methodologies to ensure that environmental risks are optimally 
covered and that the precautionary principles applies.  

Compile a list of plant species traded by commercial entities within the past 5 years – including 
garden and agricultural species – as potential candidates for a permitted list.  

Undertake risk assessments of these species and treat them as follows:  
● low-risk species -- add to the permitted list 
● medium-risk species – require further assessment  
● high-risk species – add to the prohibited list (except if already naturalised across the state 

and prohibition is unlikely to reduce the invasiveness risks) 

Undertake further assessments of medium-risk species: 
● low commercial value – add to the prohibited list 
● high commercial value – if not added to the prohibited list, impose a levy on all sales to 

cover the costs of eradication or control of escapes and permit only existing variants 
● extensively naturalised species – add existing variants to the permitted list if additional 

propagule pressure is unlikely to boost invasiveness, but prohibit the introduction of 
additional variants. 

 
For non-permitted species, set transition conditions for species already in cultivation: 

● high-risk species (gardens) – require removal/destruction in gardens and offer 2-for-1 low-
risk replacements 

● high-risk species (commercial use) -- depending on feasibility and costs, require 
removal/destruction (with compensation) or measures to reduce the risks such as buffer 
zones and insurance to cover the costs of controlling escapees   

● medium-risk species – permit current plants to be retained but not traded or newly 
planted; all escapees must be controlled 

 



8 

Require risk assessment for additions to the permitted list. This should include new variants and 
subspecies of permitted medium-risk or high-risk species. 
 

 
● Australian governments should develop a strategy to identify and reduce the risks (by 

prohibition, eradication or containment) of high-risk potential invasive plants present in 
Australia. This could include support for the relevant industries to develop safe alternatives to 
favoured high-risk species and programs to encourage people to remove high-risk species 
from their gardens and a joint compliance taskforce to monitor online trade.  

● Australian governments also need an agreed policy approach to the breeding or release of 
proposed new variants of invasive or potentially invasive species, particularly those likely to 
be cultivated over large areas with the potential to spread to areas of conservation 
importance or to intensify fire regimes. New genotypes should be banned unless assessed as 
low risk.  

 
● Regulations should prohibit governments from engaging in activities or funding others to 

engage in activity likely to promote the introduction or spread of invasive species. This is 
similar to a US presidential order (#13112) introduced in 1999, which forbids such actions 
‘unless the purported benefits clearly outweigh the potential harm’.  

 

 

 

Table 1. Naturalised plant species in New South Wales and Australia 

 New South Wales Australia 

Current status 

Native plant species  6,083 22,864 

Naturalised plant species (alien and native) 1,707 3,541 

Naturalised plant species (alien) 1,621 3,057 

Proportion of flora that is not native 22% 12% 

Rate of naturalisation 

Naturalised species reported 1990 (alien species 
only) 

1,253 1,952 

Average annual reported naturalisations (alien 
species only) since 1990 

11  
 

33 
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Naturalised species reported 2005 (NSW) /2000 
(national) (alien species only) 

1,386 2,699 

Average annual reported naturalisations (alien 
species only) since 2005 (NSW) /2000 (national) 
(alien species only) 

14 16 

Average annual reported naturalisations (alien and 
native species) since 1788 

7 15 

Sources: Native plants: Australian Plant Census. Naturalised plants: Attachment 1 (NSW), Australian herbarium database 
(national). Naturalised plants (1990): Australian Flora Statistics [26]. Naturalised plants (2000): Dodd et al. 2015 [27]; 

NSW naturalised plants (2005): Coutts-Smith and Downey 2006 [28].  

Table 2. Introduction pathways for introduced and naturalised plant species 

Pathway Number of plants 
introduced 

Proportion of 
introduced plants 

Number of plants 
naturalised 

Proportion of 
naturalised plants 

Ornamental 29,777 96.9% 3,888 95.3% 

Medicinal 7,968 25.9% 1,647 45.7% 

Cropping 6,211 20.2% 1,291 35.8% 

Contaminant 2,474 8.1% 1,137 31.6% 

Pasture 1,515 4.9% 490 13.6% 

Forestry 828 2.7% 176 4.9% 

Total for which 
pathway data was 
available 

30,721  4,081  

 

Source: Bartlett et al. 2023 [1].  

Notes: Many plants have multiple potential pathways – for example, grown in gardens both for ornamental and medicinal 
reasons or introduced both for intentional use and as a contaminant. The medicinal pathway includes plants traded among 
herbal medicine enthusiasts and those sold in nurseries for use as herbal medicine.  

 

Box 2. A history of weedy introductions for livestock pastures 
 
Many of Australia’s worst environmental problems – land clearing, erosion, soil acidification, 
salinisation and weed invasions – have arisen from a vision transplanted from Europe of sheep and 
cattle fattening in fertile green paddocks [31]. From about the 1880s, acclimatisation societies, 

https://www.zotero.org/google-docs/?Yy5KOU
https://www.zotero.org/google-docs/?Wmceyp
https://www.zotero.org/google-docs/?PCXPth
https://www.zotero.org/google-docs/?f1sMUd
https://www.zotero.org/google-docs/?CEXcsn
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supported by government botanists, started importing hundreds of ‘superior’ pasture species so as to 
increase the land’s productive capacity [32,33]. Other species arrived accidentally – buffel grass, stylo, 
burr medic and subterranean clover among them [34].  
 
An ‘urgent need’ to develop Australia’s grasslands, particularly in semi-arid regions, led to 
the establishment in 1930 of the Commonwealth Plant Introduction program, which operated until 
2000 and imported about 145,000 varieties of about 8,300 species to Australia for crops, pastures and 
unspecified uses [32]. Australian researchers travelled the world, collecting plants mainly from Central 
and South America, Africa and the Mediterranean [34]. About 22% of the world’s 10,000 grass species 
and 18% of the world’s 12,000 legume species were brought to Australia, double the number of native 
species in each of these families [32].  
 
The vision of the CSIRO for a ‘new Australia’ was the complete replacement of native vegetation with 
‘improved pastures’ across almost 20% of the continent, covering almost all available land where 
rainfall exceeded 500 mm in the north and 375 mm in the south [32]. In 2016–17, more than 35 
million hectares (about 5% of the continent) were classified as ‘improved’ pastures, down from 47 
million hectares in 2010–11 [35,36].  
 
Very few introductions proved useful in northern Australia. Of 463 potential pasture species – 186 
grass and 277 legume species – introduced to the north between 1943 and 1984, 95% were assessed 
as not useful [37]. All 21 species considered useful have since become weedy. At least 64 species (14% 
of the introductions), and probably more by now, have become weeds – spreading from paddocks or 
trial sites. They include devastating invaders such as gamba grass, guinea grass and buffel grass  [37].  
 
In 2014, the various state collections of pasture seeds were combined into the Australian Pastures 
Genebank, with more than 80,000 varieties stored in cold rooms (at –20 degrees) [12] – a giant 
repository of potential future weeds. The pasture seeds industry, responsible for introducing some of 
Australia’s worst weeds, may have lost momentum since the late 1990s but doesn’t appear to be 
daunted by this history from pursuing more weedy introductions. Recent introductions include a new 
cultivar of the highly invasive tall wheatgrass (Thinopyrum ponticum) [38]. Current research by 
government and university research teams includes the development of new legumes for beef 
production in seasonally dry areas of Queensland and northern New South Wales [34] and the 
development of new cultivars of widely sown weedy species, including genetically modified cultivars.  
 

 

Box 3. Illegal internet trade in plants 
 
Asian watergrass (Hygroryza aristata) has recently appeared in the aquarium trade – being sold in 
Australian retail outlets and online even though it is not on Australia’s permitted imports list. There 
are no records of it naturalising anywhere, but it is described as weedy in its native Asian range and 
various descriptions – ‘hardy’, ‘fast growing’, ‘can form dense floating mats’ – sound deeply 
concerning. Is this smuggled but unregulated plant destined to become a major aquatic weed in 
Australia when people start dumping the contents of their aquaria?  
 

https://www.zotero.org/google-docs/?bNEGXm
https://www.zotero.org/google-docs/?nHRnXu
https://www.zotero.org/google-docs/?PMNNUd
https://www.zotero.org/google-docs/?Pqj5ql
https://www.zotero.org/google-docs/?RzIXaI
https://www.zotero.org/google-docs/?9RaeMa
https://www.zotero.org/google-docs/?2Af1JP
https://www.zotero.org/google-docs/?GcrGvh
https://www.zotero.org/google-docs/?9Zwumm
https://www.zotero.org/google-docs/?FqkiwE
https://www.zotero.org/google-docs/?6MJxMN
https://www.zotero.org/google-docs/?qh5p0J
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The internet trade in plants is high volume and high risk, but mostly unregulated and unmonitored 
[39]. A recent 12-month web-scraping study of one public e-commerce website yielded 235,000 plant 
advertisements. From 10,000 advertisements (4.25% of the total), the researchers found 
advertisements for 155 taxa that were prohibited in at least one state or territory (12.5% of all 
prohibited taxa). The sale of plants in 411 advertisements would have breached state or territory 
laws. The most frequently advertised declared plants were Opuntia cactuses and aquatic weeds. 
Frequently advertised declared plants included bunny ears cactus (Opuntia microdasys), drooping 
prickly pear (Opuntia monacantha), water hyacinth (Eichhornia crassipes), Amazon frogbit (Limnobium 
laevigatum), arum lily (Zantedeschia aethiopica), gazanias (Gazania spp.), English ivy (Hedera helix), 
topped lavender (Lavandula stoechas), blackberry (Rubus fruticosus), carrion flower (Orbea variegata) 
and neem (Azadirachta indica) [39].   
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Attachment 7. Strengthening regulation of pet pathways 
(excluding fish) 
Invasive Species Council, November 2023 

Extracted (with modifications) from the Invasive Species Council’s draft State of Environmental 
Biosecurity Report. 

What are the environmental risks of this pathway?  

Although it is prohibited to trade or keep corn snakes in Australia, since 2000, they have regularly been 
found in the wild, particularly in New South Wales – 79 were captured in the Greater Sydney region by 
just 3 wildlife organisations at an increasing rate between 2004 and 2012 [1]. Nine were recorded within 
200 metres of bushland. Corn snakes are shy, secretive and mostly nocturnal, so many escapes have 
probably gone undetected. It would take very little for a population to establish – an invasive population 
in the Cayman Islands is believed to have developed from a single clutch of eggs [1]. If corn snakes do 
naturalise (or are already naturalised), it could take several years to detect them. Other illegally kept 
pets recently detected at large in NSW (but not naturalised) are a panther chameleon, racoon, 
Hermann’s tortoise and golden flying snake [2]. Each was removed. 

Most of the 21 mammals, 17 birds, 4 reptiles and 2 amphibians known to have naturalised in NSW were 
introduced long ago for agriculture, hunting or biological control (many by acclimatisation societies) 
(Attachment 1). The only naturalisations of non-fish vertebrates detected in NSW since 2000 (a gecko 
and a frog) were both accidental introductions.  

Globally, an astonishing number of wildlife are traded and kept as pets – at least 3,749 bird species 
(36.3% of all birds), 1,857 reptile species (17.5% of all reptiles), 591 amphibians species (8.0% of all 
amphibians), and 506 mammals (8.4% of all mammals) [3]. As many as half the invasive vertebrate 
species globally have been introduced by the pet trade [3,4]. While this is true for aquarium fish in 
Australia, the pet trade has been responsible for few other vertebrate invasions in Australia. For most 
taxa, this is largely due to import restrictions – no reptiles or frogs and few mammals have been 
permitted into Australia for pet-keeping.  

Aquarium fish trading has been a major invasion pathway in Australia since the 1970s (Attachment 1). 
Now, the trade and keeping of non-fish animals is also emerging as a potential significant pathway [5,6]. 
Smooth newts, found in a pool of water at a Melbourne construction site in 2011 after being prohibited 
the year before, exemplify the risks. This population marks the establishment of an entirely new 
taxonomic order in Australia – the salamanders – and the addition to southern Australian freshwater 
ecosystems of a highly adaptable predator and competitor and potential transmitter of diseases to 
Australian frogs [7]. Several other species kept as pets, particularly snakes (e.g. corn snakes, boa 

https://www.zotero.org/google-docs/?FNhRbc
https://www.zotero.org/google-docs/?zrJt2i
https://www.zotero.org/google-docs/?YmSQrN
https://www.zotero.org/google-docs/?yMyp3x
https://www.zotero.org/google-docs/?JAEJZl
https://www.zotero.org/google-docs/?foT6DV
https://www.zotero.org/google-docs/?V2RvTO


2 

constrictors, sand boas), birds (e.g. rose-ringed parakeets) and turtles (mainly red-eared sliders) have 
increasingly been detected at large since 2000 [8–10].  

The diversity of alien vertebrate species detected in Australia for the first time is increasing, with no 
saturation evident in the rate of new interceptions from 1999 to 2016 at the Australian border and post-
border [5]. Globally, the illegal trade in vertebrate pets is highly lucrative – conservatively worth US$20 
billion a year (about AUS$30 billion) [5]. The black market is facilitated by the sharing of information on 
social media, which generates demand for new species, and the rise of e-commerce platforms nationally 
and internationally [9,11]. A recent study of online advertising in Australia tallied advertisements over a 
14-week period for about 67,000 birds (37% alien species), 12,000 reptiles (all native) and 200 
amphibians (25% alien species) [12]. 

Reptiles are often kept illegally in Australia. Although the Australian Government does not permit their 
importation for pet-keeping, they are the group of vertebrates most commonly intercepted at the 
border and by state and territory biosecurity agencies [6,13]. From 1999 to 2016, there were more than 
100 seizures each of corn snakes, boa constrictors and Gaboon vipers [8].  

From 1999 to 2012, the Victorian Government detected 33 alien reptile species being illegally traded in 
the state, including 28 not previously recorded in Australia [6]. This was due to a concerted enforcement 
effort, which included an amnesty for those prepared to voluntarily forfeit illegally kept wildlife. About 
12 of the 28 new species were assessed as likely to naturalise if released into the wild a ‘modest’ 
number of times (3 times, in the absence of incursion management) and all 28 species are likely to 
establish if released at least 7 times [6]. Ten of the 28 are venomous snakes. The species most likely to 
establish with 3 releases are [6]: 

● common snapping turtle  
● Burmese python  
● yellow anaconda  
● puff adder 
● Gaboon adder 
● monocled cobra 
● Russel’s viper 

Also at risk of establishing are corn snakes and boa constrictors, based on the frequency of detection. 
Since 1999, there have been seizures of at least 21 alien species of snake, including more than 100 each 
of corn snakes, boa constrictors and Gaboon adder [8].  

Even worse than a new reptile in the wild could be a new pet-borne disease that spreads to native 
wildlife. This is a risk associated with any escapes, whether or not the species is native or alien and 
whether or not it naturalises [14,15]. Diseases suffered by captive snakes and lizards in Australia that are 
not known to be in the wild include inclusion body disease (a fatal disease caused by reptarenaviruses) 
[16] and snake fungal disease (caused by Ophidiomyces ophiodiicola) [17]. Since 2000, at least 2 disease 
agents are believed to have spilled from captive animals into native reptiles – a mite that causes 
abnormal abnormal shedding, anaemia and death in captive snakes and lizards is now parasitising native 
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sleepy lizards in South Australia [14], and a fungus, Nannizziopsis barbatae, which causes systemic fatal 
disease in captive lizards, has been detected in several native species (eastern water dragon, tommy 
roundhead dragon, eastern blue-tongue skink, shingleback skink and a freshwater turtle) [18].  

Pet birds are another group at high risk of adding to Australia’s naturalised fauna and introducing 
diseases to native birds. The Australian List of Threat Categories of Non-Indigenous Vertebrates lists 262 
introduced alien bird species, many in private keeping as pets. Most species have been assessed as an 
‘extreme’ threat – often as a precautionary rating because there is insufficient information to reliably 
assess their threat [19]. An extreme rating means they ‘should not be allowed to enter, nor be kept in 
any State or Territory unless sufficient risk management measures exist to reduce the potential risks to 
an acceptable level’. But the majority are not prohibited by the states and territories – in large part 
because it is not thought to be feasible to ban the keeping of popular species [15].  

One species highly likely to establish in the near future is the rose-ringed parakeet, the most widely 
introduced parrot in the world, with an extensive invasion history. From 1999 to 2013, there were at 
least 864 reports of escaped parakeets, mostly comprising postings in 2011–2013 on a missing animals 
website – far higher than the 96 recorded by biosecurity agencies [20].  

Even worse than a new bird in the wild could be a new pet-borne disease that spreads to native birds. In 
1997 proventricular dilatation disease was reported in a captive green-winged macaw that had been 
imported in 1993 [21]. Parrot bornavirus can cause severe chronic disease in captive parrots, often 
leading to death. Seroreactivity against the virus was detected recently in a wild little corella, but 
infection could not be confirmed by direct virus detection [22]. Most native parrot species are likely to 
be susceptible. This disease is listed by the Australian Government as one of the highest risks that 
Australia should seek to prevent [23].  

Another pathogen of parrots – psittacid herpesvirus-1, which causes the rapidly fatal Pacheco’s disease 
– has recently been reported for the first time in wild Australian birds, after having been previously 
detected in imported green-winged macaws that had been imported in 1993. This virus ‘could be 
devastating to recovery programs for threatened avian species’ [24]. There has been little testing of 
captive and wild birds to assess other disease spillover risks from pet birds. 

The most dangerous pet for native wildlife has long been the cat, a primary cause of at least 25 mammal 
extinctions. Even though pet cats are known to be rampant killers of urban wildlife, few Australian 
councils have enacted containment laws. Another potential predator of wildlife popular as a pet is the 
ferret. Although there is uncertainty about its capacity to establish wild populations, the threat is rated 
as extreme (Box 1).  

Even pet ants are emerging as a potential invasion risk. Ants are apparently surging in popularity – in 
2002 there were only a couple of websites globally selling queen ants or ant colonies; now there are 
more than 100 online traders offering more than 500 ant species [3]. Ants are easy to send around the 
world, because a queen, a few workers and some brood can easily be posted in a test tube as standard 
mail. The species being sold include at least 57 invasive ants, including the notorious red imported fire 
ant, tropical fire ant, electric ant, and yellow crazy ant.  
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Native pets can also be invasive risks. No alien frog species are permitted imports to Australia for pet-
keeping but many native frogs are being shifted into new regions as pets. At least 56 traded native 
species have been shifted out of their native range [10]. There has been no assessment of the risks of 
trade in native frogs.   

In 2022, an African pygmy hedgehog was found wandering in a Sydney backyard. In 2014, a man from 
near Newcastle was fined a mere $770 for illegally keeping one [25]. Another was found in a home in 
Illawarra in 2013 [26]. Hedgehogs are apparently among the most desired alien pet species, attracting 
more inquiries than any other species to a hotline maintained by the Australian Government for people 
to inquire about the legality of importing or owning particular species [9]. The African pygmy hedgehog 
has been smuggled into Australia, and can be captively bred and sold on the black market, apparently 
for up to $4,500 [26].  

Based on other inquiries to the hotline, some Australians also desire to keep fennec foxes, African grey 
parrots, monkeys and pygmy marmosets as well as tarantula spiders and freshwater atyid shrimp [9]. An 
analysis of the inquiries revealed that the desires for illegal alien pets appear biased towards species 
that are threatened, have a history of invasions elsewhere and that are frequently imported into the 
United States, where pet-trade regulations are less stringent [9].  

How effective is pathway regulation for preventing the keeping and sale 
of species likely to become invasive?  
This is an emerging invasion pathway whose risks – highlighted in a series of recent research papers 
[5,6,9,10,12,15] – have not yet been comprehensively assessed and addressed by Australia’s 
governments. The extent of smuggling, trade and keeping of prohibited species in Australia is poorly 
understood.  

The rules for pet keeping and the species permitted vary among the states and territories. Most 
jurisdictions maintain a list of prohibited species; some specify permitted species. Some require licences 
for the keeping of particular species. There are also major disparities between species present and not 
prohibited in Australia but not permitted as imports. Very few of the birds present in Australia are 
permitted for import as pets (18 of 262 species). But most are permitted for sale and keeping in the 
states and territories. Only 9 are prohibited in New South Wales.  

Biosecurity authorities have thus far not comprehensively addressed the rapidly rising risks of rising 
internet trade as the pet trade has undergone a rapid transition from ‘traditional brick-and-mortar 
marketplaces’ to online e-commerce platforms [12]. The ease-of-access, anonymity and large consumer 
base afforded by e-commerce has increased both the scale and diversity of pet trade. There is a lack of 
consistent surveillance of alien pets held, legally or otherwise, within Australia [9].  

Pet-keeping is a difficult regulatory challenge because many species currently permitted for trading and 
keeping in Australia should be prohibited on the basis of invasive risks. But this is mostly not feasible for 
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species that are traded and kept in large numbers; enforcement would be impracticable and likely result 
in perverse outcomes, with the release of large numbers.  

There is apparently no systematic monitoring of trade in prohibited species by the Australian or state 
and territory governments [12]. Prosecutions are rare. Under the EPBC Act, the maximum penalty for 
illegal possession is imprisonment for 5 years and/or a fine of up to $210,000. This is a substantial 
potential penalty but actual sentences for wildlife crimes are often very low – unreflective of the 
potential for environmental harm or the financial gains that could have been made (in the case of 
prohibited species). Imprisonment is ‘extremely rare’ [27]. In one recent case, an Australian man who 
posted himself 68 snakehead fish, 23 Chinese soft-shelled turtles, 20 sugar gliders, 15 veiled 
chameleons, 15 alligator snapping turtles and 11 neotropical stingrays from Thailand (91 animals died in 
transit) and was about to post 34 live lizards and turtles to Sweden was sentenced only to a good 
behaviour bond. Fortunately, this was appealed and replaced by a 4-year jail term [28].  

One issue undermining enforcement is the discrepancy between the EPBC Act’s permitted list, specifying 
what species can be imported into Australia, and the state/territory laws, prohibiting a small subset of 
species present in australia and by default permitting all others, including those that have been 
smuggled into the country or their progeny. While the onus of proof is on the possessor to prove that 
individuals in captivity were legally acquired, the lack of harmonisation and consistency between laws 
makes enforcement more difficult [9]. 

The discrepancies between state and territory laws are likely to also undermine compliance and 
enforcement.It would be easy for even well-intended pet sellers to make mistakes about which species 
are permitted in which states or territories. One notorious disparity between different jurisdictions is 
the status of ferrets – rated an extreme threat in the Australian List of Threat Categories of Non-
indigenous Vertebrates [19]: 

● Australia: permitted for import only to high-security facilities for research 
● Queensland and the Northern Territory: prohibited 
● Victoria and the Australian Capital Territory: permitted for keeping under licence  
● New South Wales, Western Australia, Tasmania and South Australia: permitted without 

restrictions.  

None of the states permitting ferret keeping have publicly justified this on the basis of risk. While ferret 
advocates have argued that ferrets are not an invasive risk because they have been in Australia for 140 
years without forming feral populations this may be due to good fortune rather than biology (Box 1). 
There is no information about the number in each state and territory currently keeping ferrets, without 
which it is difficult to consider feasible risk-reduction measures. In 2005 it was estimated that up to 
150,000 ferrets were kept as pets in Australia [29].  

A sustained enforcement effort by the Victorian Government from 1999 to 2012 has been applauded as 
exemplary, resulting in the surrender or seizure of reptiles of 33 species [6]. An essential element of the 
program was an ongoing amnesty for pet-keepers who voluntarily surrendered illegally kept animals.  
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To strengthen environmental biosecurity 
One of the most difficult challenges for Australia’s biosecurity agencies is to mitigate the risks of 
private keeping and trading of high-risk pets, some legal and others smuggled or the progeny of 
smuggled animals. Online trading has exacerbated the risks. To more effectively identify, assess and 
mitigate the risks, we recommend the following:  

● Research and monitoring: To better predict and manage emerging biosecurity threats, 
Australian biosecurity agencies need a more comprehensive understanding of the pet trade, 
including the species currently in Australia and their risks, and trading trends. Online trade 
should be subject to consistent surveillance via web-scraping applications and investigative 
work (e.g. joining members-only online forums). One vital area of research are the risks of 
disease spillover from captive animals to native species.  

● Data collection and analysis: Australia needs a standardised national reporting system to 
record all incidences of illegal wildlife detections and incursions. Such information is essential 
for determining patterns and identifying emerging risks.  

● Risk assessment, priority risk list and strategy: The risks of this pathway and the risks of 
particular species should be assessed nationally. Australia needs a pathway mitigation 
strategy. Just as there is a national environmental priority list of species that Australia wants 
to prevent entering the country (the EEPL [23]), so we should have a priority list of species 
already present, but not naturalised or sparingly naturalised, to spur risk-reduction measures. 
The priorities should include all types of taxa, including pathogens carried by captive species.  

● Prevention as the priority: Consistent with other taxa, and recognising there are likely to be 
many species in Australia not known by biosecurity authorities to be present (as the Victorian 
Government found when they implemented an amnesty [6]), a permitted list approach should 
be applied for all vertebrate taxa – not permitted unless on a permitted list with new species 
added to the list only if they pass a risk assessment.  

● Risk assessment, reduction and national harmonisation: The regulation of particular species 
should be proportional to their risk. Where feasible, high-risk species should be prohibited. 
This could be facilitated by grandfathering (permitting the keeping of animals until the end of 
their life). But where this is not feasible – where there are too many of particular taxa already 
in private keeping – we recommend a permit system, with categories and restrictions based 
on the assessed risk and feasibility [15]. Permits should specify reporting requirements and 
the minimum standards required to minimise the risk of escape and optimise animal welfare. 
Such an approach should be adopted nation-wide with consistent classifications and 
measures. Enforcement will be essential.  

● Strong enforcement and community education: We commend the approach taken by Victoria 
from 1999 to 2012 and recommend it be implemented nation-wide: an ongoing amnesty for 
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anyone who voluntarily forfeits prohibited species coupled with ongoing investigation of 
illegal keeping and strong enforcement. Penalties should be commensurate with the 
biosecurity risks and the potential environmental consequences of a new invasive species. 
Enforcement needs to be coupled with community education about the risks of illegal pet-
keeping.   

 

Box 1. Ferret risks 

Ferrets were first brought to Australia in the 1880s for rabbit control. They are likely to have 
established feral populations since then, as indicated by several sightings in the wild, but there is no 
firm evidence of a persistent population [30,31].  

Ferret advocates have argued that the presence of ferrets in Australia for 140 years without 
naturalising is evidence they are not an invasive risk. Periods of decades and even centuries between 
introduction and naturalisation are not unusual [REF]. Even the rabbit took more than 70 years to 
become established in Australia [32]. Higher propagule pressure from more escapes, a run of 
favourable seasons, the decline of a predator (such as the Tasmanian devil), the introduction of new 
variants – any of these could make the critical difference [30,31].  

Australia’s governments should not be supporting a dangerous ecological experiment by allowing the 
unrestricted trade and keeping of an alien predator. The several alien predators already naturalised in 
Australia – cats, foxes, rats, trout – have already caused the majority of animal extinctions.   

The ferret is a ‘small, intelligent, fast-moving and wide-ranging carnivore’ [31]. Its impacts in New 
Zealand, which now hosts the world’s largest ferret population, have been ‘particularly severe’ on 
native birds, including penguins, wekas and kiwis. Several species cannot coexist with ferrets.  

Most of Australia south of the tropic of Capricorn is likely to provide suitable habitat for ferrets, 
particularly southern coastal regions [29]. If they became established, they are likely to prey on the 
likes of possums, bandicoots, birds, bird eggs, lizards, frogs, fish and invertebrates. Ground-dwelling 
and ground-nesting birds are likely to be at particular risk [29].  
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Attachment 8. Strengthening regulation of the aquarium 
fish pathway 
Invasive Species Council, November 2023 

Extracted and modified from the Invasive Species Council’s draft State of Environmental Biosecurity 
Report. 

What are the environmental risks of this pathway?  
The aquarium trade is an extremely high-risk pathway – for introducing invasive fish and their 
pathogens, as well as other aquatic organisms such as plants and snails. It has been responsible for the 
establishment of more invasive vertebrate animals than any other pathway into Australia (at least 27 
naturalised species, with more likely not yet detected), as well as severe pathogens that infect native 
fish [1]. Despite this, the ornamental fish pathway has received limited biosecurity attention – probably 
because it is one of the most complex, difficult and contentious pathways to regulate.  

Australia imports an enormous number of ornamental fish: 10–15 million a year, although this is less 
than 1% of the estimated 2 billion or more traded globally [2,3]. The diversity of species permitted entry 
to Australia is also high, comprising several thousand species – 233 species and 27 entire genera of 
freshwater fish (about 1,500 species in all [4]). Each imported fish brings with it a community of live 
organisms – the ornamental fish trade ‘is an efficient system for the translocation of aquatic pathogens’ 
[5].  

Since 2000, at least 7 naturalised aquarium fish species have been detected in Australian waterways for 
the first time –  jaguar cichlid, Jack Dempsey, Siamese fighting fish, blue-eye cichlid, white cloud 
mountain minnow, jewel cichlid, blue acara. Several other aquarium species have also been detected for 
the first time in Australian waterways since 2000 but were either eradicated or probably did not survive 
– redhead cichlid, peacock bass, crucian carp and black sharkminnow. As an indication of the prevalence 
of fish releases, in the Northern Territory, from 2000 to 2018, there were 61 reports of aquarium fish 
sighted in natural waterbodies and artificial ponds, an average of 7–8 a year, resulting in responses by 
biosecurity officers ranging from site inspections to eradication [6]. About two-thirds of the 11 species 
detected in waterways are not on Australia’s permitted imports list and may have originally been 
smuggled into Australia. 

There has been a recent escalation of naturalisations in New South Wales, with at least 6 new 
naturalised fish species detected since 2000 – Jack Dempsey (failed eradication attempt), southern 
platyfish (failed eradication attempt), pearl cichlid (eradication not feasible), white cloud mountain 
minnow (failed eradication attempt), Mozambique tilapia (eradication not feasible) and speckled 
livebearer (eradicated). Several of these new fish species represent significant environmental threats, 
particularly tilapia and other cichlids.  
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New fish pathogens have also been detected in Australia since 2000, including the bacterium 
Edwardsiella ictaluri in wild native catfish in Queensland, presumed to have spread from aquarium fish 
and able to cause severe and fatal diseases in a variety of fish species [7].  

Australia’s invasive fish and fish disease threats are set to steadily worsen – inevitable due to the large 
number of alien fish species kept in Australia, many assessed as high risk [8–11]; the highly deficient 
regulation of fish-keeping; and the propensity of people to dump unwanted fish into waterways. The 
aquarium industry globally ‘remains largely unregulated or regulated but unenforced’, including in 
Australia [12]. The tropical origins of most aquarium fish suggest the risk will be greatest for northern 
Australia [13].  

It was said, in 2006 by the Bureau of Rural Sciences, that almost any alien aquarium fish species sought 
by a hobbyist is ‘effectively available in Australia’ [14]. That is probably not true given that worldwide 
more than 5,300 freshwater species are reportedly traded [12,15]. But the number of alien aquarium 
fish species in Australia is highly uncertain – an indication in itself that management of this pathway is 
deficient [16]. In the late 1980s, there were probably fewer than 500 species, with 164 species and 25 
genera permitted as imports and another 190 species known to be present [17]. In the late 1990s, the 
estimate was 1,500 or more species being traded in Australia [18]. In 2010, that number was estimated 
at 2,000 species [10]. A recent 14-week analysis (by website scraping) of online trade within Australia 
suggests a lower number, with advertisements for 509 species, as well as others identified only by genus 
or family [19,19]. Other species may circulate within hobbyist groups and not be publicly advertised, 
particularly if they are prohibited species.  

How are pathway risks assessed and regulated? 
While the importation of fish into Australia is prohibited except for species on a permitted list (assessed 
under the EPBC Act), the opposite approach is taken by most states and territories – any species is 
permitted unless expressly prohibited. Only the Northern Territory takes a permitted list approach, by 
permitting the introduction only of species that are nationally permitted imports (specified in the NT 
Fisheries Regulations 1992).  

Based on their national import status and state/territory status under biosecurity laws, there are 3 
categories of introduced freshwater fish in Australia: 

● Permitted for import and permitted for sale and keeping in Australia: About 1,500 species are on 
the permitted import list, 99% of which have not been subject to modern risk assessment (only 
8 species have been assessed and added to the permitted list since 2000). The number of 
permitted fish actually present in Australia is an estimated 214 species [20].  

● Not permitted for import  and prohibited for sale and keeping in Australia: 274 species, 31 
genera and 5 families or subfamilies species are prohibited by at least one state/territory 
jurisdiction and 85 species and 13 genera are prohibited by all jurisdictions. The recent 
monitoring of online trade documented 7 prohibited species being traded [20].   
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● Not permitted for import but not prohibited for sale or keeping by most states and territories: 
These are known as greylisted species. Some were brought to Australia prior to import 
restrictions (first introduced in 1963 [21]), but a significant proportion were probably smuggled 
in. The keeping and selling of smuggled fish or their progeny is illegal, but it is difficult to enforce 
this because it is difficult to prove their origins and many are widespread in the industry. 
Greylists compiled since 2006 have listed 1,166 species in total [8–11], but many are considered 
of no interest to the industry [16]. A recent 3-month study of species traded online suggests that 
about 300 species are the focus of current interest [20].   

How effective is pathway regulation for limiting the trade and keeping 
of high-risk fish?  
Australia’s governments have recognised that the current permissive approach to regulating freshwater 
fish is deficient – ‘inconsistent and poorly enforced’ controls and fish shifted across borders ‘with 
impunity’ [14], ‘largely unregulated at the retail level’ [22] – and have long sought to rectify it.   

Almost 20 years ago, after various efforts to better regulate the trade foundered in the face of strong 
opposition by the aquarium industry, the federal, state and territory governments set up a national 
working group with industry and hobby representatives to jointly negotiate and implement a better 
approach. A 2006 strategic plan included actions to review grey list species, develop a national list of 
high-risk noxious species to be adopted by each state and territory, develop a list of low risk permitted 
species, establish a regulatory framework and licensing to manage large fish-breeders and ornamental 
fish importers and prepare a national communications plan [14]. The work was expected to take 2–3 
years [18].  

But progress was slow and limited. A preliminary national noxious list of species was compiled, but on 
the basis of no clearly specified criteria, and state and territory governments added many of these to 
their prohibited lists, although inconsistently so. A grey list of 806 species and their potential for 
establishment and impact were reviewed in a rapid risk screening process [8–10]. About two-thirds (564 
species, 70% of species assessed) were scored as high risk. The national working group agreed that high-
risk species of no interest to the industry or hobby representatives should be added to the national 
noxious list (and listed by each jurisdiction) and that high-risk species of value for the aquarium industry 
or hobbyists should be reviewed in more detail to determine which to prohibit. But the process of 
further review stalled.   

While the state and territory lists of prohibited species are now considerably longer than they were 20 
years ago, there are no state or territory restrictions, except in the Northern Territory (and perhaps in 
Western Australia), for the majority of grey list species assessed as high risk. The species that were 
prohibited mostly did not include the high-risk species valued by the aquarium industry or hobbyists – 
the very species at greatest risk of being released into the wild. Only 5 of the 96 cichlid species scored as 
high risk were prohibited and only in 1–2 jurisdictions. Once again, in the face of industry opposition, 
state and territory governments resiled from managing this high-risk pathway. The trade of greylisted 
species continues to be ‘prolific’ [11].  
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It appears that a new attempt at pathway regulation is now underway, with the recent compilation of a 
new greylist with 447 species nominated by industry representatives as currently traded and of ongoing 
interest to the industry and a new risk screening process [11]. There is limited overlap with the previous 
grey list, with only 87 species in common (20% of the most recent grey list). And in contrast to the 
previous risk assessments, only 12 species (3% of assessed species vs 70% in the previous assessments) 
were scored as high risk, and 35 (8%) as medium risk.  

But the researchers concluded that the risk assessment method was deficient, resulting in risks being 
underestimated [11]. The final scores for a ‘considerable proportion of low-risk species’ was ‘not 
congruent with posteriori knowledge’ (the known invasion risks).  

The main reason for the disparity in results was the failure of the recent methodology to account for 
uncertainty. About 90% of the assessments were rated as data deficient (>30% of questions in at least 
one of the 3 risk assessment categories could not be answered), but the precautionary principle was not 
applied [11]. Further compounding the problem of data deficiency, a lack of information about the 
consequences of invasion had to be scored in many questions as ‘no impact’ – even though ‘no evidence 
does not equate to no impact’ [11]. The potential for hybridisation between alien fish species was 
ignored, even though hybrid vigour can increase the invasive risks. Other problems noted by the 
assessors were that the climate matching method was unable to account for the broad temperature 
range across Australia, recording a low climate match for some species despite large suitable areas, 
particularly in northern Australia, and it ignored the climate of invaded ranges and climate change [11]. 
The assessors recommended several improvements to the risk assessment method to make it more 
suitable for Australia-wide assessments and better account for invasive risks.  

The noted deficiencies of the risk assessment method are serious and render most of the low risk scores 
unreliable – particularly for the 90% of species with ‘unacceptable levels of data deficiencies’. It is clear 
that a new risk screening method should be applied. Ideally, this would be the same method recently 
introduced for proposed import assessments under the EPBC Act (the FISK tool). Limiting prohibitions to 
the few species assessed as high or medium risk will do little to reduce pathway risks.  

Biosecurity authorities are understandably concerned that prohibiting fish species with commercial 
value or desired by some hobbyists could lead to perverse outcomes – the deliberate release of these 
fish into waterways. (Cichlid groups have reportedly threatened this [23].) But the short-term risks 
arising from prohibitions have to be balanced against the longer-term risks arising from a lack of 
restrictions. The short-term risks also have to be balanced against the ongoing risks of smuggling, which 
is incentivised by the difficulty of proving that species not on the permitted import list have been 
smuggled. The development of an effective policy approach will need deep consideration, based on 
analysis of comparative risks, and informed by advice from social scientists. The process should be 
transparent and open, recognising that many Australians, in addition to aquarium fish sellers and 
hobbyists, have a strong stake in the outcomes.  
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How effective is pathway regulation for limiting the risks of illegal fish-
keeping?  
The enforcement of illegal aquarium fish trading and keeping is extremely poor – as evidenced by the 
open advertising of species illegal to import into Australia, some of which would have been smuggled 
into the country and some of which are prohibited by state and territory jurisdictions [19,20]. The scale 
of advertising of such species indicates there could also be a substantial ‘black market’ trade, including 
in species prohibited by the states and territories, via inaccessible social networking sites. Many social 
networking sites for aquarium fish are invitation-only, so are difficult to monitor [13]. The inconsistency 
of regulations – between the federal and state/territory jurisdictions and between the states and 
territories – adds considerably to the difficulties of enforcement and makes it easy for even well-
meaning aquarium owners to make mistakes about what is legal.  

We could find no instances of prosecutions for illegal keeping of prohibited aquarium fish, although 
there has been at least one prosecution for the selling of smuggled shrimp species popular in aquariums 
[13]. Enforcement in Tasmania is facilitated by a regulation permitting only registered dealers to import 
and sell freshwater fish (Tasmanian Inland Fisheries Act 1995, s62). 

How effective is pathway regulation for limiting the risks of people 
releasing fish into the environment?  
The high frequency of reported detections of aquarium fish in the wild – 7 to 8 a year in the Northern 
Territory alone [6] – indicate a failure of community education and options for owners to dispose of fish 
in non-lethal or humane ways. Fish owners are likely to be motivated to release fish into their local creek 
if they grow too big or aggressive or become illegal to keep, or if the owner has to move or fancies them 
as a fishing target. Recent Australian research suggests the highest risks are for species popular in the 
aquarium trade, cheap to buy, available online, aggressive, long-lived and large-bodied [20]. This can 
help guide strategies to reduce the risks of fish dumping. One limitation in Australia that should be 
addressed is the limited services for humanely disposing of or rehoming fish (we could find only 3 
advertised services).  

Most unwanted fish are released in waterways around population centres [24], and certain waterways 
are well known for regular detections of aquarium fish (for example, the Ross River in Townsville). In all 
cases we are aware of, state and territory biosecurity or fisheries officers have been quick to respond to 
reports of new fish species and have sought to remove them if that is feasible. But in most cases, it is 
either too late (the fish are too widespread) or there is no feasible method for removal. Most 
eradications have been achieved by the use of the non-specific poison rotenone or by electrofishing. To 
date, all eradications have been funded by the relevant state or territory government. The development 
of a national action plan for emergency fish responses would facilitate nationally cost-shared programs 
where eradication is feasible.  
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To strengthen environmental biosecurity 
Mitigating the extremely high risks of the aquarium fish pathway should be a top national priority for 
reform. Essential for managing this pathway is a better understanding of the nature of the aquarium 
industry and the species being kept and traded in Australia:  

● Undertake a national audit of aquarium fish species in Australia [13] and consistently monitor 
retail sales and hobbyist trading to maintain an accurate account of species present and their 
relative popularity [20].  

● Undertake social science research to develop an understanding of the different segments of 
the aquarium fish-keeping community and their motivations for risk behaviours such as 
smuggling, illegal keeping and releasing fish into the environment.  

To reduce the risks of this pathway requires reducing the number of high-risk fish kept and traded in 
Australia – as governments have intended to achieve since at least 2006 [14]. This will inevitably be a 
politically fraught process due to opposition by the aquarium industry to prohibitions on favoured fish 
species and thus requires a well considered strategy:  

● Establish a national freshwater invasive species committee: A national committee equivalent 
to the Marine Pest Sectoral Committee is warranted given the extreme biosecurity risks and 
high environmental values at stake [13].   

● Develop a national aquarium fish strategy with clear goals, targets and processes to 
significantly reduce the risks of aquarium fish-keeping in Australia: The strategy should be 
developed with experts and stakeholders and be subject to public consultation. It should set 
out a transparent process for determining the appropriate biosecurity status of fish species 
consistent with their invasive risks. For ‘conflict’ species – those favoured by sellers or 
hobbyists and for which prohibition may not be feasible – the proposed approaches should be 
based on a comparative risk analysis of options such as licensing (fish and sellers), 
grandfathering, buybacks and microchipping. Recognising that there are no easy ways to 
eliminate risks, the focus should be on long-term risk reduction taking into account the 
shorter-term risks of retributive fish release.  

● Undertake risk assessments using best practice methodology: All fish species, whether on the 
permitted import list or not, should be assessed and rated for their invasive risks, except for 
the species assessed since 2000, with a priority focus on species known to be traded and kept 
within the previous 5 years. The risk screening and assessment methods should meet best 
practice standards (as specified in Box X, section 6.2.X). Because little is known about the 
invasion risks of most fish species, due to the lack of an introduction history, it is essential to 
apply the precautionary principle (as is required under the EPBC Act). 

● Apply a precautionary permitted-list approach to aquarium fish regulation and develop one 
national list: Because there are many hundreds of aquarium fish permitted entry to or present 
in Australia, the most effective regulatory approach is to specify which fish are permitted 
(assessed as low risk or with selling and keeping requirements to reduce the risk) and ban all 
others. The optimal system would be to have one national permitted list for selling and 
keeping in Australia. This could be achieved under national environmental regulations 
(currently s301A of the EPBC Act) mirrored, if necessary, by state/territory regulations (such 
as occurs with chemicals approved by the Australian Pesticides and Veterinary Medicines 

https://www.zotero.org/google-docs/?d8C32s
https://www.zotero.org/google-docs/?R4l6wr
https://www.zotero.org/google-docs/?J4copu
https://www.zotero.org/google-docs/?X0HfWV
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Authority). A nationally harmonised scheme will facilitate enforcement and make it much 
easier for fish-sellers and -keepers to know and comply with the law.  

● Provide support and incentives with an adjustment package for the aquarium fish industry to 
develop appealing low-risk replacements for prohibited fish: The aquarium industry is based 
mainly on alien fish species, with about 65 native species also in the retail trade [20]. Keeping 
in mind that native fish can become invasive if transported out of their range, an adjustment 
package could help the aquarium industry develop a more sustainable range of fish options 
that are locally bred. This would also greatly reduce disease risks.  

Enforcement, education and safe disposal options are essential complements to effective regulation: 

● Require anyone who trades aquarium fish to become a registered biosecurity entity under the 
Biosecurity Act and record and report fish sales: This was previously recommended by the 
Natural Resources Commission, based on a Tasmanian precedent, where only registered 
dealers are permitted to import or sell freshwater fish [25]. 

● Strengthen compliance with a multi-pronged strategy of online monitoring and rigorous 
enforcement, combined with amnesties and surrender options: Monitor compliance online 
using web-scraping tools [19].  

● Conduct regular or continuous amnesties for prohibited fish species: A 2004 2-month national 
amnesty for exotic reptiles significantly increased the seizure rate of illegally kept reptiles [26]  

● Reduce the rate of fish releases with educational programs and services for humane disposal 
and rehoming: Based on social science research, develop education and marketing programs 
[13]. Develop a national rehoming and humane disposal service funded by governments and 
run by the aquarium industry. Target high-risk categories such as transient mining and 
defence workers in northern Australia [13]. 

By the time aquarium fish are detected in a waterway it is often too late to remove them. Surveillance 
in high-risk waters, including by citizen scientists, is needed to optimise the chances of early 
detection: 

● Identify the highest-risk waterways for fish release and undertake regular surveillance: A 
priority list of waterways for surveillance could be developed based on past detection data 
(most are near population centres). Surveillance can be facilitated by eDNA technology [REF].  

● Encourage surveillance by citizen scientists, particularly recreational fishers. 

● Develop a national response plan to facilitate rapid eradication of new fish incursions, under 
nationally cost-shared arrangements if that will assist with more difficult eradications.  
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Attachment 9. Eradications – mainland, islands, havens 
Invasive Species Council, November 2023 

Based on data extracted from the Invasive Species Council’s draft State of Environmental Biosecurity 
Report. See Attachment 1 for data.  

1. Mainland eradications 
New South Wales has mostly not been ambitious to eradicate emerging naturalised invaders. We have 
been able to document only 26 eradications at the state level attempted or ongoing since 2000 (Table 
1). There may be several more that have not been documented. To share information about what can 
be achieved and to demonstrate a NSW Government commitment to eradications, it would be useful to 
record the details of all attempts and outcomes on a public database.  

We particularly commend the NSW Government on the eradications of ants – 2 achieved (yellow crazy 
ants and red imported fire ants) and 1 ongoing (yellow crazy ants). The NSW Government also appears 
to have systematically considered opportunities to eradicate recently naturalised aquarium fish, 
although most have failed due to the difficulties of eradication in freshwater habitats. It is also 
encouraging to see a stronger focus on weed eradications after a long history of neglected eradication 
opportunities.  

However, there does not appear to be a systematic approach to identifying, assessing and prioritising 
opportunities to eradicate emerging invaders across all taxa. One obvious neglected opportunity is to 
eradicate red slider turtles, which have been recognised as a priority national risk [1] and mostly 
eradicated by Queensland. Given the high rate of new plant naturalisations (Attachment 6), there are 
likely to be many more species that could be eradicated with limited investment.  

We recommend that the NSW Government adopt a systematic approach to identify potential candidates 
for eradication and eradication programs for the highest priorities based on highest biodiversity returns. 

Table 1. Eradications of environmental relevance at the state level attempted or ongoing since 2000 

 Eradications achieved 
(or probably achieved) 

Eradications not 
achieved 

Eradications ongoing 

Fishes 1 3 0 

Plants 3  1 12 

Invertebrates 2 1 1 

Fungi 0 1 0 

Total 6 6 13 

Data: See Attachment 1. 

https://www.zotero.org/google-docs/?Z6moBi


2 

2. Island eradications of vertebrate animals 
We commend the NSW Government for supporting the recent eradications on Lord Howe Island. The 
elimination of black rats and mice is an outstanding achievement, expected to reduce predatory 
pressures on at least 22 animal species, 51 plant species and 12 vegetation communities, prevent 7 
extinctions over the next 20 years and enable the reintroduction of 4 species [2,3]. This comes on top of 
several other eradications that have done much to protect the high conservation values of Lord Howe 
(Box 1).  

However, New South Wales has undertaken very few other island eradications – fewer than 30 on 12 
islands in total and only 12 on 7 since 2000, including 4 on Lord Howe Island. The largest eradications by 
far have been on Lord Howe Island (by an order of magnitude). The number of island eradications is 
fewer than most other jurisdictions have achieved. We recommend that the NSW Government continue 
to support the exemplary weed eradications program on Lord Howe Island (Box 1).  

Table 2. NSW island eradications of vertebrate animals attempted or ongoing since 2000 

 Eradications achieved 
(or probably achieved) 

Eradications not 
achieved 

Eradications ongoing 

Black rat 5 0 0 

Rabbit 2 0 0 

Goat 1 0 0 

House mouse 3 0 0 

Bird  1 0 0 

Total 12 0 0 
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Box 1. Eradications on Lord Howe Island 

Size: 1,500 hectares 

Island values: A World Heritage property – ‘remarkable example of isolated oceanic islands’, ‘spectacular 
topography’, ‘home to numerous endemic species’. Endemic taxa include 4 land birds (previously 13), 113 
plants, 6 invertebrates.  Extensive nesting seabird colonies.  

Eradications (year achieved): 
● Cats (1980): Contributed to extinctions (pigeon and parakeet). Eradication methods were trapping and 

shooting (with dogs). 
● Pigs (1981): Eradication method was shooting (with dogs). 
● Goats (2001):  Eradication methods were aerial shooting and ground shooting with dogs. 
● Myrtle rust (2018): Eradication method was removal of infected plants. 320 staff hours for surveillance, 

treatment and communication.  
● African big-headed ants (2020): Eliminated from 50 ha. Eradication method was baiting. 
● Black rats and house mice (2023): Rats implicated in the extinction of at least 20 endemic taxa (5 birds, 

13 invertebrates, 2 plants) and a major threat to extant wildlife. Eradication methods were aerial 
baiting and ground baiting.  

● Masked owls (?): Introduced for control of black rats, the owl could have detrimental impacts on 
seabirds and endemic landbirds when rats are eradicated. Eradication method is shooting. 

● Weed eradications (in progress): At least 68 species identified for eradication over a 30 year period. 
Intensive control since 2004 has achieved an 80% reduction in weed density and 90% reduction in the 
presence of mature weeds. 

Costs: $16 million for rat and mouse eradication. 

Outcomes: After the eradication of black rates, numbers of the flightless woodhen doubled within 2 years. The 
Lord Howe currawong, an endemic subspecies, declined after baiting due to poisoning (as predicted), but the 
population is expected to recover quickly (30–40% of the population was taken into captivity during the baiting). 
There was a high breeding success after the baiting. More food resources and reduced competition may 
increase suitable habitat for the currawong. The breeding success of black-winged petrels increased 
substantially, from as low as 2.5% in 2017 to 67% in 2020 and 50% in 2021. Rat eradication will enable the 
reintroduction of species such as the Lord Howe phasmid. 

 

3. Mainland predator-free havens 
We also commend the NSW Government for its recent focus on creating fenced havens for mammals 
threatened by invasive predators. Since 2000, the NSW Government has created 4 havens across a total 
area of more than 27,000 hectares, 3 in partnership with the Australian Wildlife Conservancy and 
another in partnership with the University of New South Wales (Attachment 1). A fifth smaller haven 
was created by an NGO. They are expected to protect at least 15 threatened mammal species. We 
recommend the NSW Government continue to invest in creating fenced havens and conducting research 
to investigate ecological interventions that may help mammals threatened by foxes and cats survive 
outside fenced reserves. 
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