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Summary 
Many of Australia's most serious weeds 
have been introduced intentionally. 
Such introductions were made during 
times when there was little appreciation 
of the problems created for agriculture 
and the environment when plants 
spread beyond their points of introduc
tion. Today there is a greater awa_reness 
of the risks associated with introducing 
plants to Australia. Owing to current 
legislative inad equacies, however, rou
tine quarantine procedure can permit 
entry to species that are known to be 
weedy elsewhere in the world. An as
sessment system is presented which 
evaluates proposed pl ant introductions 
on the bas is of their potential to become 
invasive in Australia . Primary consid
e rations are whether taxa are weedy else
where and whether they possess noxious 
characteristics. The system can also be 
used to determine ris k status classifica
tions for contaminants of imported 
goods. 

Introduction 

Federal legislation to prohibit the entry 
o f weeds is embodied in the Q uaran tine 
Act 1908. Prohibi ted taxa are listed in two 
schedu les o f Quarantine Proclamation 
86P: Schedule 1 contains 66 pro hibited 
species (85% of which already occur in 
Australia) and Schedule 2 itemizes 19 pro· 
hibited genera . Clea rly, there is a need for 
a procedure to assess the risks posed by 
im po rtation of o ther plants, espec ia lly 
those that are of interest for horticultura l, 
ag ro no mic or reclamation works pur
poses. The procedure fo r assessing the 
ri sks associated with the introduction of 
ano ther kind o f organism, viz. a biologi
cal contro l agent, is well es tablished 
(Delfosse and Cu llen 1985). 

The risks to which Australia is exposed 
in the absence of a simila r procedure for 
plants a re illustrated by a current prob
lem . During ]990 a Weste rn Australian 
company involved with the revegetation 
o f salt-affec ted land imported seed o f 
Kochin scopnrin (L.) Schrade r, an annual 
chenopod , from the United States. This 
seed, imported under routine qua rantine 

procedu re, was subsequently bulked up 
and has now been planted as a compo
nent of multispec ies mixtures and pure 
stands on m ore than 60 properties in 
south-western Austra lia . K. scoparia is 
known to be a major weed o f a broad 
range of agricultura l and ho rticultural 
crops throughout the world, in addition 
to its involvement in stock poiSOning. It is 
li s ted as a principal weed in Argentina 
and a co mmon weed in the United States 
and Canada (Holm et nl . 1979). K. scopnrin 
is summer-grow ing and is not expected to 
have a majo r impact upon cropping in the 
mediterranean climate areas of sou th
western Australia . However, now that it 
is established in Western Australia, 
K. scopnrin could pose a substantial threat 
to summ er crops and fallows in eastern 
Austra lia until legal im pediments to its 
movement to o ther States are instituted. 
K. scopnrin has now been declared noxious 
by the Agricu lture Protection Board o f 
Western Austra lia . (NB, There are many 
recogni zed varieties o f K. scoparia, at least 
one of which is non-weedy and has been 
grown in Aus tralian ga rdens fo r many 
yea rs O. Dodd, personal communication)). 

Ideally, all proposa ls to im port new 
plants sho uld be subjected to an assess
ment of the po tential risks (and benefits) 
associated with im po rtation. Further
more, vario us interest groups should be 
able to ex press their o pinions about the 
re lative merit of proposed introductions. 
This paper, howeve r, wi ll d ea l only with 
the ri sks associa ted with introducing 
plant species to Austra lia . 

The most effec ti ve way to manage the spe
cies that pose threats to eithe r agr icultu ra l 
activities o r the natura l environment is to 
exclude them from Australia . It is p rob
ably inevitable that weeds will continue 
to find their way into Australia, however 
co mpetent quarantine services might be 
(Croves 1986), but a lmost holf o f A ustral
ia 's most hoJrmful weed s Me known to 
have been introduced intentiona lly (Fig
ure ] ), eithe r as ornam enta ls o r as species 
that d em onstrated agro no mi c po tentioJl 
(Parsons 1981, Ha za rd 1988, Humphries 
et nl . 1991, Pa rsons and Cuthbertson 1992). 
Such d a ta pa ra llel those o f KlODt (1987), 
who fo und tha t 57% o f the species in the 
na tu ra lized flo ra o f South Australia were 
introduced in ten tionall y. O f these, 70'1 ... 
wNe int roduced fo r o rname ntal pur
poses. 

Figure 1. Modes of introduction of Australian noxious weeds (tl = 233; data 
from Parsons and CuUlbertson (1992). 
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A scoring system for poten tial 
weeds 
Hazard (1988) first published a scoring 
system for decision-making in relation to 
the importation of plants (Table 1). The 
system was developed by S.W.L. Jacobs 
and will be referred to hereafter as System I. 
In this section I will discuss some of the 
categories of attributes that were ad
dressed in the scoring process. In the next 
section I present a modified system which 
is intended to reduce some problems of 
weighting, as well as the potentia l for 
misapplication. 

Documented weedy behaviour 
The basic problem with using biological 
and ecological attributes to evaluate 
weediness is that weeds as a group dis
play many syndromes or combinations of 
such attributes (Barrett and Richardson 
1986, Newsome and Noble 1986). There 
are no genetic, physiological or ecological 
characteristics that represent necessary 
and sufficient conditions for weediness. 
Accordingly, the most (and perhaps only) 
reliable basis for predicting weediness in 
Australia is documented weedy behav
iour of the same taxon under similar cli
matic conditions elsewhere in the world. 
System I highlighted this, listing weed 
status elsewhere as grounds for rejection 
(Table 1). Comparison of a list of Austral
ian noxious weeds (n = 233) (Parsons and 
Cuthbertson 1992) with world weed 
records (mainly from Holm et al. 1979), 
shows that approximately 90% of Aus
tralia's noxious weeds are considered to 
be weeds in one or more other countries 
(NB, some noxious weed declarations in 
Australia may have been based upon ob
servations elsewhere). Unless similar or 
equivalent environmental conditions are 
absent in A ustralia, significant weed po
tentia l in Australia may be assumed from 
other weed records for a particular plant. 
Where weed records are not available, 
however, biological and ecological attrib
utes remain the only bases for quarantine 
decision-making. 

Taxonomic relationships 
It is commonly assumed that a species 
that is closely related to a known weed 
would have a grea ter chance of being 
weedy than one more distantly related. 
Although there are some glaring excep
tions (e.g., non-weedy populations of the 
weed Eupatorium microstemol1 Casso 
(Baker 1965», taxonomic position can 
embody information of a synthetic na
ture, similar to evidence of weedy behav
iour. In System 1, a species with a weedy 
congener receives half of the score that 
leads to rejection (Table 1). My examIna
tion of the p lants declared noxious in 
Australia (Parsons and Cuthbertson 1992) 
revealed that 87% of these species have 
weedy congeners. 
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T able 1_ Scoring system for decision-making on the importation of p lan ts 
(after Hazard 1988)_ 

Criterion Points 

Is the species a free-floating (surface or submerged) 
aquatic or can it survive, grow and reproduce as a 
free-floating aquatic? 20" 
Does the species have a history of being a major weed 
elsewhere in similar habitats? 20 
Does the species have a close relative of similar 
biology with a history of weediness in similar 
habitats? 10 

10 

10 

8 

5 

Are the plants spiny? 

Does the plant have spiny diaspores? (i.e. burrs) 

Are plants harmful to humans and/or stock? 

Do plants produce stolons? 

Do plants have other forms of vegetative 
reproduction? 

Are the diaspores wind-dispersed? 

8 

8 

Are the diaspores dispersed by mammals and/or 
machinery? 8 

5 

5 

Are the diaspores dispersed by water? 

Are the diaspores dispersed by birds? 

A Scores totalling ~ 20, between 12 and 19, or <12 indicate grounds for rejection, fu rther 
examination or acceptance, respectively. 

T ab le 2_ Noxious species in relation to the total number of sp ecies 
n aturalized in Au strali a. 

Family No. spp. 
naturalizedA 

Boraginaceae 26 
Solanaceae 58 
Asteraceae 224 
Euphorbiaceae 32 
Cactaceae 29 
Polygonaceae 27 
Lamiaceae 42 
Amaranthaceae 24 
Liliaceae 56 
Rosaceae 80 
Brassicaceae 74 
Poaceae 316 
Fabaceae 173 

A from Hnati uk (1990). 

A recent modification of System 1 gives 
weight to inclusion in particular families 
(e.g., Asteraceae, Brassicaceae and Ama
ranthaceae (Groves 1986)), allocating ha lf 
the rejection score to these. However, af
finity at this level is at best a weak predic
to r of weediness (Table 2), and for the 
nominated families, scoring for genus and 
family represents double counting 

Noxiousness 
Attributes that confer noxiousness should 
be of primary importance for scoring 
plants of unknown significance as weeds. 
Put simply, if a species is free of noxious 
properties, there is considerably less rea
son to exclude it. System 1 lists two nox
ious features, viz . whether a plant or its 

No. spp. %spp. 
declared declared 

7 26.9 
14 24.1 
47 21.0 
7 21.9 
6 20.7 
5 18.5 
7 16.7 
3 12.5 
6 10.7 
7 8.8 
6 8.1 

18 5.7 
7 4.0 

diaspores are spiny and the potential to 
harm humans and/or stock (Table I) . 
This group of attributes should be ex
panded (Table 3), if only to capture spe
cies that pose significant threats to the 
natural, as opposed to agricultural, envi
ronment (e.g., the climbing habits of 
Anredern cordifolin (Ten.) Steenis and 
Mncfndyelm unguis-cnti (L.) A. Gentry, in
vaders of remnant rainforest communi
ties in New South Wales) . However, it is 
important to keep in mind that noxious
ness is a legal, not a biological concept, 
and some potentially impo rtant weeds 
with unique or uncommon characteristics 
may be overlooked. Note that if competi 
tiveness is scored as a noxious character
istic, many species of potential agronomic 
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Tab le 3. Characteristics conferring 
noxiou s status u pon plant species. 

Poisonous or unpalatable to stock 
Harmful to humans 
Producing spines, thorns or burrs 
Competitive 
Having a scrambling or climbing growth 
form 

Parasitic on other plants 

significance could require further assess
ment. Competitive ability depends upon 
a combination of plant characteristics, but 
these are all quantifiable (Grime 1979) and 
the methodology for examining competi
tive interactions between species is well 
developed (e.g., Firbank and Watkinson 
1985). 

Dispersal of diaspores 
The rate of spread is of primary impor
tance in determining how effectively a 
weed can be contained (Auld et a/. 1978/ 
79, Menz et al. 1980). Furthermore, 
Forcella (1985) provided evidence that fi
nal distributions are broader for weeds 
that demonstrate high initial rates o f 
spread. As im portant as spread may be to 
the management of noxious weeds 

(Panetta 1987), System 1 appears to have 
given undue weighting to the mode of 
diaspore dispersa l; should a species pos
sess all four types of e1ispersal listed in 
Table 1, it would be rejected on the basis 
of dispersa l characteristics alone! There is 
no data to support the relative weightings 
that have been given to different modes of 
dispersal (Table 1), and no guidelines ex
ist for how regularly diaspores must be 
dispersed by a given mechanism for it to 
be scored. 

System 1 m od ified 
Prior to any assessment of the risks posed 
by its importation, a plant must be CO[

rectly identified. Although demonstrably 
weedy elsewhere, a taxon could be pro
posed for importation under a synonym 
or an erroneous name. In a recent case in
volving the Perth Zoological Gardens, 
three species of Araoa were im ported for 
an African exhibit. One of these was im
ported as A. arabien (Lam.) Willd., but is 
known currently as A. Ililotica (L.) Willd. 
ex Del., (Ross 1979), one subspecies of 
which is a proclaimed noxious weed in 
Queensland and the Northern Territory. 
Confirmation of identity by a recognized 
herbarium (Holmgren et a/. 1990) would 

T able 4. Rep rodu ction an d d ispersal charac teris tics of the Au s tralian 
n oxiou s weed s that have n o close weedy rel atives (n = 28). Plan ts capable 
of livin g as free-floatin g aq uatics are n o t in cluded. 

Family SpeciesA Multiple modes? 

Reproduction Dispersal 

Apiaceae COll ill m mnw/ntllm no yes 
Apiaceae Foenicll/u m v lllgnre no yes 
Araceae Zantedescliin netliiopien yes yes 
Asclepiadaceae Cryptostegin grmldijIora no yes 
Asparagaceae Myrsiphylllln/ nspnragoides yes no 
Asteraceae Berkheya rigitln yes no 
Asteraceae Chrysnnthemoides monilifern yes yes 
Asteraceae Cineraria lyrataB no no 
Asteraceae Gorteria personata no yes 
Asteraceae Gymnocoronis spi/fillthoides yes no 
Asteraceae Silybul1I marianu11I no yes 
Asteraceae Stevia ellpatoria yes yes 
Brassicaceae Hirschfeldia incalla no yes 
Brassicaceae MyagTllnl perloliatum B no no 
Caesalpiniaceae Parkil1sonia aellleatn no yes 
Cucurbitaceae Eeballilllll daterilim B no no 
Euphorbiaceae Eremocarplls seliger no yes 
Fabaceae Dalbergin sissoo yes no 
Iridaceae WnlsOllia bllibilllfera yes no 
Martyniaceae lbicella Il/tea B no no 
Martyniaceae Mnrtyl1in al1l1l1aB no no 
Martyniaceae Proboscidea lOllisianicn B no no 
Melianthaceae Meli(mthlls C011l0S II SB no no 
Oleaceae Olea el/ropaea B no no 
Poaceae Naselln trichotoma no yes 
Si ma roubaceae Ailnllt/llls altissima yes yes 
Verbenaceae Gmelilla asiatica yes no 
Zygophyllaceae Pegnlllllll harmala no yes 

A authorities as in Parsons and Cuthbertson (1992). 
B piants that would be accepted according to the assessment system. 

circumvent such problems. 
Rather than summing points scored for 

each feature in Table 1, I propose restruc
turing the system on the basis of the rela
tive reliability of the information under 
consideration (Figure 2). Thus weediness 
elsewhere is the primary criterion. It leads 
to immediate rejection if results from 
bioclimatic and other analyses (Panetta 
and Mitchell 1991a,b; Panetta 1992) indi
cate that a species could be preadapted to 
any environment within Australia. 

Where no weed records exist for a spe
cies, it must be evaluated on the basis of 
less informative attributes. Consensus in 
the scientific community has been that the 
risk of invasion is too great to allow the 
introduction of any free-floating aquatic 
species; these may be rejected out of hand. 
The remainder of the scoring proceeds 
from an evaluation of noxiousness, as in
dicated in Figure 2. 

Species with potentially noxious char
acteristics and having weedy congeners 
require further evaluation. Other bases for 
non-acceptance are demonstration of 
more than one type of reproductive be
haviour (e.g., reproduction by both seed 
and vegetative structures), or more than 
one type of dispersal mechanism, (e.g., 
dispersal via animals and non-biotic vec
tors). It follows that the potential weeds 
most likely to escape detection by this sys
tem would have a combination of the fol
lowing features: no close weedy relatives, 
a sole mode of reproduction (vegetative, 
or more likely, by seed) and a single, but 
very effective mode of dispersal. 

Excluding the three species that are ca
pable of living as free-floating aquatics 
(Cabomba caroliniana, Egeria de/1sa and 
Pislin strntiotes), only 28 introduced nox
ious species (12%) have no weedy conge
ners (Table 4). When these are screened 
further, eight species would be accepted 
owing to the absence of multiple modes 
of reproduction and dispersal. However, 
six of these (Cineraria lyrnta, Ibieella lutea, 
Melianthus comosus, Martynia annua, 
Myngrllm perfoliatllm and Proboscidea 
iouisianica) would have been rejected ei
ther for possessing noxious characteristics 
or for a history of weediness elsewhere. 
With regard to the remaining plants 
(Ecballiu11l elaterium and Olea europaea), 
the latter is probably the only species for 
which a case could be made for introduc
tion today. 

Rejection or further evaluation 
The degree of confidence in the status of a 
candidate for introduction should be re
lated to the reliability of the criteria em
ployed for assessment. Thus, import 
should not be allowed for plants that are 
known to be weedy elsewhere and for 
which climatically suitable areas exist in 
Australia . Such organisms could be seen 
to pose clearly unacceptable risks to 



Figure 2. A screening system for proposed plant introductions. 
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agriculture and the environment. From an 
agronomic or horticultural point of view, 
it is questionable whether introduction 
should be considered for non-intensive 
enterprises if the climatic suitability 
within Australia is predicted. to be mar
ginal. However, some weeds, particularly 
those originating in Europe and the Medi
terranean Basin, have colonized parts of 
Australia that have different climatic 
characteristics to their source regions 
(Michael 1981) . 

Potential risks based upon rela tedness, 
reproduction, or dispersal characteristics 
(Figure 2) could be evaluated in terms of 
evidence for non-weediness. Such evi
dence might include a documented lack 
of weedy behaviour from previous intro
ductions in climatically similar world re
gions (by analogy to the initial screening 
procedure). However, unless appropriate 
evidence exists in the literature or in other 
reliable forms, strictly controlled intro
duction at one or more sites may be re
quired in order to properly evaluate the 
weediness of the candidate. 

While the need for security would pre
clude an assessment of dispersa l poten
tiat features which could be examined 
include characteristics of seeds and seed 
banks, growth rates, competitiveness, ca
pacity for vegetative regeneration, age at 
first reproduction, fecundity and attack 
by natural enemies. An appraisal of the 
candidate's susceptibility to commonly 
used herbicides should also be made at 
this stage. Such a process would undoubt
edly be costly and time-consuming. If 
proponents had to bear the cost, it is likely 
that more effort would go into the selec
tion of candidates for importation. 

The proposed assessment system also 
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No 
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has relevance to the accidental introduc
tion of weeds (Figure 1), which can occur 
via contamination of imported goods. 
Currently the Australian Quarantine and 
Inspection Service assigns pests to one of 
four categories of risk status, reflecting 
their perceived or potential biological and 
economic impacts. A maximum pest level 
(MPL) has been established for each class 
and represents the level of contamination 
that should not be exceeded fo r a consign
ment (Panetta 1990). Where a weed con
taminant is identifiable, the present sys
tem could help to determine its risk sta
tus, hence the appropriate MPL. 

Discussion 
The strength of the present assessment 
system is that it segregates categories of 
information that have different predictive 
values. The most reliable basis for predic
tion of weedy behaviour in Australia 
must be evidence for weedy behaviour 
elsewhere. There are a number of prob
lems associated wi th hioclimatic extra po
lation to Australian environments, in
cluding non-correspondence of the cli
matic characteristics of source and colo
nial regions for some weeds (Michael 
1981), the existence of unsuspected sec
ondary climatic optima for species 
(Vickery 1974) and the possibility of dif
ferences in genetically-based climatic re
sponses between weed populations 
(Panetta and Mitchell 1991b). However, 
the use of relatively non-restrictive cri te
ria for climate matching will maintain a 
conservative approach to quarantine de
cision-making (Panetta 1992). 

The remaining information in System 1 
has substantially less predictive value. It 
should not be used in conjunction with 
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direct evidence of weediness, since any re
sultant score would be distorted owing to 
a combination of inappropriate weighting 
(one point derived from 'weed elsewhere' 
is equivalent to one point from 'wind dis
persal') and double counting (scoring 
weedy attributes for proven weeds). The 
danger in this application of System 1 is 
that species may ultimately be prioritized 
for exclusion on the basis of sums domi
nated by scores for unreliable characteris
tics. Biological and ecological attributes 
should be utilized primarily when there is 
no other evidence for weed potential. Fur
thermore, insufficient information for any 
charac teristic should justify rejection of a 
candida te. 

Australasian plant communities have 
been invaded by introduced. species ex
hibiting a variety of life forms, physiologi
cal and reproductive charac teristics 
(Newsome and Noble 1986, Timmins and 
Williams 1987, Humphries el al. 1991). 
Owing to the much higher structural and 
floristic diversity that exists in natural 
communities, it is more difficult to iden
ti fy potential 'envi ronmental', as opposed 
to agricultura l, weeds. In a recent study 
examining all of the southern African spe
cies that are naturalized in Australia, 43% 
of the variation in agricultural weed sta
tus in Australia could be exp lained by 
weed status in the region of origin. No 
significant predictors were found for en
vi ronmental weeds, however (Scott and 
Panetta 1993). Jd entifying such plants 
prior to their introduction will remain a 
major challenge to both scientists and 
quarantine personnel . 

Concl usions 
This paper has addressed the risk variable 
in a risk/benefit relationship . It is un
likely that potential benefits wou ld ever 
be grea t enough to justify the import of a 
candidate that was rejected on the basis of 
a history of weediness. However, candi
dates that are flagged by this system on 
the basis of taxonom ic affinity or their 
biologica l and ecological features may ul
timately be approved for introduction if 
there is evidence for non-weedy behav
iour foll owing introductions elsewhere. 
Alternatively, they may promise substan
tial benefits and conflicts of interest may 
be either absent o r resolvable. 

Given the fact that we possess an im
perfect understanding of the features that 
confer weediness, a sim pie screening sys
tem is bound to reject a num ber of harm
less plants and to accept others that could 
prove to be damaging in the long run. The . 
latter fault is more serious by far (Panetta 
1992). Where there is uncertainty about 
potential risks, candidates for introduc
tion should be grown under secure condi
tions in a number of environments SO that 
further assessments of weed po tential 
may be made. In relation to the introduc-
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tion of pastu re species. H Clza rd (1988) has 
co mmt:!nted tha t the costs involved in 
such a procedure would be small com
pared to the ever-increasing expenditure 
on weed contro l ca mpaigns mo unted 
against plants now rega rded as major 
weeds. One can only hope that the rapid 
recognition of the weed potential of 
K. scopnrin following its legi timate intro
duction in W estern Austra li a will pre
clude the introduction of this species to 
New South Wales and Queensland. While 
the performance of Australian quarantine 
services has been exemplary rega rding 
the exclusion of diseases and animal 
pests, it is imperative that the quarantine 
net now be tightened with rega rd to 
weeds. 
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tion of pasture species. H aza rd (1988) has 
co mm t:! nted that the costs involved in 
such a procedure would be small com
pared to the ever-increasing ex penditure 
on weed contro l ca mpaigns mo unted 
against plants now rega rded as major 
weeds. One can only hope that the rapid 
recognition o f the weed po tentia l o f 
K. scopnrin following its legi timate intro
duction in W estern Austra li a will pre
clude the introduction of this species to 
New South Wales and Queensland. While 
the performance of Australian quarantine 
services has been exemplary regarding 
the exclusion of diseases and animal 
pests, it is imperative that the quarantine 
net now be tightened with regard to 
weeds. 
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