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THE ROLE OF ECOLOGICAL STUDIES IN
ASSESSING WEED ERADICATION PROGRAMMES

J. Dodd
Department of Agriculture, Baron-Hay Court
South Perth W.A. 6151

Summary. Eradication has been attempted for many noxious plants in Australia but is rarely
achieved. Recent examples of weed eradications are presented. Eradication is discussed in
terms of the circumstances under which it is most likely to succeed, the weed characteristics that
most influence its achievability and the types of ecological studies most relevant to its
assessment. The importance of predicting the potential distribution of weeds is emphasized.
Eradication programmes for skeleton weed, nodding thistle, pennyroyal, arum lily, salvinia and
mimosa are reviewed in relation to ecological studies that illustrate the appropriateness of this
form of weed management.

INTRODUCTION

Eradication is a management goal for noxious weeds which is often prescribed but seldom
achieved. It is a form of weed control aimed at reducing the population of a weed to zero (8).
To be effective, this course of action requires destruction of the parent plants and every
propagule of a plant, as well as measures to prevent reinvasion of the treated area (69).
Eradication is unlikely to succeed, however, if - as is often the case - the target weed is well
established, has a wide distribution and produces long-lived, inaccessible propagules (8, 44).

Since the passing of Australia's first noxious weed legislation in 1851 (40), more than 200
species or species complexes have been proclaimed as noxious weeds or declared plants (37).
Because of this classification, landholders are legally obliged to carry out certain control
measures, including eradication, if noxious weeds are found on their property. Yet, despite the
continuing efforts of landholders and the various government bodies involved with noxious
weed control (1), the success rate of eradication programmes remains low (58), and the current
list of eradicated weeds (Table 1) shows little advance on the lists presented 15 years ago (1,
44). Significantly, the eradication examples in Table 1 all concerned weeds that occupied very
small areas.

The relevance of pursuing eradication has been questioned in recent years (1, 8, 39, 43, 44),
especially when this policy is applied to weeds that have been present for a number of years and
have attained more than a restricted distribution. The circumstances under which eradication
would be an appropriate goal are when the weed has been established for only a few years (8,
43, 44), has a limited distribution (1, 8, 44, 61), possesses harmful characteristics that would
justify the effort (43) and does not produce long-lived, inaccessible (buried) propagules (8). In
addition, the cost of the eradication programme should not be greater than the current and future
costs due to the weed at the existing level of control (8, 39).

The realization that eradication is not practicable in all situations is reflected in the criteria for
eradication adopted by various States: for example, Western Australia has 59 species or species
complexes proclaimed as declared plants, of which 50 are placed in the P2 (eradication)
category for all or part of the State. At present, however, eradication programmes apply to only
11 declared plants with limited distributions (7). In Victoria and South Australia, eradication
programmes are also directed towards noxious weeds that have small enough areas of
distribution for this goal to be achievable (4, 6), whereas in Tasmania eradication is attempted
only if considered practicable (27).
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Table 1. Noxious plants eradicated from all or part of their. distribution in Australia.

Weed Location Notes References
Ambrosia psilostachya  Vic Both known infestations 1, 44, 57
(perennial ragweed) eradicated
Carduus nutans WA (Green Range)  The only WA infestation 36 and
(nodding thistle) herein

Vic (Korumburra, Other infestations 36

Tallangatta and exist in the State

Orbost)

SA (Orroroo) The only SA infestation 36
Carthamus glaucus Vic Long absent W.T. Parsons
(glaucous star thistle) pers. comm.
Chondrilla juncea WA (wheatbelt) About 50% of farm 15 and
(skeleton weed) infestations eradicated herein
Cirsium arvense WA Long absent 1, 35, 44
(perennial, creeping or
Californian thistle)
Cirsium syriacum Vic Long absent W.T. Parsons
(Syrian thistle) pers. comm.
Cnicus benedictus Vic Long absent W.T. Parsons
(sacred or blessed pers. comm.
thistle)
Eichhornia crassipes SA Except cultivated plants 31, 44, 29
(water hyacinth) Qld (Murilla Last seen in 1973 29

Shire)

Vic Eliminated from parts 57

of State

Eupatorium serotinum Qld (Nerang) Not seen for many 30
(seroty weed) years
Ibicella lutea Vic Eradication considered 4
(devil's claw) likely
Madia sativa Vic Long absent W.T. Parsons
(pitch weed) pers. comm.
Melianthus comosus Vic Eliminated from parts 57
(tufted honeyflower) of State
Proboscidea Vic Eradication considered 4
louisianica likely
(devil's claw)
Prosopis velutina NSW (Western) 37 out of 42 12
(mesquite) infestations eradicated
Prosopis sp. Vic Eliminated from parts W.T. Parsons
(mesquite) of State pers. comm.
Salvinia molesta NT 5 out of 7 infestations 41 and herein
(salvinia) eradicated

Vic 4

SA 3
Ulex europaeus Tas (Flinders 5
(gorse) Island)
Xanthium occidentale Tas (Inveresk) Last seen in 1978 2,25

(Noogoora burr)
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The management of noxious weeds is expensive (1, 59) and has attracted a number of
economic studies, several of which were reviewed by Pannell (55). Since that review, further
economic analyses have been published (13, 14, 24, 63, 64). Eradication programmes can be
especially costly and might exceed the current and future economic losses caused by the weed.
Eradication of a species follows the "law of diminishing returns" since it will cost more and
more to find and kill each additional plant as the population of the plant decreases (8). While
the last few plants are being sought, it is likely that previously treated land would become
reinfested from buried and newly produced seeds (8), as has been documented recently for
water hyacinth, Eichhornia crassipes, in Queensland (30).

In view of the importance attached to weed eradication and the difficulties of achieving this
goal, it is desirable to identify those weeds most likely to be eradicable. In order to do this, it is
appropriate i) to discuss whether eradication of a particular noxious weed can realistically be
achieved; ii) to define the greatest biological barriers to eradication, i.e. those characteristics of
the weed that most influence the success of an eradication programme; and iii) to discuss the
sorts of investigations that would be most suitable for evaluating eradication programmes. In
the following sections I shall review some ecological studies that are relevant to eradication and
discuss specific programmes in which ecological studies have illustrated the appropriateness of
the eradication effort.

POTENTIAL DISTRIBUTION

An important consequence of eradication is that the target weed is prevented from becoming
more widespread. The decision to undertake an eradication programme could be based on more
rational grounds if the extent of the weed's eventual distribution could be assessed objectively
(1, 59). Knowledge of potential distribution is of great relevance to landholders and others
involved with the control of noxious (and other) weeds since this would identify areas that are
prone to invasion (38, 54) whether by newly introduced, actively spreading weeds or those that
are long established but continuing to spread. Information of this kind is required when
making management decisions including alerting landholders to the possibility of infestation,
enforcing quarantine measures to prevent spread to susceptible areas (38) or adopting an
eradication policy.

Despite their value and inherent interest, potential distributions have been predicted for
relatively few weeds. Maps of potential distributions have been published for alligator weed,
Alternanthera philoxeroides (60); nodding thistle, Carduus nutans (38); skeleton weed,
Chondrilla juncea (54); bitou bush, Chrysanthemoides monilifera ssp. rotundata (26); mimosa,
Mimosa pigra (33) and Noogoora burr, Xanthium occidentale (63). Descriptions of potential
distributions have been given for alligator weed (28); water hyacinth (19); parthenium weed,
Parthenium hysterophorus (18, 68); salvinia, Salvinia molesta (65); Californian burr, Xanthium
orientale and Hunter burr, X. italicum (32).

The success of a weed in a new environment is determined by its adaptation to numerous
environmental factors, of which climatic factors are particularly important (38). If the weed's
response to climatic factors is known, it should be possible to predict its eventual distribution
from appropriate climatic data (38). The predictive value of climatic information was
demonstrated by the close correspondence found between the observed distribution of skeleton
weed in south-eastern Australia and that predicted from the various temperature and rainfall
parameters used in the model BIOCLIM (11, 54). Quinlivan (59) used climatic factors to
explain both the distribution and severity of one-leaf cape tulip, Homeria collina, in Western
Australia by showing that the impact of the weed was greatest in the relatively small region
experiencing the combination of a sufficiently late start to the growing season and a late closing
date. The scattered infestations found beyond that region would be of little significance as they
would be unlikely to spread or persist (59).

Several of the studies of potential distribution (26, 38, 54, 63) involved computer models
which utilized mean climatic data as the basis for predicting distributions. A refinement to this
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approach would be to use actual climatic data rather than mean values, since this would enable
seasonal variation to be incorporated into the predictions and would permit calculation of
probabilities for the outcomes (38, 54). The present bioclimatic prediction models give only a
general outline of potential distributions and cannot allow important local ecological factors
such as soil type, land use and topography to be taken into account, even though they might
allow a more precise prediction of potential distribution than the models' pre-set climatic
parameters (26, 54). Consequently, bioclimatic prediction cannot define those areas where a
weed will be sufficiently abundant and vigorous to cause problems. Nevertheless, models such
as BIOCLIM (11) provide a speedy, inexpensive and relatively easy means of determining the
potential distribution of noxious weeds (54) and deserve to be more widely used, especially
when evaluating the appropriateness of eradication programmes (63).

SKELETON WEED (Chondrilla juncea)

Skeleton weed has become widespread in south-eastern Australia following its accidental
introduction over 70 years ago. It was first found in Western Australia in 1963, but since 1973
it has been the target of an intensive eradication campaign and has not become freely established
(15). Each year since 1981/82, new infestations have been found on an average of 22 farms.
To date, skeleton weed has been found on 272 farms but has been eradicated from 82 of these,
leaving 190 properties still considered actively infested. Eradication has been achieved on at
least 40% of farms that have been in quarantine long enough to satisfy the criterion for
eradication, i.e. the infested paddock should be cropped three times, following herbicide
treatment, without further skeleton weed plants being found (15). A more realistic estimate,
based on a cereal/pasture rotation rather than continuous cropping, suggests an eradication rate
of 54%. It is not possible to derive a more precise estimate, however, without examining the
cropping records for infested paddocks on quarantined farms. On treated farms where skeleton
weed has not yet been eradicated, the size of the infestation - which commonly consists of small
numbers of plants scattered at low density across 1 ha or less (15) - is reduced drastically and
seed production is prevented by regular inspection and treatment.

The skeleton weed eradication programme is labour intensive and expensive. In addition to the
full-time staff involved with the programme, a large number of volunteers take part in paddock
searches each year: in 1988/89, 1,500 'volunteer days' were spent searching 25,000 ha of
farmland and the whole programme cost $522,000 (7). Analysis of the potential economic
effects of skeleton weed has, however, shown that expenditure on eradication was justified

(56).

In order to assess the potential of skeleton weed in Western Australia and therefore the value of
maintaining the eradication programme, detailed ecological investigations of the weed have been
conducted (16). Two aspects of the reproductive biology of skeleton weed were originally
considered to pose barriers to its establishment and spread in Western Australia (62). These
were:
° that summer rainfall was necessary in order to permit formation of a substantial
number of viable seeds;

that unseasonal (i.e. summer) rainfall would result in mass germination of skeleton
weed, because of the virtual lack of seed dormancy; however, seedling death would
occur on a similar scale upon the return to hot, dry conditions.

The first point has been invalidated by detailed studies on seed production (17), which showed
that viable seeds were produced abundantly by established field-grown plants in the Western
Australian wheatbelt, even in the absence of substantial summer rainfall. Following summer
rain, there was no increase in seed output or quality, except in young plants with small root
systems (52, 53). Even when growing under simulated drought in the glasshouse, substantial
numbers of viable seeds were produced (17). In general, field-grown skeleton weed produces
large quantities of viable seeds, provided there is sufficient winter rainfall to recharge soil water
storage (17). Despite producing large numbers of seeds, however, skeleton weed does not
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develop a persistent seed bank and only very low levels of seed persistence between years have
been recorded (51).

The second point (mass germination and seedling death during summer) has been upheld by
studies of germination responses to simulated rain (45) and the fates of buried and surface-
sown seeds (50). Buried seeds showed virtually complete germination after receiving 25 mm
of rain, an event likely to occur at least twice over summer in the parts of Western Australia
where skeleton weed has been found (50). Seeds present on the soil surface were unlikely to
germinate following minor summer rainfall and might, therefore, be expected to survive until
autumn. However, they are susceptible to removal and subsequent destruction (during feeding)
by seed-harvesting ants which, in one trial, removed 49% of available skeleton weed seeds
over a 24 h period in mid-summer (50). The harvesting activity of ants probably accounts for
the absence of viable seeds in the leaf litter found beneath a dense skeleton weed stand near
Perth, even though the litter contained many newly-released seeds two months previously
(Dodd, unpublished). These studies point to substantial seed losses prior to times when
conditions are most favourable for seedling establishment. Further field studies (51) have
shown that a maximum of 35% of viable skeleton weed seeds gave rise to emerged seedlings,
even though sown in autumn when conditions were most favourable for germination. Virtually
no seedlings appeared on a duplex soil that became waterlogged in early winter, due,
apparently, to pathogenic attack of the germinating seeds (51).

Factors other than drought and waterlogging contribute to the high levels of skeleton weed
seedling mortality; for instance, seedling mortality increased when large numbers of red legged
earth mites congregated in sheltered microsites, set up to enhance seedling survival in a manner
similar to crop stubble and mulch (20). Over 90% of seedlings up to 12 weeks old were killed
when exposed to a simulation of the cultivation and herbicide applications associated with
reduced tillage and direct drilling (51). Because these methods of crop seeding are used by the
majority of wheat farmers in Western Australia, establishment of skeleton weed seedlings
appears unlikely to occur during the crop phase of the crop/pasture rotation, since few seedlings
would be of sufficient age or size to survive cropping operations (51).

The population dynamics of skeleton weed in Western Australia differed markedly depending
on whether populations occurred on deep sands or duplex soils. Skeleton weed arising from
seed showed greater establishment, fecundity and survival when growing on deep sands and
would, therefore, achieve higher population growth rates (52). Although the potential
distribution of skeleton weed in Western Australia has been shown to include the entire
wheatbelt when determined on gross climatic characteristics (54), large areas of the Western
Australian wheatbelt appear to be edaphically unsuited to the weed, because of the extent of
duplex soils (52). Hence the areas at greatest risk of invasion by skeleton weed are probably
substantially less than was indicated by using bioclimatic prediction techniques.

Another finding of the demographic studies (50, 51, 52) that is of great relevance to the current
eradication programme is that it is not critical to ensure total prevention of seed production, in
view of the very high levels of seed loss and seedling death which occur under field conditions.
Ecological studies of skeleton weed in Western Australia have also led to the recognition that
the rates of spread and intensification on farms are likely to be lower than occurred in south-
eastern Australia, where the use of cultivated fallows led to explosive increases in skeleton
weed due to vegetative reproduction (16). In Western Australia, cultivated fallows are seldom
used (22), a factor which undoubtedly contributes to the very small sizes of infestations when
first found (15). Even so, vegetative reproduction can occur in undisturbed plants through the
development of adventitious rosettes from buds on the lateral roots, as well as from root
fragments generated during routine cultivation associated with cropping (16). Consequently, it
appears that if no control were attempted, the increase of skeleton weed on a farm in Western
Australia and the accumulation of economic losses would be gradual and should be measured in
decades rather than years (24).
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Overall, the results of the various ecological studies of skeleton weed in Western Australia
support the continuation of the eradication programme, since they have shown that the weed is
well adapted to the climatic conditions prevailing in the wheatbelt. Not all soil types are equally
prone to invasion, since duplex soils have been shown to be unfavourable for germination and
seedling establishment if waterlogged in early winter. Despite massive mortality of seedlings in
the first months following emergence, sufficient establishment occurs from seeds and by
vegetative means to permit population growth. The small size of most infestations and the lack
of a persistent seed bank have contributed to the success of the skeleton weed eradication
programme.

NODDING THISTLE (Carduus nutans)

Nodding thistle is a recent successful invader that was first detected in 1950 and is now a major
weed of high rainfall pastoral land in N.S.W. (37). Unlike many other weeds in Australia,
nodding thistle received detailed biological studies relatively soon after detection (36). The
studies defined the characteristics of the plant that have made it such a successful invader and a
persistent weed, particularly its phenology, germination biology, high seed output, seed bank
development and prolonged dormancy (21, 36). Nodding thistle was also one of the first
weeds for which the potential distribution was assessed objectively (38). The features that
account for the success of this weed partly explain why it would be impossible to eradicate in
areas where it is long established, widespread and abundant. However, appreciation of these
same features would provide the justification for attempting eradication at sites where invasion
has taken place recently, especially if they are in regions shown to be climatically suitable for
the weed.

Early intervention, backed by appropriate noxious plant legislation, has successfully contained
nodding thistle in Tasmania and Victoria and has resulted in the eradication of some of the
infestations in the latter State (Table 1) (36). The single infestations recorded in South Australia
and Western Australia (Table 1) were eradicated following early detection, without legislative
intervention. In Western Australia, detection, recognition and eradication appear to have
occurred within a few months of invasion, since all plants were grubbed out before they had set
seed and no further plants have appeared at the site (B. Hoskins, G. Perry and P. Rutherford,
pers. comm.). This instance of eradication is more significant than was appreciated at the time,
since the infestation site (Green Range) fell within the area of Western Australia predicted as
being moderately suitable for nodding thistle (38) and therefore susceptible to invasion.

The nodding thistle example illustrates a number of pertinent points, such as the value of early
intervention, the futility of attempting eradication of an established widespread weed, the role of
noxious weed legislation and the contribution of information on potential distribution to
evaluating the significance of new infestations.

PENNYROYAL (Mentha pulegium)

Pennyroyal is a stoloniferous perennial mint that occurs sporadically in the cooler wet regions
of southern Australia. In parts of the extreme south-west of Western Australia it is troublesome
in low lying pastures, especially those prone to seasonal inundation. Because it reduces the
quality of herbage and hay, causes temporary tainting of milk and is suspected of being harmful
to stock, pennyroyal has been gazetted as a declared plant in Western Australia and placed in the
eradication category. However, chemical control is both expensive and ineffective, and the
weed is impossible to eradicate because of regrowth from the stolon and re-establishment from
seed. Ecological studies (46, 47) elucidated aspects of seed and seedling biology which
explained the intractability of this weed.

Significant aspects of the ecology of pennyroyal are its ability to germinate underwater and to
survive long periods of inundation, characteristics that enable the plant to invade and persist in
sites which are flooded seasonally (46). Germination occurs over a broad range of
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temperatures and was observed in the field between autumn and early summer (46). Seeds
demonstrate a near-obligate requirement for light.

Large numbers of seeds are produced and many become buried, especially as a result of
trampling by stock. Once buried, the seeds enter a state of enforced dormancy (which is related
to their requirement for light for germination) and become part of the massive seed bank
associated with this plant (47). Seed banks were particularly large in paddocks where
trampling had promoted seed burial. Any form of disturbance which brought seeds to the soil
surface (e.g. trampling or cultivation) or which exposed the surface (e.g. grazing, or plant
death caused by waterlogging) would result in germination.

Pennyroyal occupies a relatively narrowly-defined habitat and is not expected to become
widespread beyond low-lying and summer moist pastures. Within its preferred habitat,
however, it is well adapted to invading pasture gaps and withstanding flooding. Its persistence
derives both from its perennial habit and its massive seed bank held in enforced dormancy.
While pennyroyal has an impact on grazing, the activity of grazing animals actually promotes
seed burial, as well as causing soil mixing, which brings other seeds to the surface for
germination. As a result of these studies, eradication has been recognized as being an
unrealistic management policy for pennyroyal, which is now subject to control and containment
programmes, instead (7). The most successful technique for managing this weed would be the
use of vigorous pasture plants capable of withstanding seasonal inundation (47).

ARUM LILY (Zantedeschia aethiopica)

Arum lily, a rhizomatous perennial native to South Africa, was originally grown in Australia as
a garden ornamental. The plant has escaped from cultivation and has become naturalized in
damp situations throughout southern Australia. In the wetter parts of south-western Western
Australia, arum lily causes problems by invading swampy pastures and native vegetation, as
well as being toxic to stock (49). In Western Australia, arum lily is a declared plant, targetted
for eradication. Until recently, stands of the plant could only be destroyed by repeated
treatment with 2,4-D ester or amine, but single applications of chlorsulfuron are now widely
used and very effective (34, 49) and provide the opportunity for a relatively simple eradication
procedure.

Results from studies of the seed biology of arum lily (49) demonstrated that an eradication
programme based on chlorsulfuron treatment would be likely to succeed, mainly because the
plant lacks seed persistence and does not develop a seed bank. Although arum lily produces
large numbers of seeds, they are short lived. Because of the rapid loss of viability, few seeds
from one year's production would still be viable at the onset of the following winter rains.
Consequently, if plants are killed by spraying while the infructescence is immature, no viable
seeds will be produced and the site will remain free of the weed until it is recolonized from
viable seed that migrated from outside (49). (A low level of growth from detached daughter
rhizomes has been noted after spraying at some sites and required further spot spraying.) The
ecological studies of arum lily have shown that eradication of this weed is feasible.

SALVINIA (Salvinia molesta)

The floating fern salvinia is one of the world's most serious aquatic weeds. It has been found
throughout mainland Australia but poses the greatest threat to sheltered, still tropical waters
where the highest growth rates are attained (23). When an infestation was found in the upper
reaches of the Adelaide River, Northern Territory, in 1977, an eradication programme began
immediately, in order to prevent infestation of the entire river system and adjacent waterways
(41).

The temperature characteristics of the water at the Adelaide River infestation were found to be
optimal for the growth of salvinia, while nutrient levels were mostly within the range recorded
for the major, long-established infestation at Lake Kariba (42). These environmental
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measurements indicated that the potential growth rates of salvinia at Adelaide River would equal
or exceed those measured at Lake Kariba (41).

Eradication was achieved by 1982, through the combined use of herbicides, burning and hand
removal of plants. The same techniques have been applied to a further six infestations of
salvinia in Northern Territory and have resulted in the eradication of four of these and
substantial reduction of the other two. The success of this programme was attributed to early
detection, prompt action, regular treatment and inspection, and long-term commitment (41). In
addition, the ecological assessment of infestation sites confirmed their suitability for invasion,
in a region that is climatically favourable for salvinia, and vindicated the adoption of the
eradication policy.

MIMOSA (GIANT SENSITIVE PLANT, Mimosa pigra)

Mimosa 1s a spiny leguminous shrub, native to tropical America, but which is now widespread
throughout the tropics (33). Studies on mimosa (reviewed in 33) illustrate the significance of
ecological studies in weed eradication. Mimosa achieves high levels of seed production and
develops a large, persistent seed bank. The low rate of viability loss amongst deeply buried
mimosa seeds ensures that a significant proportion of the seed bank remains viable for years;
consequently, control of new seedlings would be required for many years after mature plants
had been removed (33) and would, therefore, involve a major committment of effort to achieve
eradication. Eradication would be most feasible if undertaken before mimosa reached
reproductive maturity, which can take as little as six to eight months from germination (33).
The impact of this weed on the Adelaide River is well documented (33). Over the past decade,
mimosa has spread to many other river systems in the north western sector of the Northern
Territory, including the wetlands of the Kakadu National Park. In order to prevent the
establishment of destructive infestations of this weed within the park, an eradication programme
has begun (66), which involves destruction of plants to prevent seeding, together with
extensive searching and quarantine measures aimed at preventing the entry of seeds and the
transfer of seeds from known infestation sites within the park.

The eradication efforts are well justified on ecological rather than economic grounds, since
mimosa has already shown itself to be highly damaging to biologically rich wetlands and
sedgeland communities of the kind that occur extensively within the park. The ecological
studies of mimosa conducted to date (reviewed in 33) and the behaviour of the plant itself
provide clear evidence of the weed's potential. Further ecological studies directed specifically
towards justifying the eradication programme are not needed.

The behaviour of mimosa in the Northern Territory and other tropical regions suggests that it
would grow well in suitable habitats throughout its potential Australian distribution (33). To
investigate this, trial plantings could be made in the Kimberley region of Western Australia,
northern Queensland and other parts of the Northern Territory tropics, if considered necessary
and worth risking!

DISCUSSION

It has been argued that studies of weed biology tend to provide explanations for observed
phenomena, rather than contributing to improvements in weed control (10). Although some of
the ecological studies described earlier provide explanations for the likely effectiveness of
eradication programmes, they also identify some of the factors that could improve the success
of eradication efforts. For example, if a target weed were found to develop a persistent seed
bank, the chances of achieving eradication would be low; however, if intervention took place at
the earliest possible stage of invasion, before a significant seed bank had developed, the
likelihood of eradication would increase greatly. Another factor which influences the feasibility
of eradication is the rapidity of spread, since a weed possessing propagules capable of rapid,
long-distance dispersal would be more difficult to eradicate than one with limited spread.
Studies that quantified seed dispersal would be of great value but are rarely attempted.
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However, characteristics predisposing propagules to dispersal (48) could be just as important a
factor as propagule longevity when evaluating the eradicability of a weed.

A major factor governing the success of eradication programmes for noxious plants is the size
and age of the infestation. Previous reviews of noxious weed management (1, 8, 44) agree that
eradication is achievable only if the infestation is recently established and of limited extent.
Noxious weed control authorities acknowledge this concept and have modified their policies
accordingly. Even so, the continuing lack of real progress in eradicating weeds (Table 1)
suggests that the infestations targetted for eradication are generally too large. The progress of
programmes for salvinia in the Northern Territory (41), water hyacinth in Queensland (30),
skeleton weed in Western Australia (15) and nodding thistle in Victoria (36) illustrate that a
great amount of persistent effort is needed in order to eradicate even small infestations and
although individual infestations can be eradicated, it is much harder to succeed at a regional or
statewide level. Perhaps it is time for noxious weed authorities to re-evaluate their lists of
eradication candidates and concentrate their efforts on those weeds with extremely limited
distributions for which this is a realistic goal.

The limited progress achieved in weed eradication over recent years (Table 1) contrasts with
the steady increase in the level of weed ecological studies in Australia (9). However, many of
the studies have been of weeds that are already widespread and, therefore, beyond the
eradicable stage.

There is still a need to develop criteria for identifying potentially serious weeds that are at the
earliest stages of invasion and which might therefore be suitable candidates for eradication.
This topic has been reviewed recently (48, 67) but general procedures to enable early
recognition of noxious weeds are not yet available.

Perhaps the greatest opportunities for achieving eradication are to be found amongst those
weeds which are widespread in some regions but have not yet reached their full potential
distribution. If a weed starts to invade uncolonized portions of its predicted potential
distribution, there would be clear justification for attempting eradication before the weed
became more widespread. Alternatively, if the weed began to colonize sites outside its
predicted range, eradication could still be justified on the grounds that it would eliminate a
source of propagules that might reach areas more suitable for the weed. It might also be easier
to eradicate a population growing in sub-optimum conditions.

Information on the potential distribution of noxious plants is of great value in deciding
management policy, as discussed earlier. Computer-based models have already been used to
predict the distribution of a number of weeds (26, 38, 54, 63), but there is scope for applying
this technique to many more, either by using existing models or by developing new ones.
Another approach to assessing potential distribution is to study the physiological responses of
the weed under laboratory and controlled environment conditions and then relate these to
regional environmental conditions (18, 68). A more radical approach involves the deliberate
introduction of a weed to areas where it does not already occur, or the retention of plants that
would otherwise be eliminated, in order to assess the weed's performance in the field by
studying aspects such as reproductive output, germination, seedling establishment and seed
longevity. This technique was used for most of the studies conducted on skeleton weed in
Western Australia, as described earlier, and can be used safely provided: 1) adequate
precautions are taken to prevent escape or removal of propagules; ii) the experimental sites can
be monitored frequently; and iii) the local landholders and noxious plant administrators agree to
it!

Moore (44) suggested that concerted eradication efforts should be maintained for possibly five
to ten years, but should cease after that period if the weed continued to spread. Cost-benefit
study could be conducted during the programme to provide further evidence of the
appropriateness (or otherwise) of attempting eradication. Even if eradication is not possible, it
could still be economically worthwhile to pursue the goal if the eradication efforts meant
prevention of build up and spread of the weed, thereby minimizing its effects on production.
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Amor and Twentyman (1) expressed the view that "the more costly the control procedure, the
greater the benefits will be from successful legislation to prevent the spread of the weed".
Eradication can be considered an extreme form of control which is often hard to achieve. In
some circumstances, eradication of noxious weeds would be worth the effort involved, since
there are large risks associated with their uncontrolled growth, but large benefits to be obtained
from the long-term freedom from the weed, with no continuing costs (8), that would result

from eradication.
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