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Summary Because weed eradication programs are
very expensive and commonly take 10 or more years to
complete, there is a need to evaluate progress towards
the eradication objective. The degree of confidence
that can be placed in any measure of eradication
progress is a function of the effort that has been in-
vested in finding new infestations and in monitoring
known infestations. Determining eradication endpoints
is particularly difficult, since plants may be extremely
difficult to detect when at low densities and it is virtu-
ally impossible to demonstrate seed bank exhaustion.
Recent work has suggested that an economic approach
to this problem should be adopted. We propose some
rules of thumb that could be used to determine whether
to continue an eradication program or switch to an
alternative management strategy.
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INTRODUCTION

Eradication is a weed management strategy that is
appealing because the alternatives of containment or
broadscale control require permanent, ongoing invest-
ment of time and money, unless effective biological
control can be achieved. Weed eradication programs
are generally very expensive and commonly take 10
or more years to complete (Mack and Lonsdale 2002),
so there is a need to evaluate progress towards the
eradication objective.

EVALUATING PROGRESS

The three criteria for assessing progress towards
eradication are delimitation (determination of the full
extent of a weed incursion), containment (prevention
of spread from known infestations) and extirpation
(local extinction of the incursion) (Panetta and Lawes
2005). Because incontrovertible evidence of contain-
ment failure may be difficult to obtain routinely, it
has been argued that assessment of conformity to
the delimitation and extirpation criteria is sufficient
for the purpose of evaluating an eradication program
(Panetta 2007).

The simplest measure of delimitation is the con-
stancy of total infested area over time, i.e. the lack
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of discovery of new weed infestations. However, the
degree of confidence that may be placed in estimates
of total infested area is a function of search effort
(Panetta and Lawes 2005); total infested area may
remain constant simply because little or no effort has
been made to detect further infestations. Research
to date has largely focused on quantifying the active
(targeted) component of search effort. This search
mode can be highly effective in determining the extent
of individual infestations and in detecting linked or
satellite infestations. Trace-back and trace-forward
methods have been effective in relation to the latter
and, increasingly, landscape models (e.g. Pullar et
al. 2006) are being used to refine search strategies.
A delimitation measure that takes into account active
search effort has been devised recently (Panetta and
Lawes 2007).

The detection of new infestations where there are
large disjunctions between these and known infesta-
tions remains problematic. Here the importance of pas-
sive surveillance (e.g. detection capacity arising from
public awareness) cannot be underestimated (Brooks
and Galway 2008). How to assess the effectiveness of
passive surveillance and how to combine both surveil-
lance modes into a single measure of search effort are
current research challenges.

With regard to the extirpation criterion, eradica-
tion efforts at individual infestations are commonly
divided into active and monitoring (or surveillance;
see Holloran 2006a) stages (Panetta 2007). As is
implied, control is imposed during the first stage,
whereas weed detection is the sole activity during the
second. Infestations revert to the active stage upon
detection of new plants. Decreases in plant numbers
during the active stage can be taken as evidence of
progress towards eradication (Holloran 2006a), but
Panetta (2007) highlights the potential for reproduc-
tive escape (i.e. failure to prevent reproduction) to
lead to very protracted active stages. For this reason
transition to the monitoring stage is seen as the critical
indicator of progress.

Conformity to the extirpation criterion can be
gauged either through frequency distributions of the
time since most recent detection of the weed at all



infestations (Panetta 2007) or through time series
stacked bar charts, where the bar for each year can
be subdivided into active, monitoring and eradicated
components (Holloran 2006a,b) (Figure 1).

Panetta and Lawes (2007) have recently developed
amethod whereby delimitation and extirpation meas-
ures are simultaneously presented in an eradograph
(Figure 2). Apart from the benefits of a joint appraisal
of conformity to these two criteria, this approach takes
into account how long each infestation has been in
the monitoring phase and requires no assumptions
regarding when eradication could be declared for any
particular infestation (see below).

By way of interpretation of an eradograph, a weed
incursion is delimited when the trace reaches (and
remains at) zero on the y-axis. Eradication occurs
when the extirpation measure exceeds maximum seed
longevity for the targeted weed (Panetta and Lawes
2007). For the two eradication programs represented
in Figure 2, clearly program ‘b’ is out-performing
program ‘a’ with regard to both criteria.

How can such graphical representations (i.e.
stacked bar charts and eradographs) of performance
be used to inform decision making with regard to
maintenance of an eradication strategy or the adoption
of another approach to incursion management?

MAKING DECISIONS

There are two basic types of decisions that must be
made in the course of a weed eradication program. The
first relates to when eradication can be declared for an
infestation (or for multiple infestations). Historically,
periods of between 2 to 5 years without detection have
been the basis for declaring eradication. In some cases
these have simply been arbitrary values, with nil or
relatively little biological basis, but in others (e.g.
Bassia scoparia L.; Dodd and Randall 2002) they
have been based upon a priori knowledge of seed
persistence, coupled with field observations. Recently,
Regan et al. (2006) have argued that an economic
perspective should be employed in determining when
to cease a weed eradication program, given the uncer-
tainty related to estimates of seed persistence and the
imprecision of survey techniques. In this approach, an
optimal stopping time exists as a trade-off between the
cost of continued monitoring and the cost of escape and
damage if eradication is declared too soon.

The second type of decision, and by far the more
difficult of the two, relates to whether an eradica-
tion program is ‘on track’ or is likely to evolve into
a de facto ongoing control program. Species that
are targeted vary considerably (e.g. with regard to
seed persistence), so eradication programs should
be evaluated in relation to the best performance that
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Figure 1. Status of infestations of a weed with a
short-lived seed bank during the course of a hypotheti-
cal eradication program. Infestations are in the active
(white bars) or monitoring (grey bars) phases, or have
been eradicated (black bars).
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Figure 2. Eradograph demonstrating progress
towards eradication in two hypothetical programs
targeting the same species. In each case progress is
assessed annually over 20 years. See Panetta and
Lawes (2007) for definitions of the delimitation and
extirpation measures.

could occur. This would be the case when a weed
incursion is delimited and all infestations are (at least)
in the monitoring phase. Rapid delimitation will be a
function of both timely detection of the incursion and
a dedicated search effort, both active and passive.
Prolonged active phases (i.e. failures to transition to
the monitoring phase) most likely result from a failure
to detect and treat all plants before they can reproduce
(Panetta 2007). In some cases this can be addressed by
more frequent site visits and increased search effort
during individual visits, but species that are not readily
detectable until they flower and then quickly produce
seeds (e.g. Helenium amarum (Raf.) H.L.; Tomley and
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Panetta 2002) or cases where seed production is not
totally prevented by control at the flowering stage (e.g.
Chromolaena odorata (L.) R M.King & H.Rob.; Setter
and Campbell 2002) are particularly problematic.

SOME RULES OF THUMB

When very serious weeds are targeted (e.g. by the cur-
rent Australian national cost-shared weed eradication
programs) there will be an understandable reluctance
to abandon an eradication approach, but we suggest
some broad guidelines relevant to making this decision.
Since delimitation is the fundamental criterion for erad-
ication success (Panetta and Lawes 2005), performance
with regard to this criterion is most critical. We argue
that any program that has not achieved delimitation by
10 years is unlikely to do so and that another incursion
management strategy, such as containment, should be
considered. Performance with regard to the extirpa-
tion criterion may be evaluated either in terms of the
proportion of infestations in the active phase (Figure
1), or the value of the extirpation measure (Figure 2).
If a majority of infestations are active at the 10 year
mark, we suggest that eradication is not likely from this
perspective either. Critical values for the extirpation
measure will have to be defined relative to potential
seed persistence for the targeted species.

The timing of such decision making is to some
extent arbitrary. The choice of 10 years is conserva-
tive, but takes into account the political and other
sensitivities that are commonly associated with any
sustained, major investment. It may become obvious
sooner that the incursion is considerably more wide-
spread than originally thought and/or that delimitation
is not achievable. Ideally, the feasibility of eradication
(Panetta and Timmins 2004) should be reassessed
whenever there is a major absolute increase in known
infested area. In some cases, this could lead to the deci-
sion to adopt another incursion management strategy
much earlier than 10 years.

ACKNOWLEDGMENTS
We thank Paul Pheloung, John Virtue, Pete Holloran and
Oscar Cacho for comments on a draft of this paper.

REFERENCES

Brooks, S.J. and Galway, K.E. (2008). Processes lead-
ing to the detection of tropical weed infestations
during an eradication program. Proceedings of the
16th Australian Weeds Conference, eds R.D. van
Klinken, V.A. Osten, F.D. Panetta and J.C. Scan-
lan, pp. 424-6. (QId Weeds Society, Brisbane).

Dodd, J. and Randall, R.P. (2002). Eradication of
kochia (Bassia scoparia (L.) A.J.Scott, Chenopo-
diaceae) in Western Australia. Proceedings of the

420

13th Australian Weeds Conference, eds H. Spafford
Jacob, J. Dodd and J.H. Moore, pp. 300-3. (Plant
Protection Society of Western Australia, Perth).

Holloran, P. (2006a). Measuring performance of in-
vasive plant eradication efforts in New Zealand.
New Zealand Plant Protection 59, 1-7.

Holloran, P. (2006b). Measuring performance of in-
vasive plant management efforts. Proceedings of
the California Invasive Plant Council Symposium
10, 12-7.

Mack R.N. and Lonsdale W.M. (2002). Eradicating
invasive plants: hard-won lessons for islands.
In ‘Turning the tide: The eradication of island
invasives’, eds C.R. Vietch and M.N. Clout, pp.
164-72. Occasional Paper of the IUCN Species
Survival Commission No. 27. (IUCN- The World
Conservation Union, Auckland, New Zealand).

Panetta, F.D. (2007). Evaluation of the performance of
weed eradication programs: containment and extir-
pation. Diversity and Distributions 13, 33-41.

Panetta, F.D. and Lawes, R. (2005). Evaluation of the
performance of weed eradication programs: the
delimitation of extent. Diversity and Distributions
11, 435-42.

Panetta, F.D. and Lawes, R. (2007). Evaluation of
the Australian branched broomrape (Orobanche
ramosa) eradication program. Weed Science 55,
644-51.

Panetta, F.D. and Timmins, S.M. (2004). Evaluating
the feasibility of eradication for terrestrial weed
incursions. Plant Protection Quarterly 19, 5-11.

Pullar, D., Kingston, M. and Panetta, F.D. (2006).
Weed surveillance strategies using models of
weed dispersal in landscapes. Proceedings of the
15th Australian Weeds Conference, eds C. Pres-
ton, J.H. Watts and N.D. Crossman, pp. 711-14.
(Weed Management Society of South Australia,
Adelaide).

Regan, T.J, McCarthy, M.A., Baxter, P.W., Panetta,
F.D. and Possingham, H.P. (2006). Optimal eradi-
cation: when to stop looking for an invasive plant?
Ecology Letters 9, 759-66.

Setter, M.J. and Campbell, S.D. (2002). Impact of
foliar herbicides on germination and viability of
Siam weed (Chromolaena odorata) seeds located
on plants at the time of application. Plant Protec-
tion Quarterly 17, 155-7.

Tomley, A.J and Panetta, F.D. (2002). Eradication of
the exotic weeds Helenium amarum (Rafin) H.L.
and Eupatorium serotinum Michx. from south-
eastern Queensland. Proceedings of the 13th Aus-
tralian Weeds Conference, Perth, eds H. Spafford
Jacob, J. Dodd and J.H. Moore, pp. 293-6. (Plant
Protection Society of Western Australia, Perth).


https://www.researchgate.net/publication/29660756


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (RGR-Everbest)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 305
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14754
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 305
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14754
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [490.394 680.315]
>> setpagedevice


