When is eradication of exotic pest plants a realistic goal?
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Abstract Using aunique dataset on eradication attempts by the California Department of Food and Agricultureon 18
species and 53 separate infestations targeted for eradication in the period 1972-2000, we show that professional eradi-
cation of exotic weed infestations smaller than one hectare is usually possible. In addition, about 1/3 of infestations
between 1 haand 100 ha and 1/4 of infestations between 101 and 1000 ha have been eradicated. However, costs of
eradication projects increase dramatically. With a realistic amount of resources, it is very unlikely that infestations
larger than 1000 ha can be eradicated. Early detection of the presence of an invasive taxon can make the difference
between being able to employ offensive strategies (eradication), and the necessity of retreating to a defensive strategy
that usually means an infinite financial commitment. Nevertheless, depending on the potential impact of individual
weedy species, even infestationslarger than 1000 hectares should be targeted for eradication effort or, at |east, substan-
tial reduction and containment. If an exotic weed isalready widespread, then species-specific biological control may be
the only long-term effective method able to suppressits abundance over large areas.
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INTRODUCTION

Many control methods and their combinations (usually
involving mechanical, chemical, and biological means) are
availableto managersfor containing, controlling, or eradi-
cating harmful alien plants. However, sound management
strategies demand an objective means for setting priori-
ties. Undoubtedly, exotic taxa with large-scale environ-
mental impacts (“transformers’ — see Richardson et al.
2000; Rejmének et al. 2002) should always be targets for
control and eradi cation. But when iscomplete eradication
aredlisticgoal? There are numerous exampleswhere small
infestations of invasive plant species have been eradicated.
These include Slybum marianum on Santa Barbara |s-
land and Osteosper mum fruticosum on Santa Cruz | sland,
California(Junak et al. 1993; Junak pers. comm.), Pueraria
phaseoloides in Galgpagos (Soria et al. 2002), and nine
species on Rangitoto Island (Wotherspoon and
Wotherspoon 2002) . There are also several encouraging
exampleswhere widespread alien animals have been com-
pletely eradicated (Dahlsten and Garcia1989; Chapuisand
Barnaud 1995; Priddel et al. 2000; more examples arein
thisvolume). Can egually widespread and difficult alien
plants also be eradicated? Wetry to answer this question
by using a unique data set on exotic weed eradication at-
tempts by the California Department of Food and Agri-
culture.

The California Department of Food and Agriculture
(CDFA) is actively involved in preventing the establish-
ment and invasion of “noxious weeds.” The Food and
Agricultural Code of Californiadefinesanoxiousweed as
“any plant specieswhichis, or isliableto be, detrimental
or destructiveto agriculture, silviculture, or important na-
tive species, and difficult to control or eradicate.” Each
noxious weed isgiven apest rating (A, B, C, or Q) which
indi catesthe most appropriate action to be taken against it

(O’ Connell 1999). An“A” rated weed issubject to action
by the CDFA and County Agricultural Commissioner Of-
fices including eradication, quarantine, containment, re-
jection of shipments, or other holding actions. A “B” rated
weed is subject to State action only when found in anurs-
ery; otherwise actionisat the discretion of thelocal County
Agricultural Commissioner. A “C” rated weed isnot sub-
ject to State action other than to providefor general clean-
linessin nurseries, otherwise action is at the discretion of
thelocal County Agricultural Commissioner. Thoseweeds
that are widespread and can no longer be eradicated are
usualy givena“C” rating. A weedisrated“Q” whenitis
newly detected and seems likely to significantly impact
agriculture. These weeds are treated as “A” rated until
they are fully evaluated. Currently, there are 128 plant
speciesthat arelisted as“noxious’” by CDFA: 45 areA”
rated, 55 are “B” rated, 24 are “C” rated, and 4 are “Q”
rated.

Eradication and other actionsdirected at “ A” rated weeds
are performed by personnel in the Integrated Pest Control
Branch of CDFA and the County Agricultural Commis-
sioner Offices who work closely together to detect and
eradicate exotic weeds state-wide. When a new infesta-
tion of an “A” rated weed is detected, the site is visited
and size of the infestation is delimited. Two estimates of
infestation size, net and gross, are obtained. Grossinfes-
tation size is the area over which the weed is distributed.
Net infestation size isthe areato which treatment is actu-
ally applied. Grossinfestation sizeisthe areathat must be
surveyed in return trips following control treatments.

Eradication efforts consist of aseriesof control treatments
to the infestation over several years. Control treatments
can include herbicide applications, cultivation, removal
of infested soil, and mechanical removal. For large infes-
tations, a crew of workers is required; for small infesta-
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tions, only one individual may complete the work. Fol-
lowinginitial treatment, the siteisvisited several timesto
examinetheareafor regrowth or seedling recruitment. This
effort is repeated until no plants are found in subsequent
visits. Eradicationisconsidered successful when no plants
are recovered from the initial infested areafor three con-
secutiveyears.

To date, 14 exotic weeds have been successfully eradi-
cated from California: whitestem distaff thistle (Cartha-
mus leucocaulos), dudaim melon (Cucumis melo var.
dudaim), giant dodder (Cuscuta reflexa), serrate spurge
(Euphorbia serrata), Russian salttree (Halimodendron
hal odendron), blueweed (Helianthusciliaris), tanglehead
(Heteropogon contortus), creeping mesquite (Prosopis
strombulifera), heartleaf nightshade (Solanum
cardiophyllum), Torrey’s nightshade (Solanum
dimidiatum), Austrian peaweed (Shaerophysa salsula),
wild marigold (Tagetes minuta), Syrian beancaper
(Zygophyllum fabago), and meadowsage (Salvia virgata)
(O’ Connell 1999). With the exception of Cucumis (16 and
32 ha), all grossinfestations were smaller than 10 haand
most of them were smaller than one hectare when they
were detected.

MATERIAL AND METHODS

Complete information on eradication effort was obtained
for 53infestationsof 18“A” rated species(Table 1). CDFA
biologists assigned to the Detection and Eradication Dis-
trictsfor the State of California, CDFA, provided the data.

For each weed infestation, the following information was
obtained: (1) size of infestation after delimitation (both
net and gross area), (2) date first found, (3) total number
of visitstothesiteto date, (4) effort per infestation (number
of person hours devoted to the siteto date, including travel
time to and from the site), and (5) current status of the
infestation. The data are summarised in this contribution.

RESULTS

The relation between the mean eradication effort (work
hours) and five initial gross infestation area categoriesis
summarised in Table 2 and Fig. 1. The good newsis that
professional eradication of exotic weed infestationssmaller
than one hectare is usually possible. Furthermore, about
1/3 of al infestations between 1 haand 100 haand 1/4 of
infestations between 101 and 1000 ha have been eradi-
cated. Costs, however, increasedramatically. (An approxi-
mate estimate of direct costsin USD can be obtained by
multiplying work hoursin Fig. 1 and Table 2 by USD96;
this includes salaries, cost of transportation, and cost of
herbicides and equipment). With arealistic amount of re-
sources, itisvery unlikely that infestationslarger than 1000
ha can be eradicated.

Interestingly, in the first four infestation-size categories,
where at least some eradications were successful (Table
2), mean eradication effort per infestation is consistently
greater for ongoing projects than for eradicated infesta-
tions. Thisindicatesthat, in general, completed eradications
were not successful because of the greater effort.

Table 1 List of “A” rated weeds in California for which eradication information was obtained.

Scientific name Common name No. infestations  Eradicated/ongoing
Terrestrial species
Alhagi pseudal hagi camelthorn 5 14
Carduus nutans musk thistle 1 0/1
Centaurea diffusa diffuse knapweed 6 51
Centaurea iberica Iberian thistle 3 12
Centaurea maculosa spotted knapweed 3 211
Cirsium ochrocentrum yellowspinethistle 3 12
Cucumis melo var. dudaim dudaim melon 1 1/0
Cuscuta reflexa giant dodder 1 1/0
Euphorbia esula leafy spurge 2 1
Halimodendron halodendron Russian salt tree 1 1/0
Linaria angustifolia Dalmatian toadflax 1 10
ssp. dalmatica
Onopordum acanthium Scotch thistle 13 6/7
Onopordumillyricum Illyrianthistle 1 0/1
Peganum harmala harmel 2 0/2
Physalis viscosa ground cherry 1 10
Salsola damascena Damascus saltwort 1 01
Aquatic species
Hydrilla verticilata hydrilla 5 2/3
Alternanthera philoxeroides alligatorweed 3 1/2
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Another confounding factor could be a bias created by
differences in species representing small and large infes-
tations. Thiswould be particularly seriousif largeinfesta-
tions consisted of more persistent speciesthan smaller in-
festations. However, thetrend remainsthe sameevenwithin
individual species (Fig. 2). Finally, while the eradication
effort increases with the area of infestation, the effort per
hectare decreases at the same time (Table 2). This sug-
gests that even infestations of >1000 ha could be eradi-
cated, but the eradication effort per hectare would haveto
be greater. It is important to point out that all three suc-
cessful eradications of gross infestations >100 ha (Table
2) represented relatively-small net areas (Linaria
angustifolia: 0.49 ha; Onopordum acanthium: 0.20 ha;
Physalis viscosa: 0.92 ha).

DISCUSSION

Obvioudly, a substantial increase in resources for exclu-
sion and early detection of exotic weedswould be the most
profitableinvestment. Without any data, or based on very
limited data, others (Auld et al. 1987; Chippendale cited
in Hobbs and Humphries 1995; Cook and Setterfield 1996;
Braithwaite and Timmins 1999; Panetta 1999; Smith et
al. 1999; Weiss 1999) already made this point. Surpris-
ingly, however, practical implementationsare still very rare.
We suggest that in all concerned countries, teams of pro-
fessional botanists should be created for rapid detection
and assessment of new infestations of exotic plants. Early
detection of the presence of aninvasive and harmful taxon
can makethe difference between being ableto employ fea-
sible offensive strategies (eradication) and the necessity
of retreating to adefensive strategy that usually meansan
infinitefinancial commitment.

Attempts to eradicate widespread invasive species, espe-
cialy those that do not have any obvious environmental
impacts (including suppression of rare native taxa), may
be not only hopelessbut al so awaste of time and resources
(Groening and Wol schke-Bulmahn 1992). Volunteersand
donors, who would be otherwise willing to participate in
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Fig. 1 The dependence of the eradication
success (%) and the mean eradication effort
per infestation (work hours) on the initial size of
infestations. Based on the data for eradication
projects of 18 noxious weed species and 53
independent infestations in California (see
Table 1).

eradication of serious pests, may be discouraged by such
projects.

Nevertheless, depending on the potential impact of indi-
vidual weedy species, even infestations larger than 1000
hectares should be targeted for eradication effort, or, at
least, substantial reduction and containment. A notable
exampl e of asuccessful containment isthe parasitic weed
Sriga asiaticain parts of North and South Carolina (Kai-
ser 1999). In the 45 years of the eradication programme,
theinitial grossinfestation on 20 000 km? was reduced to
2800 haof very light occurrences. The cost, however, was
more than USD 250 million (R. E. Eplee, pers. comm.).
Another exceptionally successful project isthe practically
complete eradication (98% of properties on which it is
known to occur) of Bassia (Kochia) scoparia over the past
eight yearsin Australia (3277 ha; 15,536 work hours; R.
Randall, pers. comm.).

Table 2 Areas of initial gross infestations (at the beginning of eradication projects) of exotic weeds

in California, numbers of eradicated infestations,

numbers of ongoing projects, and mean eradica-

tion effort for five infestation area categories. The data include 18 species of noxious weedy
species (two aquatic and 16 terrestrial) representing 53 separate infestations. NA — not applicable.

Initial infestation (ha)

<0.1 0.1-1 1.1-100 101-1000 >1000
No. of eradicated infestations 13 3 5 3 0
No. of ongoing projects 2 4 9 10 4
Mean eradication effort Eradicated 63 180 1496 1845 -
per infestation (work hours) ~ Ongoing 174 277 1577 17194 42 751
Mean eradication effort Eradicated NA 807 103 6 -
per hectare (work hours) Ongoing NA 792 648 26 16
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Fig. 2 The dependence of eradication effort on
the size of initial infestations of six noxious
weedy species in California. This diagram also
indicates that eradication of aquatic weeds
(Alternathera and Hydrilla) is more demanding.

In general, however, when an exotic weed isalready wide-
spread (>10 000 ha), species-specific biological control
(if feasible) may be the only long-term effective way to
suppress its abundance over the invaded area. Many suc-
cessful weed biocontrol projects have been accomplished
in Australia, California, South Africa, and other countries
(Nechols 1995; Julien and Griffiths 1998; Olckersand Hill
1999; Pemberton 2000). Needless to say that as biologi-
cal control agentsare usually exotic taxathemsel ves, seri-
ous attention must be paid to their possible non-target ef-
fects (Louda et al. 1997; Wajnberg et al. 2001).
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