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Abstract: Ecosystems of Hawaii and other Pacific Islands have been greatly affected by invasive pest plants,
and ongoing, deliberate plant introductions make it likely that additional pest plants will become established.
We tested the ability of a modified version of the Australian and New Zealand weed risk-assessment system
to identify pest plants in Hawaii and other Pacific Islands. We used information taken from outside Hawaii
to predict the behavior—“pest” or “not a pest”—of almost 200 plant species introduced to Hawaii and other
Pacific Islands. The screening system initially recommended further evaluation of 24% of these species, but an
additional secondary screening was applied to this group, thereby reducing the rate of indecision to only 8%.
To independently test the accuracy of the screening system, we compared its decisions—pest or not a pest—to
opinions of 25 expert botanists and weed scientists who had substantial field experience in Hawaii or other
Pacific Islands. We asked the experts to rate each species as “major pest,” “minor pest,” or “not a pest” in native
or managed ecosystems. The screening system correctly identified 95% of major pests and 85% of nonpests.
Among minor pests identified by the experts, 33% were classified as nonpests by the screening system. Use of
the screening system to assess proposed plant introductions to Hawaii or other Pacific Islands and to identify
high-risk species used in horticulture and forestry would greatly reduce future pest-plant problems and allow
entry of most nonpests. The screening process is objective, rapid, and cost-efficient. With minor modifications,
it is likely to be useful in many parts of the world.

Un Sistema de Evaluación de Riesgo para Seleccionar Plantas Invasoras Nocivas de Hawai’i y Otras Islas del Paćıfico

Resumen: Los ecosistemas de Hawai’i y otras islas del Paćıfico han sido muy afectados por plantas invasoras
nocivas y, a la fecha, con la introducción deliberada de plantas es probable que se establezcan plantas nocivas
adicionales. Pusimos a prueba la capacidad de una versión modificada del sistema australiano y neozelandés
de evaluación del riesgo de hierbas para identificar plantas nocivas en Hawai’i y otras islas del Paćıfico.
Utilizamos información obtenida fuera de Hawai’i para predecir el comportamiento (“nociva” y “no nociva”)
de casi 200 especies introducidas a Hawai’i y otras islas del Paćıfico. El sistema de selección inicialmente
recomendó una mayor evaluación para 24% de esas especies, pero se aplicó un monitoreo secundario a este
grupo, con lo que la tasa de indecisión se redujo a solo 8%. Para probar la precisión del sistema de selección
independientemente, comparamos sus decisiones (nociva o no nociva) con las opiniones de 25 botánicos y
expertos con sustancial experiencia de campo en Hawai’i u otras islas del Paćıfico. Les pedimos que calificaran
a cada especie como “muy nociva,” “poco nociva” y “no nociva” en ecosistemas nativos o bajo gestión. El
sistema de selección identificó correctamente a 95% de las muy nocivas e identificó correctamente a 85%
de las no nocivas. Entre las poco nocivas identificadas por los expertos, 33% fueron clasificadas como no
nocivas por el sistema de selección. El uso del sistema de selección para evaluar propuestas de introducción de
plantas a Hawai’i u otras islas del Paćıfico y para identificar especies de alto riesgo utilizadas en horticultura
y silvicultura reduciŕıa significativamente futuros problemas con plantas nocivas y permitiŕıa la entrada
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de la mayoŕıa de las plantas no nocivas. El proceso de selección es objetivo, rápido y costo-eficiente. Con
modificaciones menores, es probable que sea útil en muchas partes del mundo.

Introduction

Economic and ecological harm caused by invasive plants
in the United States and elsewhere has increased substan-
tially in the last 50 years (Office of Technology Assessment
1993; Pimentel 2002). Native ecosystems of Hawaii and
other Pacific Islands have been particularly affected by
the spread of invasive pest plants (Smith 1985; Loope &
Mueller-Dombois 1989). In the Hawaiian Islands, more
than 1000 introduced plants have become naturalized to
some degree (Wagner et al. 1999). Although only a small
fraction of these plants appear to have caused serious
harm, the ecological or economic impacts of those that
do are substantial. Additional species are introduced and
become naturalized each year (Wagner & Herbst 2002),
and some of these are likely to become serious pests in the
future. Other Pacific Islands face similar threats from re-
cent or potential plant introductions (Sherley 2000; Space
2002).

In the Hawaiian Islands, as in many other parts of the
world (Office of Technology Assessment 1993), the main
line of defense for preventing the establishment of pest
plants has been a state noxious-weed list that identifies
prohibited plant species. Any plant not appearing on
this prohibited list can be imported legally. One problem
with this approach has been that noxious-weed lists tra-
ditionally have focused on excluding pests of agriculture
and rangelands (VanDriesche & VanDriesche 2001). Many
pest plants of forests and other natural areas are not pests
of agriculture (Daehler 1998). As a result, noxious-weed
lists allow the entry of many plants that threaten native
ecosystems. Another more fundamental problem with the
prohibited-list approach lies in its presumption that most
major pests likely to be imported have been identified and
listed. In earlier times, when major trade routes were few
and well-defined, this assumption may have been valid,
but today alien species can be easily transported, even to
remote Pacific Islands, from almost any part of the world.
Under these circumstances, a more effective approach
for excluding potential pests would be to evaluate each
imported species prior to its release (Ruesink et al. 1995;
VanDriesche & VanDriesche 2001).

Most plant invaders that threaten native ecosystems
have been introduced intentionally for horticulture,
forestry, or other human uses (Gordon & Thomas 1997;
Daehler & Carino 1999; Space 2002). Therefore, a screen-
ing system that identifies likely invasive pests could go a
long way toward preventing future economic and ecologi-
cal harm. During the past decade, significant progress has

been made toward identification of species likely to be-
come invasive (Kolar & Lodge 2001). Although there is
consensus that no predictive system is likely to be 100%
accurate because of the idiosyncratic nature of some in-
vasions (Williamson 1999), many scientific studies have
identified statistical trends associated with plant inva-
sions (Rejmánek 2000; Koike 2001). These empirical pat-
terns could be used to identify likely invasive pest plants
among proposed introductions to a particular region or at
least to provide a qualitative risk assessment (Mack et al.
2002). Major factors that contribute to the risk that a new
introduction will become invasive include a history of in-
vasiveness elsewhere; intrinsic life-history traits such as
persistence, reproduction, and dispersal attributes; and
suitable climate or environmental conditions in the new
site (Rejmánek 2000). No single factor is a sure predic-
tor of invasiveness, but prediction success might be im-
proved by taking all these factors into consideration. The
main challenge lies in determining how these factors
should be combined to provide a reliable assessment of a
wide range of species (Mack et al. 2002). There is no sim-
ple solution to this problem; however, empirical testing of
different factor combinations and weightings could lead
to the development of useful tools for identifying likely
invasive pest plants.

One such empirical tool was developed in the 1990s for
use in screening plant imports into Australia (Pheloung
1995). This weed risk-assessment (WRA) system correctly
identified all serious weeds of Australia, among 370 taxa
scored. The Australian system was later modified and
tested for use in New Zealand and is potentially applicable
to other regions of the world (Pheloung et al. 1999).

However, predicting invasive pest plants for tropical is-
land ecosystems can pose special challenges because of
high habitat diversity across small spatial scales. Further-
more, oceanic islands are relatively depauperate in native
species and are often thought to be more susceptible to
invasion than continental systems (Elton 1958; Loope &
Mueller-Dombois 1989; Lonsdale 1999; Denslow 2003).
Thus one might expect botanists to identify a larger pro-
portion of species as pests on Pacific Islands than would
a weed risk-assessment system developed for continental
floras. Nevertheless, a modified version of the Australian
and New Zealand WRA system showed excellent poten-
tial as a tool for identifying pest plants in Hawaii (Daehler
& Carino 2000). In an initial test of about 100 species
known to be either serious pests or nonpests in Hawaii,
the modified WRA system correctly identified over 90%
of the major pests and 54% of nonpests (Daehler & Carino
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2000). Two other independent screening systems also
were tested for use in Hawaii, but the modified Australian
and New Zealand WRA system was the most successful
in terms of identifying invaders (Daehler & Carino 2000).
Daehler and Carino (2000) also found that a large frac-
tion (32%) of nonpest species was classified as “evaluate
further” by the WRA system, meaning that admission of
many nonpests would be delayed or denied if the system
were to be adapted for screening potential imports into
Hawaii.

Despite promising results from initial tests of the mod-
ified Australian and New Zealand WRA system in the
Hawaiian Islands, more comprehensive tests of the system
were necessary before implementation in Hawaii or other
Pacific Islands. Specifically, the WRA system required test-
ing with a wider variety of plants, beyond the extremes—
serious pests and nonpests—used by Daehler and Carino
(2000), and a secondary screening procedure to reduce
the fraction of species in the evaluate-further category
required testing. In addition, the full WRA system, con-
sisting of 49 questions, also required comparison to pre-
dictions based only on pest status elsewhere, because this
criterion alone might account for the success of the WRA
system (Rejmánek 2000).

Here we used three screening systems to evaluate
nearly 200 plant species that were intentionally intro-
duced for horticulture or forestry in the Hawaiian Islands
and other Pacific Islands: (1) the modified Australian and
New Zealand WRA system (Daehler & Carino 2000); (2)
the modified Australian and New Zealand WRA system
plus the addition of a second screening procedure, based
on trends identified from empirical literature on weeds
and natural-area invaders, to reduce the number of species
in the evaluate-further category; and (3) a screening sys-
tem based only on whether species were recognized as
pests elsewhere. To independently evaluate the accuracy
of these WRA systems and to identify the best screen-
ing system, we compared the WRA results to opinions
of experts with extensive field experience with weeds in
Hawaii and other Pacific Islands.

Methods

The WRA Screening System

The original Australian and New Zealand WRA system
consists of 49 questions covering factors that contribute
to the likelihood that the proposed introduced species
will become a pest, including history of invasiveness
where introduced elsewhere, life-history traits, and na-
tive geographic and climate range (Pheloung et al. 1999).
Most of these factors are treated in an additive way, al-
though the system incorporates some interactions such
as geographic range and weed history. Based on answers
to the questions, the WRA system generates a score for

each species, and a high score (>6) identifies likely pests
(species that should not be imported). A low score (<1)
identifies species that are not likely to become pests. In-
termediate scores (1–6) require further study. The cut-off
points for the scores were determined empirically, based
on analysis of a large data set (Pheloung et al. 1999).

Modifying the WRA System for Use in Hawaii and Other
Pacific Islands

We modified 4 of the 49 questions from the Australian and
New Zealand system prior to using it to screen introduc-
tions to Pacific Islands. We modified question 2.04 “Native
or naturalized in regions with extended dry seasons?” to
“Native or naturalized in regions with tropical or subtrop-
ical climates?” We made a similar modification to question
2.01, replacing “Australian climates” with “tropical or sub-
tropical climates.” We modified question 4.10 “Grows on
infertile soils?” to “Tolerates limestone or a wide range of
soils?” to better reflect conditions in Hawaii and other Pa-
cific Islands. We changed question 8.05 to “Effective natu-
ral enemies present in Hawaii or Pacific Islands?” A blank
score sheet with all 49 questions is available from C.C.D.
and at http://www.botany.hawaii.edu/faculty/daehler/WRA/
HIscoresheet.pdf. Species with total scores of zero or
less were rated as nonpests. Species scoring >6 were
rated as pests (Pheloung et al. 1999). For clarity and
brevity, we hereafter refer to this modified Australian and
New Zealand WRA system as the Hawaii WRA system
(H-WRA).

Second Screening for Species with Intermediate Scores

Daehler and Carino (2000) found that around 30% of
Hawaiian species screened with the H-WRA system had
scores between 1 and 6, precluding a clear assessment
of risk. Most of the species with intermediate scores in
that study were considered nonpests. To obtain a deci-
sion for species with intermediate scores, we subjected
these species to a second screening in the form of a de-
cision tree consisting of a subset of questions from the
H-WRA (Fig. 1). We developed the decision tree prior to
analysis of the H-WRA scores based on statistical trends
reported in the literature on invasive plants and agricul-
tural weeds. The second screening was not a substitute
for the full H-WRA; rather, we used it to identify low-risk
species (likely nonpests) within the group of species with
intermediate H-WRA scores. The second screening con-
sisted of two independent decision trees, one for herbs
or small shrubs and another for trees and large woody
plants. A significantly higher proportion of agricultural
weeds are herbs, whereas pests of natural and seminat-
ural habitats are more likely to be woody (e.g., Daehler
1998). Based on this statistical trend, the decision tree
we designed for herbs and small woody plants was pri-
marily meant to catch pests of agricultural and other
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Figure 1. Decision tree used for screening harmful
species that had intermediate risk scores between 1
and 6. “Reject” indicates a predicted pest, and “accept”
indicates a likely nonpest. Climbers (vines or lianas)
were assessed with both decision trees.

cultivated lands. Each of the questions in the decision tree
(agricultural weed elsewhere, unpalatable to grazers, and
known to form dense stands) was associated with species
perceived as agricultural pests (Holm et al. 1977). Herba-
ceous species with intermediate WRA scores that lacked
these characteristics were designated as low risk (likely
to be nonpests) (Fig. 1).

The decision tree for trees and other large woody
species focused primarily on catching important pests
of forests and natural areas. Shade tolerance is associ-
ated with many of the most serious pests of natural areas
(Koike 2001), as is an efficient means of dispersal into
natural areas. Bird dispersal can increase the success of
invasion into natural areas (Rejmánek 1996), but wind dis-
persal can also be an effective means of long-distance seed
movement. Finally, fast-growing and reproducing woody
plants are more likely to become pests than slow-growing
species (Rejmánek & Richardson 1996; Reichard & Hamil-
ton 1997). Vines and other climbers are often weeds of
both cultivated lands and natural areas; therefore, both
decision trees were applied to climbers. We classified
species as “evaluate further” if missing information pre-
vented us from completing the decision tree.

Although questions included in the decision trees were
based on factors empirically determined in other studies
to contribute to weediness, the structure of the decision
tree was based on logic rather than empirical testing. For
example, we reasoned that a short life cycle (<4 years)
posed a high risk only if the plant could become estab-
lished in natural areas, so establishment factors—shade
tolerance and long-distance dispersal—were considered
first on the decision tree.

Information Sources and Documentation

We followed several procedures to ensure that all species
assessments were completed in a consistent, objective,

and verifiable manner. Prior to the start of the screening
process, we created a master instruction sheet providing
specific criteria to be used in answering each question.
We applied this same set of criteria to all species. For each
species, we obtained information from searches of pri-
mary literature in the following databases: CAB Abstracts
1973–2002 (CABI Publishing, New York), AGRICOLA
1970–2002 (Cambridge Scientific Abstracts, Bethesda,
Maryland), and Biological Abstracts 1985–2002 (Silver
Platter Information, Norwood, Massachusetts). We also
searched the following horticultural and forestry CD Rom
databases: Forestry Compendium (CABI Publishing, New
York), Horticopia A-Z (Horticopia, Purcellville, Virginia),
Southern Trees (University of Florida, Gainesville), and
Plant Master (GardenSoft, Thousand Oaks, California).
We consulted numerous published horticultural, forestry,
and weed manuals, along with floras from tropical and
subtropical countries. Finally, we used the search engine
www.google.com to search the Internet for additional
information.

For each species, the information source we used to
answer each question was recorded, as was the spe-
cific piece of information that formed the basis of an an-
swer. Information on pest status or naturalization status in
Hawaii or other Pacific Islands was not used in answering
questions on the H-WRA score sheet because our purpose
was to test the ability of the screening system to predict
pest status in Hawaii and other Pacific Islands.

Screened Species

Between December 2001 and June 2002, we scored
192 plants. We chose about half of the plants from the
Maui County Planting Plan (Rezents 1994). The remain-
ing plants came from other planting lists for Hawaii or
the broader Pacific region (Natural Resources Conserva-
tion Service 1998; Elevitch & Wilkinson 2000; Rauch &
Weissich 2000). The screened plants were not a formal
random sample from these extensive planting lists; rather,
we assembled our list to ensure that it represented the
diversity of plant families and life forms currently being
planted for landscaping and forestry in the Pacific. Most
of the screened plants have been grown in the Hawaiian
Islands for at least 50 years (Neal 1965), and many have
been present for more than a century (Wester 1992).

Evaluating the WRA Decisions for Hawaii and other
Pacific Islands

To judge the accuracy of the WRA scores, we sent the
same list of 192 plant species to 25 expert botanists
or weed scientists who had first-hand, extensive knowl-
edge of invasive plant or weed problems in ecosystems
of Hawaii and other Pacific Islands (American Samoa,
Guam, Palau, Society Islands, Federated States of Microne-
sia, Northern Marianas, Marshall Islands). Some of the 25
experts worked primarily in native ecosystems, whereas
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others worked in managed ecosystems such as agriculture
or forestry plantations. Twelve of the experts had field ex-
perience primarily in the Hawaiian Islands, 7 primarily on
other tropical and subtropical Pacific Islands, and the re-
maining 6 on both in Hawaii and on other Pacific Islands.
All experts were asked to designate whether, to their
knowledge, the species in question were present in the
region and whether they were present in disturbed, man-
aged, or native ecosystems. In addition, they were asked
to rate each species as “major pest,” “minor pest,” or “not
a pest” in native ecosystems or on managed lands (agri-
cultural systems, forestry plantations, city parks). The fol-
lowing definitions were provided to the experts for use in
the survey. Major pest: species has substantial effects on
native ecosystems or on native populations, or species has
substantial economic effects in managed ecosystems. Mi-
nor pest: species may have some effects on native ecosys-
tems or populations, but effects are relatively minor or the
economic impacts of this species are present but minor.
Not a pest: species does not seem to have measurable neg-
ative impacts on native ecosystems or native populations,
or the economic impacts of this species are negligible.

We specifically asked the experts to rate species based
only on their personal field experience, and we asked
them not to rate species for which they had no per-
sonal experience. In compiling the results, we classified
a species as a major pest if at least three experts rated
it as a major pest of native ecosystems or at least three
experts rated it as a major pest of managed ecosystems.
We defined minor pests as species not meeting the cri-
teria for major pest, but for which at least three experts
agreed that they were pests (major or minor) of either
native ecosystems or managed ecosystems. We consid-
ered a species not meeting the criteria for major pest or
minor pest to be “not a pest” if three or more experts
designated the species as not a pest and/or individuals in-
dicated that the species was present but did not occur in
native or managed ecosystems. Our designations of pest
based on the consensus of three experts was arbitrary
but was meant to reduce the weight of individual biases
in the expert ratings. At the same time, we recognized that
experts had experiences on different islands and in differ-
ent ecosystems, so uniformity of opinions could not be
expected. We did not use a simple majority vote because
important pests of specific ecosystems or islands would
not have been recognized as such. We then compared
the pest classifications based on expert surveys (major
pest, minor pest, or not a pest) with those made by the
WRA system, and with decisions based solely on whether
a species was recognized as a pest elsewhere.

We also examined the quantitative relationship be-
tween the H-WRA numerical score and expert survey
results by transforming the survey results into a semi-
quantitative score (pest status index) for each species.
We calculated the pest status index by assigning scores
of 2, 1, and 0 to the survey ratings of major pest, minor

pest, and not a pest, respectively. We then created a com-
posite score for each species by taking the average for
all experts who rated that species. Thus, a survey score
could range from 0, meaning no one considered the plant
a pest, to 2, meaning all respondents considered it a major
pest. Because our assignment of numerical values to the
survey responses was arbitrary, the survey-score averages
should be considered a rough index of expert opinion on
a species’ pest status on Pacific Islands.

Results

WRA Scores and Exclusions

For all species, we were able to answer enough questions
from our literature search (mean = 37, range 31–44) to
obtain a WRA score. Nevertheless, we excluded 20 of the
192 species assessed for one of two reasons: taxonomic
uncertainty in species identification (5 species) or an in-
adequate number of responses from the experts we sur-
veyed (15 species). The species list, including the H-WRA
scores, is available from C.C.D. and http://www.botany.
hawaii.edu/faculty/daehler/WRA/Species list.pdf.

Among the 172 remaining species used for analyses,
there was a statistically significant positive linear relation-
ship between the number of questions answered and the
WRA score ( p < 0.01); however, the fit of the regres-
sion line was poor (r2 = 0.08), indicating that the H-WRA
score is not a simple function of the number of questions
answered (Fig. 2). Forty-two (24%) of the species had
H-WRA scores between 1 and 6 (evaluate further). After
the second screening was applied to these species (Fig. 1),
only 14 species (8%) remained in the evaluate-further
category.

Figure 2. Relationship between number of questions
answered in the weed risk assessment (H-WRA) and
the final H-WRA score.
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Figure 3. Correlation between weed risk-assessment
(H-WRA) score and index of pest status based on
expert surveys (see Methods). For each species,
separate index values were obtained for native and
managed ecosystems, and the larger of these two
values is plotted on the y-axis.

Correspondence between H-WRA Results and Expert Surveys

Numerical H-WRA scores were positively correlated with
the pest status index obtained from the expert surveys
(r2 = 0.52, Fig. 3). The pest status index for species with
intermediate H-WRA scores ranged from 0 to 1.2 (maxi-
mum possible index score is 2). Expert index scores of
many species with intermediate H-WRA scores were zero,
indicating that all experts rated them as not pests (Fig. 3).

Expert survey results for 172 species classified 22
species (13%) as major pests and 45 species (26%) as
minor pests either of native ecosystems or of managed
lands. Using dates for the earliest vouchered collections
(Wester 1992; Wagner et al. 1999), we determined that
major pests and minor pests did not differ in the length of
time they had been in Hawaii (Mann-Whitney U = 237,
p = 0.89, median date = 1912 and 1910 for major and
minor pests, respectively).

Overall, there was a high degree of correspondence
between the H-WRA results and the expert survey results
(Table 1). The WRA system identified all but one (5%) of
the serious pests identified by the experts. In contrast, the
criterion “pest elsewhere” alone failed to identify 4 (18%)
of the major pests. After the second screening, the H-WRA
system successfully identified 85% of nonpests, whereas
only 66% of nonpests were identified without the second
screening. Although the second screening substantially
increased the number of correctly identified nonpests, it
also classified 8 additional minor pests as nonpests (Calo-
pogonium mucinoides Desv., Cananga odorata [Lam.]
Hook. f. & Thomson, Catharanthus roseus [L.] G. Don, Fi-

Table 1. Effectiveness of three screening methods for identifying all
pests (from native ecosystems and managed ecosystems) and
nonpests: weed risk-assessment (H-WRA) system with the second
screening, without the second screening, and considering only
whether a species was recognized as a pest elsewhere.∗

Major Minor
pests pests Nonpests Evaluate

Screening admitted admitted admitted further
method (%) (%) (%) (%)

H-WRA, no 2nd 5 (1) 16 (7) 66 (69) 24 (42)
screening

H-WRA + 2nd 5 (1) 33 (15) 85 (89) 8 (14)
screening

Pest elsewhere 18 (4) 24 (11) 86 (90) 0

∗Major, minor, and nonpest designations are based on expert surveys
from Hawaii and other Pacific islands. Number of species indicated
in parentheses.

cus bengalensis L., Impatiens walleriana Hook. f., Passi-
flora edulis Sims, Pinus radiata D. Don, and Terminalia
catappa L.). Among the 15 species designated by experts
as minor pests but classified as nonpests by the WRA sys-
tem, there were nine trees, three vines, two herbs, and
one grass. The proportional representation of life forms
in this group was not statistically different from the total
data set of 192 species.

Results based only on pests of native ecosystems
were comparable (Table 2) to results based on all pests
(Table 1). Experts identified 21 major and 24 minor pests
of native ecosystems from the 172 survey species ana-
lyzed. One major pest of native ecosystems was missed
by the H-WRA system, whereas 4 major pests of native
ecosystems were missed based on the “pest elsewhere”
criterion for pest designation (Table 2). With the sec-
ond screening, the WRA system correctly identified 23
more nonpests of native ecosystems, but also classified 5
more minor pests as nonpests. Overall, there was a high
degree of correspondence between designations from
the second screening and those from the expert surveys

Table 2. Effectiveness of three screening methods for identifying pests
of native ecosystems: weed risk-assessment (H-WRA) system with the
second screening, without the second screening, and considering only
whether a species was recognized as a pest elsewhere.∗

Major Minor
pests pests Nonpests Evaluate

Screening admitted admitted admitted further
method (%) (%) (%) (%)

H-WRA, no 2nd 5 (1) 13 (3) 57 (73) 24 (41)
screening

H-WRA + 2nd 5 (1) 33 (8) 76 (96) 8 (14)
screening

Pest elsewhere 19 (4) 25 (6) 75 (95) 0

∗Major, minor, and nonpest designations are based on expert
surveys from Hawaii and other Pacific islands. Number of species
indicated in parentheses.
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(Table 2). No major pests of native ecosystems were er-
roneously classified as nonpests by the second screening,
and species designated as nonpests by the second screen-
ing had a lower mean pest status index than species left in
the evaluate-further or pest categories (x̄ = 0.245 versus
x̄ = 0.706, Mann-Whitney U = 119, p = 0.01).

Discussion

Properties of an Ideal Weed Risk-Assessment System

In addition to the obvious requirement that a WRA system
successfully identify most pest plants, an ideal WRA sys-
tem should have several key properties: (1) components
should have a scientific basis; (2) the system should be
transparent—that is, it should be easy to see why a species
is identified as a likely pest; (3) the assessment process
should minimize the use of subjective opinions; and (4)
the assessment must be repeatable, such that two people
assessing the same species should reach the same con-
clusion. Similar points were emphasized by Mack et al.
(2002). Furthermore, for a WRA system to be of practical
use, economic costs and time invested should be low.

The WRA system developed by Pheloung et al. (1999)
and modified here for Pacific Islands meets all these re-
quirements to a large degree. Each question of the WRA
system is supported by empirical studies of invasive pest
plants (Pyšek et al. 1995; Daehler 1998; Rejmánek 2000;
Mack et al. 2002). Probability of arrival is not addressed by
the H-WRA system because we assumed that the plant be-
ing screened is a proposed intentional introduction. The
relative weighting of factors leading to the total assess-
ment score in the WRA was determined empirically, based
on data from Australia (Pheloung et al. 1999). We applied
the same weighting factors to Pacific Islands because we
did not have a strong scientific basis for independently
determining the weighting factors. Any reviewer can ex-
amine an assessment and identify those factors that con-
tribute to a species assessment score and to what degree,
satisfying the requirement that a WRA system be transpar-
ent. By establishing specific guidelines for answering each
question, standardizing search procedures for obtaining
information, and requiring documentation for all sources
of information, we minimized subjectivity and variability
among assessments. Finally, given access to adequate li-
brary and database research facilities, we completed an
assessment for most species in 5–8 hours at relatively
low cost, making the system suitable for practical applica-
tion. In practice, answers to H-WRA questions could be
obtained from a combination of published sources and
individual experts, but to maintain transparency and ob-
jectivity, answers from individual experts should be based
on first-hand experience and should be documented with
specific details that justify the answer.

Challenges to Evaluating the Effectiveness
of a Screening System

In practice, a screening system should deliver a binary de-
cision to allow or deny entry of a proposed introduction.
Although a decision to evaluate further is a possible out-
come, plant screeners must eventually decide whether
to admit or deny entry. The main challenge to a test of
accuracy of H-WRA decisions lies in determining which
species actually should be considered pests.

We used expert opinion as our independent evalua-
tion of pest status; in practice, however, plants consid-
ered pests by a single expert often include a mixture of
serious problem plants and minor nuisance species. To
help distinguish the most serious pests, we asked experts
to distinguish between major pests (major harm), minor
pests (minor harm), or nonpests (negligible harm), but
our three-category rating system is actually a continuum.
It is clear that any WRA system should strive to iden-
tify all species likely to cause major harm, but at what
point along the continuum from major harm to negligi-
ble harm should a species be considered a pest and be
denied entry? The fraction of correct decisions made by
any WRA system will be affected by the placement of
this pest threshold. This is an issue not only for testing
a WRA system but also for calibrating it with empirical
data. Furthermore, if the pest threshold is set lower along
the continuum, it seems likely that any WRA system will
erroneously deny entry to more nonpests. The costs of
these errors may outweigh the benefits of excluding ac-
tual pests (Smith et al. 1999). However, another line of
reasoning argues that, irrespective of potential economic
costs, it is better to make the mistake of denying entry to a
nonpest than to allow entry of a pest, because a decision
to admit a species is usually irreversible. In contrast, a
decision not to admit can be challenged and changed at a
later time after more evidence accumulates that a mistake
has been made. These issues should be kept in mind as
we evaluate the effectiveness of the different approaches
for screening out pest plants.

Full H-WRA Evaluation versus the Pest-Elsewhere Criterion

One of the best predictors of the pest status of an intro-
duced species is whether the species has become a pest
elsewhere (e.g., Reichard & Hamilton 1997; Rejmánek
2000; Rejmánek et al. 2004). The success of the Australian
and New Zealand WRA system has sometimes been at-
tributed almost entirely to its use of pest-elsewhere in-
formation in determining WRA scores (Rejmánek et al.
2004). We found that many pests of Pacific Islands could
be identified based on the pest-elsewhere criterion alone.
However, three additional major pests were identified
by using the full H-WRA system. Given that the experts
identified only 22 major pests, the additional exclusion-
ary power of the full H-WRA would seem to make it
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worthwhile. Furthermore, Rejmánek et al. (2004) esti-
mated that 85% of potentially invasive plant species have
yet to be recognized as such because they have not been
introduced or are recent introductions. In all of these
cases, use of the pest-elsewhere criterion alone would
obviously give the wrong answer.

Utility of the Second Screening

Decision tools that often fail to reach decisions are of
limited use. Without the addition of a second screening,
the H-WRA system failed to reach a decision for about
24% of the species assessed. Our second screening re-
duced the fraction of species in the evaluate-further cat-
egory to 8%. The second screening also increased the
overall rate of correct nonpest identification from 66% to
85%. The cost was incorrect identification of a few minor
pests, but these species had significantly lower expert
pest-index scores than the 8% of species that remained
in the evaluate-further category after the second screen-
ing. This indicates that the second screening was effective
in partitioning out a set of species with lower risk from
within the large evaluate-further grouping. The structure
of our decision trees for the second screening was based
on our logical reasoning rather than empirical testing, and
it is possible that alternative decision trees could provide
even better results. However, we would need additional,
independent data to provide valid tests of alternative de-
cision trees.

Although we still did not attain a 100% decision level
after our second screening, an indecision rate of 8% and
improvement in correct identification of nonpest species
may make the process more acceptable to a wider range of
potential stakeholders, including land managers, horticul-
turalists, urban landscapers, and conservationists, should
a risk-assessment process be implemented in Hawaii or
on other Pacific Islands.

Relationship between Number of Questions Answered
and Score

Ideally, the WRA score should be unaffected by the num-
ber of answered questions. Daehler and Carino (2000)
found no statistical relationship between the number of
questions answered and the H-WRA scores of the species
they screened. With our increased sample size, we found
a weak positive relationship (r2 = 0.08) between the num-
ber of questions answered and the H-WRA score. The re-
lationship is probably related to at least two factors: (1)
we found more information available on the most trou-
blesome invaders, allowing us to answer more questions
for these species; and (2) for some questions, affirma-
tive answers increased the score, whereas negative an-
swers resulted in no change. As more of the asymmet-
rically weighted questions are answered, the score may
increase. Despite these properties, the number of ques-

tions answered was not a good predictor of the H-WRA
score.

The Place of a WRA System in Reducing Pest-Plant Problems

The identification of significant pest plants is of central
importance in any program of pest-plant control. Our re-
sults suggest that modifications to the Australian and New
Zealand WRA system can be highly effective in identify-
ing pest plants even under the challenging circumstances
presented by tropical oceanic islands. Indeed, the suc-
cess rate of the H-WRA system in correctly identifying
pest and nonpest species of tropical Pacific islands com-
pares favorably to that found for the original WRA sys-
tem applied in Australia and New Zealand (Pheloung et
al. 1999), and our implementation of a secondary screen
substantially increased the number of correctly identified
nonpests. Ideally, this system might be used to screen all
new species introductions, as it is currently applied in
Australia and New Zealand.

We expect screening tools to be especially effective in
keeping out pest plants in Hawaii and other islands where
physical isolation already serves as a natural barrier to the
spread of pests from other states or countries. In addi-
tion, the H-WRA system could be useful in identifying
high-risk plant species among those already being used
in landscaping, restoration, or forestry. Future pest prob-
lems could be reduced by discouraging the continued
planting of high-scoring species and by identifying viable,
lower-risk substitutions. Finally, the H-WRA system could
be used to help prioritize species for chemical, mechani-
cal, or biological control. Although only a small portion of
species introductions is likely to cause ecological harm,
these few species nevertheless pose a great threat to na-
tive ecosystems and rare endemic species. We believe that
the H-WRA system will considerably improve our ability
to identify the worst offenders in this large pool. The
Australian and New Zealand WRA system could probably
also be modified for use in other environments, including
temperate regions (Pheloung et al. 1999).

Several states currently have exotic-pest-plant coun-
cils (Bodle & Doren 1996) that have established list-
ing committees with the explicit objective of identifying
pests among introduced species that pose a danger to
native ecosystems. These committees are often notable
for the objectivity, scientific rigor, and documentation
they seek to introduce to the listing process. We sug-
gest that incorporating the WRA system into the listing
process would allow conservation groups and govern-
ment agencies to (1) objectively evaluate more species
more quickly, (2) develop an effective early warning sys-
tem for newly introduced species, and (3) eventually
develop a pre-introduction screening system that could
be implemented at a state or even national level. Al-
though the H-WRA system is not a substitute for first-hand
knowledge of plant behavior under local environmental
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circumstances, it can provide an excellent rapid-assess-
ment tool and may help reduce the considerable costs of
pest-plant control in the future.
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Rejmánek, M. 2000. Invasive plants: approaches and predictions. Austral
Ecology 25:497–506.
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