
CHAPTER 10

INVASIVE SPECIES

Curtis C. Daehler

Introduction

Invasive species are characterized by their substan-
tial population growth and spread outside their native 
ranges. Humans originally introduced most of today’s 
invasive species, and all regions on Earth have been 
affected by invasive species to some extent. Curious-
ly, 90% or more of introduced species do not become 
invasive pests; rather, they die out or rely on direct 
human assistance to achieve limited persistence out-
side their native ranges (Williamson 1996). Of course, 
many introduced species benefi t humans by providing 
sources of food or fi ber, but those that become invasive 
are extremely costly to society (Ewel et al. 1999). One 
recent study estimated that invasive species are costing 
as much as $137 billion per year in losses in the United 
States alone (Pimentel et al. 2000).  Furthermore, in-
vasive species threaten native species with extinction 
(Wilcove et al. 1998) and alter crucial ecosystem func-
tions such as freshwater fl ow in streams (vanWilgen et 
al. 1996). Although it is diffi cult to assign a monetary 
cost to these impacts, they have serious implications 
for humans because we rely on a diversity of species 
and ecosystem services for our survival. 

Pacifi c Island Invaders

Many Pacifi c Islands appear to be particularly sus-
ceptible to invasion, possibly because certain ecologi-
cal groups are often missing from the native fl ora and 
fauna (Simberloff 1995). For example, the Hawaiian 
Islands have no native mammalian grazers. The im-
pacts of invaders on island ecosystems have been ex-
treme because island ecosystems are relatively small 
in size and interconnected across small spatial scales 

(see Chapter 2). The small size of island ecosystems 
also means they are composed of relatively small 
populations (often including endemic species), which 
increases the risk that even a localized invader will 
threaten a native species with extinction by herbivory, 
predation or competition. 

Pacifi c Islands harbor many notorious invasive verte-
brate animals that have had profound impacts on the 
native fl ora and fauna: black rats, goats, mongoose, 
and the brown tree snake, to name a few (Brockie 
et al. 1988). Invasive insects have also had impor-
tant impacts on Pacifi c Islands, especially ants (Wil-
liams 1994, McGlynn 1999). More recently, invaders 
among marine taxa and non-insect invertebrates (e.g. 
land snails) in the Pacifi c have attracted attention as 
we begin to recognize their impacts (Coles et al. 1999, 
Cowie 1998). This chapter focuses on evaluating inva-
sive terrestrial plants, but the concepts and issues are 
broadly applicable to other taxonomic groups.  Gen-
eral methodologies for assessing terrestrial vegetation 
were described in Chapter 3; however, some methods 
focused specifi cally on assessing invaders can be use-
ful for determining the conservation value of vegeta-
tion as well as for identifying priorities for invasive 
species eradication or control.  

As fi eld ecologists, we seek to understand ecosys-
tems and their components, and our work has the po-
tential to increase invasive species problems. In mov-
ing between fi eld sites, always check to see that shoes 
and clothing are free of seeds and excess mud, which 
can harbor alien seeds, invertebrates, and pathogens.  
When approaching your fi eld site or collecting data, 
minimize physical disturbance by following the same 
route and keep “bushwhacking” to a minimum. If you 
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return on a regular basis, you could notice a new alien 
weed establishing along your path. Make an effort to 
remove it.   Physical disturbances by humans togeth-
er with accidental transport of hitchhikers on boots or 
clothing can be a source of major new weed problems 
in natural ecosystems.

General community measures: 
Including versus excluding 
introduced species 
 
Based on historical records, most plant species can 
be classifi ed as native or introduced to a particular re-
gion of study. Whether introduced species should be 
included when reporting basic community measures 
such as species richness or diversity indices for a com-
munity (see Chapter 3 or Krebs 1989, chapter 4 in Zar 
1996 for details on how to calculate Shannon-Weiner 
or Simpson’s diversity indices), depends on the spe-
cifi c goals for the community survey. In certain cases, 
it may make sense to include aliens species in calcu-
lating community diversity indices.  For example, if 
the goal was to measure habitat diversity available to 
tree-nesting birds, then it would make sense to include 
both native and alien trees in calculating a habitat di-
versity index, assuming that at least some birds utilize 
the alien trees. In contrast to this example, the goal of 
many surveys of natural vegetation is to determine the 
diversity or condition of native species; in this case a 
diversity index based only on the native species may 
be more meaningful. 

In some cases, it may be of interest to explore the rela-
tionship between alien species and community struc-
ture. For this purpose, diversity indices or other com-
munity measures can be calculated and compared from 
a series of similar habitats that differ mainly in their 
degree of invasion by a specifi c invader or a set of in-
vaders. Diversity is often lower in the presence of in-
vaders, especially when only native species are includ-
ed in diversity calculations (Daehler and Carino 1999). 
Including invaders will increase total species richness 
and occasionally increase diversity indices within a 
community. Nevertheless, the local increase in with-
in-community species richness (often termed alpha di-
versity) owing to the presence of invaders is generally 
at the expense of decreased differentiation among re-
gions (reduced beta-diversity). This decreased beta-di-
versity associated with biological invasions has been 
termed biotic homogenization (Vitousek et al. 1997, 

Lockwood et al 2001). During the process of biotic 
homogenization, biological communities in different 
regions around the Earth become increasingly similar, 
as certain introduced species become highly success-
ful across many geographic regions. Other species are 
“losers” in this process, and many of these species face 
extinction (McKinney and Lockwood 1999).  In sum-
mary, the implications of including or excluding in-
vasive species in calculations of community measures 
should always be considered so that the measure most 
relevant to the goal of the community survey is chosen 
for presentation and interpretation.  In some instances, 
it can be instructive to report both calculations as a 
means of understanding the contribution of invaders 
to species richness and diversity.

Needs for Pacifi c Islands
 
Keeping new pest plants out

Growing human populations, frequent travel between 
countries or regions, and increases in shipments from 
abroad have dramatically increased the number of 
alien species being introduced to Pacifi c Islands. Cur-
rently, the entry of pest plants into Hawaii and U.S. 
Territories in the Pacifi c is regulated by the Federal 
Noxious Weed Act.  The strategy has been to keep out 
all plants on a “prohibited list” called the Federal Nox-
ious Weed List.  Plant species on this list are prohib-
ited from entry into any part of the United States.  Any 
species on the list that is already present in part of the 
United States or a U.S. Territory cannot be transported 
or cultivated.  The Federal Noxious Weed List is en-
forced by the Animal and Plant Health Inspection Ser-
vice (APHIS), which is a branch of the United States 
Department of Agriculture (USDA). Unfortunately, 
the Federal Noxious Weed List has not been effective 
in preventing the introduction or spread of natural area 
invaders because the list has historically included pri-
marily agricultural weeds. Only about 25% of invasive 
plants that threaten natural ecosystems are considered 
agricultural weeds (Daehler 1998). Hawaii, U.S. terri-
tories, and some Pacifi c Island nations may also have 
their own noxious weed lists. Local offi cials enforce 
these lists, but as with the Federal list, the focus has 
been primarily on agricultural weeds.

Recently, Australia has adopted a comprehensive 
screening system to identify pest plants among plants 
being proposed for introduction (Pheloung et al. 1999). 
This screening system has also been modifi ed for use 
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in New Zealand (Pheloung et al. 1999).  It consists of 
a set of 49 questions asked about the proposed plant’s 
natural habitat, ecology, and weed status elsewhere. 
Based on answers to these questions, the species is 
given a numeric score. If the score is zero or less, the 
species is unlikely to be invasive. If the score is greater 
than 6 it will probably become a pest plant. If the score 
is between 1 and 6, the species requires further eval-
uation before a decision can be made. Not all ques-
tions need to be answered in order to obtain a screen-
ing score, and the screening score can be changed later 
if new information becomes available.  This system 
is effective in screening out both natural area invad-
ers and agricultural weeds (Pheloung et al 1999). Un-
like the prohibited list approach used in the United 
States, each new species entering Australia (and New 
Zealand) is evaluated with the screening system pri-
or to legal admission.  This system is also useful for 
screening out new invasive plant introductions to Pa-
cifi c Islands (Daehler and Carino 2000, Daehler et al. 
2004). The screening system, which has been modi-
fi ed for use in Pacifi c Islands, is given in Appendix 
1.  Instructions for generating a screening score are 
provided in Appendix 2.  Legislative changes needed 
to switch from a prohibited list approach to a “screen 
all” approach have not yet been enacted for most of 
the Pacifi c Island Region. A change to the “screen all” 
approach should be highly effective in screening out 
invaders of natural ecosystems because most of these 
pest plants have been deliberate introductions that 
were legally imported (Daehler and Carino 1999).

Evaluating risks of aliens already present

Unfortunately, land managers rarely have suffi cient re-
sources to eradicate or control all invasive plants. In-
evitably, priories must be set because allocating equal, 
inadequate resources towards all invasive species ac-
complishes very little over the long run. Sometimes 
control priorities are based on fi eld data (i.e. some 
quantitative measure has been made of an invader’s 
impact on native species or ecosystems), but more of-
ten priories are set arbitrarily or based on a combina-
tion of casual observations and intuition. Unfortunate-
ly, prioritizing based on casual observations leads to a 
great deal of variation in priorities. Also, when priori-
tizing is based solely on personal experiences it may 
be diffi cult to reach a consensus. Employing a more 
consistent and objective method of establishing pri-
orities for invasive species control helps to avoid this 
problem. 

Although the Australian screening system described 
above was originally designed to help prevent pest 
plants from being introduced to a country or region, 
scores from the screening system can also be em-
ployed to evaluate alien species that are already pres-
ent in Pacifi c Islands (Daehler et al. 2004). The species 
scores obtained from the screening system (Appendix 
1) are positively correlated with the magnitude of their 
pest status, as rated independently by expert botanists, 
weed scientists and conservation biologists (Pheloung 
et al. 1999, Daehler et al. 2004).  Although the raw 
screening system score provides an indication of the 
degree to which an alien species is likely to be a pest, 
the alien’s abundance is an important practical consid-
eration in any eradication or control effort.  An inva-
sive species with a lower abundance is usually easier 
to eradicate or keep under control. A simple method 
for obtaining a priority rating that incorporates species 
abundance is:

 Priority rating = S/A

where S is the species score obtained from the screen-
ing system (Appendix 1) and A is a measure of the 
species’ abundance (see Chapter 3). Most common-
ly, abundance could be measured as percent cover or 
basal area (for woody species).  Other possible mea-
sures of abundance are density, frequency, or biomass. 
Whatever measure of abundance is chosen, the same 
measure should be used for all aliens in the communi-
ty to ensure that the priority ratings are comparable.

Following this priority rating, species with the highest 
priority will be those having a combination of a high 
screening score and a low abundance. These species 
are likely to pose a signifi cant threat to the natural eco-
system, but they can be eradicated or controlled with 
minimal resources because of their low abundance. A 
species with the same high screening  score but with a 
high abundance will have a lower priority rating. This 
is because species with higher abundance generally 
require more resources to eradicate or control. If the 
species at low abundance is targeted fi rst, fewer re-
sources will be required for that species over the long 
run. When pest populations are likely to grow, target-
ing species at low abundance fi rst usually results in 
the most effi cient allocation of limiting resources over 
the long run. After the species at low abundance have 
been eradicated or controlled satisfactorily (at rela-
tively low cost), the remaining resources can be al-
located towards pests with higher abundance.  In con-
trast, targeting the species with higher abundance fi rst 
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risks the possibility that insuffi cient resources will be 
available to control any of them, in which case little 
or nothing will have been accomplished. Note that it 
is possible for S to be zero or negative (these species 
pose very low risks of becoming invasive pests). The 
priority rating formula given above still works with 
these species; however, there is one fundamental dif-
ference: because species that have negative screening 
scores are unlikely to spread quickly, the species at 
higher abundance are targeted fi rst (when S is nega-
tive, increasing A makes the priority rating higher or 
less negative). Nevertheless, if all aliens having a pri-
ority rating greater than zero have been eradicated 
from a particular area, then it might be appropriate to 
consider allocating resources to other areas where spe-
cies with higher priority score may still occur, rather 
than targeting species with negative priority scores. 

Many habitats have been highly modifi ed for use by 
humans (e.g. agroecosystems) and native species may 
be entirely absent. In these areas, restoration of native 
species is often not the objective. Nevertheless, the 
same methods can be applied to assess these systems 
with the aim of identifying species that have very high 
screening scores (likely to become pests) or high pri-
ority ratings (likely pests that are not yet abundant). 
Once these species have been identifi ed, we can ask 
whether their value (economic or cultural) outweights 
the risk that they may spread to natural ecosystems 
and threaten native biodiversity, or that they could re-
duce yields of agricultural crops or become a nuisance 
to humans.

Of course, the priority rating system given above can-
not take into account all facts and circumstances in a 
particular situation. The priority scores should be used 
as a starting point for guiding decisions about which 
species to target for control or eradication. The actual 
ranking may change due to other considerations. For 
example, if two species both have a high S, but a prov-
en, low cost control method currently is available only 
for the species with higher A, then the species with 
higher A might be targeted fi rst. The most important 
thing is allocate resources towards invasive species 
control in a manner that is scientifi cally (or at least 
logically) defensible, with the goal of yielding mea-
surable successes that result in long-term solutions. 

Assessing severity of invasion 
within a plant community

In most cases, it is a simple matter to survey an area 
and determine which alien plant species are present 
and how abundant they are. However, it is often use-
ful to make an objective assessment of the overall de-
gree to which a plant community has been invaded by 
pest plants. Such a measure of the severity of invasion 
could be used for comparing two similar sites, help-
ing to determine which has higher conservation value. 
Similarly, a measure of the severity of overall invasion 
would be useful for tracking trends over time within a 
community. Different communities can be compared 
by assessing which has been more susceptible to in-
vasion.  A simple measure of the severity of invasion 
within a community can be calculated as follows:

  

Where n is the total number of alien plant species in 
the community, Si is the screening score for species 
i , and Ai is the abundance of species i. By summing 
the product of S and A for each alien plant in the com-
munity, we get a measure of overall severity of inva-
sion.  In general, the severity of invasion is high when 
many alien species are present, or if their abundance 
is high, or if the species present have high scores from 
the screening system. Note that if any species have S 
less than zero, they should be considered as S equal to 
zero for the purposes of this calculation.  This commu-
nity measure does not consider the abundance of na-
tive species within the community.  The overall value 
of a habitat usually depends on both the abundance of 
invaders and the abundance of native species. A sim-
ple modifi cation to take into account the abundance of 
native species allows an estimation of severity of com-
munity degradation associated with invasive plants:

  

where N1 is the current total abundance of all native 
species in the community and N0 is the original abun-
dance of all native species in the community in its nat-
ural, “pristine” state, before invasion by alien plants.  
As with A, the native species abundance can be mea-
sured in a variety of way, but the quickest measure is 
probably total percent cover. In many cases, N0 may be 
unknown. In this case it can be estimated as 1 (100% 
cover by natives), or based on values taken from sim-
ilar community types elsewhere (communities with 

Severity of degradation = Si Ai
i = 1

n

!f p/ N1/N0_ i

Severity of invasion =Sum SiAi
i = 1

n
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several vegetation layers often have a total cover that 
exceeds 100%). In any case, as the abundance of na-
tive species declines, the severity of degradation in-
creases. As with severity of invasion, any alien species 
with S less than zero should be considered as S equal 
to zero for the purpose of calculating severity of deg-
radation.

Segregating the community into functional groups

In some cases it may be of interest to examine spe-
cifi c ecological or functional groups. For example, we 
might be primarily interested in the tree community, 
the ground cover community, or even a specifi c plant 
family, as opposed to the entire plant community. All 
three of the measures described above can be calculat-
ed using a subset of the species in the community, re-
vealing more specifi c patterns and trends in invasion. 
Furthermore, if a similar screening system were avail-
able to calculate a species risk score (S) for non-plant 
taxa (e.g. insects or vertebrates), it would be a simple 
matter to generate these measures for other taxonomic 
groups.

Example Calculations: Hawaiian 
dry forest communities 
1950 versus 1970
 
In order to provide a simple example of how the mea-
sures above can be used, a case study comparing dry 
forest communities on Oahu in 1950 and 1970 is pre-
sented.   Relatively pristine dry forest sites were dis-
covered and surveyed by Hatheway (1952) in the 
Waianae Mountain Range, Oahu.  Hatheway (1952) 
established permanent plots in two vegetation types, 
which he termed semi-deciduous dry forest and ever-
green dry forest. In general, the evergreen dry forest 
was higher in elevation than semi-deciduous dry for-
est (about 600 m versus < 400 m), and experienced 
greater rainfall (about 180 cm yr-1 versus 100 cm yr-1). 
The evergreen dry forest also had a greater diversity 
of native woody species than the semi-deciduous dry 
forest (Table 10.1). Wirawan (1972) relocated Hathe-
way’s plots 20 years later and resurveyed them. Dur-
ing both surveys, the basal area of all woody species 
greater than 2.5 cm in diameter was recorded.  Several 
obvious questions can be addressed using these survey 
data. First, did the severity of invasion or severity of 
degradation increase during the 20-year period from 
1950 to 1970? Second, did the semi-deciduous forest 

differ from the evergreen forest with respect to sever-
ity of invasion or degradation by alien plants? Finally, 
what are the priority ratings for eradicating or control-
ling alien species in these communities?
 
Severity of Invasion

The data used for all of the example calculations to 
follow are shown in Tables 10.2 and 10.3. The relative 
basal area for each alien woody species was calculated 
by dividing each species’ basal area by the total basal 
area (native and alien) recorded from the plots.  The 
basal area data given in Tables 10.2 and 10.3 do not 
precisely match the data in the original publications 
due to rounding differences, and because I have added 
the estimated contribution to basal area from individu-
als < 2.5 cm in height. These smaller individuals were 
counted in the original studies but they were not in-
cluded in the original calculations of basal area.  After 
multiplying each alien’s screening system score by its 
basal area and summing over all aliens, the severity of 
invasion for the semi-deciduous plot was 1.65 in 1950. 
By 1970 it had increased by only 2% to 1.69 (Table 
10.2).  This increase is primarily associated with the 
presence of a few individuals of Psidium cattleianum 
(strawberry guava) in 1970. This well-known inva-
sive pest was not recorded in 1950. In the evergreen 
dry forest, severity of invasion was 0.085 in 1950 but 
it increased 8-fold to 0.66 by 1970.  This is a much 
greater increase than had occurred in the semi-decidu-
ous dry forest, and it is due primarily to the presence 
of Psidium cattleianum, Psidium guajava (common 
guava), and Schinus terebinthifolius (Brazilian pepper 
tree) in 1970. These three species are known to be se-
rious invaders elsewhere, and they were not present in 
the evergreen dry forest plot in 1950. Although overall 
severity of invasion was always higher in the semi-
deciduous dry forest, it is interesting to note that the 
severity of invasion increased more rapidly from 1950 
to 1970 in the evergreen dry forest, suggesting that it 
may be more susceptible to continued invasion, de-
spite its higher native species richness.

Severity of degradation

Calculating severity of degradation requires an esti-
mate of total native species abundance in a nearly-
pristine habitat of the community type being assessed 
for invasion. We have no data on abundance of native 
species in truly pristine dry forest, since almost all dry 
forest habitats in Hawaii have been destroyed or al-
tered by humans and alien species. Hatheway’s (1952) 
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Species Semi-

Deciduous
Ever-
green

Bobea elatior √
Canthium odoratum √ √
Columbrina oppositifolia √
Charpentiera ovata √
Diospyros hillebrandii √ √
Diospyros sandwicensis √ √
Dodonea sandwicensis √
Dracaena aurea √ √
Elaeocarpus bifi dus √
Erythrina sandwicensis √
Eugenia reinwardtiana √ √
Mezoneuron kauaiensis √
Metrosideros polymorpha √
Myrsine lessertiana √
Myoporum sandwicensis √
Ochrosia sandwicensis √
Osmanthus sandwicensis √ √
Pelea wawraeana √
Pisonia umbellifera √
Pittosporum glabrum √
Pouteria sandwicensis √
Psychotria hathewayi √
Psychotria hawaiiensis √
Psychotria mariniana √
Rauvolfi a sandwicensis √ √
Reynoldsia sandwicensis √
Santalum freycinetianum √
Sapindus oahuensis √
Syzygium sandwicensis √
Tetraplasandra kaalae √
Xylosma hawaiiensis √

Table 10.1 Comparison of native woody species recorded from the semi-deciduous versus evergreen dry forest 
plots. Overall, the evergreen dry forest plot had higher native species richness1.

1This checklist compares all woody native species found in 1950 and/or 1970 in the two plots used for sample 
calculations (Tables 10.2 and 10.3). Although the evergreen dry forest plot was larger than the semi-deciduous 
forest plot (600 m2 versus 100 m2, respectively), the trend of higher species richness in the evergreen dry forest 
was apparent even when plots of the same size were compared (Hatheway 1952).
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plots were apparently in close-to-pristine condition. 
Therefore, the former total abundance of native spe-
cies in a pristine area (N0) can be taken to be the total 
basal area of native species in the plots in 1950. The 
“current” abundance (N1) is then taken to be the total 
basal area of native species in the plot in 1970. For the 
semi-deciduous dry forest plot, the total basal area of 
native species in 1950 (N0) was 1.48 m2 (Hatheway 
1952), while the total basal area of native species in 
1970 was 0.671 m2 (Wirawan 1972).  The severity of 
degradation for the semi-deciduous dry forest is then 
1.69 / (0.671/1.48) = 3.7.  For the evergreen dry forest 
plot, the total basal area of native species in 1950 was 
2.9 m2 versus 3.4 m2 in 1970. Note that the basal area 
of native species actually increased in 1970 relative 
to our “pristine” baseline from 1950. In this case the 
denominator (n1/n0) in the severity of degradation cal-
culation should be set to one. This is because there has 
been no apparent decline in native species abundance 
relative to “pristine” conditions. The severity of deg-
radation for the evergreen dry forest is then 0.663 / 1 
= 0.663. In comparing evergreen and semi-deciduous 
dry forest, our index tells us that semi-deciduous dry 
forest is about 6 times more degraded.  In other words, 
the condition of the semi-deciduous dry forest is worse 
than that indicated by the severity of invasion index 
alone. Severity of invasion was only about 2.5 times 
higher for semi-deciduous (1.69) versus evergreen dry 
forest (0.663), in 1970.

Prioritizing eradication or control efforts
 
Considering the semi-deciduous dry forest (Table 
10.2), the species with the highest priority ratings for 
eradication or control in 1950 were Psidium guajava 
(common guava) and Schinus terebinthifolius (Bra-
zilian pepper tree). Both these species are known to 
be serious pests, and they have correspondingly high 
screening scores. Furthermore, they had low abun-
dance in the habitat, making them realistic targets for 
control, even with limited resources. In contrast, Syzy-
gium cumini (Java plum) had a low priority rating. 
This was due to its relatively high abundance (more 
diffi cult to control) and its lower screening score (less 
likely to be as serious a pest). In the same area in 1970, 
the control priority shifts to also include Psidium cat-
tleianum (strawberry guava). This species is a serious 
pest native to tropical America. It forms near-mono-
cultures in many tropical and sub-tropical habitats in 
several regions of the world, and it has a very high 
screening score. Furthermore, its abundance was low 
in 1970, making eradication or control realistic. Psid-
ium guajava and Schinus terebinthifolius also remain 
high priories in 1970.

In the evergreen dry forest (Table 10.3), the control 
priority in 1950 is Syzygium cumini because of its very 
low abundance.  The only other woody alien on site, 
Aleurites moluccana (kukui), had a comparable screen-
ing score but its higher abundance would have likely 
required more resources to control. Aleurites moluc-

1950 1970
Alien species1 Score Relative 

basal area
Priority 
Rating 
(S/A)

SA Relative 
basal area

Priority 
Rating 
(S/A)

SA

Syzygium cunini 10 0.11 91 1.1 0.093 108 0.93
Leucaena leucocephala 15 0.01 1500 0.15 0.01 1500 0.15
Psidium guajava 21 0.01 2100 0.21 0.01 2100 0.21
Psidium cattleianum 18 0 0 0.01 1800 0.18
Schinus terebinthifolius 19 0.01 1900 0.19 0.01 1900 0.19
Grevillea robusta 3 0 0 0.01 300 0.03

Severity of invasion 1.65 1.69

1Lantana camara was present during both sample dates, however no quantiative data were available, so this spe-
cies was excluded from the calculations.

Table 10.2. Example calculations for priority ratings and severity of woody plant invasion in the semi-decidu-
ous dry forest, 1950 versus 1970.
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cana is an early Polynesian introduction to the Hawai-
ian Islands. In the 1000+ years that it has been in the 
Hawaiian Islands, it has become naturalized, primarily 
in gulches of mesic valleys. It generally does not form 
extensive monocultures, and therefore it is logically 
not a major threat to biodiversity. Its low priority rat-
ing is consistent with this logic. In 1970, the control 
priority shifts to Psidium guajava, with Psidium cat-
tleianum and Schinus terebinthifolius as secondary tar-
gets. The low abundance and high screening score of 
Psidium guajava make it a high-risk pest that should 
be relatively easy to eradicate from the site using mini-
mal resources. The remaining resources could then be 
allocated towards controlling P. cattleianum and S. ter-
ebinthifolius. If further resources remain, a target must 
be selected among the remaining three species (Syzy-
gium cumini, Grevillea robusta, and Aleurites moluc-
cana).  These species all have rather similar priority 
ratings.  For reasons mentioned above, A. moluccana 
might not be the best choice as a priority.  Grevillea 
robusta is a native of Australia and was widely plant-
ed for timber in the Hawaiian Islands. Some studies 
have shown that this tree exhibits autotoxicity though 
its chemical modifi cation of the soil. As a result, G. 
robusta has low rates of self-replacement (Webb et al 
1967), which would seem to make it a lower threat 
to biodiversity over the long term. Its screening score 
was also relatively low, again showing concordance 
with logic based on fi eld observations and ecologi-
cal studies of this species. On the otherhand, Syzygi-
um cumini had been the clear priority in 1950 (Table 
10.3), and this species is known to form dense stands 
that can shade out native species (Langland and Burks 
1999).  These considerations make S. cumini a good 
choice as a target in 1970 after the two Psidium species 

and Schinus.   Although we would have reached this 
same conclusion by simply looking at the priority rat-
ing for S. cumini, when priority ratings of the species 
are similar in magnitude, it is a good idea to examine 
each species more closely to identify other factors that 
might help in making prioritization decisions, such as 
availability of cost-effective control methods and the 
availability of native species to replace an alien.

Summary
 
Documenting the occurrence and spread of invasive 
species is an important component of ecosystem mon-
itoring. The simple methods and indices developed in 
this chapter allow for objective evaluation of the risk 
of new plant imports, comparisons of overall severity 
of ecosystem invasion, and assessment of priorities for 
eradication or control. Human nature is to wait until 
a problem has gone nearly out of control before tak-
ing action. This habit is economically and ecological-
ly costly, but can be partially overcome by evaluating 
new plant imports with the modifi ed Australia screen-
ing system described in this chapter. New, serious in-
vaders can be screened out before having the opportu-
nity to spread. Likewise, the priority rating described 
in this chapter also emphasizes the importance of early 
action by giving rarer aliens higher priority when they 
have a high screening score. In the long run, these ap-
proaches and tools will greatly reduce the economic 
and ecological costs of invasive species. As with all 
indices, the methods described in this chapter are 
meant to help guide decisions. Other considerations, 
including economic or other values of aliens, and the 
implications of their control (e.g. what will replace the 

1950 1970
Alien species score Relative 

basal area
Priority 
Rating
(S/A)

SA Relative 
basal area

Priority 
Rating
(S/A)

SA

Syzygium cunini 10 0.0006 16666 0.006 0.01 1000 0.1
Aleurites moluccana 9 0.0094 957 0.0846 0.01 900 0.09
Grevillea robusta 3 0 0 0.0043 697 0.013
Psidium cattleianum 18 0 0 0.01 1800 0.18
Psidium guajava 21 0 0 0.0043 4883 0.090
Schinus terebinthifolius 19 0 0 0.01 1900 0.19

Severity of invasion 0.085 Severity of invasion 0.663

Table 10.3. Example calculations for priority and severity of woody invasion in the evergreen dry forest, 1950 
versus 1970.
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controlled alien?) should be weighed in making fi nal 
decisions about removing aliens from an ecosystem.
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Appendix 1.  Alien plant screening system from Pheloung et al. (1999) with minor modifi cations for use in Pa-
cifi c Islands (Daehler and Carino 2000). Instructions for fi lling in the table are given on the next page.

A. Biogeography/Historical scoring points

1 Domestication/
Cultivation

1.01 Is the species highly domesticated? y=-3, n=0

1.02 If 1.01 “yes”: Has the species become naturalized where grown? y=1, n=-1

1.03 If 1.01 “yes”: Does the species have weedy races? y=1, n=-1

2 Climate & 
Distribution

2.01
2.02

See next page.

2.03 Broad climate suitability (environmental versatility) y=1, n=0

2.04 Native or naturalized in regions with tropical or subtropical climates y=1, n=0

2.05 Does the species have a history of repeated introductions outside its 
natural range?

?=-1, y=-2, n=0

3 Weed Elsewhere 3.01 Naturalized beyond native range y=1*multiplier, 
n=question 2.05

3.02 Garden/amenity/disturbance weed y=1*multiplier, 
n=0

3.03 Agricultural/forestry/horticultural weed y=2*multiplier, 
n=0

3.04 Environmental weed y=2*multiplier, 
n=0

3.05 Congeneric weed y=1*multiplier, 
n=0

B. Biology/Ecology

4 Undesirable Traits 4.01 Produces spines, thorns or burrs y=1, n=0

4.02 Allelopathic y=1, n=0

4.03 Parasitic y=1, n=0

4.04 Unpalatable to grazing animals y=1, n=0

4.05 Toxic to animals y=1, n=0

4.06 Host for recognized pests and pathogens y=1, n=0

4.07 Causes allergies or is otherwise toxic to humans y=1, n=0

4.08 Creates a fi re hazard in natural ecosystems y=1, n=0

4.09 Is a shade tolerant plant at some stage of its life cycle y=1, n=0

4.10 Tolerates a wide range of soil conditions (or limestones conditions if not 
a volcanic island)

y=1, n=0

4.11 Climbing or smothering growth habit y=1, n=0

4.12 Forms dense thickets y=1, n=0

5 Plant Type 5.01 Aquatic y=1, n=0

5.02 Grass y=1, n=0

5.03 Nitrogen fi xing woody plant y=1, n=0

5.04 Geophyte (herbaceous with underground storage organs - bulbs, corms, 
or tubers)

y=1, n=0

6 Reproduction 6.01 Evidence of substantial reproductive failure in native habitat y=1, n=0

6.02 Produces viable seed y=1, n=0

6.03 Hybridizes naturally y=1, n=-1

6.04 Self-compatible or apomictic y=1, n=-1

6.05 Requires specialist pollinators y=1, n=0

6.06 Reproduction by vegetative fragmentation y=1, n=-1

6.07 Minimum generative time (years)  scoring: 1 yr=1; 2 or 3 yr=0; 4+yr=-1 see left
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7 Dispersal 
Mechanisms

7.01 Propagules likely to be dispersed unintentionally (Plants growing in heav-
ily traffi cked areas)

y=1, n=-1

7.02 Propagules dispersed intentionally by people y=1, n=-1

7.03 Propagules likely to disperse as a produce contaminant y=1, n=-1

7.04 Propagules adapted to wind dispersal y=1, n=-1

7.05 Propagules water dispersed y=1, n=-1

7.06 Propagules bird dispersed y=1, n=-1

7.07 Propagules dispersed by other animals (externally) y=1, n=-1

7.08 Probagules survive passage through the gut y=1, n=-1

8 Persistance
Attributes

8.01 Prolifi c seed production (>1000/m2) y=1, n=-1

8.02 Evidence that a persistent propagule bank is formed (> 1 yr) y=1, n=-1

8.03 Well controlled by herbicides y=1, n=-1

8.04 Tolerates, or benefi tsfrom, mutilation, cultivation or fi re y=1, n=-1

8.05 Effective natural enemies present locally (e.g., introduced biocontrol 
agents)

y=1, n=-1

Total score sum all points

Outcome

Instructions for fi lling in the answers and obtaining a species score.

Unless otherwise noted on the questionnaire, all questions are to be answered “yes” or “no.”

The “scoring” column indicates how to determine the points for each answer.  The right-most column has been 
left blank so that points can be fi lled in for each question.

Missing answers are acceptable. They simply contribute no points to the total.

The total species score is obtained by summing the scores from each individual question.

Questions 1.02 and 1.03 are answered only if the answer to question 1.01 is “yes.”

Questions 3.01 to 3.05 require a multiplier value (0.5 to 2) that is determined in the table below.  Use this mul-
tiplier with “yes” answers in these questions.  “No” answers for these questions receive zero points, except for 
question 3.01 for which a “no” receives the points entered for question 2.05.

2.01 Species is suited to tropical or subtropical climate(s)
2.02 Quality of the climate match data low intermediate high

low 2 2 2
intermediate 1 1.5 2

high 0.5 1 2


