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GOAL

The deliberate introduction and establishment of exotic natural enemies in a new geographic
region to control a target pest as part of a classical biological control program entails some level
of risk. One aspect of risk pertains to the potential adverse effect released natural enemies could
have on desirable native and exotic fauna that are resident in the proposed region of introduc-
tion. To mitigate risk associated with classical biological control programs, the threat to the
resident fauna needs to be assessed before new species are introduced. Major assumptions with
such risk assessments are that the resident fauna is well studied from the phylogenetic, taxo-
nomic, ecological, and biological view points and that the autecology of the natural enemy is
known. Assuming a sound knowledge base exists, literature surveys, museum records, and
biodiversity census data can be very useful in developing a list of potential organisms that could
be at risk in the introduced range of the natural enemy. Further, information on the ecological
requirements for successful development and population growth, and phenology of natural
enemies in their home range can be used to further assess risk to non-targets in the introduced
range by determining the level of overlap of key biological aspects between natural enemies
and non-targets.

In many instances robust data sets will not be available for analysis, and the pest, its associ-
ated natural enemies, and the fauna potentially at risk may be entities new to science, further
complicating such risk assessments. Besides obvious scientific impediments, political, legal, re-
ligious, and social doctrines need consideration when analyzing faunal risks. This is especially
pertinent given the fluidity of prevailing social views and the propensity for them to change
over time.
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The goal of this chapter is to identify potentially important points that warrant consider-
ation for determining what faunal components could be at risk from unintended attack when
introductions of novel biological control agents into new areas are being undertaken, and what
factors (scientific and social) exist that might facilitate or mitigate risk.

Some aspects of risk assessment using the existing literature or from laboratory assays have
been covered in Chapters 3 and 7, respectively. Topics considered here include (1) determining
the possibility of direct attacks on non-targets, (2) indirect effects, such as the implications
arising from the creation of new food web linkages in the system under management, (3) the
role of ecological and geographical filters in separating natural enemies from non-targets, (4)
identifying organisms of special interest (i.e., rare, endangered, or unique native organisms or
existing biological control agents), and (5) using existing infrastructures for guiding decision-
making processes.

THE SCOPE OF NATURAL ENEMY IMPACTS

An important first step in determining the risk exotic natural enemies pose to the resident fauna
in the new range of introduction is to develop a list of species that are potentially at risk. Ideally,
the list of fauna at risk in the receiving area should be derived by exclusion and could be devel-
oped from phylogeny, morphology, physiology, behavior, geography, phenology, vagility, cli-
matic requirements, and habitat preferences/fidelity. Risk associated with non-target impacts
may be ecologically simple and result from direct attacks on non-target organisms. Alterna-
tively, the risk to the receiving fauna may be complicated, arising from the development of
unforeseen reticulated food web linkages mediated by competition (e.g., competitive exclu-
sion), or food web subsidies (i.e., resource spill over of high density but ineffective natural
enemies into other food chains), or by food web taxation (i.e., elimination/reduction/displace-
ment of upper trophic level organisms from other food chains). Collectively, these effects can
be referred to as indirect effects on non-targets caused by exotic natural enemies.

DIRECT ATTACK (TROPHIC IMPACTS)

Natural enemies that exhibit high levels of host and habitat fidelity ensure strong links and
maximal impact on the target, while ensuring weak links to and minimal impacts on non-target
species. When biological control projects stray from this fundamental ecological principle of
high host specificity or the technology is applied without ecological justification to poorly
chosen pest targets (e.g., neoclassical biological control attempts to utilize exotic natural en-
emies to suppress native pest populations [see Hokkanen and Pimental, 1989; Lockwood, 1993]),
then undesired outcomes such as non-target impacts and lack of control are more likely to
occur. Generalist natural enemies, by definition, lack high levels of host and habitat specificity.
Such species are more likely to have adverse effects on native organisms and are less likely to
control the target pest (Howarth, 1983, 1991; Simberloff and Stiling, 1996; Boettner et al., 2000;
Stiling and Simberloff, 2000; Henneman and Memmott, 2001). Database analyses indicate that
pronounced non-target population changes by deliberately released arthropod biological con-
trol agents are infrequent. However, fewer than 2% of projects have data regarding the realized
field specificity of released agents. This result is due, in part, to a lack of carefully planned



26  Chapter 4. Analysis of Fauna in the Receiving Area

ASSESSING HOST RANGES OF PARASITOIDS AND PREDATORS _________________________________

studies that have sought specifically to quantify the effect natural enemies have on non-target
organisms. This short-coming needs to be addressed to ensure that non-target organisms are
not at undue risk and that legislation governing biological control introductions promotes
responsible projects (Lynch et al., 2001). While the exact ecological impact by biological con-
trol agents on native invertebrate populations is often uncertain, detailed studies using trophic
spectra analyses (i.e., food webs) could be a powerful way to determine natural enemy impacts
on the communities into which they are introduced (Memmott, 2000; Henneman and Memmott,
2001; Strong and Pemberton, 2001). Food web analyses focusing on exotic natural enemies
used for biological control could provide profitable new research ground and would certainly
assist in improving our understanding of how biological control agents interact with the receiv-
ing fauna in their new home range and help enhance prediction accuracy concerning the risk
introductions pose to inhabitants in the natural enemy’s new home range.

In an insightful retrospective study, Hawkins et al., (1999) analyzed 68 lifetable studies of
native insects and introduced insect pests to determine if biological control is analogous to
naturally occurring control (i.e., the action of native natural enemies on native hosts). Hawkins
et al. (1999) showed that successful biological control programs result in less reticulate trophic
relationships than those seen in natural food webs of native insects. The most successful bio-
logical control programs do not have “natural” food web structures but rather consist of short
linear food chains with less complex branching. This result occurs because biological control
systems often consist of exotic species that share few ecological or evolutionary links with
native biota. Furthermore, control is enhanced in simplified habitats that are characteristic of
agro-ecosystems, and arguably, native systems that have been invaded by exotic plants, as both
often consist of vast monotypic stands of exotic vegetation.

In summary, the available published data strongly suggests that direct attacks on non-
target organisms by introduced natural enemies can be minimized by selecting agents with high
levels of host and habitat fidelity. Such species are more likely to have a strong negative impact
on the target, which as a consequence also drives down the population of the natural enemy as
the host population contracts. This strategy holds ecological merit as it emphasizes interaction
strength and is parsimonious as it reduces redundancy by avoiding the introduction of ineffec-
tive agents as part of guild reconstruction. The establishment of polyphagous natural enemies
can adversely affect non-target populations, infiltrate habitats in which they are not wanted,
and establish unwanted linkages into food webs which may manifest themselves as a major
source for unwanted perturbations.

INDIRECT IMPACTS (FOOD WEB EFFECTS ON COMPETITION)

Adverse effects to non-targets not resulting from direct attack (i.e., indirect effects) are harder
to anticipate than direct attacks and predicting indirect impacts requires greater knowledge of
ecosystem functioning and a sound understanding of the historical range, abundances, and
phenological variation of the non-target species of interest (Schellhorn et al., 2002). The use of
community modules in theoretical ecology studies has simplified to some extent the complex-
ity associated with understanding ecosystem functioning and factors affecting key operational
components (Holt and Hochberg, 2001). Theoretical studies have suggested several key issues
that are likely to influence the severity of indirect impacts on non-target species: (1) risks to
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non-targets may occur from control agents that exhibit modest impact on the target; (2) highly
vagile agents can invade ecosystems and influence food webs outside of release areas; and (3)
resident natural enemies (i.e., primary or hyperparasitoids) that use the newly introduced natu-
ral enemy as a resource can themselves become a source of increased attack on non-target
organisms (Holt and Hochberg, 2001).

Exotic natural enemy subsidization of food webs  Exotic natural enemies that become super-
abundant in the environment because they fail to effectively regulate population densities of
the target pest may become a resource that subsidizes the diet of native or exotic organisms,
thereby affecting their population growth and interactions with other members of the commu-
nity (Pearson and Callaway, 2003). For example, an ineffective weed biological control agent,
Urophora affinis (Frauenfeld), released for the control of spotted knapweed, Centaurea maculosa
Lamarck, provides an abundant food source for deer mice, Peromyscus maniculatus (Wagner).
This subsidy has resulted in increased overwintering survivorship of mice, and high mouse
numbers may affect populations of predators that use mice for food and promote increased
disease transmission by mice (Pearson and Callaway, 2003). Similar results have been predicted
for ineffective parasitoids that maintain high numbers on the target pest without regulating its
population growth, thereby allowing large populations of exotic natural enemies to percolate
into ecosystems where they could attack non-target organisms (Holt and Hochberg, 2001).
Human mediated disturbances (e.g., regular harvesting) of agro-ecosystems can allow competi-
tively inferior exotic natural enemies to outcompete native parasitoids that are superior in stable
cropping systems, potentially allowing high numbers of exotics to spill out into surrounding
environments to compete with native natural enemies in undisturbed habitats (Schellhorn et
al., 2002).

Food web taxation  Natural enemies that effectively exploit non-target organisms in their new
home range via direct attack may displace or eliminate resident native upper trophic level or-
ganisms that utilize the non-target as a primary food source. Deliberate or accidental introduc-
tions of competitive upper trophic level organisms may threaten rare native parasitoid species
with extinction (Hochberg, 2000). Adverse effects on native hymenopterous parasitoids have
almost certainly occurred with the establishment of Compsilura concinnata (Meigen) (Diptera:
Tachindae) in the northeastern U.S.A. for control of 13 different pest species, including brown
tail moth (Euproctis chrysorrhoea [L.]) and gypsy moth (Lymantria dispar [L.]), two serious
forest pests. Compsilura concinnata is a polyphagous natural enemy that can utilize around 180
different species of Lepidoptera, Coleoptera, and Symphyta in North America (Boettner et al.,
2000). Boettner et al. (2000) have postulated that C. concinnata is primarily responsible for the
regional declines of native saturniid moth populations in the northeastern U.S.A., and depend-
ing on the species and life stage, 36-100% of larvae may be parasitized by this fly in natural
areas. Consequently, this natural enemy may have taxed the natural food web by displacing or
removing key natural enemies that were essential components of the trophic structure associ-
ated with native saturniid moths (G. Boettner, pers. comm. 2004). A similar result has been
observed in New Zealand, where Trigonospila brevifacies  (Hardy) (Diptera: Tachinidae) was
released for the control of the exotic tortricid pest Epiphyas postvittana Walker. This exotic
natural enemy is the most abundant parasitoid attacking native tortricids in New Zealand’s
broadleaf and podocarp forests (Munro and Henderson, 2002).
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Many coccinellids are neither prey nor habitat specific and may affect invertebrate
biodiversity and even, perhaps, disrupt existing biological control programs (Obrycki et al.,
2000). For example, Coccinella septempunctata L., an exotic coccinellid introduced into North
America for aphid control, has influenced the distribution and abundance of native coccinellid
competitors by reducing their survivorship in local habitats, influencing dispersal dynamics
and habitat use. Coccinella septempunctata has displaced native coccinellids in agro-ecosystems
by reducing prey abundance, as native species are more responsive to localized prey densities
(Elliot et al., 1996; Evans, 2004). Broad dietary breadth, propensity for intraguild predation,
large size, and aggressive behavior can further facilitate displacement of native coccinellids from
agro-ecosystems by exotic ladybirds (Michaud, 2002). Disruptive effects by coccinellids in non-
agricultural habitats have not been documented, but laboratory feeding studies using native
species as prey suggest that they could occur (Obrycki et al., 2000).

Apparent competition  Apparent competition occurs when an abundant host causes an in-
crease in the population density of a food-limited natural enemy that exploits that host as
resource. This results in population growth of the natural enemy and greater attack rates on the
focal host and any alternate hosts the biological control agent uses as food (Holt and Lawton,
1994). Mechanisms behind apparent competition can be varied, and include cases in which
attack rates are greater on one species than the other and cases in which attack rates are similar.
Declines of a non-target species because of apparent competition could result when attack rates
on the non-target species are elevated by a preference for that prey by the natural enemy.
Alternatively, if attack rates are similar, population declines could occur because the fecundity
of one host is lower than the other and that species is unable to absorb the additional mortality.
Consequently, natural enemies with overlapping host ranges may change the diversity of host
assemblages. The decline of the native Pieris napi oleracea Harris in parts of New England
(Massachusetts, principally) where it is sympatric with the exotic and pestiferous Pieris rapae L.
is thought to have occurred, in part, because of apparent competition resulting from the intro-
duction of the braconid parasitoid Cotesia glomerata (L.) (Benson et al., 2003). Apparent com-
petition may have affected the abundance of rare host specific native parasitoid species associ-
ated with native tortricids in New Zealand following the introduction of T. brevifacies (Munro
and Henderson, 2002).

Ecological replacement  Causative links in ecological networks are often unseen and hard to
trace because effects can be very indirect. Changes in the behavior or abundance of one species
can have far-reaching effects on an apparently unrelated species, affecting its ability to survive.
In some instances, a pest species may have become an integral part of ecosystem functioning
and a variety of native species utilize the exotic pest as a resource. Successful biological control
of such an essential resource may imperil native species that rely on it. For example, biological
control of rabbits (an introduced species) with the myxoma virus in Great Britain was one of
several inter-related factors that resulted in the extirpation over large areas of an endemic and
endangered species, the large blue butterfly, Maculinea arion (L.) (Lepidoptera: Lycaenidae).
This butterfly requires nests of the ant Myrmica sabuleti Meinert  for larval development and
the ant depends on a species of grass that preferential rabbit grazing allowed to proliferate. The
decline of rabbit populations because of myxomatosis resulted in a subordinate grass species
rising to dominance, which adversely affected ant nesting success and ultimately the breeding
success of M. arion (Ehler, 2000).
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In New Zealand, the endangered Mahoenui giant weta, Deinacrida sp., (Orthoptera :
Anostostomatidae) was discovered inhabiting a large infestation of gorse, Ulex europaeus L., in
the central North Island. This weta was a species new to science at time of discovery, and the
inhospitable spines on gorse allowed weta populations to escape rat predation in dense thick-
ets. The gorse in which the weta lives has been set aside as a preserve (Meads, 1990), and yet,
more broadly, gorse is currently the target of a major classical biological control program in
New Zealand.

The endangered southwestern willow flycatcher (Empidonax trailii extimus) nests exten-
sively in salt cedar (Tamarix spp.) in the southwestern U.S.A. This alien weed is the subject of
a classical biological control program, and there is concern that successful control of this inva-
sive tree will further reduce nesting habitat available to flycatchers (DeLoach et al., 2000) unless
salt cedar reduction is slow and concurrent with regrowth of stands of cottonwood trees, which
is the native species originally used for nesting.

Disruption of existing biological control programs  Development of trophic relationships among
introduced and native biological control agents can interfere with the successful establishment,
spread, and impact on the target pest of newly introduced natural enemies. Polyphagous
coccinellids can disrupt low density pest regulation by parasitoids by consuming parasitized
aphids, which prematurely removes parasitoid progeny from the system. Reductions of aphid
populations by predation can also remove carbohydrate sources – such as honeydew – that
parasitoids utilize as an energy source Loss of such foods can affect foraging efficacy, fecun-
dity, and longevity, further disrupting control exerted by natural enemies on other pest species
(Obrycki et al., 2000). Feeding by coccinellids on infected aphids can reduce rates of disease
transmission during fungal epizootics, and generalist ladybirds may affect population densities
of herbivorous biological control agents by feeding on eggs and larvae (Obrycki and Kring
1998).

Tetranychus lintearius Dufour (Acari: Tetranychidae), released for the biological control
of gorse in New Zealand, established widely and exhibited rapid population growth but was
quickly suppressed by the endemic coccinellid Stethorus bifidus Kapur, which limited the mite’s
impact on the target weed. In Oregon (U.S.A.), T. lintearius has acquired a guild of specialist
and generalist phytoseiid mites that have been routinely used for biological control of pestifer-
ous tetranychids in agricultural systems. The key predator attacking T. lintearius on gorse in
Oregon appears to be Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae) (Pratt et al.,
2003).

Gall-forming tephritids introduced into Hawaii for the biological control of weed species
have attracted guilds of exotic opiine braconids that have been introduced for the biological
control of pest tephritids attacking fruit (Duan and Messing, 2000). Future introductions of
opiine fruit fly larval parasitoids against frugivorous tephritid pests should consider potential
impacts on such gall-forming tepritids, so as to protect biological weed control agents.

The importance of ecologically simple (direct attack) or complicated (unintended, indirect,
reticulate) food web linkages may be impossible to estimate prior to releases of natural enemies.
Indeed, such effects may not be detectable for many years after releases are made, even assum-
ing that the system of interest is studied specifically for assessing the magnitude of such non-
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target impacts. However, combinations of critical factors (e.g., phylogenetic relatedness of na-
tive species to the target pest, overlap in their habitat use, geographic ranges, or climatic re-
quirements) could be used to delineate those native species most likely to be at risk.

For those organisms identified as being at potential risk (i.e., native species and deliberately
introduced exotic species such as other biological control agents), protective priorities need to
be determined. Preservation efforts might attempt to protect all non-target organisms from
natural enemy attack. Or, it may be more practical to focus on ones that are rare, beneficial, or
beautiful, or that act as keystone (i.e., organisms with disproportionately large community
effects relative to their abundance) or flagship species (i.e., ones that serve as symbols and rally-
ing points to stimulate conservation awareness and action). Should risk to specific non-targets
be identified, consensus amongst stakeholders (i.e., biological control proponents, conserva-
tionists, ecologists, lay public, and indigenous peoples’ representatives) is needed to determine
what level of risk posed by the natural enemy – none (no non-targets are attacked), low (few
individuals attacked), medium (some localized population suppression occurs), or high (popu-
lation suppression is sufficient to cause range contraction over a large spatio-temporal scale) – is
acceptable.

PHYLOGENETIC RELATEDNESS AND SPECIFICITY:
THE PLANT BIOLOGICAL CONTROL EXAMPLE

The degree of relatedness of non-target organisms to the target pest may be indicative of the
likelihood of attack by introduced natural enemies. A comprehensive study by Pemberton
(2000) assessing non-target attacks on native plants by exotic weed biological control agents
clearly indicated that the more closely related the non-target species was to the pest, the more
likely it was to be attacked. Safe targets for biological control had few or no native congeners,
and likelihood of attack declined significantly with decreasing relatedness. The centrifugal-
phylogenetic approach (Wapshere, 1974) for choosing which non-target plant species to in-
clude in schemes for host specificity testing has been very successful for predicting and limiting
non-target impacts on plants. In part, this system works because plants are less speciose than
herbivorous insects and a much higher proportion of them have been described scientifically.
For many groups, plant phylogenetic relationships are well known, which is usually not so for
arthropods.

The moth Cactoblastis cactorum (Bergroth), a native of Argentina, is a classic example of
successful weed biological control, famous for suppression of weedy cacti in Australia (Stiling,
2002). A less desirable outcome occurred when this moth was released on the island of Nevis in
1956 and subsequently spread naturally to the continental United States (in 1987), where it
now attacks some common and endangered native North American cacti (Pemberton, 1995).

Cactoblastis cactorum is a “specialist” on the cactus genus Opuntia, a group with approxi-
mately 200 species in the Americas (Mahr, 2001). On continents such as Australia that lack
native cacti (where it was released in 1926 for control of weedy Opuntia spp.) C. cactorum has
adequate specificity to protect native plants. By contrast, in North America, C. cactorum is
better seen as a generalist invader, as it is not specific to any one species of Opuntia and can feed
and reproduce on a large number of species in the genus, threatening many rare and endan-
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gered cacti (Stiling 2002).  This example illustrates that “how specific is specific enough?” is
context dependent.

Two thistle-feeding insects, Rhinocyllus conicus (Frölich) (intentionally released, Gassmann
and Louda [2001]) and Larinus planus (Fabricius) (an accidental arrival in the United States
that had been eliminated as a potential biological control agent because of broad host breadth
on Carduinae thistles in its home range [Louda and O’Brien, 2002]) attack several native North
American thistles. This was anticipated from host specificity tests as both weevils were known
to feed and reproduce on a variety of thistle species in their home and introduced range. Both
insects are “specialists” in the sense that they feed only on thistles, but thistles are a speciose
group with many representatives in several genera that occur both in Europe and North America.
The broad dietary breadth of these weevils among thistles (species in three genera) makes them
“thistle generalists” in Europe and North America. However, in countries such as New Zealand,
which lacks a native thistle flora, R. conicus is sufficiently host specific for use as a biological
control agent as it does not feed outside of the thistle group, making it a true “specialist” rela-
tive to the plants of New Zealand.

In both of the preceding examples, the risk to the resident flora was affected by the taxo-
nomic relatedness of the target weed to locally present native plants and by the host breadth of
the natural enemy (i.e., family, tribe, or species level of host specificity).

BEYOND THE CENTRIFUGAL PARADIGM:
PREDICTING THE IMPACT OF ENTOMOPHAGOUS INSECTS

Assessments of the risk exotic arthropods, in particular parasitoids, pose to native fauna using
the centrifugal-phylogenetic strategy used in weed biological control host specificity assess-
ments may not be the best approach for determining which members of the non-target arthro-
pod fauna in the receiving area will be at risk. One obstacle to using this approach for assessing
risk to non-targets and natural enemies is uncertainty about phylogenies of nontarget arthro-
pod groups, as many species are undescribed and relationships within even well studied groups
often may lack consensus on lower- and higher-order associations (Messing 2001). In addition
to the above “taxonomic impediment,” the overwhelming numbers of arthropod species that
could be tested (in comparison to plant species) creates a unique set of problems (Barratt et al.,
2000). Furthermore, the host utilization of many parasitoid species shows no clear taxonomic
derivation, but rather is driven by type of habitat use or the feeding strategy of the host (e.g.,
leafmining guilds across several orders [Lepidoptera, Diptera, and Hymenoptera] often share
common parasitoids). Interactions between the herbivore, its host plant, and their shared mi-
crohabitat can produce unique sets of interacting factors that strongly influence host selection
and use (Messing, 2001).

Retrospective analyses of arthropod biological control programs have attempted to tease
out general principles governing host use by entomophagous biological control agents. Ap-
proximately 16% of all introduced parasitoids attack some species of native insects (Hawkins
and Marino, 1997). Among introduced parasitoids whose post release host ranges have been
investigated, 11% failed to establish on the target pest and were recorded only from native
hosts. It is possible that this non-target host use was temporary, or that parasitoids were mis-
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identified, or that the native hosts were actually more preferred than the target pest (Hawkins
and Marino, 1997). The likelihood that exotic parasitoids would attack non-targets was unpre-
dictable with respect to analysis of six independent variables: (1) the parasitoid’s biology, (2) the
parasitoid’s region of origin, (3) whether the parasitoid successfully established on the target
and suppressed its population growth, (4) the feeding niche of the target, (5) habitat use by the
target, and (6) the amount of time that had elapsed since introduction.

Hawkins and Marino (1997) concluded that the poor quality of the data sets they used for
their retrospective analyses, the stochastic nature of ecological systems, and an imperfect un-
derstanding of factors affecting host range determination in parasitoids made it impossible for
them to accurately predict the risk exotic parasitoids posed to non-target organisms in the
receiving area.

The risks posed by introduced predators to non-target species may be significantly greater
as predators are often less host specific than parasitoids (Hawkins and Marino, 1997). The
magnitude of any attacks on non-target hosts and consequent effects on ecosystem function-
ing are largely undetermined (Hawkins and Marino, 1997), but generalist parasitoids with broad
host and ecological ranges have been implicated in declines of some native insects (Boettner et
al., 2000).

Even in instances where natural enemies have been subjected to rigorous host specificity
testing and the physiological host range has been accurately identified, the ecological host range
and population-level impacts on less preferred but acceptable native species can not be accu-
rately predicted as community wide interactions are complex and ecological risks can be diffi-
cult to identify and disentangle (Louda et al., 2003a). Retrospective analyses of several well-
studied biological control projects deliberately looking for non-target impacts by exotic natu-
ral enemies suggest the following trends may exist: (1) close relatives of the target are most
likely to be attacked, (2) the level of impact on non-targets is varied and affected by environ-
mental conditions, (3) non-target impacts can accelerate the decline of rare native organisms,
and (4) native ecosystems can be invaded by natural enemies released for control of pests in
areas intensively managed by humans (e.g., agro-ecosystems) (Louda et al., 2003b). Retrospec-
tive analyses of exotic parasitoids released in Hawaii indicate that non-target impacts and habi-
tat infiltration can be significantly reduced by selecting ichneumonid and braconid parasitoids
with narrow host breadths and high levels of habitat fidelity (Henneman and Memmott, 2001).

Barratt et al. (1999) suggest that, within the constraint of regulatory requirements, the
following ideas can be used to assess the risk to fauna in areas that could potentially receive
arthropod natural enemies: (1) assess risk by testing phylogenetically/taxonomically species
closely related to the target; (2) examine ecological affinities between the target pest and native
fauna by identifying non-target species that occupy similar niches the proposed natural enemy
could exploit; (3) determine if non-target impacts have occurred in other areas where the natu-
ral enemy has been employed; (4) use key findings from steps one to three above to develop a
non-target list that could be subjected to laboratory host specificity tests. Further refine the list
of non-target species once initial laboratory data are analyzed.

For example, the risk of the 1971 introduction of the braconid C. glomerata to native
pierid butterflies in Chile and Argentina may have been predictable on the basis of the habitat
and host plants of pierids, plus subfamily level taxonomic relatedness to the usual hosts of this
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parasitoid.  Specifically, we would have predicted that species of Pierinae (whites) are at high
risk, while sulfurs (Coliadinae) are at low risk, and orange tips (Anthocarinae) are at intermedi-
ate risk, based on known hosts from the literature. Within the Pierinae, species that feed on
mustard oil plants (the typical food plant group) would be at greater risk than ones that feed on
legumes.  Also, species found at low elevations in agricultural and suburban habitats (the habi-
tat of the target host, Pieris brassicae L.) would be at high risk, while those found at high
altitude on cushion plants would be at little to no risk (depending on what turns out to be the
upper altitudinal limit of C. glomerata, which is believed to be around 8000 feet).  With this
perspective, one could move to laboratory host range testing, coupled with field surveys (since
the release has already been made) to verify these predictions.

In some instances, the risk to the non-target fauna in the area receiving exotic natural en-
emies of arthropods may be very obvious and adverse effects can be foreseen. For example, the
diversity of drosophilids in the Hawaiian islands is a textbook example of species radiation in
an insular island ecosystem. Consideration of releases of exotic eucoilid parasitoids for control
of pestiferous exotic drosophilids would be ill advised because of the high likelihood of non-
target attacks, the difficulty and expense associated with surveying the native drosophilid fauna,
accurately identifying cryptic species using behavioral, morphological, and molecular tech-
niques, and conducting host specificity testing of native Hawaiian drosophilids. Similarly, New
Zealand tortricids have a very high level of endemism. Of the 185 described New Zealand
species, 174 are native to New Zealand (Munro and Henderson, 2002). To safeguard this unique
fauna, natural enemies considered for the importation and control of exotic pestiferous tortri-
cids of fruit crops must exhibit extremely high levels of host and habitat fidelity and be likely to
exert strong population suppression on the target pest.

LESSONS FROM INVASION BIOLOGY

Natural enemy introductions are planned invasions in which exotic agents are deliberately
introduced into a new area and factors affecting their establishment, spread and impact are
promoted. Prediction of potential risks to the non-target fauna may benefit from recent ad-
vances in emerging theory from the field of invasion biology. The opportunities provided by
the invaded community will strongly influence the interactions of the natural enemy and vari-
ous non-target organisms. Two important factors that can facilitate invasion are resource abun-
dance and niche availability.

Resource opportunities can affect invasion success when resources are high either because
they are abundant or because native natural enemies do not interfere with access to the re-
source so that there is opportunity for exploitation by invaders (e.g., exotic natural enemies)
with a proclivity to do so (Holway and Suarez, 1999). When resources are contested, invaders
with higher rates of resource acquisition, lower energy demands, or higher intrinsic rates of
increase can displace native species from that resource base (Shea and Chesson, 2002). The
invader may not necessarily be superior in all aspects to native competitors, but may have a
superior response to a particular resource or the temporal/spatial availability of that resource,
especially when native residents do not keep that resource at uniformly low levels over time
(Chesson, 2000).
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Niche availability can facilitate invasion success. The empty niche hypothesis predicts re-
source exploitation by an invader will occur when species diversity is low (e.g., on islands)
because the resource is not being exploited efficiently due to a lack of local species with suitable
niche adaptations (Simberloff, 1995). In contrast, under conditions of locally high species di-
versity, invasion success should depend not on filling a vacant niche (which presumably are all
filled), but on being a better exploiter of resources or a better avoider of local natural enemies
than the species previously using the resource (Chesson, 2000).

Combinations of these processes (resource and niche availability) may allow exotic natural
enemies to invade unintended areas and attack non-target organisms in ways that can be diffi-
cult to predict from laboratory host range studies.

CLIMATIC REQUIREMENTS AND GEOGRAPHIC OVERLAP

A fundamental requirement for the establishment of any species outside of its home range is
that the recipient location must have a climate similar to the invader’s area of origin. Assuming
that climate is a major factor affecting establishment success or failure and that it influences the
likelihood of invasion from the introduced range, matching the climate of the home range to
potential recipient regions can be used to determine the suitability of areas under invasion risk
and subsequent invader spread to vulnerable regions. Consequently, if it can be demonstrated
that a natural enemy is unlikely to extend its range and establish transient populations in areas
with potential non-target hosts, then the risk to that fauna is predicted to be reduced.

Climate matching methods range from simple indices that allow graphical comparisons
across localities to computer software that match climates and relate species distributions or
ecophysiological responses to environmental variables (Worner, 2002). CLIMEX is one such
climate matching computer program. This is a predictive tool that can be used to ascertain an
organism’s potential abundance and distribution using biological data and observations on its
known geographical ranges (Sutherst and Maywald, 1985). CLIMEX has been used to deter-
mine the potential distribution of natural enemies following release in new locales (Mo et al.,
2000), assessing invasion risk posed by exotic cerambycid beetles (MacLeod et al., 2002), deter-
mining the potential geographic distribution of economically important tephritid flies (Vera et
al., 2002), and elucidating climatic factors limiting the distribution of pestiferous soil mites
(Robinson and Hoffmann, 2002). Similar applications could be used for determining the likeli-
hood of natural enemy spread beyond the intended release area.  However, quality of weather
data sets will affect model predictions. For example, such models failed to predict the establish-
ment of the vedalia beetle, Rodolia cardinalis Mulsant, in the Galápagos, yet this natural enemy
did establish, an outcome Causton (in this volume) attributed to poor information on rainfall.

SEEKING ASSISTANCE IN CONSTRUCTING CANDIDATE POOLS

Determining what fauna is at risk in the receiving area and accurate identification of candidate
natural enemies proposed for release will significantly affect the utility of risk assessment lists.
Lists of taxonomists important to biological control are available (http://www.cnr.berkeley.edu/
biocon/id_insects/taxlist.htm), and employment of a taxonomist skilled in morphological and
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molecular techniques may be crucial in the initial stages of developing a risk assessment agenda,
especially when the fauna being examined is poorly known. Specific requests for information
or assistance can be made over internet news groups such as BIOCONTROL-L, PARAHYM,
ALIENS-L, and THRIPSNET.

LEGISLATIVE GUIDELINES AND VOLUNTARY CONDUCT CODES

Assessment of risk to receiving fauna can be assisted to some extent by utilizing existing volun-
tary guidelines or legislation adopted by countries that strictly regulate the importation and
release of exotic natural enemies. For example, the adverse effects arising from migratory spe-
cies, such as C. cactorum, could be reduced by assessing potential ecological risks associated
with natural enemy dispersal. The Technical Advisory Group (TAG) consists of representa-
tives from the U.S.A., Canada, and Mexico who assess risk posed by proposed weed biological
control agents and their propensity to cross international borders to threaten non-targets
(CoFrancesco, 1998). However, the authority of TAG does not extend into the Caribbean (and
therefore could not have influenced the release of C. cactorum in this region) or beyond Mexico’s
southern border with Guatemala. In these instances, regional bodies should be established to
communicate and assess risk about intended natural enemy releases. For example, a consor-
tium of countries with interest in natural enemy releases in the Caribbean would not only
include Caribbean nations, but could also involve Florida (U.S.A.), Mexico, Central America
and northern South America. Similar consortia that mediate consultation could be useful for
planned natural enemy releases on islands in the South Pacific Ocean and could be mediated by
the South Pacific Applied Geoscience Commission (SOPAC) based in Fiji. Member countries
of SOPAC include Australia, Cook Islands, Federated States of Micronesia, Fiji Islands, Guam,
Kiribati, Marshall Islands, Nauru, New Zealand, Niue, Palau, Papua New Guinea, Samoa,
Solomon Islands, Tonga, Tuvalu and Vanuatu, American Samoa, French Polynesia, and New
Caledonia.

The Food and Agricultural Organization of the United Nations (FAO, 1997) and North
American Plant Protection Organization (NAPPO, 2000, 2001) encompasses Canada, the U.S.A.,
and Mexico. Both provide guidelines to assess risk posed by entomophagous and phytopha-
gous natural enemy movement across international borders. Several countries have developed
new or revised existing legislation to minimize environmental risks and non-target impacts
associated with importing and releasing exotic natural enemies (COSAVE 2004; ERMA 2004).
These legislative requirements provide guidelines to ascertain risk to non-target organisms that
could be adversely exposed to exotic natural enemies. ERMA (2004) requires consultation
with Iwi (i.e., the indigenous people of New Zealand, the Maori) as part of the decision-making
process when assessing the spiritual importance of indigenous flora and fauna and any poten-
tial risks they may be exposed to. This is a mandatory requirement for assessing the risk to
native organisms when applications for deliberately introducing new organisms into New
Zealand are made (Barratt et al., 2000).
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