
Second International Symposium on Biological Control of Arthropods

Causton _____________________________________________________________________________________

64

EVALUATING RISKS OF INTRODUCING A PREDATOR TO AN
AREA OF CONSERVATION VALUE: RODOLIA CARDINALIS IN

GALÁPAGOS

Charlotte E. CAUSTON

Charles Darwin Research Station, Puerto Ayora,
Isla Santa Cruz, Galápagos Islands

causton@fcdarwin.org.ec

ABSTRACT

Conservation areas can be highly susceptible to alien species introductions, and therefore
extra care should be taken to assess potential interactions between a biological control agent
and its new environment. In the Galápagos Islands, biological control was first considered to
mitigate the threats posed to flora and specialist phytophagous Lepidoptera by the invasive
scale Icerya purchasi Maskell (Hemiptera: Margarodidae). Rodolia cardinalis Mulsant (Co-
leoptera: Coccinellidae) was selected as a candidate agent, but a risk assessment that included
prey range studies was considered necessary to evaluate the threats to Galápagos biota. In this
paper important considerations for assessing the potential impacts of introducing an insect
predator into a vulnerable ecosystem and for defining test procedures are discussed. These
include the assessment of potential ecological impacts at different trophic levels, criteria for
identifying and ranking non-target species, and the use of the precautionary principle for
assessing acceptable levels of risk. Limitations encountered in conducting tests are also dis-
cussed, such as test species availability and the influence of host volatiles.

INTRODUCTION

The implementation of a biological control program of a pest of conservation importance will
often involve liberating agents into areas of high conservation value. These may be habitats of
threatened populations that are highly susceptible to the introduction of alien species. Island
ecosystems, because of their isolation and late colonization, are especially sensitive to inva-
sion because of an underrepresented, disharmonic and genetically impoverished biota that
has developed few strategies to deal with alien species (Elton 1958; Loope et al.1988). Biologi-
cal control in areas of conservation importance therefore requires careful deliberation to evalu-
ate potential ecological impacts of introducing a new exotic species. Release of a biological
control agent should proceed only if non-target effects are shown to be minimal or highly
improbable in comparison to the damage inflicted on native species by the target pest.

The Galápagos archipelago, a UNESCO world heritage site and biosphere reserve, is
under threat from introduced species. A recent inventory reported 463 introduced insects
(Causton et al., unpubl. data). One of the most serious of these species is the invasive scale
Icerya purchasi Maskell (Hemiptera: Margarodidae) which threatens both the endemic flora
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and specialist phytophagous Lepidoptera that feed on them (Causton 2001, 2003a; Roque-
Albelo 2003). To mitigate its impacts, biological control was considered for the first time in
Galápagos. The much-used coccinellid predator, Rodolia cardinalis Mulsant (Coleoptera:
Coccinellidae), was selected as a potential control agent. Although renowned for its narrow
prey range elsewhere, this was unconfirmed and a risk assessment that included prey range
studies was carried out to determine if its introduction would harm the Archipelago’s indig-
enous biota (Causton 2004; Causton et al. 2004).

Using R. cardinalis as an example, this paper discusses the procedures used to evaluate
the risk of introducing a predator into a vulnerable ecosystem and includes important consid-
erations for: 1) assessing potential ecological impacts; 2) identifying criteria for selecting non-
target species; 3) conducting tests; and 4) assessing acceptable levels of risk for introducing a
biological control agent.

 POTENTIAL ECOLOGICAL INTERACTIONS

Areas of conservation value are often ecologically complex compared with human-modified
environments and the introduction of a biological control agent and removal of the prey
species in such a system is likely to have consequences (Louda et al. 2003; Strong and Pemberton
2001). Predators such as R. cardinalis are high in the food chain and the outcome of their
feeding and related population explosion and declines could impact the food web widely.
Furthermore, both larvae and adults may be voracious feeders and may have high dispersal
and searching abilities increasing potential encounters with non-target species. Because of
this, risk assessments should consider not only the direct impacts of feeding on non-target
species, but also other interactions that might occur, and, in response to these, appropriate
research methods should be designed to quantify risk. Interactions that might take place with
the introduction of a predator such as R. cardinalis are shown in Fig. 1 and are discussed
below.

INTERACTIONS WITH LOWER TROPHIC LEVELS

A predator may feed on and cause the decline of species other than the target prey in the
proposed region of introduction, particularly when the target prey is scarce or when the preda-
tor disperses to areas outside the distribution of the target prey. Species at highest risk will be
those closely related to the preferred prey of the control agent or species that overlap ecologi-
cally. Non-target species may be at greater risk of exposure if the agent is not efficient at
controlling the target prey but is maintained in high numbers (Holt and Hochberg 2001). On
the other hand, some interactions might be beneficial to both the biological control agent and
a non-target species; such as an insect defended from natural enemies and/or transported to
new locations, or a plant pollinated by the control agent. The consequences of such synergis-
tic interactions for indigenous biota could be negative if they increase the fitness of another
introduced species (Simberloff and Von Holle 1999).

For example, predators that feed on pollen or nectar may compete with insect pollina-
tors. Although not considered a risk group in Galápagos (Causton 2003a), pollinating species
in other conservation areas may be impacted if they specialize on threatened plant species
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Figure 1. Overview of potential interactions between an introduced predator and its new
environment.Introduced predators may remove or reduce resources such as food and nesting sites
from other invertebrate species (e.g., Dixon 2000; Obrycki et al. 2000).

with small populations. Some coccinellids have been shown to deter parasitoids from ovipos-
iting purely by their presence near the prey (Dixon 2000). On the other hand, the presence of
a predator may benefit other predators by making a prey species more accessible (Charnov et
al. 1976). Another potential negative result of a species introduction is hybridization with a
species of conservation value or another biological control agent (causing extinction or a de-
cline in fitness through the production of sterile hybrids), or with an introduced species (causing
increased fitness which in turn may affect indigenous species).
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INTERACTIONS WITHIN THE SAME TROPHIC LEVEL

Species at the same trophic level can also be directly impacted by feeding (intraguild preda-
tion). For example, coccinellids can feed on conspecific and heterospecific ladybirds, other
predators and parasitoids (see Dixon 2000). In the laboratory, larvae of R. cardinalis have
been observed to kill and or displace larvae of Rodolia iceryae Janson (Coleoptera:
Coccinellidae), even when target prey were available (Mendel and Blumberg 1991). Ultimately,
the outcome of the interaction between predators will depend on their size, aggressiveness,
defense mechanisms, and whether the species is a top or primary predator (Dixon 2000). In
Galápagos, the only native predator of I. purchasi is the lacewing, Ceraeochrysa cincta
Schneider, (Neuroptera: Chrysopidae), which was not considered at risk because it was found
to attack both larvae and adults of R. cardinalis in captivity (Causton et al. 2004). On the
contrary, the foraging behavior of R. cardinalis in Galápagos could be affected by the pres-
ence of this lacewing as well as by introduced species of ant that defend I. purchasi in return
for honeydew.

The consequences to biota of removing the target prey should also be considered. In
Galápagos, negative effects on indigenous species were improbable because there were few
species (one lacewing and some bird species) that fed on I. purchasi, and all of these were
generalist predators that did not rely exclusively on the target prey. In contrast, a positive
response was expected because the removal of the target prey would eliminate an important
food source for two species of invasive wasp and the invasive fire ant, Wasmannia auropunctata
Roger (Hymenoptera: Formicidae).

INTERACTIONS WITH HIGHER TROPHIC LEVELS

Insectivores at higher trophic levels may benefit directly from the abundance of the predator
(as a food source in its own right) producing either positive or negative spillover effects on
other species down the food chain (e.g., Holt and Hochberg 2001; Pearson and Callaway
2003). Hoddle (2004) refers to this as natural enemy subsidization of food webs. Alterna-
tively, a decline or a change in behavior in species at higher trophic levels could occur as a
direct result of feeding. Because some coccinellids produce toxins as a means of defense (Dixon
2000; Marples et al. 1989), insectivorous vertebrates were considered at risk from the intro-
duction of R. cardinalis. Vertebrates may also be affected if the introduced biological control
agent competes for the same food.

In conclusion, detrimental impacts are normally perceived as effects that negatively change
the status of indigenous biota. However, interactions that increase the fitness of an intro-
duced species should also be of concern because they may also have an impact on the ecosys-
tem. In the long-term, any of these interactions could lead to species displacement, alteration
of community structure and dynamics, and disruption of natural evolutionary patterns. Al-
though it will not be possible to test all the potential interactions, prioritization of potential
impacts according to their likelihood should be carried out to identify non-target species at
risk and assess the safety of the biological control agent.
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CRITERIA FOR IDENTIFYING NON-TARGET SPECIES
POTENTIALLY AT RISK

To best evaluate non-target species at risk, a thorough understanding of the biology of the
predator and target prey is essential and may involve studies in their native range (budget
permitting) or introduced range, as well as in the laboratory. Research topics should include:
1) phylogeny, 2) feeding range, 3) stimuli that prompt foraging and host location (such as
specific plant and insect chemicals and morphological features), 4) habitats occupied, 5) geo-
graphical range and climatic tolerance, 6) phenology, and 7) place in the food web.

It should not be assumed that the potential non-target impacts of a predator are only
restricted to the geographical extent of the target prey. Strong flying species and/or species
that are wind or water dispersed may reach areas outside that range. Furthermore, humans
may assist spread. For example, R. cardinalis is adapted to a wide range of climatic regimes
and adults are strong fliers suggesting that it would be able to reach and adapt to most parts of
Galápagos if food were available.

Criteria that we used for R. cardinalis (Causton 2004; Causton et al. 2004) and that
might apply for other predators are listed below:

• Species closely related to I. purchasi or the Margarodidae.  Centrifugal testing (Wapshere
1974), used for weed and arthropod biological control agents, assumes that the closer the
species is taxonomically to the target pest, the more likely it is to be attacked.

• Species previously reported as prey for any Rodolia species.  Because coccinellids that
prey on scales are known to exhibit restricted feeding ranges (Dixon, 2000), the feeding
habits of congenerics were also considered to be a useful indicator of the potential feeding
range of R. cardinalis.

• Species morphologically or physiologically similar to I. purchasi.  Olfactory and visual
cues such as wax filaments produced by scale insects are often necessary to prompt
coccinellid foraging and oviposition (Dixon, 2000; Merlin et al. 1996). We assumed that
such prey characteristics would influence prey selection by R. cardinalis in Galápagos.

• Species that live in close proximity to the prey of R. cardinalis.  The greater the host
plant range of the target prey the greater the number of species interactions. Species of
insects, in particular, Homoptera or endangered insects, were considered to be at risk if
they occupied niches close to I. purchasi. Furthermore, natural enemies that fed either on
the pest I. purchasi, or on other taxa identified as potential prey of R. cardinalis were also
considered to be at risk due to competition or intraguild predation.

• Species of conservation value that might interact with R. cardinalis in other ways.
For example, insectivorous vertebrates that feed on coccinellidae.
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RANKING NON-TARGET SPECIES

Prioritization is an important tool when a large number of non-target species have been iden-
tified, or as in our case, when information about the non-targets was sparse and field collec-
tions were limited by budget constraints. Species had to be ranked according to conservation
priority and/or importance as an indicator of the prey range of R. cardinalis. For our pur-
poses, host plant distribution was often used as an indicator of the distribution and abun-
dance of phytophagous non-target species because more information is available on the
Galápagos flora. Species of highest priority were the species endemic to a single island and
specialized feeders with a small host range, especially those that are closely related to I. purchasi
or in genera reported as prey, or those that feed on rare plant species that are attacked by I.
purchasi. An endemic, but subterranean margarodid, Margarodes similis Morrison (Hemi-
ptera: Margarodidae) was also considered a priority for testing because it is the closest species
phylogenetically to I. purchasi.

IMPORTANT CONSIDERATIONS FOR CONDUCTING TESTS

Prey range tests form the bulk of a risk assessment allowing one to assess some of the direct
and indirect impacts that could occur with the introduction of a biological control agent. This
is the traditional focus of testing. However, other interactions such as competition may also
require testing experimentally, which will depend on the potential ecological interactions
identified. The efficacy of the agent in controlling the target pest should also be studied to
reduce the risks of spillover and other indirect effects (see Hoddle 2004; Holt and Hochberg
2001).

The order in which studies are conducted and species tested will also influence the type
of tests that need to be carried out. By defining the prey range of the predator first, one can
better identify the species that might be affected (by niche overlap, intraguild predation, or
competition) and thus reduce the number of species that need to be tested.

Important considerations for designing tests for R. cardinalis and other predators are
listed by Causton (2004). Some of the salient points for ensuring the success and accuracy of
the tests are listed below.

TESTING CORRECT BIOTYPE

The prey range and behavior of geographically distinct predator populations may vary (Phillips
et al. 2002; Sands and Van Driesche 2004), and as a precaution, tests should be conducted on
the biotype that will be introduced and future introductions restricted to the same biotype.

SELECTION OF PREDATOR STAGES FOR TESTING

Predator stages that need to be tested will depend on the biology of the predator. For ex-
ample, both R. cardinalis adults and larvae are vagile entomophages and required separate
tests to determine feeding on non-targets. On the other hand, neonate larvae were tested to
determine life cycle development because adult oviposition was shown to be an unreliable
parameter (Causton 2004).
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CONDITION OF PREDATOR STAGES USED IN TESTS

Several factors may influence the test outcome and should be considered:

1. Prior feeding experience. Naïve, unfed individuals may feed on a test species that is re-
jected by individuals that have fed previously on the target prey. Our studies did not
show any behavioral differences but other studies suggest that some predators may be
conditioned to feeding on a preferred prey (e.g., Rayor and Munson 2002).

2. Hunger levels. Satiated individuals often do not respond quickly to prey, while naïve
(unfed) individuals may become weak and therefore uninterested in feeding if not tested
immediately. Mature individuals are less likely to feed.

3. Reproductive status. Mated individuals may behave differently to non-mated individu-
als.

4. Fitness of test individual. Crowded rearing conditions produce smaller and less fecund
individuals that are less likely to eat and develop normally (e.g., Booth et al. 1995).

CHOICE OF PREY LIFE STAGES AND HOST PLANT

The prey life stage that is tested should reflect the life stage of the predator. For example,
neonate predator larvae may be unable to feed on tougher later instars.

The host plants of the non-target test species should also be considered carefully be-
cause they may affect the predator‘s choice of prey. Phytophagous insects can sequester alka-
loids from some host plants that deter predation or predator development (e.g., Mendel and
Blumberg 1991; Mendel et al. 1992). Host plant volatiles and plant defenses, and the condi-
tion of the plant may also influence behavior by attracting or deterring predators (e.g., de
Boer and Dicke, 2003; Eisner et al. 1998; Palmer 1999).

To reduce these effects we recommend:

1. preliminary tests be run to evaluate predator feeding on target prey reared from as wide
a range of plants as possible,

2. where possible, more than one food plant be used for testing a non-target species, and

3. plants with alkaloids, trichomes or pronounced pubescence be avoided in tests.

TEST ENVIRONMENT AND TEST TYPE

The test environment should not be too small to disrupt host location cues or too big making
host location impossible.

Test designs should accurately reflect the physiology and behavior of both the control
agent and the test species, be standardized and well replicated. Experimental controls should
be used in all trials. Both positive controls (target prey) and negative controls (no food) are
recommended to understand better the response of the agent to a test species. No-choice tests
were considered to be the most appropriate for testing R. cardinalis because they allowed us
to quickly determine whether a test species was an acceptable prey, and avoided the risk of
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contamination with target prey semiochemicals. Other options for testing predators are summa-
rized by Van Driesche and Murray (2004).

TEST SPECIES AVAILABILITY

1. Substituting near relatives to confirm general patterns. Because it was hard to
locate some priority species for testing, our field collections were sometimes opportu-
nistic using a find and test approach. Testing alternative species (including introduced
species) in the same genus or family as those non-target species that could not be located
allowed us to test a greater number of species. The rationale used here was that as long as
we could define the prey range of R. cardinalis, it did not matter if we could not find all
the non-target species desired for testing. This approach has been used for testing the
host range of other candidate agents and is considered a solution for analyzing the risks
of the agent to rare or endangered species (Barratt 2004; Coombs 2004).

2. Acceptability of using field-collected versus laboratory-reared test species. Rearing
non-target species in the laboratory was not feasible in Galápagos because: 1) little in-
formation was available about the biology/phenology of the non-target species; 2) tech-
niques for growing host plants of phytophagous insects were few, and 3) there was
insufficient infrastructure to rear species from other islands under quarantine condi-
tions. By using field-collected specimens we were able to test a wide range of species.
Testing field-collected material was deemed acceptable because few Galápagos
Homoptera seemed to have parasitoids or pathogens (except for aphids), which could
alter the feeding behavior of the biological control agent. Rearing non-target species in
organdy sleeves in the field has been suggested as a possible alternative but would only
be feasible in areas within easy reach (Van Driesche, 2004). We also found that this ad
hoc method of prey collection made coordinating test species collection with predator
rearing difficult. In addition to this, the repetition of experiments was not guaranteed
unless the test species was available year round. In retrospect, it would have been better
to attempt to rear at least the high priority test species in the laboratory to simulate field
conditions better.

WHAT IS AN ACCEPTABLE LEVEL OF RISK?

In any risk assessment for biological control two questions will arise: 1) what types of inter-
action between a biological control agent and the ecosystem are likely and what is acceptable?
2) How much research is necessary before a conclusion can be reached?

There is a general consensus that a biological control agent should not be released if it
can complete its life cycle on non-target species of ecological or economic significance, but
levels of risk of short-term feeding are not well defined. Moreover, the consequences of inter-
actions other than feeding are rarely considered. Temporary foraging on non-target species is
in some cases considered acceptable and necessary for sustaining population numbers of a
biological control agent when its target prey population is low (e.g., Sands 1997; Sands and
Van Driesche 2000). However, if species of conservation importance are implicated it is pref-
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erable to apply the precautionary principle (Cooney 2003). In ecosystems such as Galápagos,
short-term feeding and some of the other interactions listed earlier may have considerable
impact on non-target species, especially on already threatened endemic species. Even com-
mon or non-endemic indigenous species all have some role in ecosystem dynamics and should
be protected. Moreover, interactions that cause an increase in an introduced species that is
already or could be damaging should be avoided at all cost. In a conservation context, short-
term feeding should therefore only be acceptable if it involves a species that is of no value (i.e.,
introduced species), and this, only if the consequences of this interaction would have no indi-
rect impact on the ecosystem.

Accurate prediction of all potential interactions between a biological control agent and
species in the proposed area of introduction is difficult because of a lack of understanding of
ecosystem structure and dynamics. Furthermore, even when risk species are identified it may
be hard to find or rear them. Nevertheless, the goal of a biological control program should be
to understand these interactions as much as possible and to introduce an agent that will inter-
act least with the environment. It is clear that the more restricted the feeding and the ecologi-
cal habitats of the biological control agent, the fewer the interactions that are likely to occur
(Hoddle, 2004).

Determining an acceptable level of risk for introducing a biological control agent will
ultimately depend on the immediate and long-term impacts of the target pest and the urgency
of mitigating that threat. In Galápagos, evidence about the lack of risk of immature R. cardinalis
to Galápagos fauna was conclusive (Causton 2003; Causton et al. 2004), but the potential
impacts of adults could not be tested to the desired level because trials were limited by test
species availability. The decision of whether research should continue in order to better un-
derstand the potential interactions of adult R. cardinalis with indigenous biota was guided by
the precautionary principle and the perceived cost-benefit of releasing the biological control
agent. Because key habitats and endangered plant species were being seriously affected by I.
purchasi, the Galápagos National Park concluded that compared to the high costs of not
controlling I. purchasi immediately, the potential negative effects of releasing R. cardinalis
into the Galápagos environment would be minimal. The results of the risk assessment indi-
cated that:

• R. cardinalis would be effective in controlling the target pest.

• Immature R. cardinalis were highly prey specific (demonstrated through tests on a wide
range of species).

• A narrow prey range of adult R. cardinalis was suggested by feeding trials.

• R. cardinalis was distasteful to some vertebrates and should not affect insectivorous preda-
tors.

• Damaging interactions with other indigenous biota would be minimal. because of a re-
stricted feeding range resulting in little niche overlap with other species.

Rodolia cardinalis was consequently released in 2002 and has since been liberated on
eight islands (Causton 2003b). Monitoring results to date show a decline in I. purchasi num-
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bers, recuperation in some plant species, and no interactions with non-targets. Longer term
studies will reveal whether this species has had any negative impacts on this fragile ecosystem.

ACKNOWLEDGEMENTS

My thanks to Chris Buddenhagen, Heinke Jäger and Alan Tye for constructive comments on
the manuscript. I would particularly like to thank Piedad Lincango for help with the figure.
This project would not have been possible if not for the help of a long list of people the names
of whom are available in Causton (2004).

REFERENCES

Barratt, B. I. P. 2004. Microctonous Parasitoids and New Zealand Weevils: Comparing
Laboratory Estimates of Host Ranges to Realized Host Ranges. In “Assessing Host
Ranges for Parasitoids and Predators Used for Classical Biological Control: A Guide to
Best Practice” (R. G. Van Driesche and R. Reardon, Eds.), pp.103-120. United States
Department of Agriculture Forest Service, Morgantown, West Virginia, United States.

Booth, R. G., Cross, A. E., Fowler, S. V., and Shaw, R. H. 1995. The biology and tax-
onomy of Hyperaspis pantherina (Coleoptera: Coccinellidae) and the classical biological
control of its prey Orthezia insignis (Homoptera: Ortheziidae). Bulletin of Entomologi-
cal Research 85, 307-314.

Causton, C. E. 2001. Dossier on Rodolia cardinalis Mulsant (Coccinellidae: Cocinellinae), a
Potential Biological Control Agent for the Cottony Cushion Scale, Icerya purchasi
Maskell (Margarodidae). Charles Darwin Research Station, Galápagos Islands.

Causton, C. E. 2003a. Ensuring Compatibility of Biological Control of Icerya purchasi
Maskell with Conservation in Galápagos: Development of a Procedure to Evaluate Risk.
In “Proceedings of the First International Symposium for the Biological Control of
Arthropods” (R. G. Van Driesche, Ed.), pp. 448-457. Honolulu, Hawaii, January 14-18,
2002. United States Department of Agriculture Forest Service, Morgantown, West Vir-
ginia, United States.

Causton, C. E. 2003b. Biocontrol of invasive insect threatening Galápagos Islands.
Biocontrol News and Information 24, 3.

Causton, C. E. 2004. Predicting the Field Prey Range of an Introduced Predator: Rodolia
cardinalis Mulsant in the Galapagos Islands. In “Assessing Host Ranges for Parasitoids
and Predators Used for Classical Biological Control: A Guide to Best Practice” (R. G.
Van Driesche and R. Reardon, Eds.), pp.195-223. United States Department of Agricul-
ture Forest Service, Morgantown, West Virginia, United States.

Causton C. E., Lincango, M. P., and Poulsom, T. G. A. 2004. Feeding range studies of
Rodolia cardinalis (Mulsant), candidate biological control agent of Icerya purchasi
Maskell in the Galápagos Islands. Biological Control 29, 315-325.



Second International Symposium on Biological Control of Arthropods

Causton _____________________________________________________________________________________

74

Charnov, E. L., Orians, G. H., and Hyatt, K. 1976.  Ecological implications of resource
depression. American Naturalist 110, 247-259.

Coombs, M. 2004. Estimating the Host Range of the Tachinid Trichopoda giacomellii,
Introduced into Australia for Biological Control of the Green Vegetable Bug. In “As-
sessing Host Ranges for Parasitoids and Predators Used for Classical Biological Control:
A Guide to Best Practice” (R. G. Van Driesche and R. Reardon, Eds.), pp.143-151.
United States Department of Agriculture Forest Service, Morgantown, West Virginia,
United States.

Cooney, R. 2003. The precautionary principle in natural resource management and
biodiversity conservation: situation analysis. The Precautionary Principle Project, Fauna
and Flora International, Cambridge, U.K. http://www.pprinciple.net/publications/
ppsummary.pdf (last accessed April 10 2005).

De Boer, J. G., and Dicke, M. 2003. Experience with methyl salicylate affects behavioral
responses of a predatory mite to blends of herbivore-induced plant volatiles.
Entomologia Experimentalis et Applicata 110, 181-189.

Dixon, A. F. G. 2000. “Insect Predator-Prey Dynamics, Ladybird Beetles and Biological
Control” Cambridge University Press, U.K.

Eisner, T., Eisner, M., and Hoebeke, R. E. 1998. When defense backfires: detrimental effect
of a plant’s protective trichomes on an insect beneficial to the plant. Proceedings of the
National Academy of Sciences U.S.A. 95, 4410–4414.

Elton, C. S. 1958. “The Ecology of Invasion by Animals and Plants,” Methuen, London.

Holt, R. D., and Hochberg, M. E. 2001. Indirect Interactions, Community Modules and
Biological Control: a Theoretical Perspective. In “Evaluating Indirect Effects of Biologi-
cal Control” (E. Wajnberg, J. K. Scott, and P. C. Quimby, Eds.), pp. 13-38. CABI Pub-
lishing, Wallingford, U.K.

Hoddle, M. S. 2004. Analysis of Fauna in the Receiving Area for the Purpose of Identifying
Native Species that Exotic Natural Enemies May Potentially Attack. In “Assessing Host
Ranges for Parasitoids and Predators Used for Classical Biological Control: A Guide to
Best Practice” (R. G. Van Driesche and R. Reardon, Eds.), pp.24-39. United States De-
partment of Agriculture Forest Service, Morgantown, West Virginia, United States.

Loope, L. L., Hamann, O., and Stone, C. P. 1988. Comparative conservation biology of
oceanic archipelagoes. Hawai’i and the Galápagos. Bioscience 38, 272-282.

Louda, S. V., Arnett, A. E., Rand, T. A., and Russell, F. L. 2003. Invasiveness of some
biological control insects and adequacy of their ecological risk assessment and regulation.
Conservation Biology 17, 73-82.

Marples, N. M., Brakefield, P. M., and Cowie, R. J. 1989. Differences between the 7-spot
and 2-spot ladybird beetles (Coccinellidae) in their toxic effects on a bird predator.
Ecological Entomology 14, 79-84.



__________________________________ Evaluating Risks of Introducing Rodolia cardinalis to Galápagos

Second International Symposium on Biological Control of Arthropods

75

Mendel, Z., and Blumberg, D. 1991. Colonization trials with Cryptochetum iceryae and
Rodolia iceryae for improved biological control of Icerya purchasi in Israel. Biological
Control 1, 68-74.

Mendel, Z., Blumberg, D., Zehavi, A. and Weissenberg, M. 1992. Some polyphagous
Homoptera gain protection from their natural enemies by feeding on the toxic plants
Spartium junceum and Erythrina corallodendrum (Leguminosae). Chemoecology 3, 118-
124.

Merlin, J., Lemaitre, O., and Gregoire, J. C. 1996. Oviposition in Cryptolaemus
montrouzieri stimulated by wax filaments of its prey. Entomologia Experimentalis et
Applicata 79, 141-146.

Obrycki, J. J., Elliot, N. C., and Giles, K. L. 2000. Coccinellid Introductions: Potential for
and Evaluation of Non-target Effects. In “Non-target Effects of Biological Control” (P.
A. Follett and J. J. Duan, Eds.), pp. 127-145. Kluwer Academic Publishers, Boston,
Massachussets, U.S.A.

Palmer, W. A. 1999. The Use of Cut Foliage Instead of Whole Plants for Host Specificity
Testing of Weed Biocontrol Insects - is this Acceptable Practice? In “Host Specificity
Testing in Australasia: Towards Improved Assays for Biological Control”  (L. Barton
Browne, J. Stanley, and T. M. Withers, Eds.), pp. 20-29. CRC for Tropical Pest Manage-
ment, Brisbane, Australia.

Pearson, D. E., and Callaway, R. M. 2003. Indirect effects of host-specific biological con-
trol agents. Trends in Ecology and Evolution 18, 456-461.

Philips, C. B., Cane, R. P., Mee, J., Chapman, H. M., Hoelmer, K. A., and Coutinot, D.
2002. Intraspecific variation in the ability of Microctonous aethiopoides (Hymenoptera:
Braconidae) to parasitize Sitona lepidus (Coleoptera: Curculionidae). New Zealand
Journal of Agricultural Research 45, 295-303.

Rayor, L. S., and Munson, S. 2002. Larval feeding experience influences adult predator
acceptance of chemically defended prey. Entomologia Experimentalis et Applicata 104,
193-201.

Roque-Albelo, L. 2003. Population decline of Galápagos endemic Lepidoptera on Volcan
Alcedo (Isabela island, Galápagos Islands, Ecuador): An effect of the introduction of the
cottony cushion scale? Bulletin de l’Institut Royal des Sciences Naturalles de Belgique,
Entomologie 73, 1-4.

Sands, D. P. A. 1997. The ‘safety’ of biological control agents: Assessing their impact on
beneficial and other non-target hosts. Memoirs of the Museum of Victoria 56, 611-615.



Second International Symposium on Biological Control of Arthropods

Causton _____________________________________________________________________________________

76

Sands, D. P. A., and Van Driesche, R. G. 2000. Evaluating the Host Range of Agents for
Biological Control of Arthropods: Rationale, Methodology, and Interpretation. In
“Host Specificity Testing of Exotic Arthropod Biological Control Agents: The Biologi-
cal Basis for Improvement in Safety”. Proceedings of the Xth International Symposium
on Biological Control of Weeds (R. G. Van Driesche, T. A. Heard, A. S. McClay, and R.
Reardon, Eds.), pp. 69-83. July 4-14, 1999. Bozeman, Montana, United States Depart-
ment of Agriculture and Montana State University, Sidney, Montana, United States, US
Department of Agriculture Forest Service, Morgantown, West Virginia, U.S.A.

Sands, D. P. A., and Van Driesche, R. G. 2004. Using the Scientific Literature to Estimate
the Host Range of a Biological Control Agent. In “Assessing Host Ranges for Parasi-
toids and Predators Used for Classical Biological Control: A Guide to Best Practice” (R.
G. Van Driesche and R. Reardon, Eds.), pp.15-23. United States Department of Agricul-
ture Forest Service, Morgantown, West Virginia, United States.

Simberloff, D., and Von Holle, B. 1999. Positive interactions of nonindigenous species;
invasional meltdown? Biological Invasions 1, 21-32.

Strong, D. R., and Pemberton, R. W. 2001. Food Webs, Risks of Alien Species and Reform
of Biological Control. In “Evaluating Indirect Effects of Biological Control” (E.
Wajnberg, J. K. Scott, and P. C. Quimby, Eds.), pp. 57-80. CABI Publishing,
Wallingford, U.K.

Van Driesche, R. G. 2004. Conclusions. In “Assessing Host Ranges for Parasitoids and
Predators Used for Classical Biological Control: A Guide to Best Practice” (R. G. Van
Driesche and R. Reardon, Eds.), pp.240-243. United States Department of Agriculture
Forest Service, Morgantown, West Virginia, United States.

Van Driesche, R. G., and Murray, T. J. 2004. Parameters Used in Laboratory Host Range
Tests. In “Assessing Host Ranges for Parasitoids and Predators Used for Classical Bio-
logical Control: A Guide to Best Practice” (R. G. Van Driesche and R. Reardon, Eds.),
pp.56-67. United States Department of Agriculture Forest Service, Morgantown, West
Virginia, United States.

Wapshere, A. 1974. A strategy for evaluating the safety of organisms for biological weed
control. Annals of Applied Biology 77, 210-211.




