
Chapter 2
Naturally Occurring Pathogens
and Invasive Arthropods

Ted E. Cottrell and David I. Shapiro-Ilan

Abstract Establishment of introduced pest arthropods has been attributed, in part,
to the pest arthropods’ separation from natural control agents in their native ranges.
Here we focus on the role of endemic pathogens in establishment and population
regulation of exotic pest and beneficial arthropods and explore factors affecting their
regulation by endemic pathogens. We do not attempt an exhaustive list of examples
but illustrate some instances showing diverse aspects of the host-pathogen relation-
ships involved. As a case study, we discuss establishment of the multicolored Asian
lady beetle and its rapid spread across North America as related to its resistance to
an endemic fungal pathogen to which some native lady beetle species are suscepti-
ble. It is clear that advances in our knowledge about the epizootiology of endemic
pathogens with exotic arthropods will enhance our understanding of invasion biol-
ogy and assist in regulation of invasive pests.

2.1 Introduction

The successful establishment of introduced pest arthropods has been attributed, in
part, to the pest arthropods’ separation from natural control agents in their native
ranges (Williamson 1996, Ehler 1998). This concept, i.e. the ‘enemy release hypoth-
esis’, is commonly referenced in the literature as a mechanism that fosters invasive
species (Keane & Crawley 2002, Torchin et al. 2003, Clay 2003, Prenter et al. 2004).
For example, in a study of invasive plant species, Mitchell and Power (2003) found
that each invasive species was infected by 77% fewer fungal and viral pathogen
species in naturalized versus native ranges. Similarly, Torchin et al. (2003) reported
that invasive species possess about half the number of parasites as compared with
native species. Based on examples such as these, one might extend the argument
to pathogen load in invasive arthropods, i.e. one would predict a low prevalence
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of disease in invasive arthropods. And indeed this is the case in certain invasive
arthropods as we illustrate later in the chapter. However, we would be remiss not to
acknowledge that isolates of some endemic pathogens can be quite virulent to exotic
insects (Lacey et al. 2001, Koppenhöfer & Fuzy 2003, Duncan et al. 2003). In this
chapter we focus on the role of endemic pathogens in establishment and population
regulation of exotic arthropods.

For this discussion the term endemic refers to an organism that naturally occurs in
the area and has not been introduced. Estimating the impact of endemic pathogens
on introduced arthropods is difficult. One difficulty is that it is not always clear
whether a pathogen is endemic or whether it may have been introduced along with
its host. Certainly some introduced pathogens have become established in particu-
lar regions and may have significant impact on their host populations (Hajek et al.
2007), e.g. the case of the fungus Entomophaga maimaiga Humber, Shimazu, and
Soper and its effect on the gypsy moth, Lymantria dispar (L.) (Weseloh & Andreadis
1992, Hajek 1997). Yet for our purposes these established introductions are not
considered endemic. In cases where the host-pathogen relationship is highly specific
(e.g. many baculoviruses and microsporidia) it is likely the pathogen was introduced
along with its host. Yet even in cases where the pathogen has a broad host range
(e.g. many entomopathogenic fungi and nematodes), it may not be clear if the partic-
ular strain or species of pathogen was present prior to the arthropod’s introduction.
In this chapter, the pathogens we discuss are, to the best of our knowledge, endemic.
Here we first address, in a general sense, factors that contribute to endemic pathogen
impact on invasive arthropods. We then offer a case study, i.e. the establishment
and spread of Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae) across North
America, to serve as a basis for discussion of natural enemy release and the role of
entomopathogens in invasion biology.

2.2 Factors Affecting Endemic Entomopathogen Regulation
of Introduced Arthropod Populations

This section explores factors that may affect the regulation of exotic arthropods by
endemic pathogens. The intent is not to provide an exhaustive list, but rather to
use several examples to illustrate some of the diverse aspects of the host-pathogen
relationships involved. Various abiotic and biotic factors are known to affect the
ability of entomopathogens to cause disease in host populations (Fuxa 1987, Fuxa &
Tanada 1987, Lacey & Shapiro-Ilan 2008). Generally, many factors affecting regu-
lation of introduced arthropods by endemic entomopathogens can be expected to be
similar to other pathogen-host relationships that include endemic hosts or introduced
pathogens. Yet some nuances may be anticipated given that, in the case of interest
here, it is the host species that has the challenge of adapting to the new environment
whereas the endemic pathogen is already established and has managed to exist and
evolve in the native ecosystem. Indeed, it is arguable that environmental barriers in-
fluencing population regulation may not be as pronounced in endemic pathogens as
compared with introduced pathogens (due to the former’s inherent establishment in
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the environment). Examples of endemic pathogens exhibiting superior persistence
and efficacy in controlling introduced arthropod pests include entomopathogenic
nematode control of the Japanese beetle, Popillia japonica Newman (Coleoptera:
Scarabaeidae) (Lacey et al. 2001, Koppenhöfer & Fuzy 2003), and control of a root
weevil, Diaprepes abbreviatus (L.) (Coleoptera: Curculionidae), by Steinernema di-
aprepesi Nguyen & Duncan (Duncan et al. 2003).

The impact of endemic pathogens on introduced arthropods can vary. Some
examples of endemic pathogens that have caused substantial mortality in introduced
insect pests include: 84% of soybean aphid, Aphis glycines Matsumura (Hemiptera:
Aphididae), infected with entomopathogenic fungi (Nielsen & Hajek 2005), up to
approximately 53% mortality in D. abbreviatus infected by entomopathogenic ne-
matodes (Duncan et al. 2003), and a 79% reduction in a whitefringed beetle popula-
tion, Graphognathus leucoloma (Boheman) (Coleoptera: Curculionidae) associated
with the presence of Heterorhabditis sp. (Sexton & Williams 1981). Additionally,
the introduced millipede Ommatoiulus moreletii (Lucas) has declined in Australia
as a result of natural biological control by the native nematode Rhabditis necromena
Sudhaus and Schulte (McKillup et al. 1988, Schulte 1989, Sudhaus & Schulte
1989). In contrast, contributions by endemic entomopathogens can also be mini-
mal; for example, in southern Michigan, entomopathogenic nematode infections in
P. japonica were <1% (Cappaert & Smitley 2002), yet substantially higher impact
by entomopathogenic nematodes has been observed in the eastern US (Campbell
et al. 1998). The reasons for varying impacts of endemic pathogens are unclear.
Some factors that have been documented to affect population regulation by endemic
pathogens include the environment, host density and host range.

Although endemic pathogens are adapted to their native ecosystem, environmen-
tal factors still contribute to epizootics and population regulation. For example,
Wraight et al. (1993) observed that prevalence of fungal infection in the Russian
wheat aphid, Diuraphis noxia (Mordvilko) (Hemiptera: Aphididae), was substan-
tially higher in irrigated fields relative to non-irrigated fields. Additionally, soil
type was found to impact the prevalence and relative distribution of endemic en-
tomopathogenic nematodes in citrus (Duncan et al. 2003).

Host density may also be a factor affecting population regulation in some sys-
tems. Generally, increases in host density are expected to increase the chances of
an epizootic (Fuxa 1987). Nielsen and Hajek (2005) observed that mycosis induced
by endemic fungi was proportional to the population density of the soybean aphid,
A. glycines. Contrarily, mycosis was not correlated to host density of D. noxia (Feng
et al. 1991).

Perhaps most importantly, the potential for population regulation is likely to be
limited by the innate host range of the endemic pathogen in question. However,
establishment of pathogenicity in the laboratory does not necessarily predict an
endemic pathogen-exotic host relationship as physiological host range is not equiv-
alent to ecological host range (Federici & Maddox 1996, Solter & Maddox 1998).
In order for an endemic pathogen to impact an introduced host’s population, the
two must be biologically and environmentally compatible in terms of the niche they
occupy in the ecosystem.
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Based on known host ranges and the biology/ecology of endemic pathogens,
we can predict or make some generalizations regarding which groups of endemic
pathogens have potential to impact particular arthropods. For example, disease
prevalence may be predicted in part by a pathogen’s adaptation to infection in
soil versus above ground. Aphid species tend to be susceptible to certain fungi
that are capable of effectively causing infection aboveground, e.g. fungi in the
order Entomophthorales. Indeed, a number of endemic Entomophthorales, such
as Pandora (=Er ynia) neoaphidis (Remaudiere & Hennebert) and Conidiobolus
spp., can cause substantial mortality in established populations of exotic D. noxia
(Wraight et al. 1993, Feng et al. 1991, Hatting et al. 1999, 2000) and A. glycines
(Nielsen & Hajek 2005). In contrast, ground-dwelling larvae of Coleoptera tend to
be susceptible to entomopathogenic nematodes and hypocrealean fungi (Ascomy-
cota: Clavicipitaceae) (e.g. Beauveria bassiana (Balsamo) Vuillemin and Metarhiz-
ium anisopliae (Metchnikoff) Sorokin). Examples of introduced Coleoptera that
support this generalization include larvae of D. abbreviatus (Beavers et al. 1983,
McCoy et al. 2000, Duncan et al. 2003) and P. japonica (Campbell et al. 1998,
Lacey et al. 2001, Koppenhöfer & Fuzy 2003). One interesting example where an
endemic pathogen affects an introduced insect both in the soil and above ground is
B. bassiana infection of the European corn borer, Ostrinia nubilalis (Hübner) (Lep-
idoptera: Crambidae). In corn fields, B. bassiana can infect a substantial proportion
of overwintering larvae in the soil (up to 84%), but also infects O. nubilalis larvae
within the corn plant, a process that is facilitated by the ability of the endemic fungus
to function as an endophyte and colonize corn (Bing & Lewis 1991, 1993).

The ability of endemic pathogens to regulate introduced pests can be complex.
Not only can the pathogens be differentially affected by environmental factors and
other endemic soil organisms (Fuxa 1987, Koppenhöfer & Grewal 2005) but en-
demic pathogens may interact (indirectly) with introduced pathogen populations as
well. In some cases introduced pathogens can out-compete endemic pathogen pop-
ulations, potentially reducing the overall level of arthropod suppression (Duncan
et al. 2003). Yet in other cases introduced pathogens may not cause displacement
of endemic pathogens since they occupy different niches in the soil (Millar &
Barbercheck 2001). Our knowledge and understanding of the complexities affecting
population regulation of introduced arthropods by endemic pathogens is severely
limited by the paucity of studies addressing the issue. Clearly additional research in
this area is required.

2.3 A Case Study: Endemic Pathogens and the Multicolored
Asian Lady Beetle

Here we will examine the case of an introduced species of lady beetle, Harmonia
axyridis (Pallas) (Coleoptera: Coccinellidae) (Fig. 2.1), and the emerging evidence
that this species exhibits resistance to some endemic entomopathogens in North
America. It is likely that freedom from endemic predators, parasites and possibly
pathogens benefited those early populations of H. axyridis that became established.
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Fig. 2.1 An adult of the
highly invasive Harmonia
axyridis

Pest management through classical biological control has led to the introduction
of numerous exotic insect predators and parasites into the U.S. Some of these in-
troduced natural enemy species became established but many did not, even when
apparently suited to the target pest species and the new habitat. In order for an
introduced species to be considered established, Andow et al. (1997) proposed that
more than one generation of that species must have been recovered far from in-
troduction sites. When introduced natural enemy species fail to establish, specific
reasons for failure generally are not known. Sometimes the assumption is made that
numbers of released individuals were too low or attempts to establish natural ene-
mies were hampered by weather, insecticide usage, competition with native natural
enemies, diseases decreasing the population of the target pest, and the disruptive
effects of crop harvest (van den Bosch et al. 1959, Simmonds 1966, DeBach &
Rosen 1991). Other ambiguous reasons stated for failure of an introduced species
to establish relate to inadequate biological information about the introduced natural
enemy, indifference by researchers, lack of persistence by the introduced natural
enemy, technical problems and climatic factors (van den Bosch 1968). The possible
role of pathogens, specifically endemic pathogens, is rarely broached in the research
literature regarding success or failure of an introduced natural enemy. Thus, exam-
ples of endemic pathogens impacting exotic natural enemies by hampering their
establishment are lacking.

If we consider the process of intentionally introducing natural enemies through
classical biological control, these natural enemies should be free from most of their
own natural enemies. Before the release of natural enemies into a new environment,
Simmonds (1966) states that the removal of parasites from predators and hyper-
parasites from parasites is necessary. Additionally, the culturing of insects before
release can free them from pathogens that are associated with their native habi-
tats (Simmonds 1966), especially pathogens transmitted horizontally. Accidentally
released arthropods that establish may also be free from a percentage of their nat-
ural complement of pathogens due to the expected small size of the establishing
population and due to complex life cycles of pathogens that may not be compatible
with the transport and establishment process.
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When data are presented concerning the effect of naturally-occurring pathogens
upon beneficial arthropods, i.e. parasitoids and predators, it concerns rates of infec-
tion by nematodes or gregarine protozoa (see Ceryngier & Hodek 1996), mortality
of overwintering populations when beetles aggregate (Iperti 1966a, b, Ceryngier
2000) or male-killing bacteria (Hurst & Jiggins 2000). But by far, most information
regarding the impact of pathogens on beneficial arthropods concerns the non-target
impacts of commercially-available, biorational products (e.g. fungi) applied in an
insecticidal fashion (Magalhaes et al. 1988, Giroux et al. 1994, James & Lighthart
1994, Todorova et al. 1994, James et al. 1995, Pingel & Lewis 1996, Poprawski
et al. 1998, James et al. 1998, Cagáň & Uhlı́k 1999, Todorova et al. 2000, Smith &
Krischik 2000, Pell & Vandenberg 2002, Laird et al. 1990, Ludwig & Oetting 2001).
Relatively little information exists with regard to how endemic pathogens affect
populations of beneficial arthropods (native and exotic), especially with regard to
the arthropod’s viability in biological control programs (Vinson 1990). Kuznetsov
(1997) reviewed research on pathogens of coccinellids in eastern Russia and found
that Coccinella septempunctata L., H. axyridis, Calvia quatuordecimguttata (L.)
and Hippodamia tredecimpunctata (L.) were infected by B. bassiana and Beauveria
brongniartii (Saccardo) Petch (=B. tenelle). He considered their impact minimal
on those predaceous coccinellids. Yinon (1969) found adult Chilocorus bipustula-
tus (L.) (Coleoptera: Coccinellidae) infected by the laboulbenialean fungus Hesper-
omyces virescens and larvae infected by ‘white mycelium’ on trunks in citrus groves
but no supporting data were provided to indicate the prevalence of these diseases in
field populations or the impact of these pathogens on predation by C. bipustulatus.

The introduction of lady beetles into North America for pest control was common
following successful control of the exotic cottony-cushion scale, Icerya purchasi
(Homoptera: Coccidae), on citrus by Rodolia cardinalis (Coleoptera: Coccinellidae)
in California during the late 1880s (Hagen 1974, Gordon 1985, DeBach & Rosen
1991). During this pre-insecticide era, 179 foreign species of Coccinellidae were
purposely released into the U.S. As an end result of these intentional introductions,
16 exotic species of Coccinellidae were established in the U.S. (Gordon 1985). Har-
monia axyridis was first recorded being intentionally introduced into North America
as early as 1916 and more releases were made by various federal and state re-
searchers into the 1980s (Gordon 1985). Establishment of H. axyridis via accidental
introductions at seaports remains a possibility (Krafsur et al. 1997). Nonetheless,
established H. axyridis populations in North America were not detected until 1988
in Louisiana and thereafter H. axyridis quickly spread across much of the United
States and southern Canada (Tedders & Schaefer 1994, Coderre et al. 1995, Lamana
& Miller 1996, Brown & Miller 1998, Colunga-Garcia & Gage 1998). Although the
intent of establishing H. axyridis was for control of plant pests, several negative
impacts have developed. The overwhelming successful establishment of this insect
negatively affects competing native lady beetles (Cottrell & Yeargan 1998), it can
overwinter in buildings including homes where it can be a great nuisance (Nalepa
et al. 2000) and it has been implicated as a pest of midwestern wine grapes when
adults feed on damaged grapes and are harvested along with the crop, resulting in
the wine flavor being tainted (Koch 2003).



2 Naturally Occurring Pathogens and Invasive Arthropods 25

It is likely that the initial population of H. axyridis that became established in
North America faced many hurdles commonly encountered when attempting to es-
tablish any beneficial arthropod in a new habitat, and for those reasons, many of
the numerous, early introductions failed to establish. But once a population did
establish, inherent traits gave this species a competitive edge over native guild
species. Traits that suggest why H. axyridis has apparently out-competed native
coccinellid species in some habitats include its polyphagous diet, high fecundity
(Michaud 2002), aggressive behavior (Cottrell & Yeargan 1999, Michaud 2002),
high mobility (With et al. 2002) and large body size (Cottrell & Yeargan 1999,
Michaud 2002). Another factor influencing population dynamics of native and ex-
otic species may involve attack by parasites. Obrycki (1989) reported on differential
susceptibility of certain native and exotic coccinellid species to the cosmopolitan
parasitoid Dinocampus coccinellae Schrank (Hymenoptera: Braconidae). Following
this trend, Hoogendorn and Heimpel (2002) showed that successful parasitism of
H. axyridis by D. coccinellae was lower than parasitism of the native Coleomegilla
maculata (DeGeer) (Coleoptera: Coccinellidae) even though the proportion of each
species attacked was similar. However, it is questionable whether a dearth of en-
demic pathogens adapted to attack this exotic species could have contributed, in part,
to its successful establishment and rapid dispersal across much of North America.
Recently, we suggested that reduced susceptibility to endemic pathogens facilitated
the establishment and quick dispersal of H. axyridis (Cottrell & Shapiro-Ilan 2003,
Shapiro-Ilan & Cottrell 2005).

Initial support for our hypothesis was based on differential susceptibility of
H. axyridis and the native coccinellid Olla v-nigrum (Mulsant) to B. bassiana. The
suspected differences were first based on preliminary field observations of these two
species’ susceptibility to B. bassiana. It was discovered that some adults of the na-
tive O. v-nigrum overwintering under pecan bark (Carya illinoinensis) were infected
with B. bassiana (Cottrell & Shapiro-Ilan 2003). These infected, dead adults had
visible mycosis typical of B. bassiana (Fig. 2.2). Some O. v-nigrum adults collected

Fig. 2.2 An adult Olla
v-nigrum infected by
Beauveria bassiana
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alive from under pecan bark and held in the laboratory with aphids and water died
and also exhibited mycosis. However, mycosis of H. axyridis had never been ob-
served whether insects came from overwintering aggregations in buildings or from
field collections in various habitats including pecan orchards. These observations
prompted Cottrell and Shapiro-Ilan (2003) to test the pathogenicity of B. bassiana
collected from infected O. v-nigrum against the exotic H. axyridis and against the
native O. v-nigrum. We discovered that B. bassiana isolated from O. v-nigrum was
substantially more virulent to O. v-nigrum than H. axyridis. A concentration of
2.5×105 conidia/ml was found to be the LC50 for O. v-nigrum but this concentration
did not cause any mortality in H. axyridis. In fact, even a concentration of 3.9 × 108

conidia/ml was not pathogenic to H. axyridis. The commercially-available GHA
strain of B. bassiana was not virulent against either the native O. v-nigrum or the ex-
otic H. axyridis when assayed at the LC50 for O. v-nigrum. This is interesting given
the incredibly broad host range of B. bassiana (Goettel et al. 1990). Nonetheless,
the results when using B. bassiana isolated from the native O. v-nigrum indicate
lower susceptibility of the exotic H. axyridis to an endemic pathogen and support
our hypothesis. James & Lighthart (1994) comment that information from the field
is needed to determine how direct effects seen in the laboratory play out in habi-
tats where multiple species interact. Again, field data from Cottrell & Shapiro-Ilan
(2003), although geographically limited, was suggestive that isolates of B. bassiana
exist that are pathogenic to native coccinellids but not to H. axyridis.

Harmonia axyridis occupies many habitats and overlaps both temporally and
spatially with many native species of North American Coccinellidae. If our hy-
pothesis regarding H. axyridis is correct, we should expect that some of these
other native competitors will be negatively affected by endemic pathogens. To
partially address this issue, Cottrell and Shapiro-Ilan (2008) used an isolate of
B. bassiana collected from a naturally-infected O. v-nigrum adult (as used by
Cottrell & Shapiro-Ilan 2003) and tested it against four species of Coccinellidae
native to North America, i.e. O. v-nigrum, Cycloneda munda (Say), Hippodamia
convergens (Guérin-Méneville) and C. maculata. The hypothesis was supported in
that C. munda, O. v-nigrum and H. convergens were susceptible but H. axyridis
was not susceptible. Further support comes from the fact that another exotic lady
beetle established in North America, C. septempunctata, was not susceptible to
this same isolate of B. bassiana. Coleomegilla maculata, however, was the only
native species tested that was not susceptible. Additionally, only the native species
C. munda, O. v-nigrum and H. convergens exhibited visible signs of mycosis when
treated with B. bassiana isolated from O. v-nigrum. Results such as these show
that specific isolates could play a key role in the population regulation of native
natural enemies while allowing resistant, newly-established natural enemies to gain
a competitive edge over native species.

In addition to the observed differential susceptibility to an isolate of B. bassiana,
more evidence of H. axyridis being less susceptible to disease than native species
is provided by Shapiro-Ilan and Cottrell (2005). In this study, two species of
native coccinellids (i.e. C. maculata and O. v-nigrum) and two species of ex-
otic coccinellids (i.e. H. axyridis and C. septempunctata) were assessed for their
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relative susceptibility to entomopathogenic nematodes. The nematode strains used,
i.e. Steinernema carpocapsae (Cxrd) and Heterorhabditis bacteriophora (VS), were
both originally isolated in North America. Given the widespread geographic distri-
bution of both the nematode species and the native coccinellids C. maculata and
O. v-nigrum, it is likely that natural interaction between these organisms would oc-
cur. Although most coccinellid species would be expected to spend more time on
plants, coccinellid-nematode interaction is most likely to occur with larval stages
that can be found on the soil. Interactions between the nematodes and adults would
be limited but possible, especially for C. maculata adults that spend time on low-
growing plants. Larval coccinellids often fall to the soil from host plants while
searching for prey and will even disperse from plants via the soil (Cottrell &
Yeargan 1999). Thus, the native species would be expected to have had more con-
tact with these endemic pathogens compared with the exotic coccinellids. Indeed,
Shapiro-Ilan and Cottrell (2005) showed that mortality of native coccinellids was
generally higher than mortality of exotic coccinellids when treated with S. car-
pocapsae (Cxrd), whereas H. bacteriophora (VS) had less effect overall on coc-
cinellids with the only difference being higher mortality of the native O. v-nigrum
versus H. axyridis. Again, our hypothesis that the establishment of some exotic
species may be fostered by their resistance to endemic pathogens is supported.

2.4 Conclusions

The effect of endemic pathogens upon native versus exotic species can play out in
different ways. For example, the endemic pathogens could exhibit high virulence
to the exotic arthropod, regardless of virulence toward native arthropods, and thus
negatively affect establishment of the exotic arthropod, or, the endemic pathogens
could exhibit low virulence to the exotic arthropod and high virulence to native
competitors thus facilitating establishment of the exotic arthropod. The former
could provide a partial explanation why only 16 of the 179 species of coccinel-
lids intentionally introduced into North America have become established (Gordon
1985). Although there is no direct evidence to support this supposition regarding
all of those introduced coccinellids, the impact of endemic pathogens on introduced
arthropods can be highly significant as demonstrated with entomopathogenic fungi
against A. glycines (Nielsen & Hajek 2005) and entomopathogenic nematodes in-
fecting D. abbreviatus (Duncan et al. 2003) and G. leucoloma (Sexton & Williams
1981). The latter, i.e. low virulence to the exotic arthropod and high virulence to
native competitors, provides an explanation for the success of H. axyridis in North
America and favors the enemy release hypothesis. This hypothesis has been used
to explain the success of some invading plants and animals but has not (previous
to our work) been suggested specifically as a mechanism fostering establishment
of exotic natural enemies such as H. axyridis where lower susceptibility to specific
strains or isolates of endemic pathogens has been demonstrated compared with some
native competitors. It is likely that the successful establishment and widespread
distribution of another exotic coccinellid, C. septempunctata, across North America
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was also fostered by its reduced susceptibility to endemic pathogens. Thus the role
of endemic pathogens upon establishment of exotic arthropod species should be ex-
amined further. This can be done by examining the natural prevalence of pathogens
in native and exotic species where both exist at different geographic locations and
comparing their relative competitiveness as correlated with disease prevalence. It
should also be determined if differential susceptibility between native and exotic
species occurs with more isolates of endemic pathogens. Additionally, the virulence
of pathogens from the native range of the exotic species could be tested to further
determine the relevance of the enemy release hypothesis in this situation.

An understanding of the physiological and ecological host range of endemic
pathogens can have positive impacts on the success of biological control. With
respect to potential biological control agents that are being considered for intro-
duction, it would be useful to know their physiological susceptibility to a suite of
endemic pathogens known to attack similar native species at the proposed introduc-
tion site. Although the physiological susceptibility will likely exceed the ecological
susceptibility, knowing which pathogens will not infect the host under optimum
conditions is useful and would allow for further refining of ecological susceptibil-
ity assays and could aid in decision-making regarding releases. Additionally, little
information is available on the prevalence of endemic pathogens naturally infecting
beneficial arthropods in the field and what impact they may have upon beneficial
arthropod populations.

Advances in our knowledge about the epizootiology of endemic pathogens with
exotic arthropods will enhance our understanding of invasion biology, and assist
in regulation of invasive pests. The threat of exotic arthropod species becoming
established may be related to the pathogenicity and virulence of endemic pathogens
to those exotic species. Thus, we may be able to predict the outcome of endemic
pathogens on potential exotic arthropod threats in order to categorize risk levels
relating to the potential for those exotic arthropods to establish and have a positive
(e.g. predators and parasitoids) or negative (e.g. pests) ecological, economical or
social impact. For example, if we know that certain endemic pathogens tend to con-
trol certain orders, families or genera of pests (and specific virulence can be tested
under quarantine) then conceivably the risk level for exotic arthropod species, within
that order, family or genera, would be deemed low. With continued globalization,
there has been a parallel increase in the number of invasive pests (Perrings et al.
2005); therefore the importance of elucidating the role of endemic pathogens in
preventing establishment or controlling exotic pests post-establishment carries an
increasingly greater weight.
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