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ABSTRACT

Foreign exploration is a major component of a classical biological control program. Explora-
tion within the home range of the target can be a daunting proposition as the target is most
likely rare with an irregular distribution. As costs and greater regulatory oversight increase,
classical biological control programs targeting arthropods need to complete preliminary steps
prior to embarking on a collecting trip that will return live natural enemies to quarantine for
rearing and evaluation. These preliminary steps should be designed to maximize the likeli-
hood of identifying the donor region within the pest’s home range from which the invading
population originated. Two techniques can be used to help identify the target’s donor region(s):
climate matching and haplotype identification. These techniques increase the likelihood of
collecting natural enemies well suited to the climate of the receiving area and will result in
natural enemies best adapted to the genetic structure of the invasive target population. Fur-
ther, haplotyping studies may help clarify taxonomic uncertainty regarding the “true” iden-
tity of the target pest and may also help uncover conduits by which these unwanted organ-
isms are moving from area to area. This paper details work completed on determining the
home range of the avocado thrips, Scirtothrips perseae, and delineating the donor region within
the prescribed home range. The implications of this approach for increasing the success rates
of classical biological control of arthropods are discussed.

INTRODUCTION

Globally, exotic species pose a perennial invasion threat, and successful invaders can be ex-
tremely damaging to agricultural, urban, and natural areas should they establish outside of
their home range. Exotic pioneers are infiltrating previously unexploited ecosystems at un-
precedented rates as the human population grows, as goods are transported ever more rapidly
over an increasingly larger global scale, and then passed through border inspection stations
with cursory examination before release tens of thousands of kilometers from the point of
origin. Economic losses and associated management costs for exotic arthropod pests in the
U.S.A. have been estimated to cost in excess of $20 billion annually (Pimentel et al. 2002), and
over $2 billion for New Zealand (Barlow and Goldson 2002).



Second International Symposium on Biological Control of Arthropods

Hoddle ______________________________________________________________________________________

30

Clearly, invasive arthropod pests have not only major economic impacts but they can
cause devastating effects on ecosystem functioning once they become an established unit within
the accommodating system. Classical biological control, that is, the deliberate importation
and release of exotic natural enemies for control of an exotic pest in a newly invaded range,
can be an extremely powerful tool for suppressing pests in agricultural, urban, and natural
environments (Hoddle and Syrett 2002). Many problematic arthropods of exotic origin may
be good potential targets for classical biological control. In some instances, exotic natural
enemies may be the only rational control option once eradication, containment, and long-
term chemical suppression are deemed ineffective or unsustainable by regulatory agencies
(Hoddle 2004a). Despite over 100 yrs research and application of classical biological control
by arthropods against arthropods, the success rate per decade has been consistent at around
10-12% (Gurr et al. 2000). The success rate for classical biological control of arthropods is
substantially lower than that observed for terrestrial weeds where control has been estimated
at around 30% (Syrett et al. 2000).

Classical biological control has come under increasing scrutiny by ecologists and con-
servationists because natural enemies used for exotic pest suppression may pose serious and
irreversible threats to non-target organisms in ecosystems in which they are released or infil-
trate post-release (Louda and Stiling 2004). Despite the widely recognized economic, envi-
ronmental, and social benefits that accrue from successful biological control programs it is
recognized that more needs to be done to ensure greater efficacy and safety to mitigate ad-
verse non-target effects (Hoddle 2004b). Concerns over the specificity of natural enemies
used in classical biological control programs against arthropods is leading to the development
and implementation of legislative guidelines that are designed to promote assessment of the
safety of potential candidate biological control agents prior to release (see papers in session
13). This had the effect of promoting greater research activity on techniques that can be used
to predict (see papers in session 13) and assess environmental risk (see papers in session 12)
arising from the introduction of novel upper trophic level organisms into areas that have
historically lacked such organisms.

In an environment of increasing regulation and given the well justified need to address
concerns over natural enemy safety, it is likely that project costs will significantly increase
and the numbers and types of classical biological control projects that are launched may de-
crease and be removed from the research agenda of public Universities to become a govern-
ment enterprise (Van Driesche and Hoddle 1997). Consequently, it is becoming increasingly
necessary to take as many preliminary steps as possible to gather pertinent data to maximize
the likelihood of finding suitable biological control agents when initiating a classical biologi-
cal control project prior to launching an expensive and time consuming foreign exploration
program that will locate natural enemies that must be later subjected to safety testing. Pre-
liminary steps must aim to increase the chances of locating host specific natural enemies in the
pest’s home range that are likely to have maximal impact on target population growth after
being imported, cleared through quarantine, and established in the invaded range. One pre-
liminary approach that may increase the likelihood of locating the most efficacious natural
enemies is to search within specific areas of the pest’s home range for agents that are most
closely associated with pest populations that have the most similar biological, ecological, and
genetic profile as the invading population that needs to be controlled. This article focuses on
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using a climatic modeling and haplotyping approach to locating natural enemies for the bio-
logical control of avocado thrips, Scirtothrips perseae Nakahara (Thysanoptera: Thripidae).

DESIGNING A FOREIGN EXPLORATION PROGRAM
FOR AVOCADO THRIPS

BIOLOGY AND IMPACT OF THE INVADER

Avocado thrips (Fig. 1) was first discovered on avocados in June 1996 near Port Hueneme
(Ventura County) and in Irvine (Orange County) California U.S.A. This pest currently in-
fests 95% of California’s avocado acreage and approximately 80% of commercial orchards
require pesticide applications to control this pest (Hoddle et al. 2002). Economic losses are
incurred when avocado fruit is scarred (Fig. 2) by feeding thrips adults and larvae and this
pest has been estimated to cost the California avocado growers $4-5 million each year now
reliable management practices have been implemented (Hoddle et al. 2003). At time of dis-
covery in California, avocado thrips was a species new to science (Nakahara 1997), and noth-
ing was known about its area of origin, biology, or ecology (Hoddle et al. 2002). This thrips
is unusual in the genus Scirtothrips. It is the only species known to outbreak and cause eco-
nomic damage in cool weather, all other pest species of Scirtothrips outbreak and cause dam-
age when temperatures are high. Cool weather in late winter and spring in California syn-
chronizes pest population growth with leaf flush and immature fruit growth which are initi-
ated during spring each year (Hoddle 2002a). These two substrates are most favored by S.
perseae for feeding and oviposition (Hoddle 2002b).

In California, extensive host plant surveys indicate that S. perseae may be monophagous
as it has only been recorded breeding on avocados (Hoddle et al. 2002c). When taken to-
gether, pest ecology and host plant preferences, strongly suggest that S. perseae has a close
evolutionary history with avocados and may have originated somewhere in the home range
of this plant. Three distinguishable ecological races or subspecies of avocado (Persea americana)
are recognized; these being (1) Mexican (P. americana var. drymifolia), (2) Guatemalan (P.
americana var. guatemalensis) and (3) West Indian or Caribbean (P. americana var. americana)

Figure 1. Avocado thrips, Scirtothrips
perseae Nakahara
(Thysanoptera: Thripidae).
Photo: UC Regents.
UGA1390031

Figure 2. Avocado fruit showing scarring that has resulted from
avocado thrips feeding damage when these fruit were
< 2 cm in length. Photo M. S. Hoddle.  UGA1390032
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types. The areas of origin for these avocado races indicated where foreign exploration for
avocado thrips should commence (Hoddle et al., 2002c).

FOREIGN EXPLORATION STEP I: DELINEATING THE HOME RANGE OF THE PEST

Over the period 1997-2000 avocados (wild and cultivated) in Mexico, Central America, Bra-
zil, and the Caribbean were intensively searched for avocado thrips and associated natural
enemies. Collecting was repeated in Mexico and Central America in 2003 and 2004. Collec-
tion records enabled the preparation of a distribution map for S. perseae in Mexico and Cen-
tral America (Fig. 3).

Scirtothrips perseae has a highly restricted range (Fig. 3) and is only found at elevations
exceeding 1500 m. This high altitude range explains the predilection of this pest for cool
growing conditions and suggests that it was pre-adapted to cool growing conditions in coastal
avocado orchards in California (Hoddle et al. 2002c). Survey work in California indicates
that this pest is most severe within 20 kms of the coast because of cooler conditions resulting
from the marine influence, and hotter conditions typical of more interior and arid areas do
not experience problems with this insect (Hoddle 2003).

FOREIGN EXPLORATION STEP II: DELINEATING THE DONOR REGION WITHIN THE
HOME RANGE

Avocado thrips occupies a vast range within Mexico that extends into the mountainous areas
of central Guatemala. Somewhere within this range it is likely that an invading population of
S. perseae originated and entered California. More precisely defining this donor region within
the home range may provide natural enemies that are closely adapted to the ecological and
climatic requirements of the pest, and they may also be better suited to exploiting the invasive
population if it is comprised of individuals with a genetic constitution that is most similar to
those of the donor region. A CLIMEX model (Baker 2002) was parameterized with labora-
tory derived biological data for S. perseae (Hoddle 2002a) and used to model the distribution
of S. perseae in the home and invaded range. CLIMEX returns an Ecoclimatic Index (EI)
value that indicates the climatic suitability of particular area for a species. The larger the EI (as
represented by a blue dot on the maps in Fig. 4) the better the climatic conditions for the
organism of interest (Baker 2002).

Thrips specimens and associated natural enemies collected during foreign exploration
were preserved in 95% ethanol and a subset of collected material was subjected to DNA
analysis. The population genetics of S. perseae were examined using mitochondrial DNA
(mtDNA) and microsatellite markers. The mtDNA sequences revealed three geographically
distinct and divergent lineages, of which the mtDNA haplotypes of Californian individuals
were most closely related to populations in the centre of the pest’s native range.   Analysis of
allele frequencies at four microsatellite loci indicated Coatepec-Harinas, Mexico, as the most
likely source of the Californian population. Statistically, we did not detect any bottleneck in
population size associated with the invasion of California. However, estimates of the effec-
tive population size of the invading population suggest that a severe bottleneck occurred
indicating that the quantity of host plant material entering California was small.  Our findings
implicate Coatepec-Harinas, a large avocado germplasm and breeding centre, as the most
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Figure 3. The distribution of Scirtothrips perseae in Mexico and Central America.
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Figure 4. CLIMEX predictions for the distribution for the distribution of Scirtothrips perseae in Mexico
and Guatemala, and the invaded range in California. Crosses indicate areas that are
climatically unsuitable for S. perseae. California is the only state in the continental U.S. that
has a climate suitable for S. perseae populations.

 

Home range of S. perseae 

Invaded 

ranged in 

California 

U.S.A. 

Mexico 

Guatemala 



Second International Symposium on Biological Control of Arthropods

Hoddle ______________________________________________________________________________________

34

likely source of the introduced Californian population of S. perseae, and that just one inva-
sion event into California occurred (Rugman-Jones et al. 2005).

FOREIGN EXPLORATION STEP III: COLLECTING NATURAL ENEMIES FOR
IMPORTATION AND EVALUATION

Our genetic analyses strongly suggest that the S. perseae population that colonized California
originated from an area around Coatepec-Harinas in Mexico implying that natural enemies
well adapted to the California haplotype of S. perseae should be found in this region. Further,
CLIMEX indicates a very good climatic match for this area of Mexico with infested avocado
growing regions in California. Future foreign exploration for host-specific natural enemies of
S. perseae for importation into quarantine for evaluation for release in California should be
focused around Coatepec-Harinas as it will likely yield natural enemies adapted to both the
climate in California and the pest haplotype.

DISCUSSION

Foreign exploration is a critical element of classical biological control and it is a well accepted
fact that projects have either failed or been severely impeded by importing and releasing natu-
ral enemies that are either poorly adapted to the climate in the receiving area (Van Driesche
and Hoddle 2000) or fail to perform adequately on the pest biotype against which they are
released (Hufbauer 2002). Given the high level of cost associated with prospecting for natural
enemies overseas, the difficulty in extracting and translocating material from one country to
another, and the time consuming and anxiety ridden chore of establishing viable colonies in
quarantine, as much preliminary work as possible should be conducted to ensure that the best
adapted natural enemies for use against the target are found and imported. Further, as mo-
mentum steadily gains towards mandatory host-specificity testing, resources can not afford
to be wasted on evaluating natural enemies that may not be the most efficacious when re-
leased in the field. Setbacks of this nature should they occur may delay programs by several
years as momentum is again built to commence overseas prospecting, or the program may be
shut down either due to a lack of funds or based on the possibly incorrect assumption that no
effective natural enemies exist for use against the target.

When compared to the “success rate” for biological control of terrestrial weeds, suc-
cessful suppression of arthropod pests with natural enemies appears to be approximately 3x
lower (~10% vs. ~30%) (Gurr et al. 2000; Syrett et al. 2000). One possible reason for this
difference in measured success could come from the amount of preliminary prospecting in
the targets home range and follow up screening and testing in quarantine before release. Typi-
cally, natural enemies used for weed control are subjected to much higher levels of scrutiny
than arthropod natural enemies before release. The time from inception to release of weed
natural enemies is around three scientist years at an average cost of approximately $0.5 mil-
lion per agent (McFadyen 1998). In some instances, it may take up to 20 scientist years for a
successful weed biological control program to be realized (Pemberton 2002). This level of
effort in selecting natural enemies for release may in part explain why weed biological control
programs have more successful than those for arthropods – weed programs by legislative
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necessity has resulted in careful selection of targets and thorough preliminary work on iden-
tifying the important key players within the weed’s home range. In fact, climate matching and
genetic analyses of target populations in the invaded range are becoming routine for weed
programs to facilitate the collection of agents from the same strain within the historic home
range (McFadyen 1998).

Similar economic data for costs of arthropod biological control programs for compari-
son to weed programs are difficult to locate. However, I think it is accurate to state that
historically less attention and money has been devoted to screening and evaluating arthropod
natural enemies when compared to weed natural enemies. As a consequence of increased
testing of natural enemies in Australia, the cost per agent has increased by 80% and the num-
ber of projects has decreased by around 30% (Van Driesche and Hoddle 1997). Greater scru-
tiny of arthropod natural enemies under an evolving framework of host specificity testing
theory and protocols may ultimately increase not only the safety of programs, but also the
efficacy because targets will need to be selected more carefully to ensure likelihood of success,
and greater attention will be given to identifying promising candidates because of an eco-
nomic need to eliminate at an early stage those agents with little control potential.

As illustrated here with the S. perseae biological control project, preliminary steps in
this foreign exploration project clearly delineated the target’s home range and identified the
donor region within the home range of the pest. It is suggested that this type of groundwork
is required to maximize success of an arthropod biological control program before expensive
foreign exploration is undertaken with the intention of importing life material for evaluation
in quarantine. Matching the climate of the invaded range to areas within the pest’s home range
is standard practice. Even greater resolution of the donor region within the home range can
be achieved with genetic analyses. Haplotyping of target arthropod populations in the in-
vaded and home range for a classical biological control program may become a standardized
first step in a new project, akin to another basic first step such as climate matching. This
molecular assessment as requisite preliminary step in a biological control program will not
only aid in selection of natural enemies most adapted to the genetic strain(s) in the invaded
range but would also identify taxonomic problems, possible cryptic species complexes, as
well as indicating possible conduits by which invaders are moving. Molecular tools are prom-
ising to provide quickly and cheaply resolution to questions concerning species identity and
strains or biotypes of invasive species targeted for classical biological control.
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