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ABSTRACT
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The first three papers in this section have discussed factors that affect the efficiency and success of laboratory host range tests. This paper presents an evaluation of how well those
factors applied to our investigations of host ranges of fire ant decapitating flies in the genus
Pseudacteon (Diptera: Phoridae). We initially discuss the nature of the fire ant problem (Hymenoptera: Formicidae: Solenopsis spp.) and the need for effective self-sustaining biological
control agents. We briefly review the biology of Pseudacteon decapitating flies, the overall
results of our host range tests, and the current status of field releases of these biological control agents. We conclude by discussing how well the recommendations of the three initial
papers about 1) statistical procedures, 2) biotypes and cryptic species, and 3) experimental
design, plus a recent book on the subject of host range testing, apply to our experiences with
fire ant decapitating flies.

BACKGROUND OF PARASITOID SYSTEM
THE FIRE ANT PROBLEM AND NEED FOR SELF-SUSTAINING BIOLOGICAL CONTROL
The major problem with invasive fire ants (Hymenoptera: Formicidae: Solenopsis spp.) is that
there are so many of them. In north Florida pastures, fire ant densities average 1,800-3,500
ants per square meter or about 1.5-3.0 metric tons of fire ants per square kilometer (Macom
and Porter 1996; converted from dry weight to wet weight). Economic damage to agriculture, electrical equipment, and human health in the United States is estimated at nearly 6
billion dollars per year (Lard et al. 2001; Pereira et al. 2002), not including environmental
damage.
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Fire ant populations in their South American homeland are about 1/5 as dense as populations normally found in North America (Porter et al. 1997). This intercontinental difference in fire ant densities was not explained by differences in climate, habitat, soil type, land
use, plant cover, or sampling protocols (Porter et al. 1997). Escape from numerous natural
enemies left behind in South America is the most apparent explanation for the intercontinental population differences. Classical or self-sustaining biological control agents are currently
the only potential means for achieving permanent regional control of fire ants.
BIOLOGY OF PSEUDACTEON DECAPITATING FLIES
Information on the life history, phenology, and biogeography of South American Pseudacteon
species, is accumulating (Porter 1998a; Folgarait, et al. 2002; 2003; 2005a; 2005b; Calcaterra et
al. 2005). At least 20 species of Pseudacteon flies (Diptera: Phoridae) have been found attacking fire ants in South America (Porter & Pesquero 2001; Brown et al. 2003). Up to nine
species of these flies have been found at a single site (Calcaterra et al. 2005). Each species has
a distinctively shaped ovipositor that is presumably used in a lock-and-key fashion to lay
eggs in a particular part of its host’s body. Female flies usually contain a hundred or more
eggs (Zacaro & Porter 2003). During oviposition, one egg is rapidly injected into the ant
thorax with a short hypodermic shaped ovipositor (Fig 1A). Shortly after hatching, maggots
of Pseudacteon flies move into the heads of their hosts where they develop slowly for two to
three weeks (Porter et al. 1995a). Just prior to pupation, the third instar maggot appears to
release an enzyme that dissolves the membranes holding the exoskeleton together. The maggot then proceeds to consume the entire contents of the ant’s head, a process that usually
results in rapid decapitation of the living host. The headless body is usually left with its legs
still twitching (Fig. 1B).

Figure 1. A) Female decapitating fly (Pseudacteon) preparing to inject an egg into the thorax of a
fire ant worker (Solenopsis). B) Decapitated fire ant worker with a fly maggot
consuming the contents of its head. UGA1390062, UGA1390063

The maggot then uses hydraulic extensions to push the ant’s mouth parts aside, after
which it pupates within the empty head capsule, positioned so that the anterior three segments harden to form a plate that precisely fills the ant’s oral cavity (Porter 1998a). The rest
of the puparium remains unsclerotized and is protected by the ant’s head capsule, which
functions as a pupal case. Pupal development requires two to three weeks depending on
temperature.
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Adult flies are generally mature and ready to mate and oviposit about three hours after
emergence. Based on laboratory observations at 20 °C, adult Pseudacteon flies may live up to
two weeks (Chen et al. 2005); however, higher temperatures and activity associated with oviposition will shorten their lives to one to three days (Porter 1998a). Once phorid attacks
commence, fire ant workers become keenly aware of the presence of the flies. A single female
fly usually stops or greatly reduces the foraging efforts of hundreds of fire ant workers in
only a minute or two (Porter et al. 1995b). As soon as a fly appears, most workers rapidly
retreat into exit holes or find cover. Other workers curl into a stereotypical c-shaped posture
(Porter 1998a). Some fly species inhibit fire ant foraging as long as they are present, often for
periods of several hours (Folgarait & Gilbert 1999; Wuellner et al. 2002). Reduced foraging
activity appears to facilitate competition from ants that might otherwise be excluded from
food sources in fire ant territories (Feener 1981; Orr et al. 1995; Morrison 1999; Mehdiabadi
& Gilbert 2002). The overall impact of these flies on fire ant populations is unknown; however, it is clearly sufficient to have caused the evolution of a number of phorid-specific defense behaviors (Porter 1998a).
HOST SPECIFICITY OF PSEUDACTEON DECAPITATING FLIES
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Based on the highly specialized behavior and life history of Pseudacteon flies, we conclude
that they pose no threat to any arthropod except for ants (Porter 1998a). Based on the results
of our host range tests (Porter & Gilbert 2004), we conclude that Pseudacteon decapitating
flies are only a realistic threat to fire ants in the genus Solenopsis. None of the flies tested, to
date, were attracted to other genera of ants in the field (Porter et al. 1995c, Morrison & Porter
2005c, Vazquez & Porter 2005) and the few attacks that occurred in the laboratory did not
produce any parasitized workers (Porter & Gilbert 2004). It is theoretically possible for
Pseudacteon phorids to switch to ant hosts in different genera because several species have
done just that during the process of evolution (Disney 1994). However, this is only likely to
occur in evolutionary time scales of hundreds of thousands of years. Even then, such switches
would be limited to a small subset of ants of similar size (Porter 1998a). A major constraint
on the evolution of host shifts and the broadening of host range is that phorids apparently use
species-specific alarm pheromones to locate ant hosts (Vander Meer & Porter 2002). In almost eight decades of exposure to an expanding population of S. invicta, none of several
species of Pseudacteon flies which attack native fire ants in North America have made the
shift to the more abundant introduced species. All comparative and experimental evidence
weighs heavily against the possibility that any of the fire ant decapitating flies from South
America would ever become a generalist parasite of ants within ecological or microevolutionary timeframes.
Several of the Pseudacteon species proposed for release present a finite but acceptable
risk to the native fire ants Solenopsis geminata (Forel) and Solenopsis xyloni MacCook (Porter
& Gilbert 2004). The primary risk suggested by our specificity testing is that occasional attacks on these non-target native ants might occur. Several Pseudacteon species can also complete development in native fire ants. However, all of these species are much more successful
at attacking imported fire ants than either of the native fire ant species tested. They also have
a strong preference for imported fire ants over native fire ants when allowed to choose. These
data justify a conclusion that Pseudacteon flies present a much greater risk to imported fire
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ants than either of the native fire ants tested. This being the case, the likelihood is that these
flies will actually benefit native fire ant species rather than harm them because imported fire
ants are the primary enemy of native fire ants (Porter 2000). Furthermore, risks to native fire
ants must be balanced against the possible benefits of these flies to hundreds of native
arthropods and dozens of native vertebrates threatened by high densities of imported fire
ants (Wojcik et al. 2001). This small risk is justified, in light of the benefit of finding an
economic, self-sustaining, and target-specific biological control of imported fire ants.
RELEASE AND ESTABLISHMENT OF DECAPITATING FLIES IN THE UNITED STATES
Field introductions of South American fire ant decapitating flies in the United States began
after careful analyses of risks and benefits as elaborated in three Environmental Assessments
for field release which the authors separately prepared with and for officials at USDA/APHIS
six, eight, and ten years ago. Three species of South American decapitating flies have been
released in the United States. The first species was Pseudacteon tricuspis Borgmeier in Texas
(Gilbert & Patrock 2002) and Florida (Porter et al. 1999). This fly attacks medium to medium-large fire ants and is especially abundant in the fall. A biotype of this species from near
Campinas, Brazil is well established in eight states in the southeastern United States. Flies
released in Florida have spread at least 180 km from their release sites (Porter et al. 2004). A
second biotype of this species from northern Argentina has been released at several sites in
Texas along with the first biotype, but its establishment, while likely, still needs to be confirmed by biochemical markers. Two biotypes of Pseudacteon curvatus Borgmeier have also
been established in the United States, one on black and hybrid fire ants in Alabama, Mississippi, and Tennessee (Graham et al. 2003; Vogt & Streett 2003; Parkman et al. 2005) and the
other on red fire ants in Florida (Vazquez et al. 2005), South Carolina (Davis & Horton
2005), and Texas (L.G. unpublished). This fly only attacks small fire ants and is especially
abundant in the late summer. Impacts of this fly have yet to be assessed, but this fly often
occurs in higher densities than P. tricuspis. A third species of decapitating fly, Pseudacteon
litoralis Borgmeier, has been released at two sites in north Florida (Summer 2003, Fall 2004).
First generation flies were recovered, but establishment has not been confirmed. This fly
attacks medium-large to large fire ants and is most active in the morning and late afternoon
until dark. A fourth species of decapitating fly, Pseudacteon obtusus Borgmeier, is being held
in quarantine until permits can be obtained for its field release.
Studies of the impacts of these flies are ongoing, but field studies show that the impacts
of a single species of fly (P. tricuspis) are not enough to rise above the 10-30% sensitivity of
field tests (Morrison & Porter 2005a; 2005b). The introduction of additional species of decapitating flies and other natural enemies will increase the likelihood of permanently reducing imported fire ant populations in the United States.

EVALUATION OF RECOMMENDATIONS
The preceding authors in this section (Hoffmeister 2005; Hopper et al. 2005; Withers &
Mansfield 2005) and those in a recent book (Van Driesche & Reardon 2004) have made a
number of recommendations about procedures for assessing the host ranges of potential selfsustaining biological control agents from foreign countries. For the purposes of discussion,
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we will divide these recommendations into six categories: 1) existing knowledge about the
taxonomy and host specificity of potential biological control agents; 2) the importance of
biotypes and cryptic species in host range tests; 3) selecting appropriate non-target organisms
for testing; and 4) choosing the best ways to handle and select biological control agents for
specificity tests; 5) experimental design for assessing host specificity; and 6) recommendations for proper statistical analysis of experimental data. We will proceed to discuss how well
recommendations in each of these categories applied to our studies of the host ranges of fire
ant decapitating flies.
EXISTING KNOWLEDGE
Explore literature. Generally, the first recommendation in assessing host ranges is to explore
existing literature about identification and host records of potential biological control agents
(Sands & Van Driesche 2004; Hoddle 2004). This is important advice. When we searched the
literature, we found that all Pseudacteon species with host records had been collected attacking ants. We also found that more than 20 species of Pseudacteon flies had been described that
attacked Solenopsis fire ants (Borgmeier 1925; 1962; 1969; Borgmeier & Prado 1975; Disney
1994). Indeed it appeared that Pseudacteon had diversified in a fire ant adaptive zone.
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Contact experts. Hoddle (2004) recommended that taxonomists, museum curators, and other
experts should be contacted for information. Contacting experts provided us with a wealth
of information early in our programs. In particular, phorid specialist, Brian Brown shared
his “Pseudacteon scrapbook” with us. This resource included references, descriptions, and
illustrations for most of the species of flies that attacked fire ants. He also assisted with
identifications when existing keys to the genus proved marginal and he provided taxonomic
advise on numerous other occasions. David Williams and Don Feener provided additional
literature about Pseudacteon flies as well as advise about their biology. Harold Fowler introduced SDP to these flies in the field. Roberto Brandão provided access to Thomas Borgmeier’s
collections at the Museum of Natural history in São Paulo. Roger Williams and Angelo Prado
were also consulted about work they had done with these flies. In short, our colleagues
provided an important foundation on which we were able to build.
Identification errors. Sands & Van Dreische (2004) warn that care must be taken to evaluate
and validate old host records because some are not reliable. Indeed, we found two instances
where improper identification of ant host records made it appear that three species of flies
were less specific than they really are (Porter & Gilbert 2004). We also found evidence that a
fourth species is likely more specific than generally reported (Porter & Gilbert 2004).
BIOTYPES AND CRYPTIC SPECIES
Hopper et al. (2005) caution that host range testing needs to be done on each new population
of biological control agents being considered for field release. This is because cryptic species
or biotypes can have different degrees of host specificity. We found this to be true with at
least two species of Pseudacteon flies. In particular, we found that P. tricuspis appears to be
two cryptic species, one of which attacks red fire ants and the other of which attacks black fire
ants (Porter and Pesquero 2001). Similarly, we found that a biotype of P. curvatus collected
from black fire ants in Buenos Aires, Argentina could not be established on red fire ants in the
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United States while a biotype of P. curvatus originally from red fire ants in Formosa, Argentina was easily established on red fire ants in the United States (Vazquez et al. 2005). We also
found that the two P. curvatus biotypes differed in their abilities to attack and develop in the
two non-target native fire ants in North America (Porter 2000; Vazquez et al. 2004). These
data indicate that each new population of a biological control agent needs to be screened for
host specificity before field release, at least until the variability of host specificity is well understood within a particular species or genus. However, we do not think it appropriate to
require separate permits for each new biotype of a species unless the new introduction falls
outside of the host-specificity envelope already permitted for that species.
SELECTING NON-TARGETS FOR TESTING
Barratt et al. (1999) recommend that host range tests begin with closely related species in
order to maximize the probability of identifying potential non-target host species. If closely
related hosts are not suitable hosts, then additional testing with more distantly related organisms can often be greatly reduced because of the low probability that they would be suitable
hosts. We generally agree with this line of reasoning. However, we initially tested more
distantly related ant hosts to confirm literature observations that these flies were likely limited to ants in the genus Solenopsis (Porter et al. 1995c). If this screening test had shown
broader than expected host ranges, further work with some or all of the fly species may have
been abandoned. However, once we were convinced that Pseudacteon flies were likely very
host specific, we focused our host range tests on the near native congener S. geminata and
later on another native congener S. xyloni (Porter & Gilbert 2004). Two species of flies (P.
tricuspis and P. litoralis) were not able to attack and develop in the native fire ants. Therefore,
they were only tested with an abbreviated number of ants from other genera (Porter & Gilbert 2004). However, two species of flies (P. curvatus and P. obtusus) were capable of developing in one or more of the native congeners (Porter & Gilbert 2004) and as a result, they
were both tested with a full battery of appropriately sized native ants from other genera (Porter 2000; Porter & Gilbert 2004).
HANDLING AND SELECTING BIOLOGICAL CONTROL AGENTS FOR TESTS
Withers & Browne (2004) and Withers & Mansfield (2005) make a number of suggestions for
handling and selecting biological control agents for host range tests. Their suggestions are
designed to “maximize the probability of attack on non-target species” in laboratory tests.
Basically, their suggestions were to: 1) test biological control agents in groups, 2) use both
naïve and experienced females, 3) select large females over small ones, 4) rear test agents on
alternate hosts when possible, 5) deprive females of food prior to the test to increase motivation to oviposit, 6) use females deprived of oviposition opportunities for an appropriate amount
of time, 7) test pro-ovigenic agents when young, and 8) use small test chambers. Several additional suggestions related to plant substrates, diet, and mating were generally not applicable
to Pseudacteon flies.
1. Test in groups. This is a good recommendation for Pseudacteon flies. We have tested
flies individually (Gilbert & Morrison 1997) but our preference is to test groups of 6-15
females when availability permits (Porter 2000; Folgarait et al. 2002; Vazquez et al. 2004;
Porter & Gilbert 2004). A major benefit of groups is that a hundred or more flies can

Second International Symposium on Biological Control of Arthropods

639

Porter and Gilbert _____________________________________________________________________________

easily be evaluated with only 8-12 test runs whereas individual testing would require a
hundred or more test runs. Furthermore, tests with individual flies are often not dependable for many reasons including mating failures, ants killing flies, sick flies, no
motivation to oviposit, etc. Finally, group testing is biologically normal because most
Pseudacteon species attack gregariously in the field.
2. Naïve and experienced females. We used naïve females when using lab-reared flies and
experienced females when using field-collected flies. We did not find evidence that prior
experience in the field restricted subsequent host acceptability in lab trials. To the contrary, we actually have some evidence suggesting that flies attacking S. invicta in the lab
are primed to approach non-target ants if exposed to them while they are still motivated.
Specifically, tests with two species gave slightly higher rates of oviposition attempts
(albeit unsuccessful) on non-target ants after having recently attacked the target species
(Porter & Alonso 1999). Similarly, motivation to attack was generally short lived after
Gilbert & Morrison (1997) transferred flies from target to non-target ants.
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3. Large females. Withers & Browne (2004) recommended the use of large females on the
assumption that they would have more eggs to lay and consequently be more motivated
to oviposit. The relevance of this recommendation depends on details of an insect’s life
history. In the case of Pseudacteon females it is probably better to use a mixture of all
sizes. This is because fire ant workers vary greatly in size and large and small female
phorids attack different sizes of host workers (Porter 1998). Furthermore, small females
could be more motivated to lay eggs because, under some circumstances, they do not
live as long as large flies (Chen et al. 2005), thus canceling any benefits of small versus
large.
4. Rear on alternate hosts. The suggestion about testing the host range of agents reared on
alternate hosts has merit in some systems, but is largely impractical for most Pseudacteon
species because their production rate is either very low or non-existent on alternate
hosts. We know of no instance in which a Pseudacteon species from South American
fire ants could be successfully cultured on North American fire ants or vise versa. Nevertheless, we were able run a small test to see if P. curvatus flies reared on the native fire
ant S. geminata switched from their normal preference to S. geminata. We found that
flies reared on the alternate host (S. geminata) showed little or no inclination to attack
the alternate host indicating that host preferences in this fly were more genetic than
facultative (Porter 2000).
5. Deprive food. This recommendation has little relevance for phorid flies that attack fire
ants. Although we routinely deprived Pseudacteon flies of food in our tests, this is
because they show little interest in feeding and the presence of food in oviposition chambers appears not to have much effect on fly health or parasitism rates. Also, most
Pseudacteon species appear to be pro-ovigenic (Zacaro & Porter 2003) so feeding does
not facilitate egg development.
6. Deprive oviposition opportunities. This recommendation applies best to insects with
longer life spans. Depriving phorid flies of oviposition opportunities to improve motivation in host range tests is probably not necessary and could be counterproductive.
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Indeed, if anything, Pseudacteon females are more likely to approach novel hosts immediately after exposure to normal host ants. Pseudacteon flies are usually very short lived
when ants are available to attack (1-4 days) and oviposit most vigorously when they are
young.
7. Test pro-ovigenic agents when young. Withers & Browne (2004) stated that proovigenic agents would likely be best tested when they were young because they are
often short-lived while synovigenic agents needed to be tested after eggs have matured
and are ready to be laid. This is good advice for Pseudacteon flies because they are both
pro-ovigenic and short lived. Nevertheless, we prefer tests which run for the full adult
life of the flies because it gives them full opportunity to oviposit across all age ranges.
8. Small test chambers. We used small test chambers (Porter & Gilbert 2004) mostly because of limited space in our quarantine facilities; nevertheless, the use of small chambers in our tests rather than large ones probably did improve the likelihood of oviposition because the females could simply use visual or other short-range cues to find their
hosts. This was good because it maximized the probability that test flies would oviposit
in both target and non-target hosts. The down side of the small chambers is that we
were not able to evaluate host specificity associated with long-range host detection.
EXPERIMENTAL DESIGNS
Van Driesche & Murray (2004) discuss the strengths and weaknesses of a number of experimental designs that have been used with host range testing including no-choice tests, choice
tests, sequential tests, open field tests, preference ranking tests, and post-release tests. Withers & Mansfield (2005) evaluate choice and no-choice tests and recommend the use of either
no-choice tests or a combination of no-choice and choice tests. During the course of our host
range studies, we have used almost all of the experimental designs just mentioned.
No-choice tests. As recommended, we agree that no-choice tests are the best design for
determining host ranges of Pseudacteon flies in the laboratory, at least when test flies are
available in sufficient numbers either from the field or from a laboratory colony. No-choice
tests were run with groups of flies (Porter 2000; Vazquez et al. 2004; Folgarait et al. 2002) for
the entire life of the test flies. This allowed us to measure attraction rates, oviposition rates
and most importantly parasitization rates.
Choice tests. We conducted binary choice tests when female flies in no-choice tests had
demonstrated some abilities to attack and develop in non-target native fire ants (Porter 2000;
Porter & Gilbert 2004). The objective was to determine whether females had a preference for
the target species over the non-target native species. Our results showed strong preferences
for imported fire ants over native fire ants. This preference data together with poor rates of
development on native fire ants strengthened the argument that release of these flies would
most likely benefit the native ants because of their impacts on imported fire ants (see specificity discussion under Background section).
We also used binary choice tests to screen ants in non-Solenopsis genera (Porter &
Alonso 1999; Porter 2000; Porter & Gilbert 2004). However, these tests functioned like no-
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choice tests since test flies always showed little or no attraction to ants from other genera and
no test flies were ever reared from ants in other genera. Testing 3-4 species of non-target ants
simultaneously would have increased testing efficiency. The drawback is that if flies had been
attracted to any of the species of ants, we would have needed to repeat the tests to make sure
that attraction to one ant species was not masking attraction to another (Withers & Mansfield
2005).
Sequential no-choice tests. Sequential no-choice tests were used to investigate the host specificity of several groups of flies transported into U.S. quarantine facilities from South America.
Because of the short lifespan of field collected flies (2-5 days) and the time and expense required to hand carry these flies up from South America (1-2 days) we had very few flies and a
very short time to conduct as many tests as possible. Gilbert & Morrison (1997) and Morrison
& Gilbert (1999) chose to use an A-B-A pattern where the motivation of individual flies was
tested against target ants (A) for five minutes and then against non-target ants (B) for 20 min,
and finally against target ants (A) again to reconfirm motivation. In these tests, attacking flies
moved from trays of target S. invicta (A) to trays of non-target S. geminata (B) initially approached, and sometimes attempted to oviposit in S. geminata workers. Typically however,
motivation to attack carrying over from exposure to S. invicta was short lived and waned
quickly after exposure to S. geminata. Porter & Alonso (1999) chose to test small groups of
three flies in an A-B and a B-A pattern where some flies were first exposed to the target host
while others were exposed first to the non-target host (each for periods of 60-90 minutes).
This pattern controlled for any effects of recent exposure to the target host.
642

These sequential tests had two weaknesses: first all of the flies had been collected after
they had prior experience with the target host and secondly test times (20 min. or 60-90 min.)
could have been too short to overcome the effects of prior experience. Nevertheless, these
limitations were largely unavoidable because of transport times, short life spans, and the fact
that, at the time, the flies could not be cultured in the laboratory. Fortunately, results from
these tests were equivalent to larger no-choice tests run later indicating that prior experience
as wild flies is not a major factor affecting host range tests with Pseudacteon.
Withers & Mansfield (2005) recommend that Gilbert & Morrison (1997) could have
used an A-A-A pattern to control for time dependant effects and similarly that Porter &
Alonso (1999) could have used an A-A pattern. We agree that this suggestion could have
provided some useful information. However, since the numbers of flies were very limited
and many of them only survived one test cycle, we do not feel that the value of this information would have justified using 1/3 of the available flies. In the case of Gilbert & Morrison
(1997), the second exposure to the target host in the A-B-A cycle provided most of the information that would have been provided by an A-A-A cycle. In our opinion, activity in an AA-A cycle would not have been directly comparable to activity in an A-B-A cycle because the
presence of the target host caused greatly increased activity that generally sapped the vigor
and longevity of test flies. Our challenge was to keep flies alive and vigorous through even a
short A-B-A cycle. In the case of Porter & Alonso (1999), an A-A test would have proved
that flies exposed first to the target host (A) retained sufficient vigor to attack the non-target
host (B). However, in keeping with the behavioral observations noted above for the A-B-A
tests, the data showed that test flies were actually slightly more likely to attack the non-target

Second International Symposium on Biological Control of Arthropods

_____________________________________ Assessing the Host Specificity of Fire Ant Decapitating Flies

ant after being exposed to the target ant than vise versa (3/36 versus 0/79 attacking flies, P=0.029,
Fisher’s exact test, data for two species of flies combined). Thus, for Pseudacteon, we consider the sequential no-choice test to be conservative in that it tends to over-estimate the
tendency of these flies to attack non-targets.
Open field pre-release and post-release tests. We conducted several pre-release and postrelease open field tests with Pseudacteon flies. The major advantage of open field tests is that
they take into account the long-range search and discovery abilities of test organisms. The
major disadvantages of open-field tests are that the selection of potential hosts in pre-release
tests are limited to what is available in the country of origin while in post-release tests, the
biological control agent has already been released and can rarely be recalled. For the first
open field test Porter et al. (1995c) used an AB1B2B3Bn design where target ants (A) were
presented simultaneously with a menu of non-target ants (B). In subsequent papers (Porter
1998b; Morrison & Porter 2005c; Vazquez & Porter 2005), authors used a sequential B-A-B
design where non-target ants (B) were presented for 30 minutes followed by target ants (A)
and finally by non-target ants again (B). The advantage of this sequential design is that it
allowed us to first determine if flies were attracted to non-target ants when no target ants
were present and then it allowed us to determine if the flies would attack non-target ants after
large numbers of flies had been attracted to the immediate area by the target ants. Van Driesche
& Murray (2004) call post-release tests a “necessary step” in evaluating the accuracy of prerelease predictions. Results from our post-release tests confirmed that our pre-release predictions of host specificity were accurate for both species of flies that are currently established in the United States (Morrison & Porter 2005c; Vazquez & Porter 2005).
Statistical analyses. Hoffmeister (2005) discusses a number of important aspects of statistical design that apply to host range testing including proper controls, randomization, and
pseudoreplication. He also discusses the potential importance of using power analyses to
describe the power of statistical procedures to resolve differences between effects of interest.
Controls. Proper controls are vital to most kinds of statistical tests, but they are especially
important to simple no-choice tests because the failure of a parasitoid to attack a potential
non-target host could be due to poor test conditions or unhealthy parasitoids. To control for
these possibilities, we randomly assigned test flies to simultaneous controls and treatments.
On several occasions, we had to discard a run because the controls failed due to improper
handling of the flies. Zilahi-Balogh et al. (2005) mention that the use of negative controls
(tests without both a parasite and a host together) could have helped with interpretation of
their oviposition tests. We did not use negative controls in any of our tests. Negative controls using ants that were not exposed to flies might have been useful in identifying ant mortality caused by parasitism prior to pupation of the parasite. However, based on random
dissections of dead workers, we felt that pre-pupation mortality of host ants was not sufficiently large to justify the extra effort needed to quantify it.
Pseudoreplication and randomization. We attempted to avoid pseudoreplication in our
tests by randomly assigning subjects to treatments and using experimental units that were
independent of one another. However, in practice, flies were usually assigned to test groups
using “haphazard randomization” and the locations of test trays were usually rotated sequentially among test groups so that whatever effect tray location might have would be uniformly
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distributed across treatments. Finally, our host range data are from specific populations of
flies; consequently, our results can only be safely applied to those specific populations. Extrapolating host range results from a single population to all populations of a species is a form
of pseudoreplication that can lead to failures in host range predictions (Hopper et al. 2005)
Power analyses. We did not use power analyses as discussed by Hoffmeister (2005) in our
host range tests. An a priori power analysis is useful for predicting the necessary sample size
for a test if variability is known (Zilahi-Balogh et al. 2005). However, since we rarely knew
variability beforehand, we simply continued to increase sample sizes in our tests until standard errors of the means dropped to reasonable levels.
Hoffmeister’s (2005) recommendations concerning the use of power analyses to assess
the probability of falsely accepting the null hypothesis of “no effect” were not particularly
applicable to the kinds of host range tests we did with phorid flies– this was because rates of
attraction and parasitism were always very different between target and non-target hosts.
Furthermore, if critical aspects of host specificity had been similar enough that they could not
be easily resolved statistically, then we would have simply accepted the null hypothesis that
no difference existed. We would not have worried whether parasitization rates may have
actually been slightly different because they would still have been similar enough to have
caused serious concern about the safety of releasing a particular biological control agent in
the field.
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Hoffmeister’s (2005) recommendations concerning power analyses, however, are highly
applicable to the assessment of impacts of biological control agents on field populations of
target and non-target organisms. In the case of field impacts, it is important to know what
power the statistical tests had to resolve differences when no statistical difference was found.
This is exactly the problem faced when evaluating the field impacts of P. tricuspis on imported
fire ants and other ant competitors (Morrison & Porter 2005a). Morrison & Porter (2005a)
dealt with the problem by reporting what percent of the mean that two standard errors were.
This was done on the assumption that means two standard errors apart would normally be
statistically detectable. Power analyses probably provide a more effective way of providing
this information.
CONCLUDING REMARKS
The model systems around which many of the general ideas about biological control are
framed depart substantially from the phorid–fire ant system in terms both of the enemy and
the victim. Conceptually, the decapitating fly – fire ant system resembles host-specific leaf
miners and a woody plant host. However, Pseudacteon flies are likely to be more host specific
than their herbivorous counterparts because the chemical cues they use for host discovery are
under selection to be highly distinct among ants for reasons of close physical competition.
Ants are mobile, dangerous targets for an attacking fly and the behavior and mechanics of
inserting an egg into an armored predaceous host surrounded by aggressive sisters adds additional potential causes for specialized behaviors and morphology in these phorids. Add to
these features the likelihood of internal defenses against phorid larvae and it is not surprising
that Pseudacteon flies exhibit striking host specificity. By contrast the parasitoids of the eggs,
larvae and pupae of Lepidoptera, for example, face many fewer challenges that might be solved

Second International Symposium on Biological Control of Arthropods

_____________________________________ Assessing the Host Specificity of Fire Ant Decapitating Flies

by evolving increased specialization. Many practical and theoretical similarities and distinctions of this system and other systems need to be further explored.

CONCLUSIONS
Host range testing is essential because it allows scientists to predict the potential target and
non-target impacts of new biological control agents prior to their release in the field. Information about potential impacts, both positive and negative, permits a reasoned decision about
whether the likely benefits of releasing a particular agent clearly outweigh the potential problems. The papers in this session and recent books on the subject have set out a number of
important procedures and principles that applied to our work with fire ant decapitating flies
and to host range testing generally. We would like to emphasize how important it is to do a
thorough review of the literature concerning the biology of a prospective agent, the target
host, and organisms related to the agent and hosts. We found that biotypes and cryptic species can have different host ranges both as related to target and non-target species; consequently, it is important that biological control practitioners consider this when conducting
their tests. We agree that host range tests should be conducted using methods that initially
maximize the probability of attack on non-target species. These methods will vary depending on the agent being tested. We attempted to maximize this probability by testing congeners, using small test chambers, using no-choice tests, testing flies of all ages, testing flies in
groups, and using both experienced and naïve flies. Good experimental design that uses appropriate controls, randomization, and replication allows valid interpretations to be drawn.
Finally, we want to emphasize the need for post-release host range monitoring. Post-release
monitoring is important because it verifies the validity of the prerelease testing procedures
and provides data that facilitate the release of future biological control agents.

REFERENCES
Barratt, B. I. P., Fergusson, C. M., McNeil, M. R., and Goldson, S. L. 1999. Parasitoid Host
Specificity Test to Predict Field Host Range. In “Host Specificity Testing in Australasia:
Towards Improved Assays for Biological Control” (T. M. Whithers, B. Browne, and J.
Stanley, Eds.), pp. 70-83. CRC Tropical Pest Management, Brisbaine, Australia.
Borgmeier, T. 1925. Novos subsidios para o conhecimento da familia Phoridae (Dipt.).
Archivos do Museu Nacional do Rio de Janeiro 25, 85-281.
Borgmeier, T. 1962. Cinco espécies novas do genero Pseudacteon Coquillett. Arquivos do
Museu Nacional, Rio de Janeiro 52, 27-30.
Borgmeier, T. 1969. New or little-known phorid flies, mainly of the Neotropical region
(Diptera: Phoridae). Studia Entomologica 12, 33-132.
Borgmeier, T., and Prado, A. P. 1975. New or little known Neotropical phorid flies, with
description of eight new genera (Diptera: Phoridae). Studia Entomologica 18, 3-90.
Brown, B. V., Folgarait, P., and Gilbert, L. 2003. A new species of Pseudacteon attacking
Solenopsis fire ants (Hymenoptera: Formicidae) in Argentina Sociobiology 41, 685-688.

Second International Symposium on Biological Control of Arthropods

645

Porter and Gilbert _____________________________________________________________________________

Calcaterra, L. A., Porter, S. D., and Briano, J. A. 2005. Distribution and abundance of fire
ant decapitating flies (Diptera: Phoridae: Pseudacteon) in three regions of southern South
America. Annals of the Entomological Society of America 98, 85-95.
Chen, L., Onagbola, E. O., and Fadamiro, H. Y. 2005. Effects of temperature, sugar availability, gender, mating, and size on the longevity of phorid fly Pseudacteon tricuspis
(Diptera: Phoridae). Environmental Entomology (in press).
Davis, T. S., and Horton, P. M. 2005. Release and spread of the fire ant decapitating fly
Pseudacteon curvatus in South Carolina. Annual Imported Fire Ant Conference, April
2005, Gulfport, Mississippi, U.S.A.
Disney, R. H. L. 1994. “Scuttle Flies: The Phoridae,” Chapman and Hall, London.
Feener, D. H. Jr. 1981. Competition between ant species: outcome controlled by parasitic
flies. Science 214, 815-817.
Folgarait, P. J., and Gilbert, L. E. 1999. Phorid parasitoids affect foraging activity of
Solenopsis richteri under different availability of food in Argentina. Ecological Entomology 24, 163-173.
Folgarait, P. J. Bruzzone, O. A. Patrock, R. J. W., and Gilbert, L. E. 2002. Developmental
rates and host specificity for Pseudacteon parasitoids (Diptera: Phoridae) of fire ants
(Hymenoptera: Formicidae) in Argentina. Journal of Economic Entomology 95, 11511158.
646

Folgarait, P. J. Bruzzone O. A., and Gilbert, L. E. 2003. Seasonal patterns of activity
among species of black fire ant parasitoid flies (Pseudacteon: Phoridae) in Argentina
explained by analysis of climatic variables. Biological Control 28, 368-378.
Folgarait, P. J., Bruzzone, O., Porter, S. D., Pesquero, M. A., and Gilbert, L. E. 2005a.
Biogeography and macroecology of phorid flies that attack fire ants in southeastern
Brazil and Argentina. Journal of Biogeography 32, 353-367.
Folgarait, P. J., Chirino, M. G., Patrock, R. J. W., and Gilbert, L. E. 2005b. Development of
Pseudacteon obtusus (Diptera: Phoridae) on Solenopsis invicta and Solenopsis richteri
(Hymenoptera: Formicidae). Environmental Entomology (in press).
Gilbert, L. E., and Morrison, L. W. 1997. Patterns of host specificity in Pseudacteon parasitoid flies (Diptera: Phoridae) that attack Solenopsis fire ants (Hymenoptera: Formicidae).
Environmental Entomology 26, 1149-1154.
Gilbert, L. E., and Patrock, R. J. W. 2002. Phorid flies for the biological suppression of
imported fire ants in Texas, region specific challenges, recent advances and future prospects. Southwestern Entomologist, Supplement 25, 7-17.
Graham, L. C., Porter, S. D., Pereira, R. M., Dorough, H. D., and Kelley, A. T. 2003. Field
releases of the decapitating fly Pseudacteon curvatus (Diptera: Phoridae) for control of
imported fire ants (Hymenoptera: Formicidae) in Alabama, Florida, and Tennessee.
Florida Entomologist 86, 334-339.

Second International Symposium on Biological Control of Arthropods

_____________________________________ Assessing the Host Specificity of Fire Ant Decapitating Flies

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. USDA, Forest
Health Technology Enterprise Team, Morgantown, West Virginia, U.S.A.
Hoffmeister, T. S. 2005. From Design to Analysis: Effective Statistical Approaches for
Host Range Testing. In “Proceedings, 2nd International Symposium of Biological Control of Arthropods” 12-16 September 2005, Davos, Switzerland (M. S. Hoddle, Ed.),
(this issue). USDA, Forest Health Technology Enterprise Team, Morgantown, West
Virginia, U.S.A.
Hopper, K. R., De Farias, A. M. I., Woolley, J. B., Heraty, J. M., and Britch, S. C. 2005.
Genetics: Relation of Local Populations to the Whole “Species” - Implications for Host
Range Tests. In “Proceedings, 2nd International Symposium of Biological Control of
Arthropods” 12-16 September 2005, Davos, Switzerland (M. Hoddle, Ed.), (this issue).
USDA, Forest Health Technology Enterprise Team, Morgantown, West Virginia, U.S.A.
Lard, C. F., Hall, C. and Salin, V. 2001. The economic impact of the red imported fire ant
on the homescape, landscape, and the urbanscape of selected metroplexes of Texas.
Department of Agricultural Economics, Texas A & M University, College Station, TX.
Faculty Paper Series. FP 01-3.
Macom, T. E., and Porter, S. D. 1996. Comparison of polygyne and monogyne red imported fire ants (Hymenoptera: Formicidae) population densities. Annals of the Entomological Society of America 89, 535-543.
Mehdiabadi, N. J., and Gilbert, L. E. 2002. Colony-level impacts of parasitoid flies on fire
ants. Proceedings of the Royal Society of London Series B Biological Sciences 269, 16951699.
Morrison, L. W. 1999. Indirect effects of phorid fly parasitoids on the mechanisms of
interspecific competition among ants. Oecologia 121, 113-122.
Morrison, L. W. and Gilbert, L. W. 1999. Host specificity in two additional Pseudacteon
spp. (Diptera: Phoridae), parasitoids of Solenopsis fire ants (Hymenoptera: Formicidae).
Florida Entomologist 82, 404-409.
Morrison, L. W., and Porter, S. D. 2005a. Testing for population-level impacts of introduced Pseudacteon tricuspis flies, phorid parasitoids of Solenopsis invicta fire ants. Biological Control 33, 9-19.
Morrison, L. W., and Porter, S. D. 2005b. Phenology and parasitism rates in introduced
populations of Pseudacteon tricuspis, a parasitoid of Solenopsis invicta. BioControl 50,
127-141.
Morrison, L. W., and Porter, S. D. 2005c. Post-release host-specificity testing of
Pseudacteon tricuspis, a phorid parasitoid of Solenopsis invicta fire ants. BioControl (in
press).

Second International Symposium on Biological Control of Arthropods

647

Porter and Gilbert _____________________________________________________________________________

Orr, M. R., Seike, S. H., Benson, W. W., and Gilbert, L.E. 1995. Flies suppress fire ants.
Nature 373, 292-293.
Parkman, P., Vail, K., Rashid, J., Oliver, J., Pereira, R. M., Porter, S. D., Shires, M., Haun,
G., Powell, S., Thead, L., and Vogt, J. T. 2005. Establishment and spread of Pseudacteon
curvatus in Tennessee. Annual Imported Fire Ant Conference, April 2005, Gulfport,
Mississippi, U.S.A.
Pereira, R. M., Williams, D. F., Becnel, J. J., and Oi, D. H. 2002. Yellow-head disease
caused by a newly discovered Mattesia sp. in populations of the red imported fire ant,
Solenopsis invicta. Journal of Invertebrate Pathology 81, 45-48.
Porter, S. D. 1998a. Biology and behavior of Pseudacteon decapitating flies (Diptera:
Phoridae) that parasitize Solenopsis fire ants (Hymenoptera: Formicidae). Florida Entomologist 81, 292-309.
Porter, S. D. 1998b. Host-specific attraction of Pseudacteon flies (Diptera: Phoridae) to fire
ant colonies in Brazil. Florida Entomologist 81, 423-429.
Porter, S. D. 2000. Host specificity and risk assessment of releasing the decapitating fly,
Pseudacteon curvatus, as a classical biocontrol agent for imported fire ants. Biological
Control 19, 35-47.
Porter, S. D., and Alonso, L. E. 1999. Host specificity of fire ant decapitating flies (Diptera:
Phoridae) in laboratory oviposition tests. Journal of Economic Entomology 92, 110-114.
648

Porter, S. D., and Gilbert, L. E. 2004. Assessing Host Specificity and Field Release Potential
of Fire Ant Decapitating Flies (Phoridae: Pseudacteon). 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. 152-176. USDA, Forest Health
Technology Enterprise Team, Morgantown, West Virginia, U.S.A.
Porter, S. D., and Pesquero, M. A. 2001. Illustrated key to Pseudacteon decapitating flies
(Diptera: Phoridae) that attack Solenopsis saevissima complex fire ants in South America.
Florida Entomologist 84, 691-699.
Porter, S. D., Pesquero, M. A., Campiolo, S., and Fowler, H. G. 1995a. Growth and development of Pseudacteon phorid fly maggots (Diptera: Phoridae) in the heads of Solenopsis
fire ant workers (Hymenoptera: Formicidae). Environmental Entomology 24, 475-479.
Porter, S. D., Vander Meer, R. K., Pesquero, M. A., Campiolo, S., and Fowler, H. G. 1995b.
Solenopsis (Hymenoptera: Formicidae) fire ant reactions to attacks of Pseudacteon flies
(Diptera: Phoridae) in Southeastern Brazil. Annals of the Entomological Society of
America 88, 570-575.
Porter, S. D., Fowler, H. G., Campiolo, S., and Pesquero, M. A. 1995c. Host specificity of
several Pseudacteon (Diptera: Phoridae) parasites of fire ants (Hymenoptera: Formicidae)
in South America. Florida Entomologist 78, 70-75.

Second International Symposium on Biological Control of Arthropods

_____________________________________ Assessing the Host Specificity of Fire Ant Decapitating Flies

Porter, S. D., Williams, D. F., Patterson, R. S., and Fowler, H. G. 1997. Intercontinental
differences in the abundance of Solenopsis fire ants (Hymenoptera: Formicidae): an
escape from natural enemies? Environmental Entomology 26, 373-384.
Porter, S. D., Nogueira de Sá, L. A., Flanders, K., and Thompson, L. 1999. Field Releases of
the Decapitating Fly Pseudacteon tricuspis. In “Proceedings of the 1999 Imported Fire
Ant Conference,” p. 102. Charleston, South Carolina, U.S.A.
Porter, S. D., Nogueira de Sá, L. A., and Morrison, L. W. 2004. Establishment and dispersal
of the fire ant decapitating fly Pseudacteon tricuspis in North Florida. Biological Control
29, 179-188.
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 Parasitoids and Predators Used for Classical Biological Control: A Guide to Best Practice” (R.
G. Van Driesche and R. Reardon, Eds.), pp. 15-23. USDA, Forest Health Technology
Enterprise Team, Morgantown, West Virginia, U.S.A.
Van Driesche, R. G., and Murray, T. J. 2004. Overview of Testing Schemes and Designs
Used to Estimate 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. 68-89. USDA, Forest Health Technology Enterprise
Team, Morgantown, West Virginia, U.S.A.
Van Driesche, R. G., and Reardon, R. (Eds.) 2004. “Assessing Host Ranges for Parasitoids
and Predators Used for Classical Biological Control: A Guide to Best Practice,” USDA,
Forest Health Technology Enterprise Team, Morgantown, West Virginia, U.S.A.
Vander Meer, R. K. and Porter, S. D. 2002. Fire ant, Solenopsis invicta, Worker Alarm
Pheromones Attract Pseudacteon Phorid Flies. In “Proceedings of the 2002 Imported
Fire Ant Conference,” p. 77-80. Athens, Georgia, U.S.A.
Vazquez, R. J., and Porter, S. D. 2005. Re-confirming host specificity of field released
Pseudacteon curvatus decapitating flies in Florida. Florida Entomologist (in press).
Vazquez, R. J., Porter, S. D., and Briano, J. A. 2004. Host specificity of a new biotype of
the fire ant decapitating fly Pseudacteon curvatus from Northern Argentina. Environmental Entomology 33, 1436-1441.
Vazquez, R. J., Porter, S. D., and Briano, J. A. 2005. Field release and establishment of the
decapitating fly Pseudacteon curvatus on red imported fire ants in Florida. BioControl (in
press).
Vogt, J. T., and Streett, D. A. 2003. Pseudacteon curvatus (Diptera: Phoridae) laboratory
parasitism, release and establishment in Mississippi. Journal of Entomological Science 38,
317-320.

Second International Symposium on Biological Control of Arthropods

649

Porter and Gilbert _____________________________________________________________________________

Withers, T. M., and Browne, L. B. 2004. Behavioral and Physiological Processes Affecting
Outcomes of Host Range Testing. 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. 40-55. USDA, Forest Health Technology Enterprise
Team, Morgantown, West Virginia, U.S.A.
Withers, T. M., and Mansfield, S. 2005. Choice or No-Choice Tests? Effects of Experimental Design on the Expression of Host Range. In “Proceedings, 2nd International Symposium of Biological Control of Arthropods” 12-16 September 2005, Davos, Switzerland
(M. S. Hoddle, Ed.), (this issue). USDA, Forest Health Technology Enterprise Team,
Morgantown, West Virginia, U.S.A.
Wojcik, D. P., Allen, C. R., Brenner, R. J., Forys, E. A., Jouvenaz, D. P., and Lutz, R. S.
2001. Red imported fire ants: impact on biodiversity. American Entomologist 47, 16-23.
Wuellner, C. T., Dall’Aglio-Holvorcem, C. G., Benson, W. W., and Gilbert, L.E. 2002.
Phorid fly (Diptera: Phoridae) oviposition behavior and fire ant (Hymenoptera:
Formicidae) reaction to attack differ according to phorid species. Annals of the Entomological Society of America 95, 257-266.
Zacaro, A. A., and Porter, S. D. 2003. Female reproductive system of the decapitating fly
Pseudacteon wasmanni Schmitz (Diptera: Phoridae). Arthropod Structure and Development 31, 329-337.
650

Zilahi-Balogh, G. M. G., Kok, L. T., and Salom, S. M. 2005. A predator case history:
Laricobius nigrinus, a derodontid beetle introduced against the hemlock woolly adelgid.
In “Proceedings, 2nd International Symposium of Biological Control of Arthropods” 1216 September 2005, Davos, Switzerland (M. S. Hoddle, Ed.), (this issue). USDA, Forest
Health Technology Enterprise Team, Morgantown, West Virginia, U.S.A.

Second International Symposium on Biological Control of Arthropods

Forest Health
Technology Enterprise Team
TECHNOLOGY
TRANSFER

Biological Control

September 12-16, 2005
Mark S. Hoddle, Compiler
University of California, Riverside U.S.A.
Forest Health Technology Enterprise Team—Morgantown, West Virginia
United States
Department of
Agriculture

Forest
Service

FHTET-2005-08
September 2005
Volume II

Papers were submitted in an electronic format, and were edited to achieve a uniform
format and typeface. Each contributor is responsible for the accuracy and content
of his or her own paper. Statements of the contributors from outside of the U.S.
Department of Agriculture may not necessarily reflect the policy of the Department.

The use of trade, firm, or corporation names in this publication is for the information
and convenience of the reader. Such use does not constitute an official endorsement
or approval by the U.S. Department of Agriculture of any product or service to the
exclusion of others that may be suitable.

Any references to pesticides appearing in these papers does not constitute
endorsement or recommendation of them by the conference sponsors, nor does it
imply that uses discussed have been registered. Use of most pesticides is regulated
by state and federal laws. Applicable regulations must be obtained from the
appropriate regulatory agency prior to their use.
CAUTION: Pesticides can be injurious to humans, domestic animals, desirable
plants, and fish and other wildlife if they are not handled and applied properly.
Use all pesticides selectively and carefully. Follow recommended practices given
on the label for use and disposal of pesticides and pesticide containers.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and
activities on the basis of race, color, national origin, sex, religion, age, disability, political beliefs,
sexual orientation, or marital or family status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for communication of program information
(Braille, large print, audiotape, etc.) should contact USDA’s TARGET Center at 202-720-2600
(voice and TDD).
To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W,
Whitten Building, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410 or call
202-720-5964 (voice and TDD). USDA is an equal opportunity provider and employer.

SECOND INTERNATIONAL SYMPOSIUM ON
BIOLOGICAL CONTROL OF ARTHROPODS
DAVOS, SWITZERLAND
SEPTEMBER 12-16, 2005

USDA Forest Service
Publication FHTET-2005-08

___________________________________________________________________________________

CONTENTS – VOLUME I
SESSION 1: INVASION BIOLOGY AND LESSONS FOR BIOLOGICAL CONTROL
Reconstructing an Ecosystem: A Theory Unifying Invasion Biology and Biological
Control by Tom Bellows ............................................................................................................... 1
Classical Biological Control of the Alfalfa Weevil in Japan by Masami Takagi,
Masami Okumura, Megumi Shoubu, Akinori Shiraishi, and Takatoshi Ueno .................................. 14

The Invasion of the Western Corn Rootworm, Diabrotica vergifera virgifera, in Europe
and Potential for Classical Biological Control by Stefan Toepfer, Feng Zhang,
Jozsef Kiss, and Ulrich Kuhlmann .................................................................................................. 19
Identifying the Donor Region within the Home Range of an Invasive Species:
Implications for Classical Biological Control of Arthropod Pests by Mark S. Hoddle .. 29
Impact of Intraspecific and Intraguild Predation on Predator Invasion and Coexistence:
Can Exotic Ladybeetles Displace Native Species? by Paul C. J. Van Rijn, Giovanni Burgio,
and Matt B. Thomas ..................................................................................................................... 38

SESSION 2: BIOLOGICAL CONTROL OF ARTHROPODS OF CONSERVATION IMPORTANCE
Biological Control of Arthropods of Conservation Importance by Mark S. Hoddle and
Matthew J. W. Cock ..................................................................................................................... 48

The Successful Control of Orthezia insignis on St. Helena Island Saves Natural
Populations of Endemic Gumwood Trees, Commidendrum robustum
by Simon V. Fowler ...................................................................................................................... 52

Evaluating Risks of Introducing a Predator to an Area of Conservation Value:
Rodolia cardinalis in Galápagos by Charlotte E. Causton ..................................................... 64
The Horse-Chestnut Leaf Miner in Europe – Prospects and Constraints for Biological
Control by Marc Kenis, Rumen Tomov, Ales Svatos, Peter Schlinsog, Carlos Lopez Vaamonde,
Werner Heitland, Giselher Grabenweger, Sandrine Girardoz, Jona Freise, and Nikolaos Avtzis ..... 77

Metamasius callizona is Destroying Florida’s Native Bromeliads by Howard Frank and
Ronald Cave ................................................................................................................................. 91

Biological Control of the European Green Crab, Carcinus maenas: Natural Enemy
Evaluation and Analysis of Host Specificity by Armand M. Kuris, Kevin D. Lafferty and
Mark E. Torchin ......................................................................................................................... 102

SESSION 3: RECENT SUCCESSES OF CLASSICAL BIOLOGICAL CONTROL: AN IMPACT ANALYSIS
Establishment of Peristenus spp. in Northern California for the Control of Lygus spp.
by Charles H. Pickett, Dominique Coutinout, Kim A. Hoelmer, and Ulrich Kuhlmann ................ 116

Second International Symposium on Biological Control of Arthropods

VII

___________________________________________________________________________________

Classical Biological Control of Codling Moth: The California Experience
by Nick Mills ............................................................................................................................. 126

The Impact of Parasitoids on Plutella xylostella Populations in South Africa and the
Successful Biological Control of the Pest on the Island of St. Helena
by Rami Kfir .............................................................................................................................. 132

Establishment in North America of Tetrastichus setifer Thomson (Hymenoptera:
Eulophidae), a Parasitoid of Lilioceris lilii (Coleopetera: Chrysomelidae)
by Lisa Tewksbury, Marion S. Gold, Richard A. Casagrande, and Marc Kenis ............................. 142

Retrospective Evaluation of the Biological Control Program for Bemisia tabaci
Biotype “B” in the U.S.A. by John Goolsby, Paul De Barro, Kim Hoelmer, and Alan Kirk ... 144

SESSION 4: CULTURAL MANIPULATIONS TO ENHANCE BIOLOGICAL CONTROL
Cultural Manipulations to Enhance Biological Control in Australia and New Zealand:
Progress and Prospects by Geoff M. Gurr, Steve D. Wratten, Patrik Kehrli ,
and Samantha Scarratt ............................................................................................................... 154
Role of Habitat Management Technologies in the Control of Cereal Stem and Cob
Borers in Sub-Saharan Africa by Adenirin Chabi-Olaye, Christian Borgemeister,
Christian Nolte, Fritz Schulthess, Saka Gounou, Rose Ndemah, and Mamoudou Sétamou ......... 167
VIII

The Potential Role of Insect Suppression in Increasing the Adoption of Cover Crops
by George E. Heimpel, Paul M. Porter, David W. Ragsdale, Robert Koch, Zhishan Wu,
and Bruce Potter ....................................................................................................................... 185

Using Synthetic Herbivor-Induced Plant Volatiles to Enhance Conservation
Biological Control: Field Experiments in Hops and Grapes by David G. James,
Sandra C. Castle, Tessa Grasswitz, and Victor Reyna ................................................................. 192

SESSION 5: CONTRIBUTION OF BIOLOGICAL CONTROL TO THE GLOBAL DEVELOPMENT
AGENDA
Biological Control in The Neotropics: A Selective Review With Emphasis on
Cassava by Anthony C. Bellotti, Elsa L. Melo, Bernardo Arias, Carlos J. Herrera,
María del P. Hernández, Claudia M. Holguín, José M. Guerrero, and Harold Trujillo ................. 206

Hunger, Poverty, and Protection of Biodiversity: Opportunities and Challenges for
Biological Control by Moses T.K. Kairo ................................................................................ 228
Classical Biological Control of Citrus Pests in Florida and the Caribbean:
Interconnections and Sustainability by Marjorie A. Hoy .................................................. 237
Conservation and Enhancement of Biological Control Helps to Improve Sustainable
Production of Brassica Vegetables in China and Australia by Shu-sheng Liu, Zu-hua Shi,
Michael J. Furlong, and M. P. Zalucki ........................................................................................ 254

Second International Symposium on Biological Control of Arthropods

___________________________________________________________________________________

Biological Control of Fruit Piercing Moth (Eudocima fullonia [Clerck]) (Lepidoptera:
Noctuidae) in the Pacific: Exploration, Specificity, and Evaluation of Parasitoids
by Don Sands and Wilco Liebregts ............................................................................................. 267

SESSION 6: IMPLEMENTATION OF BIOLOGICAL CONTROL THROUGH FARMER PARTICIPATORY
TRAINING AND RESEARCH
Impact of Educating Farmers About Biological Control in Farmer Field Schools
by Peter A. C. Ooi and Peter E. Kenmore ................................................................................... 277

The Role and Significance of Farmer Participation in Biocontrol-Based IPM for
Brassica Crops in East Africa by Brigitte Nyambo and Bernhard Löhr ................................ 290
Case Study on Organic Versus Conventional Cotton in Karimnagar, Andhira
Pradesh, India by Daniel Anand Raj, K. Sridhar, Arun Ambatipudi, H. Lanting,
and S. Brenchandran ................................................................................................................. 302

Case Study: Knowledge Transfer in Cabbage IPM Through Farmer Participatory
Training in DPR Korea by Manfred Grossrieder, Beate Kiefer, Song Il Kang,
and Ulrich Kuhlmann ................................................................................................................ 318

Implementation of Biological Control in Glasshouse Horticulture in the Netherlands
by Ellen A. M. Beerling and Abco J. De Buck ............................................................................. 333
IX

SESSION 7: COMPATIBILITY OF INSECT-RESISTANT TRANSGENIC PLANTS WITH BIOLOGICAL
CONTROL
Compatibility of Insect-Resistant Transgenic Plants with Biological Control
by Jörg Romeis and Anthony M. Shelton .................................................................................... 343

Assessing the Influence of Bt Crops on Natural Enemies by Graham Head ...................... 346
Integration of Bt Maize in IPM Systems: A U.S. Perspective by Richard L. Hellmich,
Dennis D. Calvin, Joseph M. Russo, and Leslie C. Lewis ............................................................. 356

Field Abundances of Insect Predators and Insect Pests on δ-Endotoxin-Producing
Transgenic Cotton in Northern China by Kongming Wu, Kejian Lin, Jin Miao,
and Yongjun Zhang ................................................................................................................... 362

Functional Non-Target Differences Between Bt and Conventional Cotton
by Steven E. Naranjo ................................................................................................................. 369

Integration of Bt Cotton in IPM systems: An Australian Perspective by Gary P. Fitt
and Lewis Wilson ....................................................................................................................... 381

Second International Symposium on Biological Control of Arthropods

___________________________________________________________________________________

CONTENTS – VOLUME II
SESSION 8: THE ROLE OF FOOD SUPPLEMENTS IN BIOLOGICAL CONTROL
Interactive-Web of Factors Governing Effective Natural Enemy Foraging Behavior:
Overview of Food Resources as a Critical Component by D. M. Olson, W. J. Lewis,
and K. Takasu ............................................................................................................................ 389

Impacts of Sugar Feeding on Parasitoid Behavior in the Field by Jana C. Lee and
George E. Heimpel .................................................................................................................... 398

Gustatory Acceptance, Longevity, and Utilization of Nectar and Honeydew Sugars
by Anaphes iole, an Egg Parasitiod of Lygus Bugs by Livy Williams III, Timberley M. Roane,
and J. Peirce Beach .................................................................................................................... 409
The Vegetarian Side of Carnivores: Use of Non-Prey Food by Parasitoids and
Predators by Felix L. Wäckers and Henry Fadamiro ................................................................. 420
When Does Alternative Food Promote Biological Pest Control? by Maurice W. Sabelis
and Paul C. J. Van Rijn ............................................................................................................... 428

SESSION 9: OVERVIEW OF THE ROLE OF GENERALIST PREDATORS IN BIOLOGICAL CONTROL
Overview of the Role of Generalist Predators in Biological Control
X

by Matthew H. Greenstone and Robert S. Pfannenstiel .............................................................. 438

Field Test of the Effectiveness of Ladybirds in Controlling Aphids by Pavel Kindlmann,
Hironori Yasuda, Yukie Kajita, and Anthony F.G. Dixon ............................................................. 441

Spiders in Space: How Landscape-Wide Movement of Generalist Predators Influences
Local Density, Species Richness, and Biocontrol by Martin H. Schmidt, Indra Roschewitz,
Carsten Thies, Teja Tscharntke, and Wolfgang Nentwig ............................................................. 448
The Role of Alternative Prey in Sustaining Predator Populations by James D. Harwood
and John J. Obrycki ................................................................................................................... 453

Nocturnal Predators and Their Impact on Lepidopteran Eggs in Annual Crops:
What We Don’t See Does Help Us! by Robert S. Pfannenstiel ........................................ 463
Exploring the Relationship Among Predator Diversity, Intraguild Predation, and
Effective Biological Control by William Snyder and Cory Straub ........................................ 472

SESSION 10: AUGMENTATIVE BIOLOGICAL CONTROL IN OUTDOOR ANNUAL CROPS
Artificial Diet for Rearing Trichogramma Wasps (Hymenoptera: Trichogrammatidae)
with Emphasis on Protein Utilization by Simon Grenier, Silvia M. Gomes, Gérard Febvay,
Patrice Bolland, and José R.P. Parra ........................................................................................... 480
Large-Scale Augmentative Biological Control of Asian Corn Borer Using
Trichogramma in China: A Success Story by Zhenying Wang, Kanglai He, and Su Yan .. 487

Second International Symposium on Biological Control of Arthropods

___________________________________________________________________________________

Effective Augmentative Biological Control – Importance of Natural Enemy Dispersal,
Host Location, and Post-Release Assessment by Mark G. Wright, Thomas P. Kuhar,
Joselito M. Diez, and Michael P. Hoffman .................................................................................. 495
Removal of a Predatory Bug from a Biological Control Package Facilitated an
Augmentative Program in Israeli Strawberry by Moshe Coll, Inbar Shouster, and
Shimon Steinberg ...................................................................................................................... 501

Research-Potential Versus Field-Applied Success and Use of Augmented Natural
Enemies in North American Field Crops by Kent M. Daane, Rodrigo Krugner, and
Vaughn M. Walton .................................................................................................................... 510

SESSION 11: AUGMENTATIVE BIOLOGICAL CONTROL IN GREENHOUSES
Effects of Intraguild Predation and Interspecific Competititon among Biological
Control Agents in Augmentative Biological Control in Greenhouses by Eizi Yano . 523
Implementation of Biological Control in Greenhouses in Latin America: How Far
Are We? by Vanda H. P. Bueno .............................................................................................. 531
Augmentative Biological Control in Greenhouses: Experiences from China by Li Zheng,
Yufeng Zhou, and Kai Song ........................................................................................................ 538
Compatibility Conflict: Is the Use of Biological Control Agents with Pesiticides
a Viable Management Strategy? by Raymond Cloyd ......................................................... 546
Biological Control of Whiteflies and Western Flower Thrips in Greenhouse Sweet
Peppers with the Phytoseiid Predatory Mite Amblyseius swirskii Athias-Henriot
(Acari: Phytoseiidae) by Karel Bolckmans, Yvonne van Houten, and Hans Hoogerbrugge ... 555

SESSION 12: ENVIRONMENTAL RISK ASSESSMENT OF INVERTEBRATE BIOLOGICAL CONTROL
AGENTS
Selection of Non-Target Species for Host Specificity Testing of Entomophagous
Biological Control Agents by Ulrich Kuhlmann, Urs Schaffner, and Peter G. Mason ........... 566
Host Ranges of Natural Enemies as an Indicator of Non-Target Risk by Joop C. van
Lenteren, Matthew J. W. Cock, Thomas S. Hoffmeister, and Don P. A. Sands ............................. 584

Effects of Temperature on the Establishment of Non-Native Biocontrol Agents:
The Predictive Power of Laboratory Data by Jeffrey Bale ............................................... 593
How to Assess Non-Target Effects of Polyphagous Biological Control Agents:
Trichogramma brassicae as a Case Study by Dirk Babendrier and Franz Bigler .............. 603
Tools for Environmental Risk Assessment of Invertebrate Biological Control Agents:
A Full and Quick Scan Method by Antoon J.M. Loomans and Joop C. van Lenteren ......... 611

Second International Symposium on Biological Control of Arthropods

XI

___________________________________________________________________________________

SESSION 13: PREDICTING NATURAL ENEMY HOST RANGES: STRENGTHS AND LIMITATIONS
OF LAB ASSAYS
Choice or No-Choice Tests? Effects of Experimental Design on the Expression of
Host Range by Toni Withers and Sarah Mansfield .................................................................. 620
Parasitoid Case History: An Evaluation of Methods Used to Assess Host Ranges of
Fire Ant Decapitating Flies by Sanford D. Porter and Lawrence E. Gilbert .......................... 634
A Predator Case History: Laricobius nigrinus, a Derodontid Beetle Introduced Against
the Hemlock Woolly Adelgid by Gabriella M.G. Zilahi-Balogh, Loke T. Kok, and
Scott M. Salom .......................................................................................................................... 651
Genetics: Relation of Local Populations to the Whole “Species” – Implications for
Host Range Tests by Keith R. Hopper, Angela M. I. De Farias, James B.Woolley, John M. Heraty,
and Seth C. Britch ..................................................................................................................... 665
From Design to Analysis: Effective Statistical Approaches for Host Range Testing
by Thomas S. Hoffmeister .......................................................................................................... 672

SESSION 14: LEGISLATION AND BIOLOGICAL CONTROL OF ARTHROPODS: CHALLENGES AND
OPPORTUNITIES
XII

Session 14 Introduction: Legislation and Biological Control of Arthropods:
Challenges and Opportunities by Barbara I. P. Barratt and Ulrich Kuhlmann .................... 683
Hawaii as a Role Model for Comprehensive U.S. Biocontrol Legislation: The Best
and the Worst of It by Russell H. Messing ............................................................................ 686
Harmonization of the Regulation of Invertebrate Biological Control Agents in Europe
by Franz Bigler, Antoon Loomans, and Joop van Lenteren .......................................................... 692
How Can Legislation Facilitate the Use of Biological Control of Arthropods in North
America? by Peter G. Mason, Robert G. Flanders, and Hugo A. Arrendondo-Bernal ............... 701
Regulation of the Release of Biological Control Agents of Arthopods in New Zealand
and Australia by Libby Harrison, Abdul Moeed, and Andy Sheppard ..................................... 715
International Guidelines for the Export, Shipment, Import, and Release of Biological
Control Agents and Other Beneficial Organisms (International Standard for
Phytosanitary Measures No. 3) by David C. Nowell and Glynn V. Maynard ..................... 726

Second International Symposium on Biological Control of Arthropods

