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ABSTRACT

We tested the host specificity of two South American Pseudacteon phorid flies,
P, obtusus Borgmeier and P. borgmeieri Schmitz, on North American colonies of the
red imported fire ant, Solenopsis invicta Buren, and the tropical fire ant, S. geminata
(F.). Sequential host specificity tests conducted in the laboratory indicated that P. 0b-
tusus was highly specific to S. invicta. In individual trials, 20 females attacked S. in-
victa but none attacked S. geminata. Pseudacteon borgmeieri females, in contrast,
attacked both Solenopsis species. Six of the eighteen known South American Pseudac-
teon species have now been tested for host specificity, and 4 of the 6 reveal a high de-
gree of specificity to S. invicta, thus representing good biocontrol candidates.
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RESUMEN

Se probé la especificidad de dos moscas phorid Sudamericanas, P. obtusus Borg-
meier y P. borgmeieri Schmitz, en colonias norteamericanas de la hormiga roja de
fuego importada, Solenopsis invicta Buren, y la hormiga de fuego tropical S. geminata
(F.). Pruebas secuenciales de especificidad de hospederos efectuadas en laboratorio in-
dicaron que P. obtusus fue altamente especifica a S. invicta. En pruebas individuales,
20 hembras atacaron a S. invicta pero ninguna atac6 a S. geminata. En contraste,
hembras de Pseudacteon borgmeieri atacaron a las dos especies de Solenopsis. Hasta
la fecha se ha probado la especificadad de huespedes en seis de las 18 especies Pseu-
doacteon sudamericanas conocidas. Cuatro de las seis han mostrado un alto grado de
especificidad a S. invicta, por lo cual se les considera buenos candidatos para el control
biolégico de la hormiga roja de fuego importada.

Phorid flies in the genus Pseudacteon are biocontrol candidates of pest Solenopsis
ant species (Feener and Brown 1992, Orr et al. 1995, Porter et al. 1995b). An impor-
tant component in any biocontrol program is the assessment of host specificity in the
proposed biocontrol agents (Simberloff & Stiling 1996, Samways 1997). All known
Pseudacteon species are ant parasitoids, and all Pseudacteon species that parasitize
Solenopsis ants are apparently restricted to that genus (Disney 1994, Porter et al.
1995a).

Previously, we reported on the host specificity patterns of 4 South American Pseu-
dacteon species that are known to parasitize workers in the S. saevissima complex
(which includes the red imported fire ant, S. invicta Buren and the black imported fire
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ant, S. richteri Forel) (Gilbert and Morrison 1997). In laboratory tests, three of the
four species (P. litoralis Borgmeier, P. tricuspis Borgmeier, and P. wasmanni
[Schmitz]) rarely attempted to parasitize the tropical fire ant, S. geminata (F.), a spe-
cies in the geminata complex and native to the southern U.S., but readily attacked
populations of S. invicta. In contrast, P. curvatus Borgmeier attacked S. geminata rel-
atively frequently.

At least 18 species of Pseudacteon phorid flies attack saevissima complex fire ants
in South America (Porter 1998a), and are potential candidates for fire ant biocontrol
in the U.S. Because variation does exist among species in their relative host specificity
(Gilbert and Morrison 1997), it is critical that each species under consideration be
screened before release in the U.S. This article describes the host specificity of two
Pseudacteon species, P. obtusus Borgmeier and P. borgmeieri Schmitz.

MATERIALS AND METHODS

Pseudacteon obtusus females were collected from a residential area near the Uni-
versity of Campinas (UNICAMP), Sao Paulo State, Brazil (n = 18) and near the
Reserva Ecoldgica Costanera Sur in Buenos Aires, Argentina (n = 2). Pseudacteon
borgmeieri females were obtained from roadsides in the foothills near Jundiai, Sdo
Paulo State, Brazil (n = 3), and near the Reserva Ecolégica Costanera Sur in Buenos
Aires, Argentina (n = 2). Solenopsis mounds were disturbed and aspirators were used
to collect female phorids when they attempted to parasitize exposed worker ants. All
female phorids were transferred to the containment facility at The University of
Texas Brackenridge Field Laboratory where host specificity tests were conducted. Po-
lygyne (multiple queen) colonies of S. invicta were obtained from the grounds at
Brackenridge Field Laboratory and Circle C Ranch, Travis County, Texas. Polygyne
colonies of S. geminata were obtained from Circle C Ranch and along Barton Hills
Drive in Austin, and along the Colorado River in Mills County, Texas.

The methodology of host specificity testing was exactly the same as the sequential
choice procedure described in Gilbert and Morrison (1997) for 4 other Pseudacteon
species previously tested, and complete details of the procedure can be found there.
Briefly, each female was evaluated individually by introducing it to a flight box of S.
invicta, then to a flight box of S. geminata, and finally back to a flight box of S. invicta.
If the female did not demonstrate a motivation to oviposit on S. invicta (i.e., did not
attack within 20 minutes), the trial was aborted. If the female did begin to attack S.
invicta within 20 minutes, the attack rate was recorded over a 5 minute period, begin-
ning with the first attack, and then the female was immediately transferred into a
flight box of S. geminata. After 20 minutes in the S. geminata flight box, the female
was immediately transferred back into the original S. invicta flight box. By this
method we could be certain that females that ignored S. geminata were motivated to
oviposit before and after exposure to S geminata. In each case attack rates were based
on the time between the first attack and the removal of the phorid. Once a phorid be-
gan to attack, it usually did not stop until it was removed from the tray.

The orientation time, or time elapsed between introduction of a phorid into the
flight box and the first attack on an S. invicta worker, was compared for first and sec-
ond exposures to S. invicta for P. obtusus females. A Wilcoxon matched-pairs signed-
ranks test (Daniel 1990) was used.

Tests were conducted at intervals from June 1995 to June 1998. Voucher speci-
mens of Pseudacteon spp. have been retained by the authors and deposited in the Nat-
ural History Museum of Los Angeles County, CA and the Museu de Histéria Natural,
UNICAMP, Sio Paulo State, Brazil.
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RESULTS

Pseudacteon obtusus revealed a very high degree of host specificity for S. invicta.
Of 20 females that attacked S. invicta, none attempted to oviposit on S. geminata
when transferred to a flight box containing only S. geminata. Many P. obtusus females
hovered low over S. geminata for a few minutes, but then turned away and flew near
the top of the flight box or rested on the side. Eighteen of the 20 females that initially
attacked S. invicta were transferred back to the S. invicta flight box after exposure to
S. geminata, and 14 of these 18 resumed attacking S. invicta. The attack rate per in-
dividual female on initial exposure to S. invicta was 0.94 = 0.66 attacks per minute
(mean * SD), compared with 0.98 + 0.77 attacks per minute on subsequent exposure
to S. invicta.

Total time spent with S. invicta (after the first attack) on the initial exposure for
all 20 P. obtusus females considered collectively was 129.2 minutes, in which time 111
attacks occurred, for an overall attack rate of 0.86 attacks per minute. On the subse-
quent exposure, 18 P. obtusus females collectively spent a total time of 310.4 minutes
with S. invicta and attacked 199 times, for an overall attack rate of 0.64 attacks per
minute. Twenty P. obtusus females collectively spent a total of 386.1 minutes with
S. geminata without attacking.

The orientation time for P. obtusus was 9.5 = 6.0 (mean + SD) minutes on the first
exposure, compared with 5.1 = 4.4 minutes on the second exposure. Although this dif-
ference was not significant (P = 0.20; Wilcoxon matched-pairs signed-ranks test), it
follows the pattern observed in the 4 previously tested Pseudacteon species of having
shorter orientation times on the second exposure to S. invicta (Gilbert & Morrison
1997).

In contrast, P. borgmeieri readily attacked S. geminata. Of the 5 P. borgmeieri fe-
males that attacked S. invicta, 4 (2 from Brazil and 2 from Argentina) also attacked
S. geminata. Individual attack rates were higher on exposure to S. invicta than on
subsequent exposure to S. geminata (0.63 = 0.21 [mean + SD] versus 0.22 = 0.25 at-
tacks per minute, respectively). Because P. borgmeieri frequently attacked S. gemi-
nata, this phorid species was not exposed to S. invicta a second time. Considering all
females collectively, P. borgmeieri spent 39.5 minutes with S. invicta and attacked 24
times, for an overall attack rate of 0.61 per minute. Pseudacteon borgmeieri spent 93.4
minutes with S. geminata and attacked 16 times, for an overall attack rate of 0.17 per
minute.

DISCUSSION

The rationale for the design of the testing procedure and the conservative nature
of the tests were described in detail in Gilbert & Morrison (1997). Previously, in sim-
ilar tests with other Pseudacteon species, we found that P. litoralis, P. tricuspis, and
P. wasmanni attacked S. invicta almost exclusively, with only a few oviposition at-
tempts observed on S. geminata (Gilbert & Morrison 1997). Porter & Alonso (1999) ob-
tained similar results in independent laboratory tests. A fourth species tested only by
Gilbert & Morrison (1997), P. curvatus, was found to attack S. geminata relatively fre-
quently. Complementary tests conducted in the field in Brazil confirmed the high de-
gree of host specificity of P. litoralis and P. tricuspis, both of which parasitized
saevissima complex species but ignored S. geminata (Porter 1998b).

The data reported here are directly comparable with the data presented for P. lito-
ralis, P. tricuspis, P. wasmanni, and P. curvatus in Gilbert & Morrison (1997). Overall,
P. obtusus had a lower rate of attack on S. invicta, both on an individual and collective
basis, than the 4 species previously tested. It was also characterized by a longer ori-
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entation time, in both the initial and subsequent exposures to S. invicta. Attack rates
of P. borgmeieri were the lowest of the six species tested, although the sample size for
this species was small. Like P. curvatus, P. borgmeieri often attacked S. geminata, but
attacked S. invicta more frequently (Gilbert & Morrison 1997). A summary of the rel-
ative host specificity of the 6 Pseudacteon species tested so far is presented in Table
1. The attack rate ratio illustrates, for each Pseudacteon species, the amount of para-
sitism pressure exerted on S. geminata relative to that exerted on S. invicta.

Although P. obtusus did not oviposit as frequently as the other S. invicta-specific
species tested, it may still exert significant parasitism pressure on S. invicta, and
therefore be useful in a biocontrol program, for two reasons: First, we have found a
positive correlation to exist between size of Pseudacteon species and size of worker
ants attacked (Morrison et al. 1997). Pseudacteon obtusus is a small phorid in most ar-
eas, with an average mesonotum width of 0.35 mm (Orr et al. 1997). The other three
Pseudacteon species that are known to be relatively host specific to S. invicta (P. lito-
ralis, P. tricuspis, and P. wasmanni) have average mesonotum widths ranging from
0.47 to 0.57 mm (Morrison et al. 1997, Orr et al. 1997) and are all significantly larger
than P. obtusus (Orr et al. 1997). Although we did not quantify the size of worker ants
attacked by P. obtusus, it was qualitatively obvious that P. obtusus preferred smaller
workers than the larger Pseudacteon species. Second, P. obtusus was found to be more
common along Solenopsis foraging trails than disturbed mounds in South America,
while P. litoralis, P. tricuspis, and P. wasmanni were all found predominantly at
mounds and only rarely along foraging trails (Orr et al. 1997).

Although relatively few P. borgmeieri were tested, preliminary results indicate
that this species may attack S. geminata in nature. We did not attempt to rear off-
spring from S. geminata workers parasitized by P. borgmeieri. It is possible that some
Pseudacteon species may attempt to oviposit on S. geminata but are unsuccessful (or
less successful) in inserting an egg, or offspring may not complete development in this
host. Porter & Alonso (1999), however, were able to get P. tricuspis females to attack
S. geminata workers by surrounding them with S. invicta colony odors, and reared a
single P. tricuspis to the adult stage in a S. geminata worker. Pseudacteon curvatus

TABLE 1. COMPARISON OF HOST SPECIFICITY AMONG 6 SOUTH AMERICAN PSEUDACTEON
SPECIES TESTED IN THE LABORATORY.

Number of % of females
females attacking also attacking Attack rate

Species’ S. invicta S. geminata ratio®
P. obtusus 20 0 0

P. tricuspis 25 4.0 0.001
P. litoralis 23 8.7 0.013
P. wasmanni 18 11.1 0.066
P. curvatus 20 65.0 0.301
P. borgmeieri 5 80.0 0.282

'Species are listed in order of decreasing specificity to S. invicta. Data on P. tricuspis, P. litoralis, P. wasmanni,
and P. curvatus are from Gilbert & Morrison (1997).

*Attack rate ratio is the overall attack rate (= cumulative number of attacks/cumulative amount of time all
females of the species spent in the flight box) on S. geminata / overall attack rate on S. invicta (on initial expo-
sure). (For example: an attack rate ratio of 0.3 would indicate that, over the same period of time, 3 S. geminata
workers were attacked for every 10 S. invicta workers.)



408 Florida Entomologist 82(3)  September, 1999

has also been reared to the adult stage in S. geminata (S. D. Porter, USDA-ARS,
Gainesville, pers. comm.). Thus development in S. geminata is possible for some, if not
all, South American Pseudacteon species.

Even if Pseudacteon species that attempt to oviposit on S. geminata do not fre-
quently complete development in S. geminata, the fact that these Pseudacteon species
are attracted to S. geminata and will attempt oviposition indicates the need for cau-
tion in the selection of species for biocontrol agents. This is because in general Pseu-
dacteon phorids appear to infect relatively few Solenopsis ants and thus have a very
small direct effect on mortality of their hosts (Jouvenaz et al. 1981, Morrison et al.
1997). The mere presence of Pseudacteon phorids, however, has been documented to
induce behavioral changes in Solenopsis workers, disrupting foraging efficiency and
decreasing the competitive ability of Solenopsis species relative to other ants in the
community (Feener & Brown 1992, Orr et al. 1995, Porter et al. 1995b, Morrison:
1999). Thus the major impact of Pseudacteon phorids on Solenopsis ants appears to be
mediated through behavioral changes in workers when flies are present, and exotic
Pseudacteon species that would potentially harass and attempt oviposition on S. gem-
inata could have a negative impact on S. geminata populations even if the flies do not
frequently complete development in the novel host.

Eighteen Pseudacteon species that attack S. saevissima complex workers in South
America are now known (Porter 1998a). The four Pseudacteon species that show a
strong preference for S. invicta (P. tricuspis, P. litoralis, P. wasmanni, and P. obtusus)
all have trilobed ovipositors, whereas the two that are less specific (P. curvatus and
P. borgmeieri) have an unlobed ovipositor. It remains to be seen whether this associa-
tion will hold true for all species. In limited laboratory observations of P. solenopsidis,
which has an unlobed ovipositor, we did not observe any oviposition attempts on
S. geminata (unpublished data). This species, however, exhibits an attack behavior
quite different than other South American Pseudacteon species that have been stud-
ied in this respect, and is characterized by a low attack rate (Orr et al. 1997). Further
laboratory testing of host specificity preferences will be necessary for this species. The
majority (13 of 18) of described South American Pseudacteon species have trilobed ovi-
positors (Porter 1998a).

If Pseudacteon phorid flies do prove to be effective biocontrol agents on imported
fire ants, a potential strategy would be to introduce Pseudacteon species of different
body sizes, to increase the range of worker sizes attacked (Morrison et al. 1997), and
to introduce species that attack workers at both mounds and along foraging trails
(Orr et al. 1997). Pseudacteon obtusus would be a welcome addition to the known ‘ar-
senal’ of larger, disturbed mound Pseudacteon species that are highly specific to S. in-
victa (P. litoralis, P. tricuspis, and P. wasmanni).
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