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ABSTRACT We studied the oviposition behavior and larval development of Pseudacteon
phorid flies, which are parasitoids of Solenopsis fire ants. Four South American Pseudacteon
spp., P. litoralis Borgmeier, P. tricuspis Borgmeier, P. wasmanni (Schmitz) and P. curuatus
Borgmeier (which attack S. invicta Buren), and 2 North American Pseudacteoll spp., P. browni
Disney and P. crawfordi Coquillett (which attack S. geminata [F.]), were evaluated. In laboratory tests, larger Pseudacteon spp. attacked larger Solenopsis workers. The mean worker size
preferred was significantlylarger than the colony mean worker size for all but the smallest
phorid species, P. curuatus, which preferred workers significantly smaller than the colony
mean. Within Pseudacteon spp., larger females preferred larger workers, but this relationship
was significant only for the 2 North American species. Natural parasitism rates of Solenopsis
workers by the 2 North American Pseudacteon spp. in the fieldwere low (0-2.42% per colony),
but >90% of the overall size range of worker ants showed evidence of parasitism. Between
U.8 and 31.0% of apparent ovipositionattempts resulted in successfulparasitism. Mean larval
development times ranged from 13.0 to 18.4 d at 30°C and were shorter for North American
species. Larval stages required 24.8--36.5%longer to develop at 25°C than at 30°C. Mean
pupal development times ranged from 15.6 to 18.7 d at 30°C. In general, larger Pseudacteon
spp. had longer larval and pupal development times. Overall, North and South American
Pseudacteon spp. were similar in terms of oviposition behavior and development.
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ducing S. invicta populations. Their life history has
been described (Porter et al. 1995a), proving that
they are, in fact, parasitoids of fire ants. Studies of
responses of Solenopsis fire ants to Pseudacteon
phorids indicate that colony-level foraging behavior is disrupted in the presence of phorids (Feener
and Brown 1992, Orr et al. 1995, Porter et al.
1995b; L.W:M. and L.E.G., unpublished data).
This indirect effect of phorids may have a much
greater impact on Solenopsis populations than the
direct effect of host mortality. Additionally, Pseudacteon spp. have been found to be very specific
to individual Solenopsis spp. or species complexes
(Disney 1994, Porter et al. 1995c; Gilbert and
Morrison 1997).
Despite these recent findings, much still remains to be discovered concerning the biology of
Pseudacteon phorids and how they interact with
Solenopsis ants. For example, the larval development of Solenopsis-attacking Pseudacteon spp. has
been described for only 2 South American species
(Porter et al. 1995a, 1997a), although 23 PseudacI Currentaddress:Departamento
de Zoologia/LIIP,
Universidade Estadualde Campinas,CaixaPostal6109, Campinas,Sao teon spp. are known to attack Solenopsis spp. (Disney 1994). Several observations suggest that PseuPaulo13083-970, Brazil.

THE PHORIDAEIS one of the most biologically diverse families on earth, yet relatively little is known
about this group of minuscule flies (Disney 1994).
Phorids in the genus Pseudacteon have been suggested as potential biological control agents for the
red imported fire ant, Solenopsis invicta Buren, in
the southeastern United States. Early evaluations
of Pseudacteon phorids as biocontrol agents in the
1970s, however, were not very favorable. Although
Pseudacteon phorids had been observed apparently
ovipositing on worker ants in the Solenopsis saevissima complex, attempts to rear adults and dissect out developing larvae failed (Williams et al.
1973). The fact that parasitism could not be proven
and the observation that Pseudacteon phorids attacked relatively small numbers of worker ants led
to the conclusion that Pseudacteon spp. were of
"dubious value" as biocontrol agents (Jouvenaz et
al. 1981).
Recent work has led to renewed optimism, however, that Pseudacteon spp. may be effective in re-

0046-225X197/0716-0724$02.00/0

© 1997

Entomological
Societyof America

June 1997

MORRISON ET AL.: OVIPOSITION BEHAVIOR OF

Pseudacteon

PHORIDS

717

surface to observe the flies and ants easily. The
dacteon spp. preferentially attack the largest
Solenopsis workers (Feener 1987, Williams and sides of the trays were covered with Fluon (polyBanks 1987, Porter et al. 1995a), and that parasite tetrafluoroethylene; ICI Fluoropolymers, Exton,
pressure is confined to a certain size class of work- PA), which prevented workers from scaling the
ers, but it is not known how or if this varies among walls, but it still allowed £lies to perch on them to
some extent. A test tube of water was added to
Pseudacteon spp.
Elucidation of such aspects of Pseudacteon bi- . each tray to prevent desiccation of the ants. A test
ology is critical to the intelligent design of a bio- tube of sugar-water and 4 frozen crickets were
control program for S. invicta in the United States. added to each tray to allow the ants to forage, and
In this article, we address the following 4 ques- to prevent workers from clumping together. Fluotions: (1) How is the size of Pseudacteon phorids
rescent lights placed =30 cm above the top of each
(both among and within species) related to the size tray provided illumination. All trials were conductof Solenopsis workers they attack? (2) How high ed at =25°C.
Head width (measured as the width of the head
are natural parasitism rates of Pseudacteon spp. in
Solenopsis ants and what proportion of the overall capsule across the lower margin of the eyes) was
size range of workers show evidence of parasitism? used as an indicator of worker ant size, because
(3) What percentage of apparent attacks by Pseu- Pseudacteon spp. pupate in the head capsule (Pordacteon spp. actually result in successful oviposi- ter et al. 1995a). Phorid mesonotum width was
tions? (4) How do various North and South Amer- measured at its widest point, and used as an indiican Solenopsis-attacking
Pseudacteon
spp. cator of phorid size for interspecific comparisons.
compare in terms of oviposition behavior and de- Phorid wing length was measured as the length of
the outstretched wing from the base to the apex
velopment?
and used as an indicator of phorid size in intraspecific comparisons. All phorids measured were adult
Materials and Methods
females. (Keys to phorid identification are based
largely on ovipositor morphology, and correspondSix Pseudacteon species were studied. P browni
Disney and P crawfordi Coquillett are native to ingly males of many species are currently unidenNorth America and are hereafter referred to col- tifiable.) Measurements were made using an ocular
micrometer calibrated in 0.02-mm increments on
lectively as natives. P litoralis Borgmeier, P tricuspis Borgmeier, P wasmanni (Schmitz), and P
a dissecting microscope.
In each trial, =500 worker ants (representing
curvatus Borgmeier are South American species
and are hereafter referred to collectively as exotics. the natural range of size variation found in these
P browni and P crawfordi were collected at Circle polymorphic species) were placed in a flight box
along with a single Pseudacteon female. Ants that
C Ranch, 5 Ion south of Austin, TX, and at the
Austin Nature Center near Town Lake. P litoralis,
were attacked were removed immediately from the
P tricuspis, and P curvatus were collected from a £light boxes and transferred to smaller trays. Durresidential area near the University of Campinas ing the phorid larval development period, worker
ants were kept at 25 or 30°C, depending on the
(UNICAMP), Sao Paulo State, Brazil. P wasmanni
was collected along roadsides in the foothills near treatment, and =70% RH. They Werejrovided
Jundiai, Sao Paulo State, Brazil. All native Pseu- with water and sugar-water solutions a libitum
dacteon spp. were tested with polygynous (multiple and fed frozen crickets every other day. After puqueen) colonies of the native fire ant, S. geminata
pariation, all pupae were maintained at 30°C and
=75% RH.
(F.), which were obtained from Circle C Ranch
and along Barton Hills Drive in Austin. All exotic
Ant head capsules from which £lies did not
Pseudacteon spp. were tested with polygynous col- emerge were dissected to determine if there was
onies of S. invicta, which were obtained from Cir- evidence of phorid parasitism. Eggs and early incle C Ranch. We studied native Pseudacteon spp. stars are very small and difficult to find (Porter et
al. 1995a). For the purposes of calculating success
from May to October 1995, and exotic Pseudacteon
rates, we considered parasitism to have occurred
spp. from November 1995 to April 1996.
All observations of Pseudacteon spp. oviposition only if the last instar or pupa was present. Thus,
behavior were conducted in the University of Tex- our parasitism rates are conservative and represent
as' Brackenridge Field Laboratory containment fa- minimum rates.
Mean worker size varies among colonies in S.
cility. Phorids were put inside £light boxes, which
were white plastic trays (51 by 39 by 15 cm; Panel invicta (Greenberg et al. 1985, TschinkeI1988). To
Controls, Detroit, MI). Trays were covered with compare mean head widths of attacked workers to
hinged glass covers to allow fly introduction and the colony mean, random subsamples of workers
removal. Foam weather-stripping (20 by 5 mm; were collected from each colony used in our labFrost King, Los Angeles, CA) was adhered to the oratory experiments, and head widths were measured.
glass where it met the top of the tray to prevent
To determine natural rates of native Pseudacteon
escapes. A layer of sand (Play Sand; Quikrete, Atlanta, GA) was added to provide a nonslippery sub- parasitism, several hundred to a few thousand S.
strate for the ants to walk across and a light colored geminata workers were collected from each of 10
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polygynous colonies. Collections were made from
5 colonies at Circle C Ranch and 5 colonies at the
City of Austin's Indian Grass Prairie Preserve on
the north shore of Walter Long Lake. Ants were
collected by placing open containers (13 by 13 by
3 em) with their inner walls coated with Fluon
around the perimeter of the mounds. Workers
were kept in the laboratory at 30°C and 75% RH,
provided with water and sugar-water solutions, and
fed crickets every other day. Dead workers were
dissected and examined for evidence of Pseudacteon larvae or pupae for a period of 30 d. (Larval
development times in previous observations were
all <30 d.) Cases of confirmed parasitism refer to
ant head capsules that were dissected and found
to contain Pseudacteon pupae. A small number of
head capsules were hollow, and they were either
missing mouth parts or apparently had been cut
open by other ants. These heads could have contained Pseudacteon larvae or pupae at some point.
We have observed Pseudacteon individuals at the
pupariation stage abort development and actually
crawl out of the worker's mouth. Porter et al.
(1995a) reported that a developing Pseudacteon
larva was cut out of the head capsule by other
workers and killed. Cases of maximum parasitism
include these suspiciously empty head capsules.
Nonparametric
analyses (Mann-Whitney
and
Kruskal-Wallis tests; Daniel 1990) were used on
most data sets because plots of frequency distributions indicated deviations from normality. Success rate data were arcsine square-root transformed and analyzed with a t-test and a I-way
analysis of variance (ANOVA). The sequential Bonferroni method (Rice 1989) was used to control the
group-wide type-I error rate when multiple comparisons were made on the same data set of head
widths of workers from Indian Grass.
Voucher specimens of Pseudacteon spp. have
been retained by the authors and deposited in the
Natural History Museum of Los Angeles County,
California, and the Museu de Hist6ria Natural,
UNICAMP, Sao Paulo State, Brazil.
Results
Oviposition Behavior. Both native and exotic
Pseudacteon spp. readily oviposited on Solenopsis
workers in our laboratory set-up. Oviposition behavior observed in our laboratory colonies was not
qualitatively different from that observed in the
field. We even observed matings (of both natives
and exotics) when males and females of the same
species were placed together in flight boxes.
All Pseudacteon spp. that we tested oviposited
on multiple workers. Numbers of apparent oviposition attempts varied greatly among individual
phorids. Once oviposition began, some individuals
only attacked a few workers, whereas others were
observed to attack> 100 times in a single egg-laying bout (defined as the time from the 1st attack
to the time at which the phorid lost interest and
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began displaying a distinctively different behavior
[e.g., perching]). Phorids that showed a lack of interest in the ants and attacked few workers often
displayed signs of injury or fatigue. In most trials,
phorids were removed from the £light boxes before
they lost interest and stopped attacking. The ranges of oviposition attempts for apparently healthy P.
tricuspis and P. litoralis that were allowed to attack
until they lost interest are presented in Fig. 1. As
the total number of oviposition attempts per egglaying bout increased, so did the rate of attack
(number of oviposition attempts per minute) (Fig.
2). Additional data on attack rates of exotic species
is presented elsewhere (Gilbert and Morrison
1997).
Pseudacteon browni was significantly larger than
P. crawfordi, based on mesonotum width. The 4
exotic species also displayed significant interspecific size variation (Table 1). The size of worker ants
attacked, as measured by head width, varied between both native and among all exotic species. P.
browni attacked significantly larger workers than P.
crawfordi, and both species attacked significantly
larger workers than the colony mean. Among the
exotics, each species attacked significantly different
sized workers than every other species. P. curuatus
attacked workers signiRcantly smaller than the colony mean, whereas the other 3 species attacked
workers significantly larger (Table 1).
Larger Pseudacteon spp. attacked larger workers. This was true for both native and exotic species (Fig. 3). Within species, larger females, as
measured by wing length, attacked larger workers,
but this relationship was significant for only the 2
native Pseudacteon spp. (Table 2).
Natural Parasitism Rates. Examination of 10
S. geminata colony subsamples for infected workers revealed more information about Pseudacteon
spp. oviposition activity under natural conditions.
P. browni and P. crawfordi were present at both
field sites, but P. browni was always more abundant
(79% [n = 75] of the females captured at Indian
Grass and 76% [n = 33] of the females captured
at Circle C were P. browni). The percentage of
workers infected naturally ranged from 0.54 to
2.42% per colony (confirmed parasitism; 1.063.05% maximum parasitism) at Indian Grass and 0
to 1.23% per colony (confirmed parasitism; 0.181.64% maximum parasitism) at Circle C (Table 3).
At only 1 of the 5 colonies from Circle C were
confirmed infected head widths significantly larger
than mean colony head widths (Table 3). (Using
maximum instead of confirmed parasitism changed
statistical significance for colony 4, which became
significant at P = 0.01.) Because there were so few
infected workers (n = 8 confirmed) in the samples
from Circle C, data from the 5 colonies were combined to compare head widths in infected workers
versus the colony mean. Mean colony head widths
varied little among colonies at Circle C (Table 3).
The mean head width of confirmed infected workers was significantly larger than the mean colony
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Fig. 1. Frequency distributions of ovipositionattempts per egg-layingbout by P. litoralis (A) and P. tricuspis (B).
Mean number of minutes per egg-layingbout for each intelValare given above the corresponding bar for that intelVal.

head width for all colonies combined (0.86 versus
0.71 mm; P = 0.003, Mann-Whitney test; using
maximum instead of confirmed parasitism did not
change the significance).
At Indian Grass, the smallest confirmed infected
head width measured 0.62 mm, and the largest
measured 1.20 mm. Only 2.21 and 0.74% of the
workers in the random subsamples from the 5 colonies were smaller and larger, respectively, than
this range of infected head width sizes. Similarly,
at Circle C, the smallest confirmed infected head
width was 0.64 mm (8.45% in the random subsampIe were smaller), whereas the largest was 1.14
(only 0.70% were larger).
Overall, mean head width of workers in random
samples of colonies was significantly larger at Indian Grass than at Circle C (0.74 versus. 0.71 mm,
respectively; P = 0.001, Mann-Whitney
test).
Mean head width of confirmed infected workers
was larger at Circle C than at Indian Grass, but
not significantly (0.86 versus 0.77 mm, respectively; P = 0.1164, Mann-Whitney test).
Development. Not all apparent oviposition attempts resulted in parasitized workers. For both
native species, mean success rate (number of parasitized workers + number of apparent oviposi-

tions) was =25%. Mean success rates for exotic
species were lower, ranging from 11.8 to 18.5%
(Table 4). There was considerable intraspecific
variation in success rates as evidenced by the relatively large standard deviations and ranges. There
were no significant differences between success
rates for the 2 native species (t = 0.252, df = 19,
P = 0.8039; 2-tailed t-test) or among success rates
for 3 exotic species tested (F = 0.802; df = 2, 25;
P = 0.4597; I-way ANOVA).
Overall, attacks varied in the degree of their intensity, and some individual phorids were observed
to attack the same worker multiple times, an indication that the phorids were aware some attacks
did not lead to successful ovipositions. Phorids
rarely had opportunities to attack the same worker
multiple times, however, because of interference
from other workers resulting from high worker
densities in the trays. To determine maximum success rates under less dense conditions (i.e., when
a phorid can pursue an individual worker for an
extended period without interference from other
workers, which may represent a more natural situation), we put 10 or fewer major workers in with
P litoralis (which prefers very large workers, Table
1). Each worker was allowed to be attacked, some-
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Fig. 2. Attack rates of individualphorids, as a function of the number of ovipositionattempts recorded in a single
egg-layingbout. Open squares, P. tricuspis; open circles, P. litoralis.

times repeatedly, until it eventually was knocked
over on its side and visibly stunned, and the phorid
began pursuit of a new potential host. Of 100 major workers attacked by P litoralis in this manner,
31 were found to be infected.
Larval development times, defined as the time
from oviposition to pupariation, ranged from 13.0
to 18.4 d at 30°C (Table 5). In general, exotic species displayed longer larval development times
Table 1. Mesonotum width of native and exotic Pseudacteon spp. and head width of Solenopsu workers attacked

Species

P. browni
P. cmwfardi

Phorid
mesonotum
width, mm

Worker head
width, mm

n

0.45 :!::0.06"
0.36 :!: 0.03

0.90:!: 0.20A
0.75 :!: 0.15B
0.68 :!: O.lOC

272
58
331

0.55
0.50
0.48
0.33

1.02
0.93
0.77
0.66
0.71

130
543
76
159
253

Random
P. litara/is
P. tricuspis
P. wasmanni
P. cun.:attlS
Random

:!::0.05A
:!::O.04AB
:!::0.03B
:!::O.04e

:!: 0.17A
:!: 0.19B
:!::0.15C
:!::O.lIE
:!::0.120

Measurements for phorid mesonotum width and worker head
width are given as mean:!:: SO; n = 15 for mesonotum width for
each Pseudactean species. A multiple comparison procedure following a Kruskal-Wallis test was used for comparisons of phorid
mesonotum width among the 4 exotic species and comparison of
worker head widths for both groups of species. Different letters
represent significant differences at an experimentwise error rate
of a = 0.15 (see Daniel 1990). Random, a random subsample of
workers from the colonies attacked.
a Difference in mesonotum width between P. browni and P.
crawfami was significant at P = 0.0001 (Mann-Whitney test).

than native species, and larger species (see Table
1) required more time to reach pupariation than
smaller species. Larvae developed more slowly at
25°C than 30°C for 2 species reared at both temperatures. The larval development time for P
browni at 25°C was 16.6 ± 2.9 d (mean ± SD; n
= 30; P = 0.0001, Mann-Whitney test), 24.8% longer than at 30°C; the larval development time for
P tricuspis at 25°C was 21.7 ± 2.5 d (mean ± SO;
n = 11; P = 0.0001, Mann-Whitney test), 36.5%
longer than at 30°C.
Pupal development times, defined as the time
from pupariation to emergence, were obtained for
P litoralis, P tricuspis, P browni, and P crawfordi
at 30°C. Pupal development times overlapped for
exotic and native species, although within each
group larger species required significantly more
time to emergence (Table 5).
DiscWlsion
Oviposition Behavior. Past studies of Pseudacteon phorids, both in the field and in the laboratory, have consisted of working with groups of
Pseudacteon females (often of multiple species) all
attacking Solenopsis ants at once (i.e., Feener
1987; Williams and Banks 1987; Pesquero et al.
1995; Porter et al. 1995a, c, 1997a). Although this
may be unavoidable in the field, the inability to
keep track of individual phorids and the ants they
attack results in the loss of potentially important
data. Our methodolOgies, although more time-consuming and labor intensive, allowed us to easily
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Table 2. Regressions of attacked worker ant size (as
measured by head width) on size of attacking phorid (as
measured by wing length)

1

.~

11~ 0.9
-=.•..

=~ 0.8
• P. wasmanni

~
...o

n
/I
(Hies)" (attaeks)b

Species

Slope

r

p

P. browni
P. crawfordi

0.419
0.506

0.476
0.906

0.039
0.002

19
8

1]7

P. litoralis
P. tricuspis
P. u;as11Ulnni
P. curoatus

0.087
0.266
0.394
0.186

0.205
0.475
0.428
0.235

0.63
0.09
0.47
0.51

8
14
5
10

llO

272

516
76
300

Mean size of attacked worker was determined for eaeh phorid
female and used as the dependent variable in the regressions.
" Number of individual females of each species tested.
b Total number of workers attacked by all females of {'aeh species.

~ 0.7

=~~

~ 0.6

0.3

0.4

0.5

0.6

Mean phorid mesonotum width (mm)
Fig. 3. Mean head width of Solenopsis worker attacked (y) as a function of mean mesonotum width of
variousPseudacteoll spp. (x). The equationfor the line is
y = 0.20 + 1.43 (SE = 0.35) x (~ = 0.81, F = 17.016,
P = 0.01,/1 = 6).

keep track of individual phorids over long periods
and elucidate important details of Pseudacteon biology.
It has been noted by several investigators that
Pseudacteon phorids selectively attacked larger
than average Solenopsis workers. Feener (1987)
found that P. crawfordi attacked larger than average S. geminata workers (0.74 versus 0.70 mm,
head width measured across the lower margin of
the eyes) in Texas. In Brazil, Williams and Banks
(1987) reported that P. obtusus preferentially attacked major workers of S. invicta, and Porter et
al. (1995a) found that P. litoralis parasitized relatively large S. invicta workers (1.19 mm head
width; although Porter et al. [1995a] did not obtain
a mean head width for the colonies they studied,
they estimated mean head width to be ""'0.7 mm,
based on Porter and Tschinkel [1985]).
The generalization that all Pseudacteon phorids
prefer larger than average size Solenopsis workers,
however, does not hold true for all species. Our
results reveal that the size of workers preferred
varies with the size of the Pseudacteon spp., with
larger Pseudacteon spp. preferring larger workers.
Smaller Pseudacteon spp. may prefer smaller than
average size workers, as P. curoatus did in this
study.
The fact that individual Pseudacteon sPf' may
display preferences for a certain size class 0 workers, however, should not be interpreted as meaning
a large proportion of the workers in a colony are
safe from phorid attacks. We found that although
only 2 Pseudacteon spp. parasitized S. geminata in
central Texas, >90% of the workers at one site and
>97% of the workers at another fell into the size
range of workers that were infected naturally. Additionally, the size range of workers attacked by any

1 species cannot be too narrow, because recently
we have found that sex in Solenopsis-attacking
Pseudacteon phorids is determined by the size of
the head capsule of the infected worker, with larger workers producing female phorids (L.W:M. and
L.E.G., unpublished data).
It is of interest that individual Solenopsis species
support multiple Pseudacteon species. Over the
course of this study, P. browni and P. crawfordi
were often found at the same S. geminata populations in central Texas. In Brazil, P. litoralis, P.
tricuspis, P. curoatus, and additional Pseudacteon
spp. not evaluated in the laboratory were often
found in the same area. Specializing on workers of
different sizes may be 1 way that multiple Pseudacteon spp. are able to coexist on the same host
ant species. Disney (1994) lists 22 ant species for
which records exist of parasitism by Pseudacteon
spp. (Disney actually lists 24 species, but 2 of these
records are spurious [Porter et al. 1995c].) Of the
17 ant species that are host to a SinglePseudacteon
species, 14 are monomorphic and 2 are only weakly polymorphic (S. Cover, MCZ, Harvard, personal
communication). In contrast, 5 Solenopsis species
(all polymorphic) host an average of 6.2 Pseudacteon spp. per ant species. (This is actually an underestimate, in part resulting from changes in Solenopsis taxonomy: Disney only lists 1 Pseudacteon
species on S. invicta and 4 on S. nchten. S. invicta
and S. richteri were considered varieties of S. saevissima until 1972 [Buren 1972]; most of the records listed in Disney were obtained before 1972.
At least 8 of the Pseudacteon species associated
only with S. saevissima according to Disney are
now known to attack S. invicta as well [P. borgmeieri, P. curoatus, P. litoralis, P. nudicomis, P.
pradei, P. solenopsidis, P. tricuspis, and P. wasmanni;
Porter et al. 1995c; L.W.M. and L.E.G., unpublished data], and may attack additional species
within the S. saevissima complex.) Pseudacteon
spp. may also partition resources along other axes,
such as being active at different times of the day,
as documented by Pesquero et al. (1996) for P.
litoralis and P. tricuspis.
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Table 3. Percentages of S. geminata workers naturally infectcd by native P.eudacteon spp., and mean worker
head widths for colony versus infected workers

Table 4.

Species
No.
Colony

]

2
3
4
5
6
7
8
9
10

workers

examined
1.718
2,169
1,307
786
735
543
487
736
475
529

%
COIl-

firmed
parasitiSlll

1.80
1.01
1.07
2.42
0.54
0.18
1.23
0.14
0.00
0.19

%
max
parasi-

tism
2.10
1.06
1.30
3.05
2.04
0.18
1.64
0.27
0.21
0.19

Mean
colony
head
width,
111111

0.70
0.73
0.75
0.71
0.79
0.70
0.72
0.72
0.71
0.69

Mean
infected
head
width.
mm
0.82
0.75
0.74
0.73
0.77

P

0.00010
0.44
0.65
0.08
0.70

Colonies 1-5 are from Indian Grass, colonies 6-10 are from
Circle C. To calculate mean colony head width, ""50 workers were
collected randomly from each colony at Indian Grass, ""30 at Cir-
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Success rates for 5 P.eudacteon spp.

Success rate

P. brown;
P. crawford;

0.251
0.257

:!:

P. litoralis
P. tricuspis
P. u:asmann;

0.164
0.185
O.llS

:!:

:!:

:!:
:!:

n

/I

Min.
(fl' )0 (atles hlL'ksjl'

M'LX

0.192
0.331

IS
3

359
50

0
0

0.57
0.6:3

0.108
0.121
0.084

9
14
5

12]
471
71

0
0.04
0

0.33
OA4
0.20

Rates are given as mean :': SD.
o Number of individual phorids of ••aclt SPl'l'i••s tt·sh·d.
b Total number of workers attacked by each sp••ci••s.

It is of interest that the rate of attack increased
with the total number of oviposition attempts in P
tricuspis and P. litoralis. This pattern may reveal
clues to the physiological state of individual females. Presented with an abundant supply of po-

cle C. P values were calculated "vith a Mann-\Vhitney test and

tential hosts, females with more eggs may attack

refer to confirmed parasitism. See text for explanation of confirmed versus maximum parasitism.
o Significant at", = 0.05 when the sequential Bonferroni method
is used; in this case, 5 comparisons were made from the same
data set.

more workers and may attack more frequently. Alternatively, some females may be less successful
than others in their oviposition attempts, requiring
more attempts to deposit successfully the same
number of eggs, and spending less time between
unsuccessful than successful attacks.
Reactions of individual workers after being attacked by Pseudacteon phorids have been described by Porter et al. (1995b) and are similar to
what we observed in our laboratory colonies, for
both S. invicta attacked by exotic phorids and S.
geminata attacked by native phorids. Feener
(1987) described a curled defensive posture exhibited by a large proportion of S. geminata foragers
when P. crawfordi was in the area. Porter et aI.
(1995b) observed this same defensive posture in
=50% of their laboratory colonies of South American S. invicta under attack by exotic Pselldacteon
spp. We observed defensive posturing to be common in laboratory S. geminata colonies under attack by both native Pseudacteon spp., but rare in
laboratory S. invicta colonies under attack by exotic Pseudacteon spp. It is possible that after 5 decades of evolution in the United States in the absence of S. invicta-specific
Pselldacteon spp.,
North American S. invicta may have lost this instinctive response to some degree.
Development.
In the 2 native species, only
=25% of the apparent ovipositions resulted in development to at least a late instar. Success rates
were lower in the exotic species, but could be the
result of stress associated with the 24-60 h spent
in collection tubes during transit from our field
sites in Brazil to our laboratory in Texas. Additionally, the time of day at which we tested exotic phorids in Texas may have been inconsistent with their
optimal activity periods based on circadian
rhythms (Pesquero et al. 1996). The 31% success
rate we observed for P. litoralis in low worker densities is similar to the 35% success rate reported
for P. litoralis attacking S. invicta in Brazil (Porter
et al. 1995a). Porter et al. (1995a) discussed pos-

Differences in phorid body size and behavior,
however, may be affected by factors other than interspecific competition for ant hosts. The low natural rates of parasitism observed in this study suggest that ant hosts may not be a limiting resource
to Pseudacteon spp. Yet the majority of workers in
a colony may not be available for oviposition, because of defensive behaviors such as retreating underground and curled body posturing while phorids are in the area (Feener and Brown 1992, Porter
et al. 1995b). Currently, little is known about the
natural history of Pseudacteon spp., including the
factors that limit population size.
In general, we observed similar attack behaviors
in all species studied. Phorids approached workers
from the side and oviposited into the thorax. All
species attacked very quickly «1 s), except P.
crawfordi, some (but not all) individuals of which
took 1-2 s to oviposit (compare Feener 1987 and
Porter et al. 1995b), There were apparent differences among the Pseudacteon spp. in their preoviposition behavior, but this was not quantified.
One species that we did not study in depth, P. solenopsidis (Schmitz), is different from those studied and approaches a worker from the front, often
harassing and pursuing it for an extended time before finally ovipositing in the side of the thorax
(Orr et al. 1995). It remains possible that some
Pseudacteon spp. may display distinctively different oviposition behaviors. For example, an oviposition at the base of the head capsule of S. invicta
by P. obtusus Borgmeier has been reported (Williams and Banks 1987), although we have not observed this in thousands of field and laboratory attacks of numerous Pseudacteon spp., including P.
obtusus.
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LlIrval lind pupal development times (mean ± SD) for nlltive lind exotic Pseudacleon spp. reared at 30·C
Larval
devplopment

P./itOnl/is

Pseudacteon

18.4 ::': 2.0A
16.6::': 2.0AB
15.9 :!: 2.4B
14.6 :!: 1.lBC
13.3 :!: 2.6C
13.0 :!: 1.7C

Pupal
development
time

n

Min.

Max

18.7 :!: 1.5A

43

15

23

17.2 ::': 1.6B

22

15

22

18.7 ::': 1.3A
15.6 :!: 0.5B

17
5

16
15

21
16

A multipl •• comparison procpdure following a Kruskal-Wallis test was used for all comparisons of larval and pupal development times.
DifTt'rt'nt Idtt'rs reprpspnt significant difTerences at an expprimentwise error rate of a = 0.15 (see Daniel 1990).

sibilities of why all attacks do not lead to infected
workers.
The egg batch size (number of eggs matured
and laid in a single bout) in the family Phoridae
varies from 1 to 100, depending on the species and
condition of the female (Disney 1994). The maximum number of successful ovipositions from a single female in a single egg-laying bout was 23 for
P tricuspis (in ""40 min) and 24 for P litoralis (in
""45 min). Total fecundity in Pseudacteon spp. is
unknown, as is the hfe-span of adults. (Adults usually live < 1 wk in the laboratory, but may live longer in nature.)
In all Pseudacteon spp. studied, pupae developed in the head capsule of the ant, usually causing decapitation of the host. Larval development
time varied with temperature, with higher temperatures leading to faster development. This is probably also true of pupal development time, although
we did not test this directly. Porter et al. (1995a)
reported a mean larval development time of 22 d
and a mean pupal development time of 24 d for P
litoralis reared at 23°C (compare with Table 5).
Implications for Biocontrol. Our results, along
with other studies cited herein, hold several important implications for the intelligent design of
any biocontrol program utilizing Pseudacteon
phorids. Similarities in the oviposition behavior
and developmental stages of native and exotic
Pseudacteon spp. suggest that the exotic species, if
introduced, would interact with S. invicta in a similar manner that native species interact with S.
geminata. The effect of native phorids on S. geminata is to disrupt their foraging behavior and reduce food retrieval rates (Feener and Brown 1992;
L.\V.M. and L.E.G., unpublished data). It is likely
that South American Pseudacteon spp. would be
able to survive in North America in areas that are
similar in climate to their native ranges in South
America. Although the exotic species we studied
were collected near the tropic of Capricorn, many
Pselldacteon spp. (including P litoralis, P tricuspis,
and P cllrvatlls) extend farther south, to at least
35°S latitude, where the climate is more temperate
and similar to that of the S. invicta-infested southeastern United States. (The northern limit of S.
invicta's range in the United States is ""35° N latitude.) Porter et al. (l997b) found that climatic

conditions in areas inhabited by S. invicta in North
America were very similar to areas inhabited by
Solenopsis spp. in the saevissima subcomplex (primarily S. invicta) in South America.
It appears that the introduction of multiple exotic Pseudacteon spp. of different body sizes is
preferable to the introduction of a single Pseudacteon spp. and should increase the overall size range
of worker ants attacked. Two or 3 species may be
all that are needed, however, to bring the vast majority of worker ant sizes under attack. Research
on other axes along which Pseudacteon spp. partition resources (i.e., complementary diurnal activity
patterns) may suggest appropriate combinations of
species that would put maximum parasitoid pressure on the red imported fire ant.
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