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ABSTRACT The phorid ßy, Pseudacteon tricuspis Borgmeier, has been released for biological control
of red imported Þre ant, Solenopis invicta Buren, in many parts of the southern United States. However,
little is known about the nutritional ecology and the effects of environmental and physiological factors
on lifespan of adult phorid ßies under laboratory or Þeld conditions. Here we report the effects of sugar
feeding, temperature, gender, mating, and body size on longevity of P. tricuspis. Sugar availability and
temperature were the two major factors inßuencing longevity. In general, sugar feeding increased
lifespan by a factor of 2Ð3. Longevity of P. tricuspis was inversely related to temperature, and the
greatest longevity (⬇15 d) was recorded for sugar-fed ßies kept at 20⬚C. Longevity declined from ⬇15
d at 20⬚C to 4 d at 33⬚C for sugar-fed females and from 7 d at 20⬚C to 2 d at 33⬚C for sugar-starved females.
Similar results were obtained for male P. tricuspis, and gender or mating did not signiÞcantly inßuence
longevity. There was no signiÞcant difference in longevity between mated and unmated female and
male ßies, irrespective of diet and temperature. Gender, however, had a signiÞcant effect on wing
length with females being larger than males. A positive correlation between wing length and longevity
was recorded for sugar-starved female and male phorid ßies kept at 20⬚C and for sugar-starved males
kept at 28⬚C, but not for sugar-fed ßies or ßies exposed to high temperatures. These results suggest
that provision of supplemental sugar sources and suitable microclimate near its release sites may
enhance the success of P. tricuspis as a biological control agent.
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DECAPITATING PHORID FLIES IN the genus Pseudacteon
(Diptera: Phoridae) have received considerable attention in the last decade as possible classical biocontrol agents of imported Þre ants, Solenopsis spp. (Hymenoptera: Formicidae) in the United States (Feener
and Brown 1992, Orr et al. 1995, Gilbert 1996, Porter
et al. 1995a, Porter and Alonso 1999). After successful
development of rearing procedures, two species of
phorid ßies, P. tricuspis and P. curvatus, were selected
for mass production and release in southern United
States (Pesquero et al. 1995, Porter et al. 1997, Porter
2000, Graham et al. 2003, Vogt and Streett 2003). Since
their Þrst release in Texas in 1995 (Gilbert 1996),
phorid ßies have also been released in Florida, Alabama, and other parts of the southern United States
(Porter 2000, Graham et al. 2003). Several aspects of
the biology of phorid ßies and their potential to control imported Solenopsis Þre ants have been studied
(reviewed by Porter 1998, Morrison 2000), and attempts are currently being made to monitor and evaluate the establishment and impact of phorid ßies at
1 Corresponding author: Department of Entomology and Plant Pathology, 301 Funchess Hall, Auburn University, Auburn, AL 36849
(e-mail: fadamhy@acesag.auburn.edu).

various release sites. However, several pertinent questions remain unanswered regarding the biology and
ecology of phorid ßies. For instance, little is known
about adult activity and life span of Pseudacteon spp.
under laboratory or Þeld conditions, and the effects of
environmental and physiological factors on lifespan
and reproduction have not been examined.
One major factor that can impact the Þeld efÞcacy
of parasitoids released in biological control programs
is the longevity of adult parasitoids. Increased longevity could potentially enhance biological control performance of parasitoids by increasing fecundity
through an increase in searching time for suitable
hosts and/or increase in egg maturation (Heimpel and
Jervis 2005). Parasitoid species with a synovigenic life
history strategy, in particular, could beneÞt from an
increased lifespan commonly associated with provision of food resources because more time is available
for egg maturation (Jervis et al. 2001, Heimpel and
Jervis 2005).
Apart from genetics, several environmental and
physiological factors are known to inßuence the lifespan of adult parasitoids, including availability of food,
temperature, humidity, photoperiod, host availability,
size, gender, and mating status (Ridgway and Mahr
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1990, Corrigan and Liang 1994, McDougall and Mills
1997). Numerous laboratory and Þeld studies have
reported increased longevity and/or fecundity of
parasitoids when provided sugar resources (e.g., Jervis
et al. 1993, Heimpel et al. 1997, Olson and Andow 1998,
Olson et al. 2000, Fadamiro and Heimpel 2001, Lee et
al. 2004). The majority of studies on the effect of food
availability and other factors on longevity of adult
parasitoids have focused on hymenopteran parasitoids, whereas little information is available on
dipteran parasitoids. In a recent report by our group,
we demonstrated sugar feeding by adult P. tricuspis
and showed that sucrose feeding could considerably
enhance lifespan of adult phorid ßies for ⬎15 d in the
laboratory (Fadamiro et al. 2005). This prompted us to
conduct further studies on the inßuence of other environmental and physiological factors on longevity of
phorid ßies.
In addition to food availability, temperature (as a
fundamental component of the microclimate) is also
likely to exert a major effect on the lifespan of phorid
ßies, especially in the hot and humid summer conditions in southern United States. In general, longevity
of adult insects is inversely related to temperature
(Hoffmann 1985, Lysyk 1991, Rahim et al. 1991). However, the degree to which temperature affects longevity varies with species and gender, and some species
are more tolerant of temperature extremities than
others (Hawkins and Smith 1986, McDougall and Mills
1997). The degree of sensitivity of P. tricuspis to high
temperatures may signiÞcantly affect its impact as a
biological control agent for S. invicta in Alabama. In
addition, mating could potentially have a negative
effect on longevity, in particular when energy is limited, if energy resources are allocated to reproduction
(Reznick 1985, Ellers 1996). Courtship and mating are
energy- and time-consuming activities that could result in a signiÞcant reduction in adult lifespan (Li et al.
1993). In this study, we investigated the effects of
sugar feeding, temperature, gender, mating status, and
possible interactions among these factors on the longevity of P. tricuspis. We also checked the potential
effect of ßy size on longevity at different diet and
temperature regimens. Evaluating the effects of these
factors on adult lifespan should improve our understanding of the biology of P. tricuspis and provide
insights into its potential biological control impact in
Alabama and other parts of the United States.
Materials and Methods
Adult Pseudacteon tricuspis used in this study were
reared on workers of red imported Þre ants, Solenopsis
invicta, at the Þre ant rearing facility of the USDAARS, Center for Medical, Agricultural and Veterinary
Entomology, Gainesville, FL, using methods described by Porter et al. (1995b, 1997). Parasitized Þre
ant worker heads were received in batches and kept
in a plastic jar (25 by 13 cm) with a lid until emergence. Most adults seemed to emerge in the morning
as has been reported (Porter et al. 1997). However, the
jar was checked at least Þve times a day for ßy emer-
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gence. Emerging ßies did not have access to food or
water in the jar. Newly emerged ßies were removed
promptly with an aspirator and sexed immediately
under a dissecting microscope.
This experiment simultaneously tested the effects
and interactions of diet (sugar-fed versus sugarstarved), temperature (20, 25, 28, and 33⬚C), and mating status (mated versus unmated) on longevity of
female and male P. tricuspis. The various combination
of these factors resulted in a total of 16 treatment
combinations for each gender. Newly emerged ßies
were placed in groups of two individuals either of the
same gender (unmated treatments) or of opposite
gender (mated treatments) in a 6-cm-diameter plastic
petri dish. Water was provided in all treatments by
Þlling a 0.5-ml microcentrifuge tube with distilled water and threading a cotton string through a hole in the
cap of the tube. Water tubes were reÞlled as needed.
For the treatments involving sugar feeding, 25% sucrose solution was smeared on the inside of the petri
dish cover with a cotton-tipped applicator. Fresh sugar
solution was smeared on the dish cover as needed
(every 3Ð5 d depending on temperature). Petri dishes
were kept in separate growth chambers at 20, 25, 28,
or 33⬚C with a 14:10 (L:D) photoperiod and 75 ⫾ 5%
RH. Saturated brine was used to maintain constant
relative humidity in the chambers. Female and male P.
tricuspis emerging on the same day were distributed
evenly across the treatment combinations. At least 16
ßies of each gender were tested for each treatment
combination. Petri dishes were checked once daily for
dead ßies, which were promptly removed from the
dishes. We also evaluated the effect of ßy size on
longevity of female and male P. tricuspis exposed to the
different treatment combinations. For this, one forewing was pulled from each dead ßy, slide mounted, and
measured to the nearest 0.05 mm. Measurements were
taken from the outer edge of the anal cell to the outer
edge of the tip of the wing using an ocular micrometer
calibrated in 0.05-mm increments on a dissecting microscope.
We tested the effects of diet (sugar availability),
temperature, gender, mating status, and wing length
(as a measure of size) on survivorship using proportional hazard modeling, a nonparametric analysis designed to evaluate for effects of multiple factors on
survivorship (SAS Institute 1998). This model also
allowed testing for effects of two-way, three-way,
four-way, and Þve-way interactions (a total of 26 possible interactions) among the Þve variables. Longevity
data for each gender was analyzed separately using
analysis of variance (ANOVA) followed by the TukeyKramer honestly signiÞcant difference (HSD) test for
multiple comparisons of means at P ⬍ 0.05 (SAS Institute 1998).

Results
Proportional hazard analysis revealed signiÞcant effects of diet, temperature, and wing length on longevity of P. tricuspis (Table 1). Diet signiÞcantly in-
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Table 1. Proportional hazard model testing for effects of diet,
temperature, gender, mating, wing length, and interactions of these
variables on longevity of P. tricuspis
Source of variation

df

2

P

Diet
Temperature
Gender
Mating
Wing length
Diet ⫻ temperature
Diet ⫻ gender
Diet ⫻ mating
Diet ⫻ Wing length
Temperature ⫻ gender
Temperature ⫻ mating
Temperature ⫻ wing length
Gender ⫻ mating
Gender ⫻ wing length
Mating ⫻ wing length
Diet ⫻ temperature ⫻ gender
Diet ⫻ temperature ⫻ mating
Diet ⫻ temperature ⫻ wing length
Diet ⫻ gender ⫻ mating
Diet ⫻ gender ⫻ wing length
Diet ⫻ mating ⫻ wing length
Temperature ⫻ gender ⫻ mating
Temperature ⫻ gender ⫻ wing
length
Temperature ⫻ mating ⫻ wing
length
Gender ⫻ mating ⫻ wing length
Diet ⫻ temperature ⫻ gender ⫻
mating
Diet ⫻ temperature ⫻ gender ⫻
wing length
Diet ⫻ gender ⫻ mating ⫻ wing
length
Diet ⫻ temperature ⫻ mating ⫻
wing length
Temperature ⫻ gender ⫻ mating ⫻
wing length
Diet ⫻ temperature ⫻ gender ⫻
mating ⫻ wing length

1
3
1
1
1
3
1
1
1
3
3
3
1
1
1
3
3
3
1
1
1
3
3

159.51
188.96
3.28
0.44
4.78
5.81
0.12
0.94
3.33
1.06
0.44
2.25
0.39
0.05
0.07
1.72
0.61
1.60
0.82
0.0001
0.05
0.22
0.05

⬍0.0001a
⬍0.0001a
0.07
0.51
0.03a
0.12
0.73
0.33
0.07
0.79
0.93
0.52
0.53
0.82
0.79
0.63
0.89
0.66
0.37
0.99
0.83
0.98
0.99

3

0.73

0.87

1
3

0.90
1.04

0.34
0.79

3

0.48

0.92

1

0.40

0.53

3

0.35

0.95

3

2.29

0.51

3

2.65

0.45

a

SigniÞcant variables.

ßuenced longevity, with sugar-fed ßies living signiÞcantly longer than sugar-starved ßies (2 ⫽ 159.51,
df ⫽ 1, P ⬍ 0.00001). Similarly, temperature had a
signiÞcant effect on survivorship (2 ⫽ 188.96, df ⫽ 3,
P ⬍ 0.00001): longevity was greater at lower temperatures than at higher temperatures. Longevity was also
signiÞcantly inßuenced by wing length (2 ⫽ 4.78,
df ⫽ 1, P ⫽ 0.03). The effects of gender (2 ⫽ 3.28, df ⫽
1, P ⫽ 0.07) and mating (2 ⫽ 0.44, df ⫽ 1, P ⫽ 0.51)
were not signiÞcant, suggesting that adult longevity
did not vary as a result of gender or mating status
Table 2.

(Table 1). Mean (days ⫾ SE) longevity of mated
females fed sucrose at 20⬚C (14.75 ⫾ 1.69) was similar
to that of unmated sucrose fed females (14.81 ⫾ 1.48)
at the same conditions. Similar results were also obtained for female and male ßies at the different diettemperature treatment combinations, conÞrming that
longevity was not affected by mating. There were no
signiÞcant two-way, three-way, four-way, or Þve-way
interactions among any of the Þve variables. Because
the effect of mating on longevity of female and male
ßies was not signiÞcant, longevity data from unmated
and mated ßies were pooled and reanalyzed using
ANOVA to test for the effect of temperature on lifespan of female and male ßies fed sugar or water only
(sugar-starved).
Phorid ßy lifespan was inßuenced signiÞcantly by
diet and temperature (Table 2). Survivorship curves
depicting longevity of ßies fed or starved sugar and
kept at different temperatures are shown in Figs. 1
(female) and 2 (male). Longevity of sugar-fed ßies
was greatest at 20⬚C and lowest at 33⬚C. However,
longevity at 28⬚C was not signiÞcantly different from
longevity at 33⬚C, irrespective of diet and gender (Table 2). Similar results were recorded for sugar-starved
ßies, except that longevity of this group of ßies was
generally reduced by a factor of 2Ð3 in comparison
with sugar-fed ßies.
Wing length of P. tricuspis ßies used in this study
ranged between 0.8 and 1.4 mm, in agreement with
previous reports (Borgmeier and Prado 1975, Fadamiro et al. 2005). Wing length data obtained from
individual ßies were analyzed by using proportional
hazard analysis to test for effects of diet, temperature,
gender, and mating, and any interactions (a total of 11
possible interactions) among the four variables. Wing
length did not vary with diet (2 ⫽ 2.90, df ⫽ 1, P ⫽
0.09), temperature (2 ⫽ 5.40, df ⫽ 3, P ⫽ 0.15), or
mating status (2 ⫽ 0.04, df ⫽ 1, P ⫽ 0.85), suggesting
that ßies were uniformly distributed in size across the
different treatments (Table 3). However, wing length
was signiÞcantly affected by gender (2 ⫽ 126.62, df ⫽
1, P ⬍ 0.0001). The only signiÞcant interaction was
recorded between temperature and gender (Table 3).
Because no signiÞcant effects of diet, temperature,
and mating were recorded on wing length, wing length
data obtained from the different treatments were
pooled and analyzed by gender. The results showed
that male (mean ⫾ SD ⫽ 1.04 ⫾ 0.09 mm; N ⫽ 256) had
a signiÞcantly shorter wing length than female
(mean ⫾ SD ⫽ 1.14 ⫾ 0.08 mm; N ⫽ 256) P. tricuspis

Temperature-dependent longevity (days ⴞ SE) of female and male P. tricuspis fed or starved sugar

Temperature (⬚C)
20
25
28
33

Vol. 34, no. 2

Female

Male

Sugar starved

Sugar fed

Sugar starved

Sugar fed

7.3 ⫾ 0.42a(b)
3.3 ⫾ 0.19b(b)
2.3 ⫾ 0.14c(b)
2.1 ⫾ 0.13c(b)

14.8 ⫾ 1.11a(a)
10.0 ⫾ 0.75b(a)
5.3 ⫾ 0.61c(a)
4.1 ⫾ 0.30c(a)

6.1 ⫾ 0.44a(b)
2.8 ⫾ 0.19b(b)
2.3 ⫾ 0.16b(b)
2.0 ⫾ 0.08b(b)

14.5 ⫾ 1.48a(a)
9.9 ⫾ 1.12b(a)
5.7 ⫾ 0.70c(a)
4.5 ⫾ 0.41c(a)

Means within the same column having different letters are signiÞcant (P ⬍ 0.05, Tukey HSD test). Similarly, means across the same row
having different letters indicated in parentheses are signiÞcant (P ⬍ 0.05, Tukey HSD test).
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Fig. 1. Survivorship curves for sugar-fed (A) or sugar-starved (B) female P. tricuspis at different temperatures. Dashed
line at 0.5 survivorship indicates median longevity for each treatment.

(t510 ⫽ 12.90; P ⬍ 0.001). Wing length data from mated
and unmated ßies were again pooled and further analyzed by gender to test for any correlations between
wing length and longevity in each of the diet-temperature treatment combinations. Longevity was correlated with wing length only in sugar-starved female
and male ßies kept at 20⬚C and in sugar-starved males
kept at 28⬚C (Table 4; Fig. 3), suggesting that ßies that
emerged with relatively larger size have a lifespan
advantage over smaller ßies only when adult food is
limited and when exposed to low-moderate temperature conditions.
Discussion
The main purpose of this study was to evaluate the
effects of environmental and physiological factors on
the lifespan of P. tricuspis. Our results clearly showed

that sugar availability and temperature were the two
main factors determining adult longevity. Sugar-fed
female and male P. tricuspis had signiÞcantly greater
longevity than their sugar-starved counterparts. This
signiÞcant positive effect of sugar on lifespan was
recorded at all temperatures. In general, sugar feeding
increased phorid ßy lifespan by a factor of 2Ð3 relative
to sugar-starved ßies, irrespective of the temperature.
These results are in agreement with previous reports
of the positive effect of sugar feeding on longevity of
several hymenopteran parasitoids (Hagley and Barber
1992, Fletcher et al. 1994, Heimpel et al. 1997, Thompson 1999, Olson et al. 2000, Fadamiro and Heimpel
2001, Wäckers 2001). In one of the very few systematic
studies on the effect of sugar availability on lifespan of
dipteran parasitoids, Fadamiro et al. (2005) recently
demonstrated sugar feeding by adult P. tricuspis and
recorded a similar increase in longevity of sugar-fed
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Fig. 2. Survivorship curves for sugar-fed (A) or sugar-starved (B) male P. tricuspis at different temperatures. Dashed line
at 0.5 survivorship indicates median longevity for each treatment.

ßies by a factor of two in comparison to sugar-starved
ßies. In this study, sugar feeding dramatically enhanced the longevity of both male and female phorid
ßies. Adult ßies beneÞted proportionately more from
sugar feeding at moderate temperatures, as reported
for the parasitic wasp, Eriborus terebrans (Gravenhorst) (Dyer and Landis 1996). For instance, an approximately three-fold increase in the relative longevity of sugar-fed ßies was recorded at 25⬚C compared
with the two-fold increase recorded at 33⬚C. It is important to note that provision of water is crucial for the
maintenance of adult lifespan beyond the Þrst day of
emergence. Fadamiro et al. (2005) reported that completely starved adults (ßies provided no water and no
sugar) rarely lived beyond 1 d at 28⬚C and that provision of water increased longevity by ⬇2 d.
The signiÞcant effect of sugar feeding on lifespan
suggests that P. tricuspis may beneÞt from sugar avail-

Table 3. Proportional hazard model testing for effects of diet,
temperature, gender, mating, and interactions of these variables on
wing length of P. tricuspis
Source of variation

df

2

P

Diet
Temperature
Gender
Mating
Diet ⫻ temperature
Diet ⫻ gender
Diet ⫻ mating
Temperature ⫻ gender
Temperature ⫻ mating
Gender ⫻ mating
Diet ⫻ temperature ⫻ gender
Diet ⫻ temperature ⫻ mating
Diet ⫻ gender ⫻ mating
Temperature ⫻ gender ⫻ mating
Diet ⫻ temperature ⫻ gender ⫻
mating

1
3
1
1
3
1
1
3
3
1
3
3
1
3
3

2.90
5.40
126.62
0.04
1.80
1.83
0.41
10.73
3.25
0.05
0.73
1.32
0.24
4.41
0.16

0.09
0.15
⬍0.0001a
0.85
0.61
0.18
0.52
0.01a
0.36
0.82
0.87
0.73
0.62
0.22
0.98

a

SigniÞcant variables.
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Table 4. Linear regression analyses testing for correlation between wing length and longevity of female and male P. tricuspis at different
diet-temperature treatment combinations
Diet-temperature treatment combination

df

Sugar starved, 20⬚C
Sugar starved, 25⬚C
Sugar starved, 28⬚C
Sugar starved, 33⬚C
Sugar fed, 20⬚C
Sugar fed, 25⬚C
Sugar fed, 28⬚C
Sugar fed, 33⬚C

1
1
1
1
1
1
1
1

a

Females

Males

MS

F

P

MS

F

P

43.47
1.57
2.33
1.39
77.41
14.83
0.26
9.51

10.14
1.42
3.85
2.89
2.05
0.81
0.02
3.46

0.003a
0.24
0.06
0.10
0.16
0.37
0.88
0.07

27.01
0.13
6.05
0.31
94.00
12.09
0.06
2.95

4.81
0.12
8.72
1.40
1.35
0.30
0.004
0.55

0.04a
0.73
0.006a
0.25
0.25
0.59
0.95
0.46

SigniÞcant correlation between wing length and longevity.

ability in the Þeld. In the Þeld, parasitoids can potentially obtain sugar from different sources, including
ßoral or extra-ßoral nectar and homopteran honeydew (Rogers 1985, Idoine and Ferro 1988, Jervis et al.
1996, Stapel et al. 1997, Heimpel and Jervis 2005).
Future Þeld studies on the nutritional ecology and
foraging behavior of P. tricuspis will address its possible use of sugar sources in the Þeld and provide insights into the effects of sugar availability on the fecundity and performance of phorid ßies as a biological
control agent of imported Þre ants in the southern
United States.
Temperature exerted a signiÞcant and major effect
on longevity of P. tricuspis in this study, with longevity
being inversely related to temperature. The greatest
mean longevity (⬇15 d) was recorded for sugar-fed
ßies kept at 20⬚C. Longevity was consistently greater
at the lower temperatures (20 and 25⬚C) than that at
the higher temperatures (28 and 33⬚C), irrespective of
the diet. Increasing the temperature from 20 to 33⬚C
resulted in approximately three- to four-fold reduction in longevity. For instance, longevity of sugar-fed
ßies at 20⬚C was ⬇15 d compared with ⬇4.5 d at 33⬚C.
Similar results have been reported for other insects,
including several parasitoids (Lysyk 1991, Dyer and
Landis 1996, McDougall and Mills 1997, Uckan and
Ergin 2003).
The longevity of adult insects is generally lower at
higher temperatures (Hoffmann 1985), and extreme
temperatures have been shown to negatively impact
insect lifespan (Tracy and Nechols 1987, Pullin 1994).
The degree of tolerance to temperature extremes varies with species and may be inßuenced by the availability of food (Hawkins and Smith 1986, Dyer and
Landis 1996, McDougall and Mills 1997, Uckan and
Ergin 2003). The reduced lifespan of adult parasitoids
at high temperatures may be the result of increased
metabolism and possible destruction or denaturing of
enzymes at high temperatures (Mendel et al. 1987,
Mohan et al. 1992). In Alabama and other parts of the
southern United States where P. tricuspis has been
released for biological control of imported Þre ant, S.
invicta, average daily temperatures in the summer are
usually high and sometimes in excess of 30⬚C, and
relative humidity is frequently ⬎75% (the relative
humidity condition at which this study was conducted). Our results showing that adult P. tricuspis is

sensitive to high temperatures, coupled with the fact
the parasitoid may likely experience more severe heat
in the Þeld from direct solar radiation, suggest that hot
summer temperatures may potentially impact its establishment and performance in the southern United
States. However, several habitats such as woodlots and
other noncrop habitats near the release sites of P.
tricuspis could potentially provide cool or moderate
microclimates for the parasitoid, thereby limiting its
exposure to severe temperatures. For instance, E. terebrans was more abundant near wooded edges of cornÞelds and fencerows in Michigan because of availability of sugar source and cool microclimates at these
habitats (Dyer and Landis 1996). Little is known about
what phorid ßies do or where they spend their time
when they are not attacking Þre ants or if they are
more abundant in certain habitats. There are anecdotal reports that phorid adults would stop and drink
water or lap up sugary substances if they contact them
(Porter 1998). The presence of adult food resources,
such as ßowers and homopteran honeydew, may provide suitable microclimate, increase the attacking capability of phorid ßies, and ultimately enhance the
success of biological control efforts on Þre ants. Field
studies on the behavioral ecology, dispersal ability,
and habitat use by P. tricuspis will provide insights into
how the parasitoid avoids stressful environmental conditions.
Fly gender did not have any signiÞcant effect on
longevity, although a few sugar-fed males kept at 20⬚C
lived beyond 25 d, whereas no sugar-fed females lived
up to this age. In general, studies on several parasitoid
species have recorded greater longevity for females
than males (Mendel et al. 1987, Ueno and Tanaka
1994). In contrast, Uckan and Ergin (2003) reported a
slight but not signiÞcant increase in longevity for sugar-fed male Apanteles galleriae Wilkinson (Hymenoptera: Braconidae) compared with female wasps at low
to moderate temperatures, whereas females lived
longer than males at extreme temperatures. Our data
analysis did not detect any signiÞcant temperaturedependent effect of gender on survivorship of P. tricuspis.
The mating status of P. tricuspis had little inßuence
on its longevity in this study. There was no signiÞcant
difference in longevity between mated and unmated
female and male ßies, irrespective of diet and tem-
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Fig. 3. Regression of signiÞcant linear relationship between wing length and longevity of P. tricuspis provided water only
at different temperatures: females kept at 20⬚C (A), males kept at 20⬚C (B), and males kept at 28⬚C (C).

perature. Several studies have documented a trade-off
between mating and longevity in insects, including
parasitoids (Fowler and Partridge 1989, Li et al. 1993,
Carpenter 1995, Jacob and Evans 2000, Sagarra et al.
2002). Mating is widely presumed to impact insect
longevity, in particular when energy resources are
limited, by allocating resources to reproductive activ-

ities (Partridge and Farquhar 1981, Reznick 1985,
Ellers 1996), and by stimulating oogenesis and egg
maturation in female insects (Wheeler 1996). Jacob
and Evans (2000) tested the effect of mating on longevity of the parasitoid wasp Bathyplectes curculionis
(Thomson) provided different diets. The authors did
not allow female wasps to oviposit and found that
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mating reduced longevity of females provided water
only or inferior food plants but not when a superior
food such as honey-water was provided. Partridge and
Farquhar (1981) reported that the negative effect of
mating on longevity was more pronounced for male
fruitßies than females, possibly because of the higher
intense courtship and mating behavior of the males. In
this study, we did not detect any effect of mating on
longevity of female and male P. tricuspis or any interaction between gender and mating effects on longevity. The lack of effect of mating on longevity of female
and male phorid ßy is interesting and may suggest
reduced allocation of resources to reproduction or
reduced mating related activities such as courtship. It
should be noted that we did not morphologically conÞrm mating in this study, although adult pairs in the
mating treatment were frequently observed in courtship. It is not clear whether or not P. tricuspis mates
multiply. However, if single mating (Þrst mating) does
not require a lot of energy resources and ßies are not
stimulated to mate again (multiple mating) in the
absence of hosts to oviposit on, it is conceivable that
mating will not likely affect longevity. However, it is
unlikely that ßies will mate only when provided hosts,
because imported Þre ant worker hosts spend most of
their time in ground tunnels.
Our data showed a positive correlation between
wing length and longevity of P. tricuspis. Wing length
is commonly used as a measure of parasitoid body size,
and body size is usually considered as a measure of
parasitoid quality and Þtness (Jervis and Copland
1996, Olson et al. 2000, Fadamiro and Heimpel 2001,
Roitberg et al. 2001, Sagarra et al. 2001). Further analyses of our data showed that wing length had a positive
effect on longevity only for sugar-starved female and
male phorid ßies kept at 20⬚C and for sugar-starved
males kept at 28⬚C, indicating that larger ßies only had
an advantage over smaller ßies when the food resource
was limited and at low temperatures. When food was
available or when ßies were placed at high temperatures, smaller ßies had similar longevity as larger ßies.
Of all the factors tested, only gender had a signiÞcant
effect on wing length with phorid ßy females being
larger than males. Correlation between body size and
parasitoid longevity has been reported for several species; larger individuals tended to live longer and have
a higher fecundity than smaller individuals (Jervis and
Copland 1996, Sagarra et al. 2001). The effect of body
size on phorid ßy fecundity remains to be examined.
In summary, our data showed signiÞcant effects of
sugar availability and temperature on lifespan of P.
tricuspis. We also recorded a positive correlation between wing length and lifespan, but gender and mating did not signiÞcantly inßuence lifespan. These results suggest that availability of adult food sources and
suitable microclimate are important factors that could
potentially inßuence the survival, establishment, distribution, and overall impact of P. tricuspis released in
different parts of the southern United States for biological control of imported Þre ants. Provision of supplemental sugar sources and suitable microclimate
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near release sites may likely enhance the success of
phorid ßies as a biological control agent.
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