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ABSTRACT Commercially obtained Nasonia vitripennis Walker and Muscidifurax raptorellus
Kogan & Legner were released weekly for 12 wk into a high-rise, caged-layer poultry house. After
the release period, parasitoids were sampled using sentinel house ßy (Musca domestica L.) pupae that
were either laboratory-reared or Þeld-collected as larvae and exposed for 2, 4, 7, and 14 d. Parasitoidinduced mortality was observed in 31% of laboratory colony pupae and in 26% of Þeld-collected
pupae, whereas successful parasitism rates of 48 and 51% were observed from these pupal sources,
respectively. Parasitism was primarily by M. raptorellus (88%), and Muscidifurax raptor Girault &
Sanders (11%), while N. vitripennis accounted for ⬍1%. Percent female progeny ranged from 43%
in M. raptorellus to 76% in N. vitripennis. Parasitoid emergence from 2-d exposed sentinel pupae was
the lowest of all treatments. Parasitoid emergence from 7-d exposed sentinel pupae was the highest
of all treatments. We found no differences between pupal source, suggesting that when sampling for
M. raptor, M. raptorellus, and N. vitripennis, in poultry facilities, pupal source is not a confounding
factor.
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PARASITOIDS (HYMENOPTERA: PTEROMALIDAE) of house
ßies, Musca domestica L., are a crucial component of a
successful integrated ßy management programs in
poultry facilities (Morgan et al. 1975, Rutz and Axtell
1981). Many poultry producers augment their biological control program by incorporating weekly releases
of commercially produced parasitoids after manure
removal. Production of progeny after these augmentative parasitoid releases results in parasitoid “recycling.” This beneÞts producers by increasing parasitoid presence in the house without the cost of
additional parasitoid releases.
Nasonia vitripennis Walker, a parasitoid commonly
found in New York poultry houses (Rutz and Scoles
1989, Henderson and Rutz 1991), is commercially
available for house ßy control. The advantages that N.
vitripennis has over other parasitoids include that it is
gregarious, producing from 4 to 8 adult parasitoids
from each parasitized house ßy pupa and it is inexpensive to rear commercially (Fried et al. 1990).
In recent years, research has focused on another
parasitoid species, Muscidifurax raptorellus Kogan &
Legner (Petersen and Cawthra 1995, Petersen and
Currey 1996a, Tobin and Pitts 1999, Kaufman et al.
2001). This species originally was imported from Chile
and has since been isolated from a beef cattle feedlot
in Nebraska (Antolin et al. 1996). The gregarious nature of this parasitoid suggests excellent potential for
1

E-mail: pek4@cornell.edu

biological control of ßies (Petersen and Currey
1996a). Although the gregarious nature of parasitoids
has been reported as not being a desirable trait, with
respect to such species as Trichomalopsis spp. (Dobesh et al. 1994). The gregarious nature of M. raptorellus is considered a very desirable trait because
each female not only attacks a large number of ßy
pupae but each parasitized ßy pupa also generally
produces multiple offspring (Petersen and Currey
1996b), all of which contribute to parasitoid recycling,
an important component to ßy biological control.
Commercial insectaries are now mass-rearing M. raptorellus for release in livestock and poultry facilities.
Kaufman et al. (2001) reported on the parasitism
rates and effectiveness of N. vitripennis and M. raptorellus following individual and paired releases. In the
absence of indigenous parasitoids N. vitripennis was
found to be the more effective parasitoid in New York
poultry houses. Most parasitism in the M. raptorellus
release house was attributed to N. vitripennis, indicating that despite large weekly releases of M. raptorellus,
this species was either unable to compete with established N. vitripennis populations or unable to establish
at the given release rate.
Parasitoid impact on house ßy populations can be
sampled in agricultural settings in several ways. The
means for sampling parasitoids has created some controversy. Each sampling method inßuences the species composition of the parasitoids that emerge (Legner 1983, Rutz 1986, Petersen and Watson 1992, Jones
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and Wienzierl 1997). The use of sentinel pupae involves live (Rutz and Axtell 1980) and dead (Floate et
al. 1999) laboratory-strain house ßy pupae held in
screened bags and placed in the Þeld. This method
assures that pupae are of a known age and that parasitism occurred within a given time period. It is possible that because these pupae did not develop in the
environment they did not acquire the host-seeking
cues that indigenous parasitoids use in searching
(Wylie 1958). This could ultimately select for commercially produced parasitoids.
A second method of sampling makes use of Þeldcollected pupae (Rutz and Axtell 1980, Meyer et al.
1991, Petersen and Watson 1992, Jones and Weinzierl
1997). Naturally occurring house ßy pupae are collected on farms, returned to the laboratory and held
for parasitoid emergence. Although this provides for
natural parasitism, the ages of the pupae are not
known which could result in a sampling bias for parasitoid species with longer development times. Furthermore, sufÞcient numbers of pupae are often difÞcult to recover.
A third method utilizes pupal traps, where screen
cylinders are Þlled with moist wood shavings. These
traps provide a suitable pupation site for naturally
occurring last instar house ßy larvae that subsequently
are subject to parasitism (Hogsette and Butler 1981).
Recently, Tobin and Pitts (1999) developed a sampling method that combined the beneÞts of naturally
occurring ßies with the regulated age, quality and
quantity aspects of laboratory-reared pupae. The authors collected late instar house ßy larvae and allowed
the larvae to pupate in the lab before returning the
pupae to the manure pack.
Several studies have compared these various methods of sampling parasitoid activity. Merchant et al.
(1985) evaluated three methods in poultry facilities
and suggested that each method may lead to biased
estimates of house ßy pupae viability and parasitism.
They further stated that the estimates obtained from
pupal traps may be the least biased. Petersen and
Watson (1992) compared sentinel and naturally occurring ßy pupae in cattle feedlots. They suggested
that the naturally occurring pupal method appeared to
be more reliable and sensitive to the entire parasitoid
complex, but that adequate numbers of samples were
difÞcult to obtain. Petersen and Cawthra (1995) and
Tobin and Pitts (1999) suggest that for Þrst generation
released M. raptorellus, laboratory-reared sentinel
hosts were more suitable indicators of dispersal than
Þeld-collected conspeciÞcs.
Typically, sentinel pupae are exposed for 7 d (Rutz
and Axtell 1980, Petersen and Watson 1992, Floate et
al. 1999, Tobin and Pitts 1999, Kaufman et al. 2001).
This time period accommodates both the pupa to adult
ßy developmental period and weekly trips to the Þeld.
To date, no one has examined the impact on parasitism
of shorter and longer pupal exposures.
Our objective was to determine the effect on attack
and successful parasitism levels of two sources of sentinel house ßy pupae exposed for 2, 4, 7, and 14 d in a
high-rise, caged-layer poultry facility during a 5 wk
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period following 12 weekly releases of M. raptorellus
and N. vitripennis.
Materials and Methods
Muscidifurax raptorellus were purchased from a
commercial insectary integrated pest management
(IPM Laboratories, Locke, NY), and a colony N. vitripennis was originally purchased from a commercial
insectary (Arbico, Tuscon, AZ) and subsequently
reared at Cornell University. Parasitized house ßy pupae were placed into the poultry facility in 12 weekly
releases between 5 May and 26 July 1999. The targeted
parasitoid release rate was 13 M. raptorellus and 2.5 N.
vitripennis/bird. Cornell University recommendations
suggest that producers release four parasitoids/bird
(Kaufman et al. 2000). Releases were conducted in a
3,000 bird conventionally ventilated high-rise, cagedlayer poultry facility (12 by 28 m) on the Cornell
University poultry research farm near Ithaca, NY. In
this house, air is forced outside from the manure pit by
pit-level exhaust fans and manure falls directly to the
pit ßoor, resulting in wide, somewhat ßat manure
mounds. All manure was removed from the house in
late March and again in late April 1999.
The number of parasitized pupae required to provide the desired number of parasitoids designated for
each Þeld release was estimated for each species from
the number of parasitoids successfully emerging from
Þve subsamples of 20 parasitized pupae. This was initially determined from a commercial preshipment 4
wk before the Þrst Þeld release. To determine the
actual parasitoid emergence from each Þeld release
shipment (number of parasitoids released into each
house), Þve subsamples, containing 20 pupae each,
were removed from each weekly shipment and held in
the laboratory for parasitoid emergence.
Parasitized pupae for Þeld release were divided
equally into two mesh bags (100 by 150 cm, mesh
density 5.5 squares/cm) that were placed equidistantly and suspended 1.5 m above the ßoor from center support beams, throughout the manure pit. Bags
were replaced 2 wk later by the current weekÕs parasitized pupae shipment. Following removal of the
release bags, two subsamples of 40 pupae were removed from each bag to estimate the number of pupae
that successfully produced parasitoids and the number
of parasitoids that had emerged. Pupae removed from
release bags were examined for parasitoid emergence
holes and based on the mean number of parasitoids
recovered from pupae held in the laboratory (see
above), the numbers of parasitoids that had emerged
were estimated.
Successful parasitism rates were monitored weekly
using the sentinel pupal bag method of Rutz and Axtell
(1980). Sentinel bags (8 by 8 cm, mesh density 5.5
squares/cm), each containing 30 live (⬍2 d postpupariation) house ßy pupae, were placed weekly on the
surface, near the base of the manure pile. House ßy
pupae were obtained from two sources; the Cornell
University laboratory colony (LAB) and a Cornell
University poultry research farm Þeld-collected
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source (FC). The LAB strain had been reared for 18
yr under laboratory conditions (26⬚C, 45Ð55% RH, and
a photoperiod of 16:8 (L:D) h. LAB larvae were reared
on a diet of a 2:3:15:8 ratio of calf protein supplement,
wood chips, bran and tap water, respectively, and
adults were maintained on water, nonfat dry milk and
sucrose. The FC pupae were obtained using a method
similar to that of Tobin and Pitts (1999), where poultry
manure infested with third instar house ßy larvae was
placed into a 5-liter plastic container on a Friday
afternoon. The container was returned to the laboratory where dry wheat bran was placed over the manure and the container covered with an organdy
screen and held under conditions described previously. On the following Monday, pupae were removed
from the bran using sieves. This procedure resulted in
pupae of approximately similar ages from each source.
To ensure that pupae in the Þeld-collected group were
not parasitized, subsamples were held in the laboratory.
Beginning on 2 August and continuing for 5 wk, 10
groups of sentinel pupae (four bags containing LAB
and four bags containing FC pupae per group) were
placed ßat on the surface near the base of the manure
pile at random locations throughout the house. The
position of collection day and source were randomized weekly. Pupal source was paired with collection
day to create a 2 ⫻ 4 layout at each site. An additional
four bags from each pupal source were held in an
organdy screened 1.9-liter container to exclude parasitoids and served as Þeld controls. One bag from each
of the 10 locations and a Þeld control bag were collected 2, 4, 7, and 14 d after placement.
The uneclosed pupae from each bag were held
individually in size 00 gelatin capsules (Pyramid, Prescott, AZ) in the laboratory for 8 wk to allow for both
ßy and parasitoid emergence. The total number of
uneclosed pupae, of successfully parasitized pupae,
and of emerged parasitoids were recorded. Parasitoids
were sexed and identiÞed to species. Percentage of
uneclosed pupae and percent of pupae producing a
parasitoid were calculated. The percentage of ßy pupae successfully parasitized was calculated by dividing
the number of pupae with emergence holes by the
total number of pupae retrieved. Parasitoid-induced
mortality was characterized as mortality attributed to
parasitoid stinging of the host but where progeny were
not produced (Petersen and Cawthra 1995). Percent
parasitoid-induced mortality was determined by subtracting percent successful parasitism from the corrected percent uneclosed pupae. Successful parasitism and uneclosed pupae were corrected for control
mortality (Abbott 1925) and percentages were arcsine transformed for statistical analysis. Data from the
10 sentinel bags for each treatment and exposure day
were pooled. Percentage uneclosed pupae, successfully parasitized, and parasitoid-induced mortality
variables from the overall and the individual species
data were analyzed using a multi-factorial analysis of
variance (ANOVA) model (PROC GLM; SAS Institute 1996) to detect differences between the Þxed
effects of pupa source and time of exposure. The
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interaction term pupa source ⴱ exposure day was included in the model. Time of exposure data were
tested for treatment differences (lsmeans/slice, SAS
Institute 1996) with a TukeyÕs mean separation. Arithmetic means are presented in all tables.
Results and Discussion
We used a high release rate of M. raptorellus based
on the results obtained in an earlier study conducted
in poultry manure pits (Kaufman et al. 2001), where
release of M. raptorellus at four parasitoids per bird
resulted in parasitism levels of only 7% or less. Therefore, we increased the M. raptorellus release level
approximately threefold to 13 parasitoids/bird while
maintaining N. vitripennis release levels at 2.5 parasitoids/bird (Kaufman et al. 2001) to determine if M.
raptorellus would become the dominant species if provided an initial numerical edge. In data not presented,
only 2% successful parasitism was observed from sampling conducted with LAB pupae during the Þrst 5 wk
of the release period, with no parasitism recorded
during the Þrst week. These limited observations support those of Tobin and Pitts (1999), who reported
limited M. raptorellus movement from release sites
when used in poultry facilities. However, in studies
conducted in cattle feedlot pens M. raptorellus was
recovered from sentinel pupae at distances as great as
100 m from the release site (Petersen and Cawthra
1995, Lysyk 1996, Floate et al. 2000). It should be noted
that an enclosed poultry facility is quite different from
an open cattle feedlot and our study was conducted in
an environment very similar to that of Tobin and Pitts
(1999). Therefore, these contradictory reports suggest
that M. raptorellus searching behavior and resultant
dispersal may be profoundly impacted by the macroand microhabitats into which it is released. Further
studies are needed to more closely examine the impact
of habitat on M. raptorellus searching behavior.
During the 5 wk study, a total of 12,060 sentinel
pupae, both LAB and FC, was placed in the poultry
facility (Table 1). Parasitoid-induced mortality was
recorded in 31% of LAB pupae and in 26% of FC pupae,
whereas successful parasitism rates of 48 and 51% were
observed from these pupal sources, respectively. A
total of 35,335 parasitoids was recovered from sentinel
pupae. Parasitism was primarily by M. raptorellus
(88%), and Muscidifurax raptor Girault and Sanders
(11%), whereas N. vitripennis accounted for ⬍1%.
Successful parasitism resulted in a mean of 6.6 and 6.3
M. raptorellus and a mean of 4.0 and 5.4 N. vitripennis
progeny produced per pupa from LAB and FC pupae,
respectively.
More than 77% of the sentinel pupae were killed and
⬎50% of these pupae were successfully parasitized
(Table 1). This high level of postrelease parasitoid
activity suggests that parasitoid recycling was occurring. When released at a high rate for 12 wk, M. raptorellus became the dominant parasitoid recovered
from sentinel pupae during the postrelease period,
accounting for ⬎97% of all parasitoids and ⬎88% of all
parasitized pupae (Table 1). Further investigations
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Table 1. Successful parasitism and mortality of laboratoryreared and field-collected sentinel pupae placed in a high-rise,
caged-layer poultry facility following 12 wk of Nasonia vitripennis
and Muscidifurax raptorellus releases
No. (% of total) collected

Pupae placed
Uneclosed pupae
Parasitoid-induced mortality
Parasitized pupae
Nasonia vitripennis collected
Successfully parasitized pupae
Muscidifurax raptorellus collected
Successfully parasitized pupae
M. raptor collected
Successfully parasitized pupae

Laboratory
colony

Fieldcollected

6101
4879 (80.0)
1916 (31.4)
2963 (48.6)
111 (0.6)
30 (1.0)
17,485 (98.1)
2642 (89.2)
294 (1.6)
294 (9.9)

5959
4626 (77.6)
1544 (25.9)
3082 (51.7)
130 (0.7)
24 (0.8)
17015 (97.2)
2696 (87.5)
369 (2.1)
369 (12.0)

M. raptorellus released weekly for 12 wk at 13 parasitoids per bird
and N. vitripennis released at 2.5 parasitoids per bird prior to sentinel
bag placement.

into a compromise level of release are needed to reÞne
the use of this species in ßy management systems.
Based on these results, it is apparent that N. vitripennis
was unable to establish in this poultry facility. Kaufman et al. (2001) documented high levels of N. vitripennis activity in poultry facilities that had received
smaller numbers of M. raptorellus. Wylie (1972) reported that if parasitoid oviposition occurred before
attack by a conspeciÞc, the senior N. vitripennis or
Muscidifurax zaraptor Kogan and Legner survived.
Although M. raptor was not released and the manure
had been removed from the facility before the start of
the parasitoid releases, this native parasitoid accounted for 11% of the total successful parasitism.
Wylie (1976) suggested that the adult progeny of
arrhenotokous parthenogenic Hymenoptera are typically 65% female. Percent female values in the current
study varied with females making up only 43% in M.
raptorellus, whereas 76% of recovered N. vitripennis
were female. Wylie (1973) reported that N. vitripennis
progeny were ⬎70% female when the parental cohort
was presented with unparasitized hosts; however,
parasitoids laid a smaller percentage of female eggs on
previously parasitized house ßy pupae. As was observed in our study, Petersen and Currey (1996) also
reported that M. raptorellus progeny production was
male biased, with only 43% female progeny produced.
Studies examining the impact of prior parasitism have
not been reported for M. raptorellus.
SigniÞcant differences in overall successful parasitism were observed within the main effects model (F ⫽
4.90, df ⫽ 7, P ⱕ 0.0008). Differences were not observed between the pupal source, but, parasitoid
emergence was lowest from 2-d exposed sentinel pupae (F ⫽ 10.17, df ⫽ 3, P ⱕ 0.0001) (Table 2). A
signiÞcant parasitoid-induced mortality effect was not
observed in the main effects model (F ⫽ 0.79, df ⫽ 7,
P ⱕ 0.6047). SigniÞcant differences were observed in
the main effects model for uneclosed pupae (F ⫽ 4.30,
df ⫽ 7, P ⱕ 0.0019) (Table 2), but not between the
pupal source. Fly emergence, as would be expected,
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Table 2. Successful parasitism, parasitoid-induced mortality,
and killed sentinel house fly pupae exposed for various time periods
in a New York high-rise, caged-layer poultry facility following
release of N. vitripennis and M. raptorellus
Days
exposed
2
4
7
14

% (SE)
Successful
parasitism

Parasitoid-induced
mortality

Uneclosed

38.4 (3.33)b
52.7 (3.44)a
59.7 (3.06)a
58.0 (2.11)a

31.4 (2.91)a
30.5 (2.35)a
28.7 (2.28)a
27.9 (2.94)a

67.0 (2.87)b
80.3 (3.26)a
87.5 (2.67)a
85.0 (2.56)a

M. raptorellus released weekly for 12 wk at 13 parasitoids per bird
and N. vitripennis released at 2.5 parasitoids per bird. Within a column,
means followed by the same lower case letter are not signiÞcantly
different (alpha ⫽ 0.05, df ⫽ 3, 1smeans/slice TukeyÕs multiple range
test).

was highest from the 2-d exposed sentinel pupae treatment (F ⫽ 9.55, df ⫽ 3, P ⱕ 0.0001). The interaction
term exposure day ⴱ pupal source was not signiÞcant
for any of the variables.
No signiÞcant differences were observed in the successful parasitism main effects model for N. vitripennis
(F ⫽ 0.71, df ⫽ 7, P ⬍ 0.6604), M. raptorellus (F ⫽ 0.90,
df ⫽ 7, P ⬍ 0.5172) or M. raptor (F ⫽ 0.22, df ⫽ 7, P ⬍
0.9771). This suggests that the two pupal types and
length of exposure do not impact results when sampling these three species.
Parasitoid species composition did not change appreciably as the pupae were increasingly exposed to
parasitoid attack (Table 3). However, 4-d exposed
pupae had a higher level of successful N. vitripennis
parasitism than the remaining three exposure days
combined. Parasitism attributed to M. raptor increased
with duration of exposure.
This study addressed the following two issues that
have concerned scientists working with pteromalid
parasitoids: (1) the impact of the source of sentinel
pupae and (2) the length of exposure of these pupae.
Petersen and Watson (1992) and Jones and Weinzierl
(1997) both suggested that Þeld-collected pupae provide the best means to survey all parasitoid species.
However, the age of these pupae are often called into
question. Jones and Weinzierl (1997) attempted to
select for darkened pupae that were greater than 2 d
old, thus allowing for some level of parasitoid exposure. However, they suggested that their sampling was
Table 3. Species composition of parasitoids recovered from
sentinel house fly pupae exposed for various time periods in a New
York high-rise, caged-layer poultry facility following release of N.
vitripennis and M. raptorellus
DayÕs
exposed
2
4
7
14

% successful parasitism
Nasonia
vitripennis

Muscidifurax
raptorellus

Muscidifurax
raptor

0.5
2.3
0.9
0.7

89.5
86.7
87.4
87.1

10.0
11.0
11.7
12.2

M. raptorellus released weekly for 12 wk at 13 parasitoids per bird
and N. vitripennis released at 2.5 parasitoids per bird.
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biased by the collection of some pupae before their
vulnerability to parasitism had ended. In our study, we
documented that 2-d-old pupae were parasitized at a
signiÞcantly lower rate than pupae exposed for 4, 7,
and 14 d. Our observation that 7- and 14-d exposed
pupae were also not signiÞcantly different from 4-d
exposed pupae suggests that parasitism had peaked by
the fourth day and that these ßy pupae were probably
too mature for parasitism. We found no differences
between pupal source suggesting that when sampling
for Muscidifurax raptor, M. raptorellus and N. vitripennis, pupal source is not a confounding factor.
Factors enticing parasitoids to attack naturally-occurring pupae over laboratory-reared pupae may include external pupal cues possibly obtained from the
environment (Wylie 1958, Rivers 1996) and location
in the manure pack (Petersen and Watson 1992, Jones
and Weinzierl 1997). In our study Þeld-collected pupae were acquired in a different manner than in previous studies (Petersen and Watson 1992, Jones and
Weinzierl 1997). Collecting and returning manure to
the laboratory and rearing the larvae in their breeding
substrate provided for a “naturally-reared” comparison, while also controlling for the age of the pupae.
However, to be employed in research, a trip to a
poultry facility three days before a planned use of
sentinel pupae would be required. Further, because of
biosecurity concerns pupae from one farm could not
be used on other farms, necessitating separate trips to
each farm to be surveyed. These results validate the
use of lab-reared sentinel house ßy pupae in high-rise,
caged-layer poultry facilities as an inexpensive, convenient and effective method to monitor populations
of parasitoids.
Acknowledgments
We thank C. Bialowas, G. Howser, J. Bennett, F. Vermeylen, E. Homan, J. Yost, and E. Gay for their assistance with
this project. This research was supported entirely by the
Cornell University Agricultural Experiment Station Federal
Formula Funds, Project No. NYC-139418 received from Cooperative State Research, Education, and Extension Service,
U.S. Department of Agriculture.

References Cited
Abbott, W. S. 1925. A method of computing the effectiveness of an insecticide. J. Econ. Entomol. 18: 265Ð267.
Antolin, M. F., D. S. Guertin, and J. J. Petersen. 1996. The
origin of gregarious Muscidifurax (Hymenoptera: Pteromalidae) in North America: an analysis using molecular
markers. Biol. Control 6: 76Ð82.
Dobesh, S. M., J. J. Petersen, and J. A. Jones. 1994. Reproduction and development of Trichomolopsis species (Hymenoptera: Pteromalidae), a parasite of Þlth ßies. Biol.
Control 4: 48Ð52.
Floate, K., B. Khan, and G. Gibson. 1999. Hymenopterous
parasitoids of Þlth ßy (Diptera: Muscidae) pupae in cattle
feedlots. Can. Entomol. 131: 347Ð362.
Floate, K., P. Coghlin, and G.A.P. Gibson. 2000. Dispersal of
the Þlth ßy parasitoid Muscidifurax raptorellus (Hymenoptera: Pteromalidae) following mass releases in cattle
conÞnements. Biol. Control 18: 172Ð178.

Vol. 94, no. 4

Fried, C. S., D. A. Rutz, and D. Pimentel. 1990. Host parasitism and progeny production of two geographic strains
of the parasitoid Nasonia vitripennis (Hymenoptera: Pteromalidae) on house ßy (Diptera: Muscidae) hosts. Environ. Entomol. 19: 322Ð326.
Henderson, C. E., and D. A. Rutz. 1991. Species composition of parasitoids attacking house ßies (Musca domestica
L.) in high-rise poultry farms in New York state. J. Agric.
Entomol. 8: 51Ð57.
Hogsette, J. A., and J. F. Butler. 1981. Field and laboratory
devices for manipulation of pupal parasites, pp. 90 Ð94. In
R. S. Patterson, P. G. Koehler, P. B. Morgan, and R. L.
Harris [eds.], Status of biological control of Þlth ßies. U.S.
Department of Agriculture, New Orleans, LA.
Jones, C. J., and R. A. Weinzierl. 1997. Geographical and
temporal variation in pteromalid (Hymenoptera: Pteromalidae) parasitism of stable ßy and house ßy (Diptera:
Muscidae) pupae collected from Illinois cattle feedlots.
Environ. Entomol. 26: 421Ð 432.
Kaufman, P. E., D. A. Rutz, and C. W. Pitts. 2000. Pest
management recommendations for poultry. Cornell and
Penn State Cooperative Extension Publication. Penn
State, University Park, PA.
Kaufman P. E., S. J. Long, D. A. Rutz, and J. K. Waldron.
2001. Parasitism rates of Muscidifurax raptorellus and Nasonia vitripennis (Hymenoptera: Pteromalidae) after individual and paired releases in New York poultry facilities. J. Econ. Entomol. 94: 593Ð598.
Legner, E. F. 1983. Requirements for appraisal of the true
role of parasitic insects in the natural control of synanthropic Diptera. Proc. Calif. Mosq. Vector Control Assoc.
51: 97Ð98.
Lysyk, T. J. 1996. Development of biological control methods for stable ßies in feedlots. FFF Report 920100, Alberta
Agricultural Research Institute, Edmonton.
Merchant, M. E., R. V. Flanders, and R. E. Williams. 1985.
Sampling method comparisons for estimation of parasitism of Musca domestica (Diptera: Muscidae) pupae in
accumulated poultry manure. J. Econ. Entomol. 78: 1299 Ð
1303.
Meyer, J. A., T. A. Shultz, C. Collar, and B. A. Mullens. 1991.
Relative abundance of stable ßy and house ßy (Diptera:
Muscidae) pupal parasites (Hymenoptera: Pteromalidae;
Coleoptera: Staphylinidae) on conÞnement dairies in
California. Environ. Entomol. 20: 915Ð921.
Morgan, P. B., R. S. Patterson, G. C. LaBrecque, D. E. Weidhaas, and A. Benton. 1975. Suppression of a Þeld population of house ßies with Spalangia endius. Science 189:
388 Ð389.
Petersen, J. J., and J. K. Cawthra. 1995. Release of a gregarious Muscidifurax species (Hymenoptera: Pteromalidae)
for the control of Þlth ßies associated with conÞned beef
cattle. Biol. Control 5: 279 Ð284.
Petersen, J. J., and D. M. Currey. 1996a. Timing and releases
of gregarious Muscidifurax raptorellus (Hymenoptera:
Pteromalidae) to control ßies associated with conÞned
beef cattle. J. Agric. Entomol. 13: 55Ð 63.
Petersen, J. J., and D. M. Currey. 1996b. Reproduction and
development of Muscidifurax raptorellus (Hymenoptera:
Pteromalidae) a parasite of Þlth ßies. J. Agric. Entomol.
13: 99 Ð107.
Petersen, J. J., and D. W. Watson. 1992. Comparison of sentinel and naturally-occurring ßy pupae to measure Þled
parasitism by pteromalid parasitoids (Hymenoptera).
Biol. Control 2: 244 Ð248.
Rutz, D. A. 1986. Parasitoid monitoring and impact evaluation in the development of Þlth ßy biological control
programs for poultry farms, pp. 45Ð51. In R. S. Patterson

August 2001

KAUFMAN ET AL.: IMPACT OF EXPOSURE AND PUPAL SOURCE ON PARASITISM

and D. A. Rutz [eds.], Biological control of muscoid ßies.
Miscellaneous publication 61. Entomological Society of
America, Lanham, MD.
Rutz, D. A., and R. C. Axtell. 1980. House ßy parasites (Hymenoptera: Pteromalidae) associated with poultry manure in North Carolina. Environ. Entomol. 9: 175Ð180.
Rutz, D. A., and R. C. Axtell. 1981. House ßy (Musca domestica) control in broiler-breeder poultry houses by
pupal parasites (Hymenoptera: Pteromalidae): Indigenous parasite species and releases of Muscidifurax raptor.
Environ. Entomol. 10: 343Ð345.
Rutz, D. A., and G. A. Scoles. 1989. Occurrence and seasonal
abundance of parasitoids attacking muscoid ßies
(Diptera: Muscidae) in caged-layer poultry facilities in
New York. Environ. Entomol. 18: 51Ð55.
Rivers, D. B. 1996. Changes in oviposition behavior of the
ectoparasitoids Nasonia vitripennis and Muscidifurax
zaraptor (Hymenoptera: Pteromalidae) when using different species of ßy hosts, prior oviposition experience,
and allospeciÞc competition. Ann. Entomol. Soc. Am. 89:
466 Ð 474.

1003

SAS Institute. 1996. SAS userÕs guide: statistics, version 6.
SAS Institute, Cary, NC.
Tobin, P. C., and C. W. Pitts. 1999. Dispersal of Muscidifurax
raptorellus (Kogan and Legner (Hymenoptera: Pteromalidae) in a high-rise poultry facility. Biol. Cont. 16: 68 Ð72.
Wylie, H. G. 1958. Factors that affect host Þnding by Nasonia vitripennis (Walk.) (Hymenoptera). Can. Entomol.
90: 597Ð 608.
Wylie, H. G. 1972. Larval competition among three hymenopterous parasite species on multiparasitized house ßy
(Diptera) pupae. Can. Entomol. 104: 1181Ð1190.
Wylie, H. G. 1973. Control of egg fertilization by Nasonia
vitripennis (Hymenoptera: Pteromalidae) when laying on
parasitized house ßy pupae. Can. Entomol. 105: 709 Ð718.
Wylie, H. G. 1976. Interference among females of Nasonia
vitripennis (Hymenoptera: Pteromalidae) and its effect
on sex ratio of their progeny. Can. Entomol. 108: 655Ð 661.
Received for publication 21 February 2001; accepted 16 April
2001.

