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ABSTRACT We described the community composition of the ectoparasitic ßies Protocalliphora
Hough (Diptera: Calliphoridae) and their Nasonia (Ashmead) (Hymenoptera: Pteromalidae) para-
sitoids collected from tree swallow, Tachycineta bicolor (Vieillot), nests in southern Québec, Canada,
in 2008 and 2009. The prevalence of nest infestation by Protocalliphora was 70.8% in 2008 and 34.6%
in 2009. The average parasitic burden of Protocalliphora spp. was estimated at 5.53 (�5.61 SD) pupae
per nestling for 2008 and 4.66 (�9.31 SD) pupae per nestling for 2009. The percentage of nests
containing Protocalliphora pupae parasitized by Nasonia spp. was of 85.3% in 2008 and 67.2% in 2009.
Three species of Protocalliphora were collectedÑProtocalliphora sialia Shannon & Dobroscky, Pro-
tocalliphora bennetti Whitworth, and Protocalliphora metallica (Townsend)Ñand two species of
Nasonia,Nasonia vitripennis (Walker) andNasonia giraultiDarling. This is the Þrst record ofP.bennetti
andN. giraulti in the province of Québec. Our Þndings provide further evidence for observation made
previously that altricial bird nests are more frequently and more heavily infested by blow ßies in
western than in eastern North America. Our data also suggest that more than a quarter of the tree
swallow within the study area are exposed to high levels of ectoparasitism that could negatively affect
their health.
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Larvae of Holarctic bird blow f1ies in the genera
Protocalliphora Hough and Trypocalliphora Peus
(Diptera: Calliphoridae) are obligate blood-feeding
parasites of nestling birds, a unique life history among
the Calliphoridae. To date, 28 species of Protocalli-
phora and one species of Trypocalliphora parasitizing
139 bird species have been recorded from the Nearctic
region (Sabrosky et al. 1989, Whitworth 2003). Birds
with the highest infestation rates are those that nest
repeatedly in a given habitat and build large nests,
such as hawks (Acipiter andButeo spp.), magpies (Pica
spp.), crows (Corvus spp.), and cavity-nest breeders
such as European starlings (Sturnus vulgaris L.) and
tree swallows (Tachycineta bicolor Vieillot) (Bennett
and Whitworth 1992).

Adult Protocalliphora are rarely collected in the
Þeld but immatures (larvae and pupae) are typically
found after close examination of nestlings or nest ma-

terials. There is a paucity of information on the life
history of these bird ectoparasites; most of the liter-
ature on Protocalliphora focuses on taxonomy, host
records, and host Þtness costs after parasitism (Daw-
son et al. 2005, Simon et al. 2005, Hannam 2006).
Generally, both male and female Protocalliphora over-
winter as adults, and females lay their eggs as soon as
nestlings hatch (T.L.W., personal observation). De-
velopment from egg to adult takes on average 23Ð38 d,
and although most Protocalliphora species are univol-
tine, some are capable having more than one breeding
cycle per season by parasitizing the second brood of
the bird species within their habitat (Bennett and
Whitworth 1991).

Blow ßy larvae are typically anchored to the most
accessible part of the nestling (feet, legs and belly);
some species also can be found in the auditory and
nasal cavities (Whitworth and Bennett 1992). Proto-
calliphora larvae must take two to three bloodmeals to
complete their development (Sabrosky et al. 1989).
Amounts of blood ingested vary according to species,
reaching on average 0.08 g in the large Protocalliphora
rognesi Thompson & Pont (Bennett and Whitworth
1991). In the most extreme scenario, Þve or six of the
largest P. rognesi larvae, capable of each ingesting 0.2 g
of blood, could exsanguinate an 18-d-old bank swallow
[Riparia riparia (L.)] in a single day (Whitworth and
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Bennett 1992). However, most instances of nestling
mortality have been associated with organ damage
because of parasitism by obligate subcutaneous larvae
of Trypocalliphora braueri Hendel (Sabrosky et al.
1989, Howe 1992, Matsuoka et al. 1997).

At the upper trophic level, puparia of Protocalli-
phora are often found parasitized by small, gregarious
“jewel wasps” of the genus Nasonia (Ashmead) (Hy-
menoptera: Pteromalidae). All four known species of
Nasonia are found in the Nearctic region, and only
Nasonia vitripennis (Walker), a generalist that devel-
ops in the pupae of a variety of calyptrate Diptera
species (Whiting 1967), also is found in the Palaearctic
region. The three otherNasonia species only parasitize
Protocalliphora pupae and are restricted to eastern
(Nasonia giraulti Darling, Nasonia oneida Raychoud-
hury & Desjardins) and western North America (Na-
sonia longicornis Darling) (Darling and Werren 1990,
Raychoudhury et al. 2010). For the past 40 yr,Nasonia
parasitoids, especiallyN. vitripennis, have been exten-
sively used as model organisms for studies investigat-
ing mating behavior, genomics, speciation and espe-
cially sex allocation and sex ratio distorters (Werren
and Loehlin 2009, Godfray 2010). However, very little
is actually known of their ecology and behavior in
their natural habitat (Grillenberger et al. 2008).

Although the literature has been divided with re-
gard to the impact of Protocalliphora larvae on their
bird hosts, it now seems clear that they can negatively
inßuence health and survivorship of nestlings and
ßedglings by exacerbating effects of unfavorable en-
vironmental conditions (e.g., low food abundance).
Such negative impacts are more likely to occur in
species that can be frequently afßicted by high loads
of Protocalliphora larvae, such as the tree swallow
(Bennett and Whitworth 1992, Hannam 2006, Thomas
et al. 2007). Indeed, tree swallows renest in the same
habitat each year; conditions conducive to mainte-
nance of large Protocalliphora populations (Bent 1963,
Bennett and Whitworth 1992). To date, 11 species of
Protocalliphora have been recorded parasitizing tree
swallow nestlings, six of which occur in the Eastern
Nearctic (Sabrosky et al. 1989; Whitworth 2002, 2003).
Moreover, the population of this bird species, like that
of most aerial insectivores found in North America and
Europe, has been decreasing over most of its range
during the past 30 yr (Benton et al. 2002, Nebel et al.
2010). This generalized population decline of aerial
insectivores is hypothesized to be linked to a decrease
in ßying insect abundance caused by large-scale eco-
system modiÞcations, notably agricultural intensiÞca-
tion (Benton et al. 2002, Ghilain and Bélisle 2008,
Nebel et al. 2010). In the event that Protocalliphora
abound in agricultural landscapes, these blow ßies
have the potential to exacerbate the negative impact
that agricultural intensiÞcation has on aerial insecti-
vores through reduced prey abundance. Nevertheless,
the impact of Protocalliphora on farmland bird species
also will depend on the capacity ofNasoniaparasitoids
to control these blow ßies in agricultural landscapes.

The faunistics and ecology of the Protocalliphora
and Nasonia associated with tree swallows are poorly

known in eastern Canada where tree swallows are
experiencing important population decline (Nebel et
al. 2010). The objectives of this study were to 1)
describe the assemblages of Protocalliphora and Na-
sonia species found in tree swallow nests in 40 farms
in southern Québec, Canada; 2) estimate the parasitic
load of Protocalliphora on their bird hosts; and 3)
establish levels of parasitism by Nasonia.

Materials and Methods

Study Area and Nest Box Network. The 10 200-km2

study areas included a network of 400 bird nest boxes
distributed among 40 farms within the Montérégie and
Estrie regions in southern Québec (Fig. 1). The area
is characterized by an eastÐwest gradient of agricul-
tural intensiÞcation where dairy farming and small-
scale, familial farms are replaced by large-scale, con-
tinuous row cropping with full mechanization and
high input of pesticides as well as of organic and
chemical fertilizers (Bélanger and Grenier 2002, Jobin
et al. 2003; Fig. 1). Nest boxes were built according to
North American Bluebird SocietyÕs speciÞcations (i.e.,
eastern/western bluebird model) and were erected in
winter 2004. Ten nest boxes per farm were placed 50 m
apart along drainage ditches or fence lines that bor-
dered agricultural Þelds or pastures. All boxes were
mounted on a metal post 1.5 m above the ground and
with the opening facing southeast. See Ghilain and
Bélisle (2008) for the detailed farm selection protocol.
Specimen Collection and Identification. Before

their fall migration, tree swallows typically visit nests
that were used during the breeding season, probably
to ascertain the quality of potential future breeding
sites (Bent 1963, Doligez et al. 2004, Ghilain and Bé-
lisle 2008, Winkler et al. 2011). To avoid interference
with the birdÕs habitat quality assessment, insect spec-
imens were collected from the Þeld using two proto-
cols. First, two of the 10 available tree swallow nests
in each of the 40 farms were examined for Protocal-
liphora pupae immediately upon ßedging, i.e., be-
tween 25 June and 16 July in both 2008 and 2009. The
nestwascarefully removed fromthebox, andall pupae
in nest material and in the nest box were collected.
The nest was put back into the box upon completion
of sampling. Pupae were individually placed into
meshed capped plastic bottles (4 cm in length by 7 cm
in height) for rearing. They were maintained in a
mixture of sawdust and 1% boric acid at room tem-
perature (�22�C) until the emergence of the adult
ßies or their parasitoids (5Ð12 d). Adults were kept
alive for 48 h for maturation and hardening of the
integuments and killed by freezing (�30�C) for 7 d.
Adult Protocalliphora were pinned and air-dried, and
their puparia were stored individually in 90% ethanol.
Adult Nasonia were stored in 90% ethanol at �20�C.

The second sampling protocol took place during
winters 2008Ð2009 and 2009Ð2010, several months af-
ter the birds had left. All nests (including those sam-
pled in the Þrst place) were collected and brought
back to the laboratory for examination. Empty Pro-
calliphora puparia were removed from nest material,
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air-dried, and subsequently stored at room tempera-
ture in vials. Pupae from which insects failed to
emerge were dissected and examined.

AdultsProtocalliphorawere sexed and keyed to spe-
cies by using Sabrosky et al. (1989) and Whitworth
(2003). Because Protocalliphora adults are rarely
caught and most specimens in collections consist of
puparia, much effort has been invested into develop-
ing reliable identiÞcation keys based on morphologi-
cal structures of puparia (Whitworth 2006). The pu-
paria of emerged adults as well as those collected
during the winter were Þrst examined with a stereo-
microscope for markings associated with either adult
ßy emergence (missing or broken emergence cap) or
wasp emergence (exit holes 0.5Ð1 mm in diameter)
and then keyed to species by using Whitworth (2002,
2003). All puparia that could not be identiÞed at low
magniÞcation were mounted on slides (Whitworth
2002) for examination with a compound microscope.
Nasonia specimens were examined and photo-

graphed for measurements necessary to identiÞcation
by using a stereomicroscope equipped with a digital
camera. Measurements were taken using PixeLINK
imaging software (PixeLINK, Ottawa, Canada), and
all specimens were keyed to species by using Darling

and Werren (1990) and Raychoudhury et al. (2010).
Specimen identiÞcations were conÞrmed by members
of the Werren laboratory (Rochester University,
Rochester, NY). Voucher specimens have been de-
posited to the Ouellet-Robert entomological collec-
tion at Université de Montréal.
Statistical Analyses. Interannual comparisons in the

number ofProtocalliphorapupae per nest, per nestling
and number of N. vitripennis and N. giraulti that
emerged per pupa were performed using Wilcoxon
rank sum tests. Interannual comparisons between in-
festation rates (percentages) were performed using
standard chi-square tests.

Results

In total, of 202 nests from 37 farms was occupied by
tree swallows in 2008 and 185 nests from 37 farms in
2009; remaining nest boxes were left empty or occu-
pied by either eastern bluebirds [Sialia sialis (L.)] or
house sparrows [Passer domesticus (L.)] and were not
considered in this study. In total, 3,601 and 1,275 Pro-
tocalliphorapupae and puparia were collected from 33
and 24 of these farms in 2008 and 2009, respectively,

Fig. 1. Distribution of the 40 farms along a gradient of agricultural intensiÞcation in southern Québec, Canada, 2008Ð2009.
Land cover types are based on a mosaic of classiÞed LANDSAT-TM satellite images (Canadian Wildlife Service 2004) and
include water (black), urban (dark gray), forest (mid-tone gray), extensive cultures (e.g., hayÞelds and pastures; light gray),
and intensive cultures (e.g., maize [Zea mays L.]rsqb], cereals, and soybean [Glycine max (L.) Merr.]; white). Open
pentagons indicate farm locations. Coordinates are UTM (Zone 18; NAD83) and refer to the number of meters from a
reference point.
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with most being sampled during the winter (82.40% in
2008 and 74.82% in 2009).
Protocalliphora. The prevalence of nest infestation

by Protocalliphora was twice as high in 2008 (70.8%,
N� 143) as in 2009 (34.6%, N� 64) (�2 � 23.62, P�
0.0001). A signiÞcant decrease of 15.9% was observed
between the number ofProtocalliphorapupae per nest
collected in 2008 compared with those collected in
2009 (Table 1). Although the number of Protocalli-
phora pupae per nestling was 25.2% higher in 2008
compared with 2009, this difference was not signiÞ-
cant (Table 1). The numbers of Protocalliphora pupae
per nest and per nestling were both highly variable;
however, they showed twice as much variation in 2008
as in 2009 (pupae per nest coefÞcient of variation,
91.7Ð199.8%; pupae per nestling coefÞcient of varia-
tion, 101.4Ð199.8%; Table 1). Overall, the observed
within and between year levels of variation imply that
most Protocalliphora-infested tree swallow broods ex-
perienced low-to-high parasitic burdens (Table 1).

Adults were reared from 283 of 333 collected pupae
in 2008 and from 110 of 204 pupae in 2009. Three
species of Protocalliphora were identiÞed (Table 1).
Protocalliphora sialia Shannon & Dobroscky was by
far the most prevalent and abundant, found in 96.51%
of infested nests in 2008 and 87.58% in 2009 (Table 1).
Protocalliphora bennetti Whitworth was found in
21.11% of infested nests in 2008 and 31.29% in 2009,
whereas Protocalliphora metallica (Townsend) was
only sampled in 10.03% of infested nests in 2008 and
4.82% in 2009. Nest infestation by P. sialia alone was
the most frequent pattern, accounting for at least two
thirds of nest parasitism in 2008 and 2009 (Table 2).

Mixed infestations of P. bennetti and P. sialia ac-
counted for almost a Þfth of infestations. P. bennetti
and P. metallica were predominantly found in mixed
nest infestations with P. sialia and only rarely sampled
alone or in mixed infestations with each other (Table
2). Only one nest of 143 in 2008 and one nest of 64 in
2009 were simultaneously infested by the three Pro-
tocalliphora species.
Nasonia. Overall, more than two third of the nests

containing Protocalliphora pupae were parasitized by
Nasonia (Table 3). Nonetheless, the proportion of
Protocalliphora-infested nest that incurred parasitism
byNasoniawas 27% higher in 2008 than in 2009 (Table
3). Similarly, the level of parasitism (proportion of
pupae parasitized in Nasonia-infested nests) was 28%
greater in 2008 than in 2009 (Table 3). Although the
levels of parasitism by Nasonia on P. sialia, P. bennetti
and P. metallica were similar in 2008, P. bennetti ex-
perienced a level of parasitism about twice as high as
those of the other species in 2009 (Table 3).

AdultNasonia emerged from 52.4% (N� 635) of the
Protocalliphora pupae collected after bird ßedging in
2008 and from 63.6% (N� 321) of collected pupae in
2009. Of the pupae sampled in the winter, based on the
conÞguration of exit holes, Nasonia were inferred to
have emerged from 49.9% of pupae in 2008 (N� 2966)
and 31.1% of pupae in 2009 (N � 954; Table 4). Two
species of Nasonia were identiÞed, N. vitripennis, by
far the most common species, andN.giraulti(Table 4).
In most cases, only N. vitripennis was found per nest
(Table 4).

No signiÞcant interannual variation was observed
(W� 25609, P� 0.46) between the mean number of

Table 1. Interannual comparison in the abundance (mean number of Protocalliphora per nest) and estimated parasitic burden (mean
number of Protocalliphora per nestling) of Protocalliphora spp. sampled from tree swallow nests (N � 143 in 2008; N � 64 in 2009)
between 2008 and 2009 within the Montérégie and Estrie regions of southern Québec, Canada

Parameter
2008 2009

Wa P
Mean � SD Range Mean � SD Range

Avg. no. Protocalliphora pupae/nest 25.43 � 23.33 (1Ð110) 21.95 � 43.86 (1Ð148) 16,390 �0.001
P. sialia pupae/nest 24.20 � 23.38 (0Ð110) 19.63 � 39.20 (0Ð146) 5,416 0.035
P. bennetti pupae/nest 0.99 � 3.21 (0Ð27) 1.8 � 3.59 (0Ð18) 4,146.5 0.15
P. metallica pupae/nest 0.23 � 0.90 (0Ð7) 0.19 � 0.38 (0Ð4) 4,598 0.92
Avg. no. Protocalliphora pupae/nestling 5.53 � 5.61 (0.15Ð45) 4.66 � 9.31 (0.2Ð37) 5,134 0.16
P. sialia pupae/nestling 5.26 � 5.51 (0Ð43) 4.20 � 8.38 (0Ð36) 5,447.5 0.029
P. bennetti pupae/nestling 0.22 � 0.70 (0Ð5.4) 0.36 � 0.73 (0Ð3.6) 4,163.5 0.17
P. metallica pupae/nestling 0.05 � 0.19 (0Ð1.33) 0.04 � 0.08 (0Ð0.8) 4,595 0.93

aWilcoxon rank sum test (� � 0.05).

Table 2. Level (percentage) of single and mixed infestations of Protocalliphora spp. in tree swallow nests (N � 143 in 2008; N �
64 in 2009) in 2008 and 2009 within the Montérégie and Estrie regions of southern Québec, Canada

Parameter 2008 2009 �2 P

Nest with single Protocalliphora infestations 73.43 (N � 143) 78.17 (N � 64) 0.07 0.71
P. sialia 71.30 65.63 0.04 0.84
P. bennetti 1.40 10.94 6.66 0.01
P. metallica 0.70 1.60 0.03 0.83

Nests with mixed infestations 26.58 (N � 143) 21.95 (N � 64) 0.15 0.69
P. bennetti � P. sialia 17.48 18.75 0.03 0.86
P. metallica � P. sialia 7.00

1.40
0.70

1.60 1.45 0.23
P. bennetti � P. metallica 0.00 0.03 0.86
P. bennetti �P. metallica � P. sialia 1.60 0.04 0.86
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N. vitripennis wasps that emerged per pupae in 2008
(30.66 � 20.78 [SD]) and those that emerged in 2009
(27.83 � 14.82 SD). Similarly, no signiÞcant interan-
nual variation was observed (W � 67, P � 0.063)
between the mean number of N. giraulti wasps that
emerged per pupae in 2008 (29.64 � 9.24 SD) and
those that emerged in 2009 (20.63 � 10.01SD).

Discussion

Our study presents a description of the Protocalli-
phora and Nasonia species composition and abun-
dance from tree swallow nests within agricultural
lands of southern Québec. We identiÞed three species
of Protocalliphora (P. sialia, P. bennetti, and P. metal-
lica) and two species ofNasonia (N. vitripennis andN.
giraulti). This is the Þrst record of both P. bennetti and
N. giraulti in the province of Québec.
Protocalliphora infestations in bird nests have been

reported to be higher in western than in eastern North
America (Sabrosky et al. 1989, Bennett and Whitworth
1992). In their seminal work investigating the Proto-
calliphora fauna of 73 bird species, Bennett and Whit-
worth (1992) documented that 52% of the 1862 nests
sampled in the west (i.e., Utah, USA) were infested
with Protocalliphora, whereas only 24% of the 2806
nests in the east (Ontario, Canada) were infested.
Accordingly, in three studies on the Protocalliphora of
tree swallows within anthropogenically modiÞed hab-
itats of western Canada, Rendell and Verbeek (1996),
Dawson et al. (2005) and Gentes et al. (2007) reported
that 93, 89, and 100% of the nests were infested, re-
spectively. These numbers are notably higher than
what was observed in our study (70.8% in 2008 and
34.6% in 2009). Not only are bird nests more fre-
quently infested with Protocalliphora in western
North America but also they seem to be more heavily

infested with Protocalliphora. For example, Rendell
and Verbeek (1996), Dawson et al. (2005), and Gentes
et al. (2007), studying bird host species that lay
clutches similar in size to that of tree swallows, re-
ported mean abundances of Protocalliphora per nest
that were 152, 101, and 199% higher than our study.
Our Þndings thus provide further support for this east
versus west pattern of Protocalliphora infestation in
North America. Ecological factors accounting for this
geographical difference in levels of nest infestation
remain to be explored.

Several studies have investigated the effect of blood
feeding by Protocalliphora larvae on developing nest-
lings. In some cases, parasitized nestlings had lower
hematocrit and hemoglobin levels (Whitworth and
Bennett 1992, OÕBrien et al. 2001, Hannam 2006), re-
duced growth rates (Whitworth and Bennett 1992),
decreased body temperatures and metabolic rates (Si-
mon et al. 2005), and lower ßedging survival and re-
duced dispersal in the Þrst days after ßedging (Thomas
et al. 2007, Streby et al. 2009). Conversely, others have
reported no signiÞcant effects of Protocalliphora ec-
toparasitism on any of the aforementioned parameters
(Johnson et al. 1991, Rogers et al. 1991, Roby et al.
1992, Wittmann and Beason 1992, Miller and Fair 1997,
Thomas and Shutler 2001). These latter studies, how-
ever, did not follow nestlings throughout their early
developmental stages, when nestlings may be the most
sensitive to Protocalliphora ectoparasitism. Negative
effects on bird hosts have been observed at levels of
ectoparasitism ranging from 7.2 to 13.73 pupae per
nestling (Whitworth and Bennett 1992, OÕBrien et al.
2001, Simon et al. 2005, Streby et al. 2009) and more
speciÞcally at 13.3 pupae per nestling for P. sialia on
the eastern bluebird (Hannam 2006). We measured
on average 5.5 and 4.7 pupae per tree swallow nestling
in 2008 and 2009, respectively, but with considerable

Table 3. Prevalence of nest infestation and the total level of parasitism of Protocalliphora pupae (N � 3601 in 2008; N � 1275 in
2009) by Nasonia spp. in tree swallow nests in 2008 and 2009 within the Montérégie and Estrie regions of southern Québec, Canada

Parameter 2008 2009 �2 P

Nests containing Protocalliphora pupae parasitized by Nasonia spp. 85.31 (N� 143) 67.19 (N� 64) 7.90 0.05
Protocalliphora pupae parasitized by Nasonia spp. 50.35 (N� 3,601) 39.29 (N� 1,275) 16.83 �0.001
P. sialia 53.88 (N� 3,380) 34.71 (N� 1,120) 12.83 �0.001
P. bennetti 47.45 (N� 137) 60.68 (N� 117) 1.10 0.29
P. metallica 46.67 (N� 14) 30.00 (N� 10) 0.07 0.79

Table 4. Percentage of parasitism of Protocalliphora pupae by Nasonia spp. as determined from pupae collected during the first
sampling effort (N � 333 pupae for 2008; N � 204 for 2009) in tree swallow nests in 2008 and 2009 within the Montérégie and Estrie
regions of southern Québec, Canada

Parameter 2008 2009 �2 P

Nests containing parasitized Protocalliphora pupae infested with N. vitripennis 63.13 (N� 57) 89.20 (N� 28) 5.1 0.024
Nests containing parasitized Protocalliphora pupae infested with N. giraulti 8.80 (N� 57) 25.00 (N� 28) 2.85 0.09
Protocalliphora pupae parasitized by N. vitripennis 93.01 (N� 333) 94.61 (N� 204) 0 1
Protocalliphora pupae parasitized by N. giraulti 3.90 (N� 333) 2.96 (N� 204) 0.1 0.75
Single N. vitripennis infestation 90.01 (N� 333) 92.65 (N� 204) 0.02 0.89
Single N. giraulti infestation 0.90 (N� 333) 1.00 (N� 204) 0.14 0.71
Mixed Nasonia infestations 3.00 (N� 333) 1.96 (N� 204) 0.14 0.71

Nasonia Infestation rates do not sum to 100% because some Protocalliphora pupae contained parasitoids at larval stages that we were not
able to key to species.
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variation among infested broods. For example, in 2008
and 2009, 38 of the 143 and 10 of 64 infested nests had
levels of ectoparasitism �7.5 pupae per nestling, the
highest being 47 pupae per nestling. Although not
intended to assess the effect of Protocalliphora on tree
swallows, our data suggest that some birds are exposed
to high levels of ectoparasitism that could inßuence
breeding success.

We observed considerable interannual variation in
the prevalence of Protocalliphora infestation in 2008
(70.8% of infested nests) and 2009 (34.6%). This vari-
ation should be interpreted with caution because the
study was conducted over only two Þeld seasons. Yet,
Johnson et al. (1991), Bennett and Whitworth (1992),
Roby et al. (1992), and Germaine and Germaine
(2002) also reported differences in prevalence of in-
festation between sampling years of 16, 75, 22, and
38%, respectively. When studying the conditions fa-
voring parasitism by Protocalliphorawithin Algonquin
Park in Ontario, Canada, Bennett and Whitworth
(1992) suggested that the experimental removal from
the Þeld of immature stages of Protocalliphora before
adult emergence decreases the rate of nest infestation
the following year. This might partly explain the ob-
served interannual variability described in the previ-
ously referenced studies, because they all removed
nest material and Protocalliphora pupae within days of
bird ßedging. However, our sampling protocol was
designed to minimize the removal of adult Protocal-
liphora from the Þeld. Indeed, only 16.8% of the pupae
were removed from the Þeld in 2008, and it is therefore
unlikely that the interannual variation we observed
resulted from oversampling. Another possibility lies in
the interannual differences in nest occupation and
destruction by mice and voles after tree swallow ßedg-
ing, which was slightly higher in 2009 than in 2008
(S.P.D., unpublished data). Long-term monitoring
would be necessary to elucidate the underlying mech-
anisms governing the population dynamics of Proto-
calliphora.

Of the seven Protocalliphora and the one Trypocal-
liphora species known to parasitize tree swallows in
eastern North America, we sampled three (P. sialia, P.
bennetti, and P. metallica). This is not entirely surpris-
ing because the other three species are seldom found
in tree swallow nests. The predominance of P. sialia,
both in terms of nest infestation and abundance (Ta-
ble 1), is consistent with other studies on tree swallows
from across North America (Roby et al. 1992, Witt-
mann and Beason 1992, Smar 1994, Dawson et al.
2005), as is the low prevalence and abundance of the
two other species collected within our study system,
P. bennetti and P. metallica (Bennett and Whitworth
1992, Whitworth 2002). Bennett and Whitworth
(1992) and Whitworth (2002) suggested that females
of some species of Protocalliphora have either a “nest
site preference” or a “host speciÞcity” and possibly an
interaction of the two, when ovipositing. P. bennetti,
for example, are host speciÞc, being most frequently
found in cavity nests of either wrens or chickadees but
rarely in nests of tree swallows (Bennett and Whit-
worth 1992, Whitworth 2002). In contrast, P. metallica

seem to prefer habitats with open canopies rather than
forested areas (Sabrosky et al. 1989, Bennett and Whit-
worth 1992). In addition,P.metallicahave been shown
to preferentially oviposit in open nests such as those
of ground nesting birds but rarely in cavity-nesting
birds (Sabrosky et al. 1989, Bennett and Whitworth
1992). Thus, the pattern of Protocalliphora species
collected from tree swallow nests within the agricul-
tural lands of southern Québec conforms to those
reported in other studies on tree swallows.

Two or more species of Protocalliphorawere found
in 24.5% of the infested nests (data from both years
combined); this value is above what was reported in
Bennett and Whitworth (1992) who found an average
mixed infestation rater of 12.5% in Algonquin National
Park, Ontario, Canada. The determinants governing
this phenomenon have not yet been elucidated.

During the Þrst sampling effort, the collected pupae
were parasitized by two species of Nasonia (N. vitri-
pennis and N. giraulti). N. vitripennis was the most
prevalent and abundant of the two for each of the
three Protocalliphora species. N. giraulti was usually
found in association withN. vitripennis.These data are
consistent with those reported by Grillenberger et al.
(2009) who identiÞed Nasonia wasps emerging from
Protocalliphorapupae collected from tree swallow and
eastern bluebird nests in upper New York state; the
majority of the nest contained single N. vitripennis
infestations (67%), whereas 29% of nest contained
mixed infestations of bothN.vitripennisandN.giraulti.
No single infestations of N. giraulti were observed.
Historically, this pattern of relative abundance be-
tween N. vitripennis and N. giraulti might have been
different as N. giraulti had once been more common
within its range (J. H. Werren, personal communica-
tion). A recent study proposes that the appearance of
a new species, N. oneida in New York state, as well as
the introduction of N. longicornis into eastern North
America, could play a role in the decrease ofN. giraulti
populations within that region (Raychoudhury et al.
2010). Whether this is the case for southern Québec
remains unknown as there is a complete lack of his-
torical data for this area.

To our knowledge, only three Þeld studies have
been conducted on Nasonia. Grillenberger et al.
(2008) (Europe), Grillenberger et al. (2009) (upper
New York state), and Bennett and Whitworth (1991)
(across North America) observed that 60, 91, and 72%
of bird nests contained Protocalliphora pupae that
were parasitized by Nasonia with levels of parasitism
(i.e., parasitized pupae) of 46.8, 48.0, and 22.1%, re-
spectively. Similarly, 85.3 and 67.2% of our nests con-
tained parasitized pupae in 2008 and 2009, respec-
tively, with levels of parasitism of 49.8 and 35.7%.

Nasonia do not seem to discriminate between Pro-
tocalliphora species, because P. sialia, P. bennetti, and
P. metallica experienced comparable levels of parasit-
ism (Table 4). The higher value observed for P. ben-
netti in 2009 was due to an exceptionally high level of
parasitism in a single nest, where all pupae from a
single infestation of P. bennetti were parasitized.

476 ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 105, no. 3

 at D
on T

hom
son on A

pril 14, 2016
http://aesa.oxfordjournals.org/

D
ow

nloaded from
 

http://aesa.oxfordjournals.org/


Acknowledgments

We thank Arnaud Ghilain, Renaud Baéta, Audrey Robil-
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