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ABSTRACT. Larval development of Physocephala (Diptera, Conopidae) in the bumble bee Bombus morio (Hymenoptera, Apidae).
In the summer of 2012, a high incidence of conopid larvae was observed in a sample of female B. morio collected in remaining
fragments of semidecidual forest and Cerrado, in the municipality of Sorocaba, state of Sao Paulo, Brazil. The larval develop-
ment of conopid flies was studied, beginning at the larval instars (LO to L3) and PUP, until the emergence of the imago under
laboratory conditions and inside the host. At the first instar, or LO, the microtype larvae measured less than 1 mm in length.
During the transition from L1 to L3, the larvae grew in length. At L3, the larvae doubled their length (4 mm) and then started to
develop both in length and width, reaching the PUP stage with 10 mm in length and 7 mm in width. The main characteristic that
differentiates L3 from the early instars is the larger body size and the beginning of posterior spiracle development. The develop-
ment from PUP to puparium took less than 24h. The bees died ten days after the fly oviposition, or just before full PUP development.
The early development stages (egg-LO to L1) were critical for larva survival. The pupa was visible between the intersegmental
sternites and, 32 days after pupation, a female imago of Physocephala sp. emerged from one bee. The puparium and the fly
measured approximately 10 mm in length. In a single day of collection, up to 45% of the bumble bees collected were parasitized

by conopid flies.
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Bumble bees comprise about 240 species exhibiting primi-
tively eusocial behavior and which are of vital ecological
importance (Williams 1982, 2005). They help maintain the
diversity and abundance of many plant species in natural
forests, agricultural and also in urban areas. Their potential
as long-distance pollinators allows them to visit numerous
flowerings before returning to the nest. These bees are large
and withstand a large load of pollen during foraging, even
under adverse climate conditions (Cortopassi-Laurino et al.
2003, 2006; Klein et al. 2007; FAO 2008). Additionally, they
have specialized anatomical structures that ensure them great
efficiency in pollination, such as the long glossa that allows
them to reach flowers with long tubular corolla. The behav-
ior and anatomic characteristics of the genus Bombus is ex-
tremely important to increase variability and productivity in
some plant species, such as tomatoes (Aldana et al. 2007).

Only six species of the genus occur in Brazil, which makes
it an area of peripheral distribution of Bombus (Sakagami
1976; Michener 2000). The species B. (Fervidobombus)
morio (Swederus, 1787) and B. pauloensis Friese, 1913 are
abundant in southern and southeastern Brazil, where their
distributions overlap. Bombus morio is distributed from north-
western South America to eastern Brazil, Uruguay and north-
ern Argentina (Abrahamovich et al. 2004). These species
occur in tropical and subtropical forests and Cerrado, as well
as in moderately dry regions (Moure & Sakagami 1962).

Similarly to Apis mellifera Linnaeus, 1758, sudden de-
cline and loss of entire populations of several species of the
Bombus are recorded annually, especially in the European
and American continents (Biesmeijer et al. 2006; Martins &
Melo 2010; Cameron et al. 2011). From 1950 to 2000, 13
species of Bombus disappeared from Eastern European coun-
tries; four of these are considered extinct (Kosior ef al. 2007).
In North America, since 1940, the species B. borealis Kirby,
1837, B. terricola Kirby, 1837 and B. variabilis (Cresson,
1872) have declining populations in the state of [llinois, USA
(Grixti et al. 2009) and the same happened with the species
B. affinis Cresson, 1863, B. fraternus (Smith, 1854), B.
pensylvanicus (De Geer, 1773) and B. vagans Smith, 1854
(Grixti et al. 2009; Cameron et al. 2011). The species B. affinis
has disappeared from the state of Illinois and populations of
the species are practically no longer found in regions where
they used to be found in abundance; the same is true for
Canada (Cameron et al. 2011).

In Brazil, specifically in the state of Parana and in some
localities in the state of Santa Catarina, the decline, followed
by disappearance, of the species B. bellicosus Smith, 1879
was reported by Martins & Melo (2010). The causes for such
drastic decrease in the species’ population are diverse, but
all authors are in consensus that global warming, intensive
agricultural activity and industrialization are the main causes
of such phenomenon (Pywell et al. 2006; Grixti et al. 2009).
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The intensification of use of pesticides and herbicides,
which are released indiscriminately in the environment with-
out any treatment, can affect the whole entomofauna. Indus-
trial toxic waste changes all ecosystems; consequently, the
geobotanic ecosystem and, therefore the balance between op-
portunistic parasites and their hosts. Parasites may predomi-
nate in such condition, becoming a potential threat for bumble
bees (Evans et al. 2008; Santos et al. 2008; De Jong 2009;
Plischuk et al. 2009; Martins & Melo 2010; Cameron et al.
2011).

Marcondes et al. (2011) have found an apparently high
prevalence of dipteran larvae in both B. morio and B.
pauloensis (cited as B. atratus). The authors reported the
occurrence of fly larvae taxonomically similar to tachinids.
However, more detailed studies, including rearing hosted bees
under controlled conditions, have revealed that the parasi-
toid species were Conopidae microtype larvae. Its develop-
ment inside adults of B. morio is the subject of the present
study. Conopids are a worldwide dipteran family that typi-
cally parasitizes adult aculeate Hymenoptera, mainly bees
and wasps. Many species present specialization of larval de-
velopment, having Bombus as their main host (Schmid-
Hempel & Schmid-Hempel 1996). From the microtype egg
to imago, three larval instars were described for the observed
specimens: 1%, 2 and 3" instars. For some fly families, the
prepupa stage is not well characterized. Prepupa is the tran-
sition stage between larva and pupa and the main marked
event in such stage is larval defecation, with the opening of
the midgut and hindgut that remains closed until the end of
the larval stage. Some authors describe the prepupation in
detail for non-conopid species (Anderson 2000). However,
Schmid-Hempel & Schmid-Hempel (1996) mention a fourth
stage, or PUP, in conopid fly larva, studying the same genus
as this paper, Physocephala rufipes (Fabricius, 1781). They
describe the PUP stage as “fully grown third instar larva just
before pupation, i.e. just before host had died”. The conopid
larva loses many adaptive anatomical characteristics for pro-
tection, when compared to other dipteran larva, since the egg
is oviposited into the bee host’s abdomen and develops in a
relative safe environment. The eggs are classified as
microtype and the larva has thin and translucent integument.

Although studies have reported low incidence of these para-
sitic flies in the same fragments where B. morio workers were
collected (Tauhyl & Urso-Guimaraes 2012), the present study
reported a high incidence of the parasitoid in worker bees,
especially in the year of 2012. The study of the behavior and
general development of the parasitoid fly larvae hosted in the
bees was performed in an attempt to support and contribute to
the knowledge of the biology of this important bee species.

MATERIAL AND METHODS

The bumble bees were collected in remaining fragments
of semideciduous forest and Cerrado (23°34°53.1”S
47°31°29.5”) of the Federal University of Sao Carlos, at the
Sorocaba Campus, in the municipality of Sorocaba, state of

Revista Brasileira de Entomologia 58(4): 343-348, December 2014

Sao Paulo, Brazil. The inventorying of bees was systemati-
cally carried out from 2011 to April 2014, when almost 200
specimens (males, workers and queens) of Bombus morio
were collected in order to determine the seasonal colony
cycle. However, some bee specimens presented microtype
fly larvae, which were then studied inside the host under labo-
ratory conditions. The field activities were performed in the
morning (9 a.m.) and in the afternoon (4 p.m.), using ento-
mological nets. The specimens were conditioned in amber
flasks and transported to the Laboratory of Structural and
Functional Biology (LABEF), where they were maintained
in a B.O.D. incubator (24N, 26°C) in order to obtain adult
specimens of the parasite. Twenty females of B. morio were
incubated for the purpose of verifying symptoms of parasit-
ism and trying to develop the parasitoid in the adult bee.
Bees presenting signs of decrease in motor activity or leth-
argy were narcotized and dissected. The metasoma of the
bees was cut laterally along its entire length, but not removed
completely. The bee-host specimens had their fly larvae mea-
sured in length and in diameter, in loco. The larvae were ob-
served daily under a stereomicroscope (Zeiss — Stemi DV4),
by carefully picking up the bee sternal integument.

RESULTS AND DISCUSSION

In two samplings carried out from summer through early
winter (March to July, 2012), 12 specimens of Bombus morio
were collected on flowers of Cassia sp. aff. mannii Aubrev.,
in the morning and other eight bees were collected on flow-
ers of Macroptilium atropurpureum (DC.) Urb. in the after-
noon. Among the 12 specimens collected in the morning,
three females, after dissection, were found to have parasitoid
fly larvae inside their metasoma. Amongst the eight speci-
mens collected in the afternoon, one female was also para-
sitized. No such occurrence was observed in the collected
males. Schmid-Hempel & Schmid-Hempel (1996) examined
1123 Bombus pascuorum (Scopoli, 1763) workers and found
an average of 417 larvae of Physocephala rufipes (Fabricius,
1781) among them, almost 42%. This was about the same
percentage observed for B. morio and it was also observed
that mainly the females were parasitized.

After the dissection of 20 females in 2012, nine larval
individuals of Physocephala sp. (Diptera, Conopidae) were
found, one in each bee. In only one occasion, two early para-
site larvae (L1) were found inside one bee. In all cases, only
one larva reached the pupal stage and, under laboratory con-
ditions, only one female completed the entire cycle to adult
fly. Intra and inter-specific competition in conopids is a natu-
ral phenomenon, and one larva per host can develop suc-
cessfully (Salt 1961; Schmid-Hempel & Schmid-Hempel
1996). In 2013, the population of B. morio had a strong de-
crease and showed a recovery in 2014. In 2014, out of the 29
females collected in March, only one had been parasitized
by a conopid fly larva.

The parasitism strategy of the conopid flies has proven to
be very effective, since in the same study area Tauhyl & Urso-
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Guimaraes (2012) have observed only 0.01% of conopid fre-
quency among 1437 individuals of 29 Diptera families. The
high occurrence of conopid flies (4 individuals) was reported
during offspring (November), when the first B. morio female
workers became abundant in the field.

Judging from larval size and morphological characteristic
(see Schmid-Hempel & Schmid-Hempel 1996) during fly lar-
val development, larval stages LO, L1, L2, L3 and PUP were
observed in the laboratory. LO, not shown here, was defined
as the stage right after the larvae had hatched from the eggs; in
LO the larvae measured less than 1 mm in length. From L1 to
L3, the larvae grew in length, with L1 larvae measuring 2.5
mm in length and L2, 3.5 mm (Fig. 2). From LO until L3, the
parasitoid doubled in length (4 mm) and then began to de-
velop both in length and in width, reaching the PUP stage
with 10 mm in length and 7 mm in width (Fig. 2). From LO to
late L2, the larva lodged inside the bee’s abdomen was always
found in the vertical position, following the minor axis of the
abdomen, located at the proximal region, near the thorax
(Marcondes ef al. 2011). Thus, the early larval stages lodged
in the dorsal portion of the inner abdomen, accommodating
close to the terminal filaments of the ovaries, between the first
and second terga. The larvae from LO to L2 (and early L3)
were translucent (Fig. 1) and, at this stage, they probably con-
sumed hemolymph from the abdomen hemocoel.

After the larvae reached 7 mm, in L2, they rotated, posi-
tioning at the major axis of the bee’s abdomen. From LO to
L2, the larvae feed on almost all the internal organs of the

bee abdomen. Late L3 and PUP larvae extended their
buccopharyngeal apparatus and turned to the bee thorax in-
ternal opening for access to the bee’s flight muscles. The pos-
terior spiracles start to appear late into the L2 stage, and are
very distinguishable in L3 and especially in PUP (Fig. 2).
From L3 to PUP, the anal region presented typically two spi-
racles, with the sclerotization starting in late L3 and PUP
(Townsend 1935). In L3 the spiracles may be completely
developed or not. The last stage of larval development and
the pupation stage are marked by the position of the larva
inside the bee’s abdomen, when it takes up the entire ab-
dominal hemocoel, with its head turned toward the thorax
and the spiracles turned toward the last abdominal segments.
The larval rotation inside the bee’s abdomen marks the be-
ginning of pupation, with PUP having been well character-
ized. The PUP larvae measured 10 mm in length and 7 mm
in diameter, with two dark reddish large spiracles and ex-
tended buccopharyngeal apparatus, and a whitish color, due
the very well developed fat body, which can be observed
through the translucent integument (Fig. 2). In all bee-hosts,
the PUP became a pupa in less than 24h. The puparia were
reddish in the first day, and grew gradually darker to maroon
after about 30 days. The puparia occupied the whole abdomi-
nal hemocoel (Fig. 2A). When the pupal stage is finished,
the imago fly emerges, creating a scission on the top of the
cranial portion of the puparium (Fig. 2B) and leaving the
bee’s abdomen through the intersegmental membrane be-
tween the sterna.

L3 (PUP)

Fig. 1. Larval stages, L1, L2, and L3 with early spiracle (sp) development, of Physocephala sp. dissected from adult female workers of Bombus morio. Last L3
instar, or PUP, with the gut full of faeces, head (hd) with extended buccopharyngeal apparatus (bpa) and gut containing food (arrow). Scale bar: 0.25 cm.
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Fig. 2. A. Cocoon soon after pupation of Physocephala sp. lodged inside the bee’s abdominal cavity (dissected in this micrograph). B. Cocoon opened

by newly-emerged fly. Scale bars: A = 0.35 cm, B =0.25 cm.

The bees did not show any signal of behavioral or mor-
phological disturbance at the time of collection, in the field,
not even those infected by parasitoids. After collection and
under controlled conditions, they showed metabolism reduc-
tion and decreased motor activity followed by death, as de-
scribed by Miiller & Schmid-Hempel (1993). This metabolism
reduction is probably associated with the loss of internal or-
gans, digested by the larvae as described by Caldano et al.
(2008) for Conopidae in Centris, Bombus, Apis mellifera and
other bee species. The results showed that the larvae feed on
hemolymph at first, then on the host’s visceral fat tissue and
ovaries. When the larva is almost ready for pupation, the
buccopharyngeal apparatus reaches the flight muscles.

From all bee hosts under study, only one adult parasite
fly emerged from a female worker bee maintained in B.O.D.
incubator, two reached the PUP stage and four pupated in-
side the worker bees. The adult fly presented all the taxo-
nomic characteristics of the genus Physocephala Schiner,
1861, with a petiolate abdomen presenting with two long
and narrow segments, and the others broader and shorter;
anterior cross vein r-m well beyond the middle of discal cell
(1 M2); and hind femur irregularly thickened at the base
(Camras & Hurd 1957). They resemble solitary wasps, and
their larvae are parasites of Sphecidae and aculeate bees,
especially bumble bees (Stuke 2005; Caldano ef al. 2008;
Melo et al. 2008).

The parasite larva kept the host alive until L3 or PUP,
when all the internal organs had already been digested and
the cocoon took up the entire space of the inner abdomen.
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This fact shows that the larva position during development
was not a random event. During larval development, there
were specific areas occupied by the endoparasite, starting in
the proximal region and ending in the distal region of the
bee-host’s abdomen (Marcondes ef al. 2011). The puparium
is positioned along the largest axis of the host’s abdomen
and, after pupation, the adult emerges from between the sixth
and fifth sterna. This strategy is necessary, once the adult
parasite fly is relatively large and needs to emerge from the
largest intersegmental membrane. The female fly oviposites
on the tergites, but the imago emerges from the bee’s sterni-
tes, as also observed by Caldano et al. (2008) and Melo et al.
(2008). The duration of the larval and pupal stages were
measured. The former was a period of 10 days, as described
by Schmid-Hempel & Schmid-Hempel (1996) for the same
genus of Conopidae, and the interval between pupation and
emergence was a period of 32 days.

When foraging or even resting on flowers, bees can be-
come targets to conopid flies such as Physocephala (Caldano
et al.2008; Melo et al. 2008). On these occasions, according
to Santos et al. (2008), Centris (Heterocentris) analis (Fab-
ricius, 1804) can be parasitized by Conopidae females de-
positing their eggs between the intersegmental membranes
of the abdominal tergites, which are extended, penetrating
their ovipositor and depositing the egg to develop inside the
adult bee’s abdomen.

No species-level records of conopid parasitism for B.
morio have been found in the literature. The bee genera known
to be parasitized by conopids in the neotropics are Centris
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(Caldano et al. 2008; Santos et al. 2008), Bombus (Schmid-
Hempel & Miiller 1991; Miiller & Schmid-Hempel 1993;
Schmid-Hempel & Schmid-Hempel 1996; Gillespie 2010;
Cameron et al. 2011), and Eulaema (Rasmussen & Cameron
2004), bees recognized by their large size. However, smaller
bees can also be parasitized, such as those of the genus
Euglossa (Melo et al. 2008).
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