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The morphology of the first instar larva of the miltogrammine flesh fly Apodacra pulchra
Egger, 1861 is described using SEM and light microscopy. The larva is shown to possess a
strongly modified pseudocephalon with comb-like lateral processes, a large ventral organ, and
a transversely enlarged, slit-like (or L-shaped) functional mouth opening. The thoracic cuticle
is forming longitudinal ridges, and the abdominal segments have a single long lateral sensory
sensilla on each side. Morphology is discussed in context of the remaining Oestroidea in gen-
eral and of the subfamily Miltogramminae in particular.
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Introduction

Very little data are available on the morphology of
the pre-imaginal stages of the flesh fly subfamily
Miltogramminae. The main source of information
on this topic is still that of Thompson (1921), who
described the first (in some cases also the third)
instar larva of ten European and two Nearctic
species of Miltogramminae, representing the gen-
era Amobia Robineau-Desvoidy, Metopia Meigen,
Miltogramma Meigen, Pterella Robineau-Desvo-
idy, Senotainia Macquart, and Sphenometopa
Townsend. Additional information on larval mor-
phology of Miltogramminae is scanty and scat-
tered in various papers, and it is mainly restricted
to the shape of the cephalopharyngeal skeleton as
reviewed by Ferrar (1987). Earlier studies mainly
described material obtained by dissection of dried
female specimens, as well as the puparium plus its
associated third instar cephalopharyngeal skele-
ton.

The aim of the present work is to thoroughly
describe the morphology of the first instar larva of
Apodacra pulchra Egger, 1861 as a prerequisite
for future phylogenetic studies. The genus Apoda-
cra Macquart is represented by 43 described Old
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World species occurring in the Afrotropical,
Palaearctic, and Oriental regions (Pape 1996).
Like most other Miltogramminae, all Apodacra
species with known biology are kleptoparasites in
nests of solitary wasps and bees (Séguy 1941, My-
artzeva 1972, Verves 1979, Krombein & Pulawski
1986, Pape & Blasco-Zumeta 1996). In one case,
larvae of Apodacra dispar Villeneuve, 1916 were
found in a dead grashopper (Holstein & Rudzinski
1994), possibly the abandoned prey of a sphecid
wasp. Preimaginal stages of Apodacra spp. have
remained unknown until now.

Apodacra pulchra is distributed from Central
Europe to China (Neimenggu). The species prefers
sandy areas, especially near river banks. Although
suspected to be a kleptoparasite, nothing is known
on the biology (Povolny & Verves 1997).

Material and methods

Two females (together with nine males) of A. pul-
chra were caught in a military training ground
south of Toruf, northern Poland (UTM code:
CD37). The area is characterized by many dunes,
partly overgrown with psammophilous grasses and
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shrub vegetation, and fragments of pine stands
(Pinus sylvestris L.) spontaneously regenerating
after frequent fires. Both females were caught in
an area with numerous nests of the sphecid wasps
Bembix rostrata (Linnaeus), Miscofus bicolor
Jurine, and Bembecinus tridens (Fabricius), and
the pompilid wasp Pompilus cinereus Fabricius.
To obtain larvae, each freshly caught female
was kept in a 150 ml glass jar with a finely perfo-
rated cover and with a layer of filter paper in the
bottom. During the following three days both
females spontaneously and repeatedly larviposit-
ed, and the first instar larvae were immediately
collected. After the death of both females on day
three after capture, additional larvae were extract-
ed from their abdomen by carefully cutting the
membrane between segments VI and VII and gen-
tly squeezing the abdomen. Both females were
subsequently pinned and labelled (deposited in
coll. Szpila). In total, 23 first instar larvae were
obtained, 13 of which were fully developed.
Larvae were killed by soaking in hot water to
avoid deformation and stored in 70% alcohol.
Larvae were slide-mounted in Euparal and
Hoyer’s medium. Illustrations were produced from
photographs made with the use of a digital Nikon
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DMX 1200 camera mounted on a Zeiss Axioplan
2 microscope. SEM pictures were taken with the
use of a Jeol Scanning Microscope JSM-6300, for
which larvae were dehydrated through 80, 90, and
99.5% ethanol, critical point dried in CO,, and
coated with gold.

Terminology

Cyclorrhaphan Diptera larvae are strongly modi-
fied, and structures on the reduced head are partic-
ularly difficult to homologize with adult struc-
tures. We are here using the terminology of
Courtney et al. (2000), using “pseudocephalon”
for the part of the body anterior to the first thoracic
segment (“cephalic region” of Meier 1996). The
robust cone- or peg-like structure set in a more or
less well-developed cuticular ring or socket
antero-dorsally on the pseudocephalon is referred
to as the antenna. A raised area below the antenna,
containing a large cluster of sensilla, is referred to
as the maxillary palp (“maxillary papilla” of
Schmidt 1993, “maxillary sensory complex” of
Colwell & O’Connor 2000), here used in the broad
sense including the pair of apparently non-maxil-
lary sensilla, one of which is considered as origi-
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Figs 1-3. First instar larva of Apodacra pulchra Egger, 1861. — 1. Whole body, lateral view. — 2. Cephalopharyngeal
skeleton, lateral view. — 3. Cephalopharyngeal skeleton, ventral view. Scales = 0.1 mm.

Abbreviations: AI-AVII = abdominal segments, AD = anal division, DC = dorsal cornua, IS = intermediate sclerite,
LB = labrum, MH = mouthhook, PB = parastomal bar, PC = pseudocephalon, TI-TIII = thoracic segments, VC = ven-

tral cornua, VP = vertical plate.
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Figs 4-9. First instar larva of Apodacra pulchra Egger, 1861. — 4. Anterior end, antero-lateral view. — 5. Lobe of
pseudocephalon, anterior view. — 6. Pseudocephalon, anterior view, showing dorso-lateral separated maxillary sen-
sillum (S3, marked with ring). — 7. Pseudocephalon, ventral view. — 8. Pseudocephalon, comb-like structure.
Abbrevations: AS = antennal socket sensillum, CL = comb-like structure, LB = labrum, LL = labial lobe, LP = lat-
eral papillae, MH = mouthhooks, MO = functional mouth opening, MPS = clustered maxillary palp sensilla, S1 =
middle separated maxillary sensillum, S2 = dorsal separated maxillary sensillum, S3 = dorso-lateral separated max-
illary sensillum, VO = ventral organ.
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nating from the antennal segment, while the other
may be of either antennal or mandibular origin
(see references in Courtney et al. 2000). The latter
two sensilla were referred to with the topographi-
cal term “dorso-lateral sensilla of maxillary papil-
la” by Schmidt (1993), but as their position on the
maxillary palp may differ considerably from a
dorso-lateral position, as will be discussed further
below, we will use the ontogenetically neutral term
“separated sensilla of maxillary papilla”, awaiting
further studies on homology. Below the maxillary
palp and anterior to the functional mouth opening
is the ventral organ (“maxillary organ” of Schmidt
1993), the origin and homology of which likewise
is in dispute (Jurgens er al. 1986, Hartenstein
1988). The three thoracic segments are denoted as
TI-THI and the abdominal segments as AI-AVII
plus the anal division (the last ‘segment’ is ontoge-
netically a composite of several morphological
segments).

Results

The first instar larva of A. pulchra has a distinct
pseudocephalon, which is divided sagitally to
form two lobes with a complicated structure (Fig.
4). Each of the two pseudocephalic lobes has a
long antennal peg situated in a distinct socket on
the dorsal surface (Figs 5, 6, 13). The antennal
socket has a small ventro-lateral sensillum (Fig.
5). The cuticle behind the antennae is strongly
wrinkled by short, longitudinal folds (Fig. 4). The
maxillary palp is a low, dome-like structure situat-
ed on the anterior surface of the protruding upper
part of the pseudocephalic lobe [i.e., dorsal to the
labrum] (Fig. 5). In the central part of the maxil-
lary palp is a cluster of five distinct peg sensilla
(MPS), three set in swollen sockets and two non-
socketed, plus at least one additional indistinct
sensillum almost level with the surrounding cuti-
cle. The peg of both non-socketed sensilla have a
swollen or rounded tip, and the uppermost of these
two sensilla is elongated, curved dorso-laterally,
and set at a short distance from the main cluster of
sensilla. Three socketed peg sensilla (S1-S3) are
found along the periphery of the maxillary palp
(“separated sensilla”, Figs 5, 6). One sensillum
(S1) is mediad of the MPS cluster and set on a
large, cone-like socket close to the cleft between
the antenno-maxillary lobes; another is dorsal to
the cluster (S2), and the third is dorso-lateral to the
cluster and has a pointed peg in a very reduced
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socket (S3). A marked difference in size of the peg
of the left and right dorso-lateral separated sensil-
la (S3) was observed (Fig. 6, circles) but cannot be
explained without further observations.

Below the protruding upper part of the pseudo-
cephalon are three slate-like processes arranged as
laterally-directed, comb-like structures (Figs 4, 8,
CL). Situated close to the ventral (lower) part of
the comb, the ventral organ (VO) is shaped like a
swollen, bladder-like structure with a cluster of
sensilla on the flattened, anteriormost surface,
including two pit sensilla (one very prominent),
and two peg sensilla (Figs 4, 7). The functional
mouth opening (MO) consists of the usual longitu-
dinal furrow between the ventral organs and in
which labrum and mouthhooks are lodged, plus a
very broad U-formed slit starting from the lateral
surface of the pseudocephalic lobe at the level of
the maxillary palp, running ventral just posterior
to the comb-like row of slate-like structures and
intersecting with the longitudinal slit behind and
below the ventral organs (Fig. 7). The labrum proj-
ects between the ventral organs as a simple tooth-
like process (Figs 4, 7, LB). Slender pointed tips of
the mouthhooks are visible below. The triangular
labial lobe forms the postero-median part of the
mouth opening. It is equipped with a pair of distal
sensilla (Fig. 7, LL).

The cephalopharyngeal skeleton consists of an
unpaired labrum, paired mouthhooks, unpaired
intermediate sclerite, paired parastomal bars,
paired lateral plates, each with ventral and dorsal
cornua (Figs 2, 3, 14). The labrum is strongly scle-
rotised and pointed. The base of labrum has two
pairs of openings (Fig. 3). The middle part of the
mouthhook is widened in the horizontal plane by a
flat, lateral extension with a large opening (or con-
cavity?) in the central part (Fig. 3). The intermedi-
ate sclerite is located between the parastomal bars.
No dorsal bridge is present.

Segments TI-TIII are equipped with narrow
anterior bands of spines (Fig. 1), and the remain-
ing surface is arranged in numerous cuticular
ridges parallel with the longitudinal axis of the
body (Figs 1, 4, 9). Single lateral papillae occur on
TI-THI (Fig. 4, LP).

Segments AI-AVII are equipped with anterior
bands of spines similar to those on the thoracic
segments. Segments AI-AVII posteriorly with dor-
sal and lateral separated clusters of spines, which
on AVI-AVII fuse to form an irregular and incom-
plete posterior spine band (Fig. 1). Cuticular lon-
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Figs 9-12. First instar larva of Apodacra pulchra Egger, 1861. — 9. TI-TII, ventral view. — 10. Spiracular cavity, pos-
terior view. — 11. Bristle-like sensillum. — 12. Base of bristle-like sensillum.
Abbrevations: P5 = subventral papillae, P7 = supraventral papillae.

gitudinal ridges are well developed only on the
dorsal surface, except for the anal division, which
has ridges also laterally (Fig. 1). The dorsal longi-
tudinal ridges are gradually reduced in length and
in numbers from AIII to AVII. The lateral surface
of each of AI-AVII has a long, bristle-like sensil-
lum originating from a spherical base (Figs 1, 11,
12, 16, 17). Ventral to the bristle-like sensillum is
a narrow horizontal band of spines running from
the anterior spine band to the posterior margin,
connecting along the ventral side with its counter-
part (Fig. 1). The posterior spiracular field has the
form of a convex, lens-shaped protuberance (Figs
1, 15). This protuberance may be pulled into the
spiracular cavity (Fig. 10). Around the spiracular
field and anal opening are several sharp spines
(Fig. 15). Two pairs of peg-sensilla are present on
the anal division (Fig. 10, P5, P7).

Discussion

A remarkable feature of the general habitus of the
first instar larva is the strong cuticular longitudinal
ridges, which are numerous on the upper part of
the pseudocephalon, the entire surface of all tho-
racic segments, more sparsely arranged dorsally
on abdominal segments AI-AVII, and dorsally and
laterally on the anal division (Fig. 1). These ridges
are unlikely to be artifacts (e.g., due to the killing
by soaking in hot water and/or the critical point
drying) as larvae of Pollenia showed no such
cuticular ridging after an identical treatment
(Szpila, 2003). Similar cuticular ridges have been
illustrated for, or at least stated to occur in, the
genera Metopia, Miltogramma, Pterella, and
Senotainia by Thompson (1921), while they were
noted to be absent in Sphenometopa (“La peau ne
présente pas de cotes longitudinales”, Thompson
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Figs 13-17. First instar larva of Apodacra pulchra Egger, 1861. — 13. Pseudocephalon, lateral view. — 14.
Cephalopharyngeal skeleton, lateral view. — 15. Posterior body end, lateral view. — 16-17. Bristle-like sensillum.
Scales: Fig. 15 = 0.05 mm, others = 0.01 mm.

1921:107). No other oestroid first instar larvae
have a similar cuticular modification, which is evi-
dence that this character state is autapomorphic for
all or at least a large subset of the Miltogram-
minae.

The pseudocephalon is more complex and more
elaborate than typically in the Oestroidea. The
antenna is about 2-3 x as long as in other Milto-
gramminae (cf., Thompson 1921), other Sarco-
phagidae (e.g., Sarcophaga aldrichi Parker, see
Schmidt 1993), and many Calliphoridae (e.g.,
Pollenia spp., see Szpila 2003). The maxillary palp
is similar to that found in many other Cyclorrha-
pha in having a cluster of five peg-like sensilla,
three set in a distinct socket plus two without sock-

ets (e.g., Courtney et al. 2000). However, the
arrangement differs markedly by one of the non-
socketed sensilla being distinctly elongated,
slightly swollen apically, and slightly removed
from the remaining sensilla. The maxillary palp
has only been superficially documented by
Thompson (1921:87, his fig. 90), who records the
elongated sensillum in species of the genus
Miltogramma but leaves no information on this
structure for the remaining species in his study.
Ongoing studies (Szpila & Pape in prep.) indicate
that the elongated non-socketed sensillum is wide-
spread in the Miltogramminae, suggesting that this
feature may be autapomorphic at a basal level in
the subfamily.
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The proper recognition and homologization of
the dorso-lateral (and possibly non-maxillary) sen-
silla is not straightforward as the arrangement in
Apodacra pulchra deviates significantly from the
widespread and possibly plesiomorphic condition
in the Cyclorrhapha, in which two almost equal-
sized sensilla are set in a dorso-lateral position.

The ventral organ is well developed and set as
prominent swellings flanking the labrum and
mouthhooks, contrasting with a much more mod-
est development of this organ in other Oestroidea,
e.g. Sarcophaginae (Schmidt 1992, Colwell &
O’Connor 2000) and in the Calliphoridae (Leite &
Guevara 1993; Sukontason et al. 2003a,b; Szpila
2003).

Long, lateral sensory structures on the abdomi-
nal segments have not previously been reported
from first instar larvae of the Sarcophagidae but
are found scattered in the Oestroidea, e.g., the
Rhinophoridae (Pape & Arnaud 2001) and the pe-
culiar rhiniine genus Villeneuviella (Grunin 1957).
However, these structures seem to be more fleshy
and thicker and of more complex build than the
ones reported in Apodacra.

The anal division has only two pairs of papillae,
which possibly are homologous to the subventral
(P5) and supraventral (P7) papillae in first instar
larvae of the Calliphoridae (Erzinglioglu 1985,
Szpila 2003).

Significant modifications of the first instar
pseudocephalon have been documented for the
flesh fly genera Panava Dodge and Titanogrypa
Townsend of the subfamily Sarcophaginae. In
these cases the surface of the pseudocephalon is
sclerotised, which has been considered an adapta-
tion for predation (Lopes 1943, 1978). While it
may be premature to speculate on the adaptational
value of the complex modifications of the pseudo-
cephalon and the cuticular folds in Apodacra, it is
tempting to suspect that the evolution of these fea-
tures may be associated with the miltogrammine
kleptoparasitic habit, possibly a combination of
improved sensorial equipment for localizing the
prey stored for the host progeny, and coping with
a very dry, sandy environment. Other calliphorid
and sarcophagid larvae with a somewhat compara-
ble free-living stage of the newly hatched first
instar larva, however, do not show comparable
modifications. The first instar larva of European
Pollenia Robineau-Desvoidy and of Sarcophaga
Meigen (sensu stricto) are predators or parasitoids
of earthworms. The first instar larvae of these taxa
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will actively locate their prey or hosts in their bur-
rows, yet their external morphology is not particu-
larly modified (Szpila 2003, Szpila & Pape
unpubl.). It is noteworthy, however, that low levels
of soil moisture inhibits oviposition in Pollenia
pediculata Macquart (Thomson & Davies 1973)
and several other Pollenia spp. (Szpila, unpubl.).
First instar larvae of Rhinophoridae are equipped
with scale-like spines that may reduce water loss
in their free-living stage (Bedding 1973, Pape &
Arnaud 2001), but the first instar larva of the
tumbu fly, Cordylobia anthropophaga (Blanchard
& Bérenger-Féraud), which is known for its abili-
ty to wait for hosts in dry sand for up to two
weeks, has its segments only partially covered
with minute spines (Zumpt 1965).
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