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The female reproductive tract of Grallipeza sp. A (Diptera:
Micropezidae)—large ventral receptacle substitutes
for spermathecae convergently in small and widely separated
dipteran clades
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Abstract The internal female reproductive tract of a
Neotropical species of stilt-legged fly (Diptera: Micropezidae:
Grallipeza sp. A) is described and illustrated with micropho-
tography. Special emphasis is given to the massively enlarged
sclerotized tubular ventral receptacle and an almost complete
reduction of the spermathecal capsules, suggesting that sperm
storage has been shifted from the spermathecae to the ventral
receptacle. This constitutes a remarkable convergence with
analogous developments in other dipteran taxa. The published
information on the internal female reproductive tract of other
Micropezidae is reviewed, and the evolutionary history of the
condition in Grallipeza sp. A is reconstructed and related to
evolutionary processes likely involving sperm competition
and cryptic female choice. The presence of paired accessory
glands in Grallipeza sp. A is confirmed.
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Introduction

During a comparative morphological survey of Neotropical
Micropezidae, an exceptional diversity in shape and size of
the spermathecae was found. One species, however, stood out
from all others, having a very greatly enlarged sclerotized
tubular ventral receptacle and greatly reduced spermathecae.

A review of the available literature suggests that this consti-
tutes a derived and thus far undescribed condition for the
family Micropezidae, deserving a more detailed investigation
and description.

The published information on the internal female reproduc-
tive organs of Micropezidae concerns almost exclusively the
spermathecae, which are commonly mentioned in species de-
scriptions. According to McAlpine (1998), the ground plan for
the family is three asymmetrically arranged spermathecae. No
information could be found on the internal female genitalia of
the monospecific Calycopteryginae (Fig. 1). Three small,
roundish to elongate, chitinized spermathecae have been report-
ed in the subfamilies Calobatinae (Sturtevant 1925 for
Compsobata univitta (Walker, 1849); Hennig 1958 for
Calobata petronella (Linnaeus, 1761)) and Eurybatinae
(Marshall 2003 for Notenthes sp.; Li et al. 2015 for
Cothornobata spp. ). They are attached to two long and slender
spermathecal ducts, one of which bears a single spermatheca,
and the other two. A similar condition was reported for repre-
sentatives of the subfamily Micropezinae (de Albuquerque
1966, 1967 for Protylos spp.; de Albuquerque 1968 for
Neotylos paulistensis de Albuquerque, 1968). Freidberg
(1984) reported and illustrated four sclerotized spermathecae
in some Micropeza spp., specifying that three of these are
Bsimilar in shape and approximated to each other^ while Bthe
fourth spermatheca is a simple, cup-like structure that does not
seem to be directly associated with the other three.^Dissections
of Micropeza corrigiolata (Linnaeus, 1767) indicate that the
cup-like Bfourth spermatheca^ is actually the ventral receptacle,
which is small, but is strongly sclerotized in this taxon (M.
Kotrba unpublished). Micropeza spp. thus conform with the
previous pattern of three spermathecae. In the fifth and largest
subfamily Taeniapterinae, the spermathecae and their ducts are
much more diverse. Descriptions and illustrations of the
spermathecae are available for some genera from reports by
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Albuquerque (1981 for Taeniaptera), Marshall (2005 for
Metasphen; 2009 for Planipeza; 2011 for Hoplocheiloma;
2013 for the Grallipeza placida group; 2014 for Aristobatina;
2015 for Mesoconius), and Marshall and Jackson (2014 for
Hemichaeta). The double spermathecae are generally large to
very large, strongly sclerotized, and often have bizarre shapes.
They may be elongated or stalked with strongly convoluted
passages, may be one-chambered or subdivided into separate
chambers or lobes, may have deep invaginations, and may be
ornamented with bumps or denticles, just to name some exam-
ples. The duct bearing the double spermathecae may be
Bgrossly swollen^ and/or ornamented itself. The single sperma-
theca may be well developed and is occasionally doubled or
subdivided into two or three lobes. Inmany cases, however, it is
much smaller and less sclerotized than the double
spermathecae, and sometimes, it is only vestigial.

In contrast to the spermathecae, the ventral receptacle is
generally inconspicuous. Formerly, it was usually not men-
tioned at all, although it can be recognized as a very small
unsclerotized chamber in some of the published photos, e.g.,
in Marshall (2011) for Hoplocheiloma maculosum (Loew,
1866) and in Marshall (2013) for some members of the
Caribbean Grallipeza placida group, i.e., G. mellea
(Williston, 1896), G. paraplacidaMarshall, 2013, G. placida
(Loew, 1866), and G. turbaMarshall, 2013. More recently, its
presence was noted in some publications, e.g., Bventral recep-
tacle small^ (Marshall 2014 for Aristobatina), Bventral recep-
tacle short and broad^ (Marshall and Jackson 2014 for
Hemichaeta), Busually with a distinct ventral receptacle^
(Marshall 2015 for Mesoconius). All these taxa belong to the
Taeniapterinae.

The Grallipeza species described below is unique with
respect to all previous reports on Micropezidae in having a
very greatly enlarged sclerotized tubular ventral receptacle,
and highly reduced spermathecae. Special emphasis is given
here to the description of these organs, but information and
photographic documentation of associated tissues, such as the
delicate accessory glands, is also included. The shift of the
sperm storage site from the spermathecae to the ventral recep-
tacle in this and in other taxa is discussed regarding the related

evolutionary processes and functional implications for sperm
competition and cryptic female choice.

Materials and methods

The description is based on the dissection of two specimens of
Grallipeza sp. A, freshly collected at Tiputini Biodiversity
Station in Ecuador in 1999. This species is unnamed but very
closely related to Grallipeza gracilis (Hennig, 1934) (Marshall
pers. comm.). The genus Grallipeza, as currently consti-
tuted, is a paraphyletic group of about 38 described and at least
as many undescribed, mostly Neotropical species present-
ly under revision (Fig. 1; Marshall 2013; Marshall pers.
comm.).

The female reproductive tract was directly embedded in
polyvinyllactophenol with an admixture of chlorazol black
E. The preparations were then studied in bright field as well
as differential interference contrast (DIC) microscopy using a
Zeiss Axioskop2 equipped with Plan Apochromat 20×, Plan
Apochromat 40×, and Plan Neofluar 100× (oil-immersion)
objectives and a Zeiss Axiocam. Artwork was created with
Adobe Illustrator and CorelDRAW.

The terminology of morphological structures follows
(Kotrba 2000). The term sclerotized is used for structures
consisting of darkened cuticle. Measurements were made by
tracing the respective structures in Adobe Illustrator using the
path length function and are the averages for the two studied
specimens.

Results

The internal female reproductive tract of Grallipeza sp. A
comprises paired ovaries and lateral oviducts, a common ovi-
duct, a long tubular vagina with a distinct area of columnar
epithelium in the anteroventral wall, two greatly reduced
spermathecae, two accessory glands, and a large sclerotized
tubular ventral receptacle (Fig. 2a, b).

Fig. 1 Systematic position of Grallipeza sp. deeply nested within the
family and the subfamily. Information compiled from McAlpine (1998),
Marshall (2013), and Jackson et al. (2015). Black line indicates
plesiomorph condition with three equal spermathecae, grey line

indicates condition unknown, interrupted line indicates strong
diversification of spermathecae, dotted line indicates reduced
spermathecae and enlarged ventral receptacle
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The vagina is an elongate muscular tube lined internally by
thin cuticle without any sclerotized elements.

The ventral receptacle arises from the anteroventral portion
of the vagina, ventrally adjacent to the opening of the oviduct
and in close vicinity to the dorsal opening of the spermathecal
ducts (Fig. 3a). It consists of a wide unsclerotized base, which
anteriorly gives rise to a long, irregularly coiled tube with
smooth, sclerotized cuticular walls (Fig. 3a–d). The base is
about 60μm long and 40μmwide. Its walls appear very thick,
likely due to an internal ornamentation with cuticular folds or
hairs, as suggested by an oblique striation visible under DIC
(Fig. 3b). The tubular portion is about 700 μm long. Its diam-
eter tapers from about 20 μm near the base to about 8 μm near

the blunt tip. The tube first forms a narrow spiral turn (in both
studied specimens toward the right side, Fig. 3c), and then
forms several irregular loops around this central structure. In
one of the specimens, a wad of spermatozoa protrudes from
the base of the ventral receptacle (Fig. 3d).

Opposite the base of the ventral receptacle, the
spermathecae and, slightly posterior to them, the accessory
glands open into the dorsal vagina wall in a protruding region
generally called the genital papilla. The spermathecal capsules
are largely reduced into two remnants on two ducts. One (sp1
in Figs. 3a and 4a) is a slightly sclerotized, potato-shaped
chamber of about 60 μm in diameter. It is embedded in a thick
mass of spermathecal gland cells with delicate end

Fig. 2 a, bGrallipeza sp.A female
reproductive tract. aMicrographs
with DIC. b Schematic drawing
showing relevant structures.
Asterisks indicate torn-off
structures (second ovary,
accessory gland ducts, hind gut).
Bar 1000 μm
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apparatuses (visible as delicate spherules in Fig. 4a). Its duct is
about 540 μm long. Its diameter increases from about 10 μm
basally to about 20 μm apically, forming a bulbous distension
before opening into the spermathecal capsule through a con-
stricted section. The second spermathecal capsule (sp2 in
Figs. 3a and 4a) is reduced to a slightly sclerotized tubule of
about 35 μm length and 8 μm width. There is no associated
glandular tissue. Its duct is about 500 μm long, 10 μm wide,
and distinctly sclerotized basally. The spermathecal ducts are
attached to the hind gut by muscle fibers (Fig. 4a).

The accessory glands are of common shape and size
(compared with e.g., Kotrba 1993 for Diopsidae), with an oval
gland body of about 120×70 μm and an elongate muscular
pump region of about 125×45 μm at the apical end of their
ducts (Fig. 4c). The ducts themselves are extremely delicate
and less than 4 μm in diameter. Due to these delicate ducts, the
accessory glands are very easily lost in dissections and only
one could be studied in detail. However, both accessory gland
ducts could be identified, entering the dorsal vagina wall
closely posterior to the spermathecal ducts.

A conspicuous area of likely glandular columnar epitheli-
um is embedded in the ventral vagina wall, directly posterior
to the ventral receptacle (Figs. 2a, b and 4b).

Discussion

BThe most striking feature for distinguishing A. receptrix
[Roháček and Freidberg 1993, later placed in Receptrixa by
Roháček 2006] from all known species of Anthomyza is its
large ventral receptacle, which probably functionally substi-
tutes for the reduced spermathecae^ … BThe voluminous,
heavily sclerotized ventral receptacle, found in A. receptrix,
is the first occurrence of this type in the superfamily…^
(Roháček and Freidberg 1993). This description strongly re-
sembles the condition in Grallipeza sp. A. Based on the pub-
lished information reviewed in the introduction, the greatly
enlarged sclerotized ventral receptacle combined with highly
reduced spermathecae of Grallipeza sp. A constitute a highly
derived and thus far undescribed condition within the family

Fig. 3 a–dGrallipeza sp. Aventral
receptacle. a Same specimen as in
Fig. 2. bvr base of ventral
receptacle, ce columnar
epithelium in ventral vagina wall,
sp1 and sp2 vestigial spermatheca
1 and 2, spd1 and spd2 ducts
leading to the respective
spermatheca, spg spermathecal
gland cells. b–d Second
specimen. bWith DIC, note
structured wall of ventral
receptacle base. cWith focus on
right side of the organ. dWith
focus on left side of the organ.
Asterisks indicate spermatozoa in
entrance region. All figures to
same scale. Bar 100 μm
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and the genus. A third, equally isolated incidence was discov-
ered in an extensive comparative study of Sepsidae
(Puniamoorthy et al. 2010). In a small and derived clade
formed by the sister genera Toxopoda and Platytoxopoda the
ventral receptacle is strongly enlarged and sclerotized. In
Platytoxopoda sp., the enlarged ventral receptacle is com-
bined with spermathecae of normal size, while in Toxopoda
sp., the spermathecal capsules are reduced to tiny vestiges.

In all three instances, (1) the ventral receptacle has evolved
from a small and inconspicuous chamber into a large, heavily
sclerotized vessel; (2) this organ has apparently acquired the
sperm storage function from the spermathecae, which (3) are
greatly reduced; (4) this profound change has evolved in a
small clade, deeply nested within a large family and superfam-
ily. In the latter respect, these instances differ from that in the
superfamily Ephydroidea, where the analogous condition is
known to occur in Diastatidae, part of the Camillidae, and
the very large family Ephydridae (reviewed in Kotrba and
Mathis 2009).

The evolutionary history of the particular condition of
spermathecae and ventral receptacle in Grallipeza sp. A de-
serves some closer scrutiny. Starting out from the plesiomorph
condition of three equal spermathecae found in Calobatinae,
Micropezinae, and Eurybatinae, the spermathecae (at least the

paired ones) evolved into large and often very bizarre vessels
in Taeniapterinae including at least part ofGrallipeza (i.e., the
Grallipeza placida group, literature reviewed in introduction,
Figs. 1 and 5). The exceptional diversity of Taeniapterinae
spermathecal forms includes, e.g., convoluted (Fig. 5a, e) or
deeply invaginated forms (Fig. 5d) or compartmentalization
into 2×2 serial (Fig. 5b) or 2×2 parallel chambers (Fig. 5c).
Marshall’s (2013) study of the Caribbean Grallipeza placida
group documents a likewise large diversity even within that
restricted clade. In the lineage leading to Grallipeza sp. A,
however, an abrupt and dramatic shift in the functional frame-
work of the reproductive system has occurred, leading to the
apparent abandonment of sperm storage in the spermathecae
in favor of a different storage site: the enlarged ventral
receptacle.

Which selective constraints or functional changes could
have driven this evolutionary process? The following
plesiomorphic condition can be assumed: After mating, the
transferred sperm is stored in the spermathecae, i.e., the an-
cestral sperm storage organs. These can accommodate com-
paratively large quantities of sperm for possibly longer pe-
riods of time. Smaller quantities of spermatozoa activelymove
to, or passively are moved to, the ventral receptacle before
oviposition for the fertilization process. Various studies have

Fig. 4 a–cGrallipeza sp. A female
reproductive tract, glandular
tissues. a Spermathecae. hg hind
gut, mmuscles attaching
spermathecal ducts to hind gut,
sp1 and sp2 vestigial spermatheca
1 and 2, spg spermathecal gland
cells. b Area of (likely glandular)
columnar epithelium in ventral
vagina wall. bvr base of ventral
receptacle, ce columnar
epithelium, spd2 duct leading to
vestigial spermatheca 2. c
Accessory gland. ag accessory
gland reservoir, agd accessory
gland duct, agp accessory gland
pump. All figures to same scale.
Bar 100 μm
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shown that fertilization occurs at the ventral receptacle in
acalyptrate flies (e.g., Schwartz 1965 for Hippelates pusio
Loew, 1872 (Chloropidae); Miller 1965 for Drosophila
melanogaster Meigen, 1830 (Drosophilidae); Solinas and
Nuzzaci 1984 for Bactrocera oleae (Gmelin, 1790)
(Tephritidae); Kotrba 1993 for Cyrtodiopsis whitei Curran,
1936 (Diopsidae)), and this likely applies to Micropezidae as
well.

Because females typically remate before exhausting their
supply of stored sperm, spermatozoa of successive matings
may compete for fertilization (sperm competition, Parker
1970) or be differentially used by the female (cryptic female
choice, Eberhard 1996).The enlargement and extreme diver-
sification of the spermathecae in Taeniapterinae is likely evi-
dence of strong selective pressure in optimizing their function
for sperm storage and, possibly, sperm selection.

Spermatozoa somehow entering the ventral receptacle di-
rectly during or after sperm transfer could bypass this compe-
tition altogether and establish themselves in the pole position
for fertilizing the next eggs to be oviposited. This would

convey a massive reproductive advantage, especially if the
female mated frequently, so that spermatozoa transferred to
the spermathecae were facing intense sperm competition, first
within the spermathecae and/or on their way to the ventral
receptacle by other spermatozoa also transferred to the
spermathecae and second at the ventral receptacle by sperma-
tozoa already residing there.

The ventral receptacle of most Micropezidae is very small.
Therefore, only few spermatozoa may be able to reside there
at a time. However, if directing some sperm straight into the
ventral receptacle conveyed a reproductive advantage for the
respective males, then females accommodating and using
more of such sperm to fertilize their eggs might gain higher
second generation reproduction rates through more successful
sons. This benefit could come to females randomly equipped
with a somewhat larger ventral receptacle and would result in
selection for a volume increase in this organ.

Once started, this evolutionary process might be self-en-
hancing.With the growing prevalence of spermatozoa directly
stored in the ventral receptacle, spermathecal spermatozoa

Fig. 5 a–f Examples of Taeniapterinae spermathecae diversity.
Unidentified species of Plocoscelus (a, b), Poecilotylus (c, d),
Taeniaptera (e), and Scipopus (e) all collected at Tiputini Biodiversity
Station. Arrows point to small unsclerotized ventral receptacle. a Double
spermathecae club-shaped, basally convoluted with spines; single
spermatheca vestigial. b Double spermathecae each with two
consecutive chambers connected by narrow duct with lateral blind
appendage, apical chambers with deep apical introvert; single
spermatheca small and potato-shaped. c Double spermathecae club-

shaped, basally convoluted; single spermatheca large with two basally
convoluted chambers, thus resembling double spermathecae. d Double
spermathecae large with deep apical introvert, thus resembling pipe
heads; single spermatheca similar but small and delicate. e Double
spermathecae club-shaped, basally strongly convoluted with spinules;
single spermatheca small but well sclerotized, irregular with spinules. f
Double spermathecae large and round with elongate unsclerotized bases
ornamented with spines; single spermatheca much smaller, club-shaped
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could come to serve as a mere backup, as has been document-
ed in Drosophilidae (Pitnick et al. 1999). Males might pro-
gressively avoid directing their sperm to the spermathecae in
favor of the ventral receptacle, and females might reduce the
resources invested in large spermathecae in favor of growing a
larger ventral receptacle, as seen in Fig. 3a inGrallipeza sp. A.

This evolutionary scenario might also help explain similar
observations in other acalyptrate taxa such as those cited
above. Pitnick et al. (1999) report that in Drosophila, sperm
storage in the spermathecae is frequently given up in favor of
sperm storage in the ventral receptacle (=seminal receptacle)
and the spermathecal capsules are accordingly reduced. In the
discussion of such evolutionary events, the ancestral role of
the ventral receptacle as the fertilization site constitutes an
important difference with respect to the spermathecae and
requires special consideration.

The elaborate morphology of the ventral receptacle in
Grallipeza, Receptrixa, Toxopoda and Platytoxopoda, and
various Ephydroidea seems to suggest the action of intense
selection on this organ, but present ignorance of the functional
significance of traits such as heavy sclerotization and tortuous
ducts precludes fruitful speculation. In Drosophilidae (Miller
and Pitnick 2002) and Diopsidae (Presgraves et al. 1999;
Kotrba et al. 2015) spermatozoa and ventral receptacles have
been found to coevolve, suggesting that sperm competition
and/or cryptic female choice occur at the ventral receptacle.
Future studies in Grallipeza and closely related genera could
address the important question whether the observed abrupt
shift in the female morphology concurred with a related shift
in the morphology of the male genitalia or the spermatozoa.

Conclusion

The study of the reproductive systems of higher Diptera has
time and again turned up interesting and informative contri-
butions for the ongoing discussion of sperm competition ver-
sus female choice, and sexual antagonism versus cooperation.
Once the ongoing revision of Taeniapterinae provides a well-
resolved phylogenetic hypothesis, this clade will constitute a
wonderful research group for a detailed comparative study of
the corresponding male and female structures to further eluci-
date the evolutionary mechanisms at work in reproductive
systems.
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