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Figure 4. SEM morphology of the sting: A lateral view of sting with the furcula and venom duct
B basal part of the sting € valvilli on the first valve positioned in the bulb of the second valve, medial
view D ventral view of isolated second valve showing the bulb E lateral view of sting apex showing scat-
tered sensilla-like structures on both valves and two subapical ridges on the first valve F single wrinkled
sensilla-like structure that superficially resembles the secretory pores described by Nenon et al., 1995 (note
characteristic contamination around the pore). Arrowheads indicate the position of the opening of the
venom duct (in D) and the subapical barbs (in E). Scale bars: 200 um in A; 100 pm in B and D; 30 pm
in Cand E; 300 nm in E

not in use. The modified 8" tergite (= spiracle plate) is the outermost part of the sting
apparatus and is connected neither with the sting valves nor with the valvifers.
Scanning electron microscopy. The entire external surface of the sting proper is
mostly smooth, with only two subapical barbs on the 1* valvula (Figs 4A, E); however,
there are numerous sensilla-like structures scattered over the entire surface, these are
more numerous apically (Figs 4E, F). The dorsal surface of the 1* valvula forms an
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Figure 5. SEM micrographs of internal surfaces of the sting apparatus: A setose membrane of the genital

chamber that contact the sting basis B transverse section of the aculeus showing position of the parts
of the olistheter € ventral view of isolated second valve showing internal microsculpture between two
rhachises D dorsal view of aulax of first valve. 4, distal direction. Arrowheads in B indicate position of
rhachises (white) and aulaxes (black) of the olistheter mechanism. Scale bars: 3 pm in A and D; 20 pm
in B and C.

anterior swelling where two flaps called valvilli arise (Fig. 4C). These valvilli are housed
within a broadened part of the 2™ valvula called the bulb. The venom duct enters
the sting base at the anterior margin of the bulb (Figs 4A, B, D). Components of the
olistheter are finely serrated, and the inner surface of the 2™ valvula bears distally di-
rected microtrichia (Figs 5B-D). The setose membrane of the genital chamber covers
the sting base (Fig. 5A). Three fields of sensilla are found on the 2™ valvifer. A row of
styloconic sensilla is situated on the fused 2™ ramus and rostral process (Figs 3A, C).
The seta of each sensillum in a row may touch the 1* ramus, and the more the 1* val-
vula protracts relative to 2™ valvula the more sensilla contact the 1% ramus. A field of
25-28 uniformly directed campaniform sensilla is situated more distally (Figs 3A, D).
Another group of at least 35 styloconic sensilla that forms a setal plate is situated on the
main sclerite of the 2™ valvifer where it articulates with the 1+ valvifer (Figs 2A, 3B).
The seta of each sensillum in this field may touch the 1¢ valvifer. A paired field of ca.
13 uniformly directed campaniform sensilla is also found on the anterolateral surface
of the 2™ valvula where it articulates with the rostral process (Figs 2C, D). The well
sclerotized 3" valvula consists of two segments, the proximal and the distal (Figs 6A,
C). Its inner wall is mainly membranous with a densely microsetose surface and bears
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Figure 6. SEM morphology of the third valve: A medial view (inset enlarged in B) B microspination of
membraneous inner wall € lateral view D apex in lateral view (inset enlarged in E) E variety of sensilla
on dorsoapical surface F socketed styloconic sensillum with apical pore G campaniform sensillum H apex
in mediodorsal view showing membranous process (inset enlarged in I) I spongiform cuticle of an apical
process. Scale bars: 100 pm in A and C; 20 pm in B and D; 5 pm in E; 1 pm in F; 0.5 pm in G; 30 pm
inH; 2 pmin L.
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a longitudinal ridge (Figs 6A, B). Apically, the inner membrane of the 3* valvula forms
a cone-shaped process composed of a peculiar spongy cuticle (Figs 6C, H, I). At rest,
this apical process abuts closely to the dorsolateral surface of the 2™ valvula. There are
at least four morphotypes of sensilla on the 3* valvula (Figs 6D-G). Trichoid sensillum
type I is socketed and has a rounded setal tip; these sensilla are aggregated apically. Tri-
choid sensillum type II is unsocketed and sharply pointed; these sensilla are the most
abundant type, they are located all over the external surface but mostly at the apex
and at the margin between proximal and distal parts of the 3* valvula. Campaniform
sensilla are rare and scattered among trichoid ones. Socketed styloconic sensilla bear
a distinct pore on their rounded setal tip; these sensilla are found only on the dorsal
surface of the 3" valvulae between trichoid sensilla type I.

Discussion

Bembix rostrata is one of the most widely distributed and remarkable digger wasps
species in Europe, and it often forms large colonies of dozen to hundred individuals.
It prefers sandy and sunny habitats, where a female digs several burrows. As in most
bembicine wasps, B. rostrata paralyzes the prey, which are predominantly large tabanid
and syrphid flies, by inserting the sting through the venter of the thorax (Nielsen 1945,
Evans 1957, Gadallah 2001). At this time, the sting of B. rostraza is functioning neither
as an egg laying nor prey transporting device.

Radovi¢ (1985) has shown that the shape of the sting in apoid wasps is correlated
with the degree of sclerotization and mobility of the prey: the wasps which prey on
swift flying insects have a more strongly curved sting. This is the case in B. rostrata
which has a markedly curved sting apparently correlated with the high speed of flight
of their dipteran prey. The smooth external surface is a peculiar feature of the sting
in most bembicine wasps studied so far (Gadallah and Assery 2004). Rare exceptions
are three species of Bembix with barbed first valvulae: B. arenaria Handlirsch, 1893,
B. oculata Panzer, 1801 (both after Gadallah and Assery 2004), and B. rostrata (this
study). Apart from bembicine wasps (Crabronidae: Bembicinae), a barbed sting has
been found in Sericophorus relucens F. Smith (Crabronidae: Crabroninae) which has
barbs on first and second valvulae that may fasten the prey during its transportation
on the sting (Radovi¢ and Susi¢ 1997). Interestingly, S. relucens also preys on flies.
Similarly, species of the genus Oxybelus (Crabronidae: Crabroninae) possess spines on
the first valvulae and transport their prey (muscid flies) impaled on the sting (Radovi¢
1985). On the other hand, many unrelated species of apoid wasps have a barbed sting
that is correlated with their preying on less sclerotized insects like caterpillars, aphids,
cockroach nymphs, mantids, etc. (Radovi¢ 1985).

Several surfaces of the sting apparatus of B. rostrata are covered with unidirectional
microstructures. The wall of the venom canal in B. rostrata is furnished with small mi-
crotrichia that are orientated distad. They are randomly scattered and relatively sparse,
and seem to be somewhat reduced if compared with other non-aculeate hymenopter-
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ans where they form a comb-like or ctenidial pattern (Quicke et al. 1999). This egg
canal microsculpture is not restricted to Hymenoptera, but can be found across several
insect orders that possess an ovipositor (Austin and Browning 1981). Here it functions
as a “linear ratchet”, providing one-way movement of eggs along the ovipositor during
longitudinal sliding of the valvulae. However, it is uncertain whether the microsculp-
ture of the venom canal is involved in functioning of the sting in B. rostrata, which is
not used for egg transport. The distally directed serration on the olistheter elements has
been found in the sting of B. rostrata and also in the honeybee, Apis mellifera L. (Shing
and Erickson 1982). The membranous cuticle of the genital chamber in B. rostrara
that contacts with the sting base, as well as the inner walls of the third valvulae, are
also covered with dense, distally directed microsetae of obscure functions. In parasitoid
wasps, similar microsculpture on the inner walls of the third valvulae are supposed
to be involved in cleaning of the ovipositor sensilla between oviposition episodes (Le
Ralec et al. 1996, Quicke et al. 1999). On the other hand, a similar setose membrane
in A. mellifera is known to produce and accumulate pheromones (Lensky et al. 1995,
Martin et al. 2005). Noteworthy is that males of B. rostrata are able to differentiate
between virgin or freshly copulated females and older females, by means of chemical
cues which may be associated with the trunk (Schone and Tengs 1981). It is not in-
conceivable that the female sting apparatus and associated structures can be a source of
the aforesaid chemical cues.

The sensory equipment of the sting apparatus of B. rostrata is diverse. The sensilla
can be divided into those that perceive intrinsic stimuli from the insect body (pro-
prioceptors) and those detecting environmental factors (exteroceptors) (Quicke et al.
1999). Sensilla of the first type are represented in B. rostrata by two morphotypes, sty-
loconic sensilla and campaniform sensilla, both often aggregated in fields. As in many
other hymenopterans, B. rostrata possesses two fields of styloconic sensilla (hair plates)
on the first valvifer that measure positional relationship of the first and second valvulae
(Le Ralec et al. 1996, Quicke et al. 1999, Vilhelmsen et al. 2001, etc.). Two fields of
campaniform sensilla have been found on the basal region of the second valvula and
on its ramus for the first time in an apoid wasp. With regard to uniform transverse
orientation of every sensillum in a field, they most likely function as detectors of lateral
stresses and strains arising in the sting during prey penetration. Although campani-
form sensilla on the third valvula are scattered, their orientation is also well-ordered.
Exteroreceptors are located on the third valvula and are comprised of two morphotypes
of trichoid sensilla and one morphotype of styloconic sensilla. Gadallah and Assery
(2004) mentioned that trichoid sensilla on the third valvula in apoid wasps have a
mechanosensory function. Possibly the differences in morphology of trichoid sensilla
reflect some functional differences. The last group of sensilla that are of special interest
are socketed styloconic sensilla with an apical pore, detected for the first time on the
sting apparatus in an apoid wasp. It was found on the third valvula of B. rostraza. The
presence of an apical pore implies that these sensilla are not exclusively mechanorecep-
tive and probably can perceive some chemical stimuli. No chemoreceptores have been
recorded on the sting apparatus in apoid wasps so far.
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