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ABSTRACT The sensilla are sensory organs formed by cuticular and cellular structures speci-
alized in reception of chemical and physical stimuli from the environment and transmission to the
insect’s central nervous system. In function of the great concentration of sensilla, the antennae are
the main organs for interaction between bees and with the environment. This work studied the
presence of antennal sensilla in the different phases of pupal development of the stingless beeMeli-
pona quadrifasciata anthidioides by means of scanning electron microscopy and light microscopy.
The results showed that antennal sensilla begin their development in the transition of the prepu-
pae to the white-eyed pupae and finish it in the pigmented-body pupae phase. The antennal sen-
silla were exposed to the environment in the black-eyed pupae when the old cuticle is completely
digested, suggesting that only in the final pupal phases can these bees perceive the environmental
stimuli. Microsc. Res. Tech. 71:196–200, 2008. VVC 2007 Wiley-Liss, Inc.

INTRODUCTION

Meliponini bees are important plant pollinators in
tropical and subtropical regions (Antonini et al., 2006;
Heard, 1999) and like other highly eussocial hymenop-
terans, they present complex behavior which depends
upon communication among the nest mates. The
antennae are fundamental organs in the interaction
between these insects and with the environment,
allowing them to locate the colony and food sources,
recognize nest mates and facilitating caste manage-
ment, protection and mating (Downs et al., 2000;
Dumpert, 1971; Fresneau, 1979; Free et al., 1992; Lam-
bin et al., 2005; Renthal et al., 2003; Sommeijer and de
Bruijn, 1995).

The sensillum is the structural and functional unit of
the mechanoreceptors, chemoreceptors, thermo and
hygroreceptors, constituted by the association of sensory
cuticular structures and sensory cells that are special-
ized in the reception of chemical and physical stimuli
from the environment and transmission to the insect’s
central nervous system (Chapman, 1998; Keil, 1997;
Miller, 1972; Zacharuk and Shields, 1991). The hymenop-
terans, in general, have six major types of antennal sen-
silla: basiconica, placodea, coeloconica, trichodea, campa-
niformia, and ampullacea (Agren and Svensson, 1982;
Hashimoto, 1990; Marques-Silva et al., 2006; Olson and
Andow, 1993; Renthal et al., 2003; Silva-de-Moraes and
Cruz-Landim, 1972; Slifer and Sekhon, 1961).

The sensilla basiconica, placodea, and coeloconica
are probably chemoreceptors as they possess uniporous
or multiporous cuticular structures. Sensilla trichodea
can play the role of chemoreceptors when they present
multiporous plate hairs and the role of mechanorecep-
tors, when the bristles have no pores in the cuticle and
are associated with a cuticular basal socket which

allows hair movement. Sensilla campaniformia also
have no pores in their cuticular structures playing the
role of mechanoreceptors. Sensilla ampullacea may be
thermo-hygroreceptors and mechanoreceptors (Basi-
buyuk and Quicke, 1999; Chapman, 1998; Hashimoto,
1990; Kleineidam et al., 2000; Olson and Andow, 1993;
Slifer and Sekhon, 1961; Stort and Barelli, 1981;
Zacharuck and Shields, 1991).

The cellular components of the sensilla consists of
one or more bipolar sensorial neurons surrounded by
three accessory cells, also named sheath cells, that
sheath in the neurons and their appendages: the inner
thecogen cell, the trichogen cell, and the outer tormo-
gen cell which makes contact with the undifferentiated
epidermal cells (Chapman, 1998; Keil, 1997; Zacharuck
and Shields, 1991). The sensilla can present more than
three sheath cells, when some of the three cellular
types appear duplicated (Kuhbandner, 1984; Martini
1986a,b; Martini and Schmidt, 1984; Schmidt and
Kuhbandner, 1983). The axons from different sensory
neurons joining at the antennal lumen form the anten-
nal nerve that links the antennal lobe of the insect
brain (Brockmann and Brückner, 1995; Couto et al.,
2005; Kelber et al., 2006; Steiner and Keil, 1995).

In general, the antennal sensilla develops in the
pupal stage of holometabolous insects (Eichmuller
and Schafer, 1995; Schmidt and Kuhbandner, 1983;
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Snodgrass, 1956; Steiner and Keil, 1995; Zimmermann,
1991), when a single precursor cell arises in the epider-
mal surface and differentiates into neurons and sheath
cells, followed by the formation of the sensory cuticle
structures (Keil, 1997; Ray and Rodrigues, 1995).
Apart from the importance of these organs in bee
behavior, there are few data on antennal sensilla post-
embryonic development. The purpose of this work was
to verify the presence of antennal sensilla in the differ-
ent phases of pupal development of Melipona quadri-
fasciata anthidioides (Lepeletier, 1836).

MATERIALS AND METHODS

Melipona quadrifasciata anthidioides workers in
prepupae (pharate pupae), pupae and adult phases
were obtained from colonies in Viçosa, state of Minas
Gerais, Brazil maintained in the Apiary of the Federal
University of Viçosa.

Scanning Electron Microscopy

The scanning electron microscopy (SEM) analyses
were conducted using antennae obtained from prepu-
pae, white-eyed pupae, pink-eyed pupae, brown-eyed
pupae, black-eyed pupae, pigmented-body pupae, and
newly-emerged adult workers. The antennae were dis-
sected in insect saline solution, fixed in Zamboni’s
solution (Stefanini et al., 1967), dehydrated in graded
ethanol series, transferred to hexamethyldisilazane
(HMDS) for 10 min, and air dried. These antennae
were then coated with a 20-nm thick gold layer and an-
alyzed with a LEO VP1430 SEM.

Light Microscopy

The histological analyses were conducted with
antennae obtained from white-eyed pupae, pink-eyed
pupae, brown-eyed pupae, black-eyed pupae, pig-
mented-body pupae, and newly-emerged adult work-
ers. The antenna were dissected in insect saline solu-
tion, fixed in Zamboni’s solution (Stefanini et al., 1967),
dehydrated in graded ethanol series and embedded in
JB4 historesin. The 5-lm thick sections were stained
with hematoxylin and eosin.

RESULTS

The prepupal antenna presented the scape, pedicel,
and the flagellum already determined (Figs. 1 and 2).
The prepupae, white-eyed pupae, pink-eyed pupae,
and brown-eyed pupae did not present external sen-
silla structures in the cuticle that covers the antenna
(Figs. 1–5). In the black-eyed pupae, this cuticle cover-
ing the developing antenna was completely digested
and the sensilla placodea, trichodea, and basiconica
could be observed in the antenna surface (Fig. 6). In
the pigmented-body pupae and newly-emerged adult
worker antenna, the sensilla maintained the morphol-
ogy exhibited in the black-eyed pupae although they
covered more surface area (Fig. 7).

The white-eyed pupae showed cuticle in apolysis
without sensilla structures. The old cuticle separated
from the epidermis formed the exuvial space filled with
molting fluid which will bath some developing sensilla
structures. At first, the epidermal cells showed some
degree of differentiation characterized by groups of
acidophilic cells with rounded nuclei, descondensed
chromatin and evident nucleolus. Some cells presented

extensions directed to the antennal lumen (Fig. 8).
Later, in the older white-eyed pupae, these cells dis-
play more advanced differentiated aspects allowing the
identification of neurons and sheath cells (Fig. 9). The
neurons were groups of basophilic cells with rounded
nuclei and evident nucleolus displaced at the base of
the epidermis, which emitted projections to the cuticle
and to the antennal lumen. The sheath cells are repre-
sented by cells with light cytoplasm and large nuclei
presenting descondensed chromatin and evident nucle-
olus displaced beneath the antennal surface (Fig. 9).
Axons from different groups of neurons join and form a
thin antennal nerve displaced near the trachea (Figs. 9
and 10).

The old cuticle without sensilla remains around the
pink-eyed pupae antenna. The antennomers which will
form the adult antennal flagellum were defined. The
trichogen cell apical process could be observed forming
pegs and acidophilic spaces around the antennal sur-
face (Fig. 10). These shaped spaces correspond to devel-
oping sensilla placodea. The pegs were linked to the
neuron projections directed to the antenna surface
which were evolved by the sheath cells. The sheath
cells’ nuclei increased in size. The antennal nerve could
be observed at the antennal lumen (Fig. 10). The histo-
logical analyses also showed that the sensillogenic
regions were not present all over the antenna, being
limited to their dorsal surface.

In the light-brown-eyed pupal antenna, the histologi-
cal analyses showed sensilla hairs already defined de-
spite the thin and flexible cuticle. The developing sensilla
placodea could be seen between the hairs. The developing
sensilla trichodea did not present a defined articulation
region, and the cuticle was not yet a basal socket (Fig.
11). The dark-brown-eyed pupa showed sensilla struc-
tures and antennae with a thicker and slightly sclero-
tized cuticle. The hairs were more upstanding while the
sensilla placodea could be clearly observed with the cuti-
cle articulation region already defined and associated
dendrites (Fig. 12). In these phases, the sheath cells dis-
play nuclei varying from fusiform and rounded forms.
The nucleolus remains evident (Figs. 11 and 12).

In the black-eyed pupae, the cuticle remains thin and
slightly sclerotized. The cuticle articulation regions of
the sensilla placodea and trichodea could be seen at the
antennal surface, together with the associated dendrites.
The sheath cells maintain their nuclei shape with
descondensed chromatin and evident nucleolus (Fig. 13).

The pigmented-body pupae presented completely
developed antennal sensilla. The cuticle was thicker
and sclerotized, allowing the receptor lymph cavity, the
sheath cells that wrap it and associated dendrites to be
viewed (Fig. 14). The ventral region without sensilla
showed the thickest cuticle (Fig. 15). The newly-
emerged adult worker antenna presented the same
morphological pattern displayed by the pigmented-
body pupae antenna (Fig. 16).

DISCUSSION

In holometabolous insects, antennal sensilla develop-
ment occurs in the pupal phase (Eichmuller and Scha-
fer, 1995; Hansen and Hansen-Delskamp, 1983; Keil
and Steiner, 1990; Kuhbandner, 1984; Schmidt and
Kuhbandner, 1983; Snodgrass, 1956; Steiner and Keil,
1995; Zacharuck and Shields, 1991). According to Keil
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(1997), antennal sensilla morphogenesis begins with
the differentiation of the epidermal cells in sensory
neurons and the sheath cells. The neurons emit den-
drites to the antennal surface which are wrapped in a
thin electron-dense sheath created by the thecogen cell
that wraps around the neurons. The results presented
here suggest that the antennal sensilla development in
M. quadrifasciata begins at the transition of the prepu-
pae to the white-eyed pupae phase because in this last
phase the cuticle is in apolysis and the epidermal cells
are already differentiated in sheath cells and neurons
with axons and primary dendrites. According to Eich-
muller and Schafer (1995), sensory neuron develop-
ment in Apis mellifera antenna begins with the onset
of the pupal phase. In bees, the prepupa is not a sepa-
rate phase of the postembryonic development, but it is
a pupa covered by the previous apolysized larval cuticle
(Snodgrass, 1956), so our results are in agreement with
Eichmuller and Schafer (1995). In Antheraea polyphe-
mus (Lepidoptera: Saturniidae) pupae, the antennal
epidermis differentiates into sensillogenic and nonsen-
sillogenic regions at the first day after cuticle apolysis
(Keil, 1992; Keil and Steiner, 1990, 1991).

According to Hansen and Hansen-Delkeskamp
(1983), the trichogen apical process arises after the pri-
mary dendrite development in the sensory hairs
unfolding in Protophormia terraenovae (Diptera: Calli-
phoridae). Ameismeier (1985) related that the sensory
neuron projections to the cuticle emerge before the
trichogen apical process which will form the olfactory
sensilla cuticular hairs. In A. polyphemus pupae, the

primary dendrites and axons develop on the second
day after the cuticle apolysis while the trichogen cells
give rise to the apical process after the third day (Keil
and Steiner, 1991). Our results showed similar obser-
vations in M. quadrifasciata where the neuron projec-
tions were already present in the white-eyed pupae
before the trichogen apical process growth in the pink-
eyed pupae phase.

In M. quadrifasciata, the cuticular structures of the
antennal sensilla begin to develop in the pink-eyed
pupae phase when the trichogen apical process can be
observed as small pegs and plates in the antennal sur-
face. Kuhbandner (1984) describes the sensilla basicon-
ica in Calliphora erytrocephala (Diptera) beginning
with the growth of the hair forming cell to the exuvial
space. In A. polyphemus, the apical process which
forms the cuticular hairs emerges from the trichogen
cell at the third day of the pupal stage, reaching their
final length over the 9th day and followed by cuticle
secretion. The cuticular structures of the sensilla basi-
conica had their development completed around the
12th day, while the sensilla trichodea were completed
at day 14 (Keil and Steiner, 1991).

The antennal sensilla of M. quadrifasciata reach
their final length at the end of the brown-eyed pupae
phase when the cuticle deposition in the sensilla anla-
gen begins. The cuticle that covers and forms the sen-
sory hairs begins to be deposited by the trichogen cells
when the apical process reaches the hair’s final length
(Keil, 1997; Keil and Steiner, 1991; Kuhbandner, 1984;
Martini and Schmidt, 1984). In the black-eyed pupae

Figs. 1–7. Scanning electron micrograph of the antennae of Melipona quadrifasciata anthidioides worker at different developmental pupal
phases. Fig. 1: Larval cuticle without sensilla in the prepupae antennae. Bar 5 75 lm. Fig. 2: Prepupae antennae showing the antennomers of
the flagellum. Bar 5 150 lm. Fig. 3: White-eyed pupae antennae showing the cuticle without sensilla. Bar 5 60 lm. Fig. 4: Pink-eyed pupae
antennae recovered by the old cuticle without sensilla. Bar 5 100 lm. Fig. 5: The old cuticle in the brown-eyed pupae antennae. Bar 5 100 lm.
Fig. 6: Black-eyed pupae antennae. Bar 5 40 lm. Fig. 7: Newly-emerged worker antennae displaying sensilla more spaced among itself than
in the black-eyed pupae phase. Bar 5 40 lm. (b) sensillum basiconica; (p), sensillum placodea; (t), sensillum trichodea.
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phase of M. quadrifasciata, the sensilla show their
characteristic cuticular structures, despite the cuticu-
lar components are not yet completely formed and the
receptor lymph cavity was not present. According to
Keil (1997) the cuticle precursor material packed in
electron-dense vesicles is transported on microtubules
to the apical process surface where it is released by
exocytosis. When cuticle deposition is finished, the

trichogen apical process retracts by means of retro-
grade transport of endocytic vesicles. The trichogen
and tormogen cells retract their cytoplasm and form
the subcuticle receptor lymph cavity (Hansen and Han-
sen-Delkeskamp, 1983; Keil, 1997; Keil and Steiner,
1991; Kuhbandner, 1984; Zimmermann, 1991).

According to Cruz-Landim and Höfling (1972), the
antennal lobe of M. quadrifasciata begins to develop

Figs. 8–16. Antennae of Melipona quadrifasciata anthidioides. Fig. 8: White-eyed pupae showing cuticle in apolysis and the differentiating
epidermal cells. (cp) cellular prolongations; (arrow) nucleolus; (ep) epidermal surface; Bar 5 15 lm. Fig. 9: Older-white-eyed pupae showing
sheath cell nucleus and groups of neurons with dendrites and axons. Bar 5 10 lm. Fig. 10: Pink-eyed pupae showing the trichogen cell apical
process (ap) making sensory hairs and plates. Notice the dendrites linked to the developing hairs. Bar 5 10 lm. Fig. 11: Brown-eyed pupae
showing the sensory hairs (arrowhead) and the sensilla placodea areas (arrow) with associated dendrites coming from groups of neurons. Bar 5
15 lm. Fig. 12: Dark-brown-eyed pupae showing the sensilla trichodea and placodea with cuticle articulation regions (arrowhead) and associ-
ated dendrites (arrow). Notice the thin and few sclerotized cuticle. Bar 5 15 lm. Fig. 13: Black-eyed pupae showing sensilla trichodea and pla-
codea. Note the dendrites displaced in the sensilla basal region (arrow). Sensilla socket (arrowhead). Bar 5 20 lm. Fig. 14: Pigmented-body
pupae showing completely developed sensilla with a thick and sclerotized cuticle. The receptor lymph cavity (arrow) can be observed together
with the thin cytoplasm of the sheath cell that covers it (arrowhead) and the associated dendrites. Bar 5 20 lm. Fig. 15: Pigmented-body pupae
showing the ventral region of antennae with a thick cuticle without sensilla (arrow). Sensory epidermis (se); Bar 5 100 lm. Fig. 16: Newly-
emerged worker showing the same morphological pattern of the last pupal phase antenna. (arrow) sheath cells; (ax) bundle of axons. Bar 5
20 lm. (an) antennal nerve; (ax) axons; (ct) cuticle; (d) dendrites; (es) exuvial space; (n) nucleus; (ne) neurons; (p) sensillum placodea; (sc)
sheath cells; (t) sensillum trichodea; (tr) trachea.
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from the tritocerebrum in the white-eyed pupae phase
while the brain take its final adult form in the brown-
eyed pupae phase. These data associated with our
observations suggest that antennal lobe development
is related to the onset of sensilla and antennal nerve
formation. However, a thicker and sclerotized cuticle,
the presence of the receptor lymph cavity and the
maintenance of the antennal morphology in the adult
phase suggests that antennal sensilla development in
M. quadrifasciata ends at the body pigmented pupae
phase, indicating that the sensilla only complete their
formation after brain and antennal lobe development.
In this fashion, the morphological aspects of the anten-
nal sensilla development in M. quadrifasciata suggest
that only in older pupae can these bees perceive envi-
ronmental stimuli.
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