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Abstract. The sensory receptors of the flagellum of Apis florea were studied with simple
and transmission electron microscopy. The antenna consists of scape, pedicel and 10
segmented flagelIum. Scape and pedicel have only feather like hairs and no structures like
the setae or sensillae of the flagellum. The first two segments of the flagellum were covered
with setae. The distribution and population of sensilla trichodea, sensilla placodea and
sensilla basiconica were determined. Sensilla trichodea were found in maximum numbers
and were present on all the flagellar segments. Sensilla placodea and sensilla basiconica
were present on 8 distal segments, Transmission electron microscopy studies revealed that
the surface of the shaft of sensiHatrichodea is serially striated having small permeable points
probably indicating pores. The lumen of the sensillum is filled with many dendrites and the
dendrites are enclosed in the dendritic sheath.
Keywords. Apis florea F.; light microscopy; transmission electron microscopy; sensilla
placodea; sensilla basiconica; sensilla trichodea; trichogen cell; tormogen cell; dendrite.

1. Introduction
In the course of evolution, insects have developed various mechanisms to perceive
the chemical stimuli and the various types of sensory cells located on the glossa,
labial palps, galea and tarsi have been shown to play an important role in perceiving
sensory stimuli (Whitehead and Larsen 1976).
Behavioural. studies have shown that the bees can perceive chemical stimuli with
the antennae present on the head (Dietz and Humphreys 1971; Whitehead and
Larsen t 976~ Argen t 977). The various types of sensory structures located on the
antennae of honeybees have been studied and experimented upon by various
workers with light (Vogel 1923) and electron microscopy (Richards 1952; Krause
1960; Slifer and Sekhon 1961; Lacher 1964; Slifer 1967; Kessel and Shih 1974;
Callahan t 975).
Depending upon the type of stimulus perceived, the sensillae have been classified
into various types (Hodgson 1968; Kafka 1970; Kaissling 1971; Vareschi 1971;
Zacharuck 1980). The present studies on the flagellar sensillae of Apis jlorea were
undertaken in order to understand their ultrastructure and the type of sensillae
present on each segment and their distribution.
2. Materials and methods
Freshly emerged worker bees were obtained from the colonies maintained in
apiaries. Immediately after capture the antennae were clipped and immersed in 2%
KOH (4--6 h) at 60·C for decolouration and preparation of temporary mounts in
glycerine were prepared to study the types and distribution of sensillae.
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Light microscopy

The tissue for light microscopy was processed by usual methods. The decolourised
antennae were embedded in paraffin and serial sections were out at 10 JJrD and
stained in methylene blue.
2.2 Electron microscopy

The antennae of freshly emerged workers were obtained and processed following the
method of Harbach and Larsen (l976).
After clipping, the antennae were fixed in 2·0% glutaraldehyde (pH 7·4) and placed
under vacuum for 2-3 h. The material was washed in phosphate buffer (pH 7·4) and
post fixed in 1-0% osmium tetraoxide for 2 h-and again washed in phosphate buffer
(pH 7,4), dehydrated in ethanolic series and embedded in araldite mixture in gelatin
capsules (Luft 1961). The ultrathin sections were cut with LKB-88oo ultratome at
700 A and double stained in uranyl acetate and lead citrate for 1 h (Reynolds 1963)
and examined under Philips EM 300 G microscope.
3.

Results and discussion

The length of the flagellum varies from 3{)--3·5 mm. The proximal two segments are
shorter than the rest. The last segment has a blunt roundish ending (figure I~ Scape
and pedical have only setae and are completely devoid of sensillae (figure 2). The
flagellum of worker bees of Ai florea has 10 segments.
No significant differences on the population counts of the various types of sensillae
between the right and left antenna were observed (table 1~
The segments starting from proximal to distal end of antenna are designated as
Se, upto SelO. On the basis of morphology described by other workers (Slifer and
Sekhon 1961; Argen 1975) 3" types of sensillae were identified from the antenna of
A. fiorea (figure 3).
(i) Sensilla placodea having 59-399 Jlm in area with an average of 197 Jlffi are oval
pore plates with slightly thick raised rim. They are distributed from the proximal end
of SeJ to the last segment SelO.
(il) Sensilla trichodea are slender and straight, 13-22 Jlrn in length with an average of
17 Jlffi and their width is 0·85-2-2 Jlm with an average of 1·5 Jlm. They are found on
all the segments of the flagellum,
(iii): Sensilla- basiconica are 8--19 Jlm long with an average of 13 Jlrn and 1·7-3,4 Jlm
wide with an average of 2·6 Jlm. These sensillae have blunt tips.
Setae are needle like and uniformly distributed on all the segments of the
Ilagellurn, however. the first two segments of the flagellum are dominated by setae.
The setae are 2-33 Jlm long with an average of 15 JHO and-Q-68-2'2 Jlm wide with an
a veragc of 1·3 Jlm. The setae present on the inner side of the antenna were longer.
Most of the sensory structures found on the antennae were situated on the.8 distal
segments. Tfie remaining two segments of the flagellum were exclusively covered with
the sensilla trichodea. Sensilla placodea and setae occupy distinct zones on the
segments (distal 8) with very little overlapping. However, no clear demarcation
between the sensillar and setal zone was observed. The surface of antenna is rough in
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Figures I and 2. 1. Distal segment of the flagellum of A. jlorea F. Note that the last
segment has a blunt roundish ending (x 200). 2. Basal part of antenna of A. jlorea F.
showing Scape (8) and Pedicel (P) ( x 200).

the setae rich zone and smooth in sensilla placodea rich zone. A part of the last
segment has very few sensillae and appear glossy.
There were not much differences in the distribution of sensilla trichodea on the
two sides of the antenna (1726 on upper side and 2034 on under side). However, the
population of sensilla placodea and sensilla basiconica is different. The population of
former being 3 times higher on the upper side while the later is 7 times more on the
under side of the antenna.
The average total population of the sensillae is in the following order: sensilla
trichodea> sensilla placodea> sensilla basiconica.
The sensillurn is composed of sensory cells, formative cells and accessory cells
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Table 1. Distribution of olfactory receptors on the l1agelIar segments of the antennae of worker
bees of A.florea. Population counts are an average of 15 antennae of each side.
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Figure 3. Diagrammatic representation of olfactory sensillae in A. florea F. A. SensiIJum
trichodeum. B. Sensillum basiconcum. C. Sensillum placodeum,

together with a cuticular hair (Ernst 1969) (figure 4). The wall of the hair is serially
striated with weak permeable points (figures 5, 6), however, true pores in the walls of
the sensillum could not be observed. Trichogen and tormogen cells which lie at the
base of the sensillum show enfolded relationship (figure 7). The cuticular sheath at
the base of the sensillum encloses many dendrites (figure 8). Perikarya gives rise to
dendrites that pass extracellularly through the trichogen cell. Prior to entering the
extracellular vacuole of the tormogen cell, dendrites are held tightly in a glial
complex which is bound by septate desmosomes. The wall of the sensillum encloses
sensillum liquor and dendritic branches (figure 9). The wall of the dendrite is
consolidated at the tip of the sensilIum (figure 10).
In the present studies only 3 types of sensilIae on the antenna of A. florea were
identified. On the basis of behavioural studies (Gupta 1982) olfactory functions have
been assigned to these sensillae. These observations are in accord with those of other
workers (Lacher 1964; Whitehead and Larsen 1976) on A. mellifera. With scanning
electron microscope many workers have identified more than 5 types of sensillae
presumed to be olfactory in function in other insects (Richards 1952; Slifer and
Sekhon 1961; Kessel and Shih 1974; Callahan 1975; Argen 1977) including bees like
A. mellifera.

The location of these receptors in A. florea are similar to that of A. mellifera.
However, the population of these receptors is comparatively much less than
A. mellifera. On the antennae of A. florea the number of sensilla trichodea varied
from 1726-2034, sensilla placodea from 305-942 and sensilla basiconica from 20-151
(table 1), while in A. mellifera the number of sensilIa trichodea ranged between 6000
and 9000, sensilla placodea 3000 and 3500 and sensilla basiconica 100 and 150 (Dietz
et al 1974).
The olfactory stimuli have an extraordinary significance for mutual
communication among the bees and the dances exhibited by them are in fact the
expression of communication and olfactory perception. A. florea show a simple
horizontal dances under semi-open sky and is considered to be of a primitive type
and is an initial step towards the dance performed on a vertical plane by other bee
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Figures 4-7. 4. Electron micrograph of a cross section through distal antennal segment
showing the base of a sensiIIum. H, Hair; S, socket (x 14520). S. Electron micrograph
showing tangential section of a shaft of asensiIIum trichodea showing serial striations of the
wall and penetration of weak permeable points (arrows) (x 23760).6. Electron micrograph
of a cross section through a sensiIIum trichodea showing weak permeable points (arrows) in
cuticular wall (Cw) (x 23760). 7. Electron micrograph of a cross section of a sensiIIum
trichodea epidermal cell complex showing enfolded relationship between trichogen (Tr) and
tormogen (To) cell (x 11880). Inset. Transverse section through a sensillum trichodea. Note
the trichogen (Tr) and tormogen (To) cells (x 100).

species (Lindauer 1956). Therefore it is assumed that the sense of olfaction in
A . florea is comparatively poorly developed than in other bee species since the
population of the olfactory receptors on the antennae are comparatively lower.
The permeable points observed in sensilla trichodea in the present studies are
similar to those of sensilIa basiconica and sensilla placodea (Slifer and Sekhon 1961).
The pores in sensilla placodea are arranged within a ring shaped pore field and
between the rows of pores radial ridges, connecting surrounding cuticle with the
central plate are also present. The pore system in the walls of olfactory sensillum are
the routes through which the odour molecules enter the olfactory hair (figure 11). In
Bombyx mori, not only the pores but also the total surface serves as a target for
odour molecule (Steinbrecht 1969). Therefore, the molecules adsorbed between the
pores are able to reach inside the sensilIae by diffusion, probably through the outer
lipid layer of the cuticle (Adam and Delhruck 1968) or through the pore tubules.
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Figures 8-10. 8. Electron micrograph of a longitudinal section through the base of a
sensillum, Note cuticular sheath encloses many dendrites and one dendrite (d) is seen
leaving (arrow) through the opening (x 23760). 9. Vertical section through a sensillum
trichodea. Note the sensillum with many permeable points. Many dendritic and subdividing
branches surrounded by sensillurn fluid can also be seen. Cw, Cuticular wall; Dp dendritic
protrusion; Pp, permeable points; Sb, subdividing branch; SI, sensillum liquor (x 5(0).
10. Electron micrograph showing cross section of a dendrite from the tip of a sensillum.
Note dendritic sheath (Ds) is more consolidated in this area (x 23760).
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Figure 11. Schematic diagram showing contact between tubules and dendrites. Cw,
Cuticular wall; If, internal fluid; P, pore; Pk, pore kettle; Pt, pore tubule; Re, receptor cell
dendrite; Sa, surrounding air.

SEM and SEM cracking method can probably be other techniques to obtain
additional morphological information. However, specific odours to which given
receptors are sensitive may be further determined by other techniques such as
electrophysiological investigations.
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