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Caste-specific behaviours among social insects are 
known to be largely influenced by olfactory cues. The 
present study addresses the question whether individ-
ual castes (queen, major and minor) of the weaver ant, 
Oecophylla smaragdina (Fabricius) differ in the orga-
nization of the chemosensory structures on the antenna, 
maxillary and labial palps. The sensory structures 
were studied by light and scanning electron micro-
scopy. It was observed that the sensilla numbers differ 
among the three castes, whereas all the three castes 
possess similar types of chemosensilla. This variation 
may be a factor underlying the differential chemosen-
sory ability of castes. As the number of sensilla differs 
among castes, it is likely that a differential develop-
ment of castes in terms of the number of primary 
mother cells, which are precursors of chemosensory 
structures, causes the variation of sensilla numbers. 
This mechanism appears to be a common principle  
in the caste-specific sensory system development as 
the visual system of honey bee has also been shown to 
follow such a mechanism. 
 
Keywords: Ant, antenna, castes, chemosensilla, mouth-
parts. 
 
BEHAVIOUR of insects is largely stereotype and is regu-
lated by sensory inputs. Sensory capabilities, therefore, 
are key determinants of insect behaviour. Chemical 
senses of insects are well developed and they possess a 
large repertoire of chemosensory structures. The olfac-
tory sensilla that sense odours are aggregated on the  
antennae of insects, and mouthparts principally bear taste 
sensory hairs. Commonly occurring olfactory sensilla are 
sensilla basiconica, sensilla trichoidea, sensilla coelo-
conica and sensilla ampullaceum. Subtypes of these sen-
silla are also known1. Taste hairs are relatively less 
diverse and are predominantly porous trichoid sensilla. 
The distribution of chemosensory hairs on the antennae 
or mouthparts, in terms of their position and functional 
types is invariant as revealed, for example, through a  
detailed analysis of sensory hairs on the antennae of  

Drosophila melanogaster2. The sensory structures can 
therefore be studied to make functional, genetic and  
developmental deductions. 
 Eusocial insect colonies consist of individuals that  
belong to different castes. These colonies are chara-
cterized by clear differentiation of castes (females) and 
co-existence of members of at least two generations3. 
While the queen is fertile, other female castes are sterile. 
Sex determination in social hymenoptera is characterized 
by haplodiploidy, wherein females are haploid and de-
velop by parthenogenesis, and males are diploid produced 
by sexual reproduction. A significant feature of eusocial 
insects is caste-specific behaviour, with division of  
labour and altruism. Female larvae develop into different 
castes due to various embryonic, environmental or nutri-
tional factors3. Whereas in some species larvae develop 
into specific castes at adult stage, in some adults are 
transformed during ageing – a phenomenon termed as age 
polyethism. The ratio of each caste in a colony is stable, 
indicating a non-random process of caste determination. 
Each of the castes among social insects is associated with 
caste-specific behaviour. The ‘nurses’ tend to the deve-
loping larvae and the queen, and are confined to the nest. 
Foragers gather food and are required to navigate over 
long distances to the food source and back to the nest. 
Queens are confined to the nest and are principally  
involved in egg-laying. Thus, the behaviour of individuals 
of a eusocial ant colony is caste-specific. Various differ-
ences among castes in terms of behaviour, age, size, 
flight and reproductive systems have been well studied3. 
Variations in the organization of the brain regions and the 
differential gene expression, corresponding to age poly-
ethism have been demonstrated in honey bees and ants4,5. 
However, the sensory basis of differential behaviour is 
not well explored. 
 A striking feature of ant colonies is their abilitiy to 
communicate using chemicals. Several chemicals synthe-
sized and released by ants serve many purposes of com-
munication and coordination. Comprehensive reviews of 
these chemicals, their sources and effects are available6. 
The odour of the colony is involved in identifying nest 
mates. Castes are recognized by their odours. Many of the 
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behaviours like grooming, aggregation, feeding, alarm 
behaviour and disposal of the corpses are chemical cue-
dependent between workers. The interaction between 
queen and workers, and the rearing of young ones by the 
workers are odour-dependent. Each of the life stages has 
a unique odour signature and elicits appropriate reactions 
from members of the colony. Individuals belonging to a 
caste are characterized by morphological and behavioural 
differences. Coordination among members of a colony 
and the success of social interactions are also dependent 
on kin and nestmate recognition. Odour cues and olfac-
tory communication are pivotal to such interactions. Iden-
tification of nestmates among ant kin recognition has 
been shown to be odour-dependant7. Conspecific nest-
mates are identified, and rejected or accepted through 
chemical means8. Aggressive behaviour towards non-
nestmates is elicited by contact chemoreception, as there 
are colony-specific chemical cues carried by individuals6. 
The role of chemosensory system of the antennae of 
Camponotus japonicus in recognizing nestmates has been 
described by Ozaki et al.7. Cuticular hydrocarbons are 
used as cues for this purpose. Thus, chemical communi-
cation is critical among social insects. It is therefore in-
teresting to survey the chemosensory systems that the 
castes are endowed with. 
 The olfactory neuropils involved in odour perception in 
insects are the antennal lobe and the mushroom body re-
gions of the brain. Olfaction appears to play a key role in 
assisting behavioural plasticity associated with experi-
ence. Mushroom bodies have been demonstrated to be as-
sociated with variations in age-dependent tasks 
performed in ants9 and honey bees10. The mushroom body 
of the honey bee, Apis mellifera exhibits changes in  
volume of its sub-compartments following training to 
forage11. The antennal lobe and the mushroom body neu-
ropil volume of the ant Camponotus floridanus has been 
shown to increase in an age-dependent and task-
dependent manner. The volume changes are more pre-
dominant in the ‘lip’ region of the mushroom body that is 
involved in olfactory information processing9. No neuro-
genesis is however observed during these events. 
Changes in the number antennal sensillae of Locusta  
migratoria, influenced by hormones during development 
have been demonstrated. Injection of [His7]-corazonin – a 
neuropeptide into nymphs of L. migratoria reduced the 
number of coeloconic sensilla in the adult locust anten-
nae12. 
 As the foregoing description emphasizes, the role of ol-
faction in social insect behaviour and in particular among 
ants, analysing the organization of chemosensory struc-
tures is of immense significance. The present study was 
therefore designed to survey the organization of chemo-
sensory structures on the antennae and mouthparts of the 
weaver ant Oecophylla smaragdina (Fabricius). It is in-
teresting to know whether the caste polymorphs perform 
their distinctive tasks served by identical chemosensory 

systems or whether chemosensory systems differ among 
different castes. 
 The weaver ant offers certain advantages as an ant 
model due to diphasic polymorphism6. The three female 
castes: minor workers, major workers and the queen, are 
clearly identifiable and are morphologically distinct  
(Figure 1 a–c). O. smaragdina are arboreal ants and build 
characteristic nests. This is achieved by using silk  
secreted by the larvae, and the minor workers use the lar-
vae as shuttles to use the silk and glue the leaves. Minor 
workers are involved in tending to the queen and the  
larvae. A detailed account of the behaviour of Oecophylla 
is provided by Hölldobler and Wilson6. The various types 
of sensilla that occur on the antennae of formicidae have 
 
 

 
 

Figure 1. a–c, Female castes of Oecophylla smaragdina. a, Queen; 
b, Minor worker and c, Major worker. Scale bar: a = 2 mm, b = 1 mm 
and c = 1 mm. 
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been surveyed13. These data serve as a comparison of 
sensilla observed in the present study. 

Materials and methods 

Polygyne ant colonies of O. smaragdina (Fabricius) were 
collected from nests on trees. Whole nests removed from 
the tree using polythene bags or boxes were brought to 
the laboratory and were stored, if needed, with their nests 
intact. They were reared at 23°C and were provided moist 
cotton for humidity along with honey or jaggery. Minor 
and major workers could be easily identified and segre-
gated. Queens are not often available in the nests, but on 
some occasions queens are found in the nests, particularly 
during early monsoon months (June and July). 

Identification of sensilla 

Porous chemosensory hairs were identified using silver 
nitrate (AgNO3) by the method described by Navasero 
and Elzen14. Live ants were washed three times in 10% 
acetone for a total duration of 30 s. They were then 
placed in 0.1 M AgNO3 solution for 3–5 min and washed 
three times in distilled water. Each wash lasted for 
15 min. Ants were decapitated and the heads were later 
soaked in Kodak D-76 developer (Batch MET 2, Kodak 
India Ltd) for 5 min and rinsed in 3% acetic acid for 
1 min. The antennae were dissected and dehydrated seri-
ally in ethanol. Dehydrated specimens were cleared in 
methyl salicylate and mounted using D.P.X. mountant for 
observation under light microscope. 

Scanning electron microscopy 

Scanning electron microscopic (SEM) studies were  
carried out to study the detailed sensilla morphology of 
O. smaragdina. Isolated antennae of O. smaragdina were 
immersed in 70% acetone and dehydrated in grades of 
acetone. The antenna were then mounted on a brass stub 
and gold-sputtered for 2 min (SPI-Module Gold Sputter 
Coater). Observations were made using a JEOL JSM-
5800VL SEM. 
 Sensilla coeloconica and sensilla ampullaceum could 
be identified using whole mounts. As these two structures 
have a narrow opening to the external surface of the cuti-
cle, they tend to trap air in them. This attribute of the sen-
silla was exploited and fresh whole mounts of the antenna 
were prepared to visualize the sensilla. The antenna of  
O. smaragdina houses many sensilla within the antennal 
lumen. This makes the study of the morphology of these 
sensilla difficult. A quick mounting of the antenna using 
glycerol could clearly reveal the morphological dimen-
sions of two prominent sensilla housed within the antennal 
lumen. The preparations provided clear and unambiguous 

images of these two sensilla. A camera lucida apparatus 
attached to Olympus BX60 trinocular microscope was 
used to document the distribution of the sensilla on the 
antenna. Adobe Photoshop CS2 software was used for 
digitally enhancing the images. Distribution of sensilla 
was statistically analysed using SPSS 13. One-way 
ANOVA and Kruskal–Wallis tests were conducted to  
assess the significance in the sensilla number between the 
castes. 

Results 

The antenna of O. smaragdina consists of a scape, pedi-
cel and eleven antennomeres. Though there are no differ-
ences in the total number of antennomeres in female 
castes, the total length of the antenna varied among the 
castes (Figure 2 a). All the female castes had 11 antenno-
meres. The antenna of the major worker had a length of 
~ 6.5 mm, that of queen ~ 7.5 mm, whereas the minor 
worker had the smallest antenna measuring ~ 3 mm. The 
antenna of male had ten antennomeres and the total 
length of the antenna measured was ~ 3 mm. A caste-
specific morphometry was distinct in the other body parts 
also (Table 1). 

Type of sensilla 

The major types of olfactory sensilla in castes were iden-
tified by their morphological features. Light microscopy 
and SEM studies clearly differentiated the morphological 
features of sensilla on the antennae and mouthparts. Sen-
silla basiconica, sensilla trichoidea curvata, sensilla  
ampullacea, sensilla coeloconica were the major types of 
chemosensilla identified by the studies. 
 
Sensilla basiconica: The basiconic sensillum has the 
shape of a thumb with a shaft length of about ~ 25 μm 
(Figures 3 c, d and 4 a, b). It showed a characteristic 
staining pattern after silver staining (Figure 2 c and d). 
The blunt tip of the sensilla stained prominently com-
pared to the rest of the shaft of the sensilla (Figure 2 d). 
Studies on the detailed anatomy of these sensilla have  
revealed the presence of cuticular ledges13. In the present 
study also, the deep extensive opening at the tip of the 
sensilla indicates the probability of such a structure, 
rather than a mere pore (Figure 3 b). The tip opening  
had a size of ~ 2 μm. The base of the sensillum has a  
diameter of ~ 8 μm. The base of the sensillar shaft ends  
in a circular structure, below the antennal surface, creat-
ing a gap between the antennal surface and base of  
the sensillum shaft (Figure 3 a). Basiconic sensillum  
was the most dominant olfactory sensilla in the castes  
of O. smaragdina. The sensillum number was the  
highest on the 11th antennomere; basiconic sensilla  
numbers on other antennomeres towards the scape 
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Figure 2. a–f, Morphology and disposition of silver-stained hairs on the antennae. a, Camera lucida drawings of morphology of 
the antennae of the castes (top – minor, middle – major and bottom – queen). b, Silver-stained hairs on the antenna of major 
worker showing the characteristic staining pattern of sensilla trichoidea curvata. White arrowhead indicates the silver-positive sen-
silla trichoidea curvata. c, Silver-stained sensilla basiconica (black arrowheads) on the antenna of minor worker. d, Magnified im-
age revealing the details of staining pattern in individual sensilla basiconica. e, Glycerol-mounted antenna showing the 
morphology of sensilla ampullacea and sensilla coeloconica. Upper arrow indicates sensilla coeloconica. Lower arrow indicates 
the ducts of sensilla ampullacea. Arrowhead indicates the opening of sensilla ampullaceum. f, Camera lucida reconstruction show-
ing the distribution pattern of sensilla basiconica on the 11th antennomere of minor (left) and major (right) antenna. Scale bar: 
a = 1 mm, b = 50 μm, c = 100 μm, d, e = 10 μm and f = 50 μm. 
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Table 1. Morphometry of the different castes of Oecophylla smaragdina (mean ± SD) 

Caste Body length Thorax Abdomen Head width Flagellar length Scape length Total antennal length 
 

Male   6.33 ± 1.2 2.00 ± 1.8      2 ± 1.4      1 ± 0.06 2.76 ± 0.04 1.45 ± 0.14 4.45 ± 0.07 
Queen 16.66 ± 0.04   3.7 ± 0.08      8 ± 0.86 3.33 ± 0.04 4.56 ± 1.4   2.8 ± 0.05   7.5 ± 0.06 
Major   9.66 ± 0.08      1 ± 0.04 3.66 ± 0.02      2 ± 1.4   3.8 ± 0.06   2.8 ± 1.5   6.5 ± 1.6 
Minor   6.33 ± 0.08 0.50 ± 0.04      2 ± 0.04      1 ± 0.04   1.9 ± 1.6   1.3 ± 0.06   3.1 ± 0.06 

All measurements are in mm. 
 
 

 
 

Figure 3. a–d, Scanning electron micrographs of chemosensory structures of O. smaragdina. a, Structural details of sensilla  
basiconica (white arrow) and sensilla trichoidea curvata (Stc). The gap at the sensillum base a feature for identifying the sensilla, 
is clearely visible. b, The pore at the tips of (arrow) sensilla basiconica. c, Chemosensilla on the maxillary palp. Inset shows the 
bifid sensilla on the maxillary palp. d, The opening of sensilla ampullaceum (arrow) on the exterior of the antenna. Arrow head in-
dicates elliptical base of trichoidea curvata. Scale bar: a = 6 μm, b = 1.5 μm, c = 5 μm and d = 2.5 μm. 

 
 
were seen to decrease. Reduction in sensilla numbers 
from the 11th towards the 1st antennomere (proximal) 
was observed in all the castes of O. smaragdina. (Figures 
5 and 6 a, b). In the present study, significant differences 
in the total number of sensilla between castes of  
O. smaragdina were observed in the case of sensilla  
basiconica and sensilla ampullacea (Table 2). Sensilla  
basiconica were distributed more abundantly towards  
the lateral edges of the antenna; they were also distrib-
uted in other areas of the flagellomere. The minor  
castes had a scarce distribution on the dorsal and  
ventral areas than the lateral areas of the antennomere. 
The total number of sensilla basiconica differed  
significantly between all castes, with major castes having 

a higher number of sensilla basiconica compared to mi-
nors. 
 
Sensilla trichoidea curvata: The sensilla shaft is broader 
at the base and gradually tapers towards the tip. It has a 
length of about ~ 24 μm (Figure 3 d). The sensilla tapers 
gradually from its base towards the tip. The shaft of  
the sensilla inclines acutely towards the antennal surface at 
its distal end. The base of the shaft has an elliptical base of 
about ~ 6 μm. The silver staining shows a characteristic 
punctuated pattern along the shaft of the sensillum, which 
helps in easily distinguishing it under the light micro-
scope (Figure 2 b). Sensilla trichoidea curvata numbers in 
the castes showed no significant difference. 
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Figure 4. a–d, Scanning electron micrographs of the distribution of sensilla basiconica and sensilla trichoidea curvata on the 
11th and 10th antennomere (a and c). White arrowheads indicate the elliptical basis of the sensilla trichoidea curvata. Black  
arrows indicate the opening of sensilla coeloconica. b, d, Opening of the sensilla ampullacea and sensilla basiconica on the  
exterior of the antenna. Sensilla coeloconica (b) has a relatively larger opening than sensilla ampullacea. Scale bar: a and 
c = 20 μm, b and d = 4 μm. 

 
Table 2. Number of sensilla on the antennae of different castes of O. smaragdina (mean ± SD) 

 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 
 

Sensilla basicaconica 
 M  44.8 ± 10.4a 15.2 ± 2.4a    13 ± 1.4a 10.6 ± 1.2a 9.6 ± 0.8a 5.7 ± 1.3a 5.2 ± 0.4a 5 ± 0.4a 4.2 ± 1a 4.4 ± 1.4a 0 
 μ  33.3 ± 4.9b   8.3 ± 3.5b   5.5 ± 1.5b      4 ± 1.1b    2 ± 1.5b 1.8 ± 1b 0.65 ± 1.1b 0.51 ± 2 b 0.13 ± 0.04b 0.05 ± 0.01b 0 
 Q  29.7 ± 2.9c 11.7 ± 1.2c 10.7 ± 1.2c   0.8 ± 2.2c 7.3 ± 1.2c 6.3 ± 1.2c 5 ± 0.8c 3.3 ± 1.2 c  2.3 ± 1.2c 4 ± 0.8c 0 
 
Sensilla trichoidea curvata 
 M    74 ± 1.4    39 ± 3.6 30 ± 3.6 34.33 ± 10.1 50.33 ± 7.6 51.67 ± 6.6 49 ± 4.6 41.5 ± 11.1 47.54 ± 5.3 30.2 ± 27 0 
 μ    50 ± 6.8 26.3 ± 4.2 25.3 ± 6.6      19 ± 6.1   19.3 ± 3.2 27.3 ± 3.1 30 ± 5.3 27.7 ± 3.7 25 ± 3.7 24.43 ± 5 0 
 Q    27 ± 10.2 23.7 ± 1.5 26 ± 3.4   20.8 ± 3.8   23.2 ± 0.4 20 ± 4.6 28 ± 2.4 30 ± 9.6 31 ± 3.5 25 ± 8.5 0 
 
Sensilla ampullacea 
 M 11.6 ± 0.57a 1.20 ± 4a 1 1 1 1.2 ± 0.4 1 1 1 1 0 
 μ   6.6 ± 0.4b 0 1 1    1.2 ± 0.4 1 1.2 ± 0.4 1 1 0 0 
 Q      8 ± 1.4c 1.2 ± 0.4 1 1 1 1 1 1 1 1 0 
 
Sensilla coeloconica 
 M   4.6 ± 1.5a 1.3 ± 0.5 1.4 ± 0.51 1.2 ± 0.55    1.2 ± 0.55 1.2 ± 0.45 1 1 1 1.4 ± 0.54 0 
 μ   4.3 ± 0.1a 1 1 1 1 1 1 1 1 1 0 
 Q   3.7 ± 0.5a 1 1 1 1 1 1.5 ± 1 1.3 ± 0.5 1 1 0 

A1–11, Antennomeres 11 to 1, M, Major worker (n = 8); μ, Minor worker (n = 8); Q, Queen (n = 4). a,b,cIndicate statistically significant groups by 
Kruskal–Wallis test. 
 
Sensilla ampullaceum: Sensilla ampullacea are distri-
buted within the antennal lumen. The sensilla body  
(ampulla) and the duct which connects it with the exterior 

are within the lumen of the antenna and only the pore is 
visible on the antennal surface (Figure 2 e). The opening of 
the pore is located in an oval-shaped depression measuring 
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~ 5 μm. The pore has a size less than 1 μm. The ampulla 
has a length of about ~ 25 μm and a duct length of 
~ 30 μm. On the antennal surface, the openings of the 
sensilla are visible. The sensilla have characteristic clus-
tered distribution in the middle of the lumen of the 11th 
antennomere (Figure 7 a–c). In other antennomeres num-
ber and distribution of these sensilla is relatively scarce. 
Only one or two sensilla were observed in the proximal 
antennomeres. The distribution pattern is similar in both 
major and minor castes of O. smaragdina. In the present 
study significant differences were noticed in the sensilla 
numbers of ampullacea between castes (Table 2) only in 
antennomere 11. 
 
Sensilla coeloconica: Sensilla coeloconica is also dis-
tributed within the antennal lumen. The sensillum has a 
cone-shaped peg which measures ~ 5 μm (Figure 2 e). 
Sensilla coeloconica showed characteristic appearance of 
champagne corks when observed under the light micro- 
 

 
 

Figure 5. Camera luida drawings showing the distribution of sensilla 
basiconica on the antenna of the queen. Black arrowheads indicate lo-
cation of sensilla basiconica. Scale bar = 50 μm. 

scope. It has a slightly larger aperture than sensilla am-
pullacea, about 1.5 μm at the centre of the oval-shaped 
depression on the antennal surface (Figure 4 b–d). The 
sensilla showed similarities to sensilla ampullacea in their 
distribution pattern. They were found maximally in the 
11th antennomere, and in the proximal segments their 
distribution was scarce with 1–2 or nil. 

Silver-positive hairs on the maxillary and labial 
palps 

The sensilla on the maxillary and labial palps of  
O. smaragdina were strikingly different in their morpho-
logy. The sensilla were longer than those present on the 
antenna. Two types of sensilla were revealed by SEM 
studies. Sensilla with a bifid tip type and with a curved 
tip type (Figure 3 c). The length of these sensilla ranged 
from 25 to 30 μm. Only the bifid tipped sensilla were 
positive to silver staining. Tips of these sensilla were  
porous, and this was revealed by their characteristic stain-
ing. The porosity of the sensilla at the tip suggests a 
chemosensory function. 
 

 

 
 

Figure 6. a, b, Same as Figure 5, but for major worker (a) and minor 
worker (b). 
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 The maxillary and labial palps differed in their mor-
phological dimensions and the number of the sensory 
hairs present on them (Figure 8 a–c). The queens had a 
significantly higher number of sensory hairs on their 
maxillary and labial palps compared to major and minor 
workers (Table 3). This result corroborates the caste-
specific organization of the chemosensory system. 

Discussion 

The differences in the sensory apparatus of castes can be 
considered as a result of the developmental mechanism 
aiding in the division of labour. In O. smaragdina, the 
major worker castes have a striking behavioural reper-
toire. They engage in foraging, necrophoresis, nest-
building, defence, cleaning and other activities of the 
colony. Minors are mainly engaged in nursing the larvae. 
Many of these behavioural activities are predominantly 
influenced by olfactory cues. By virtue of the differential  
developmental programme, specialist individuals designed 
to carry out these tasks can be generated. The demands of 
meeting their role in the colony are efficiently managed 
by specialized individuals6. The biased developmental 
programme primes the sensory system in a caste-specific 
 
 

 
 

Figure 7. a–c, Camera lucida drawings. a, b, Distribution of sensilla 
ampullacea on the antenna of major workers (a) and minor workers (b). 
c, The 11th antennomere where sensilla ampullacea are predominantly 
seen. Scale bar: a, b = 50 μm and c = 100 μm. 

manner, as a result of which castes with a differential 
sensitivity to olfactory stimuli and discrete behaviours are 
generated from the diploid genome of the female. Such a 
developmental dichotomy, resulting in the genesis of  
major and minor worker castes is essential for the division 
of labour. As a likely result of these differences during 
development, major workers in case of O. smaragdina 
possess a higher number of chemosensory structures. The 
differential organization of the visual neuropil of honey 
bee castes is by cell division, mortality rate (apoptosis) 
and the timing of division15. 
 The distribution and number of sensilla on the antenna 
(Figures 5, 6 and 7 a, b), maxillary and labial palps (Fig-
ure 8 a, c) showed variations in the castes (queen, major 
and minor) of the weaver ant O. smaragdina (Table 2). 
Considerable cellular interaction during development re-
sults in differentiation and formation of a sensilla from 
the cells of the epidermis. Studies on Drosophila have 
shown that insect sensilla develop from a single sensory 
mother cell. The sensilla mother cells undergo differential 
mitosis and morphogenesis to give rise to different  
sensilla16. Differential rate of mitosis occurring in the 
sensilla mother cells results in the difference in the total 
number of sensilla17. It is therefore likely that differences 
in total number of olfactory sensilla in the castes of  
O. smaragdina are due to a differential rate of division of 
sensilla mother cells during development. In O. smarag-
dina, caste differentiation occurs during the developmental 
period. Switches in task-related behaviours or morpho-
logy are not observed during adult stage, as in honey bees 
and certain species of ants. 
 The castes of weaver ant bear all types of sensilla. 
Their distribution, however, and numbers vary in each 
caste. This suggests the possibility of differential rate of 
sensilla genesis in the castes of O. smaragdina. Factors 
responsible for differential mitosis are still not under-
stood in social insects. In the case of termites, soldiers 
show characteristic differences in the dimensions of 
mechanosensory hairs on certain body parts, exhibiting 
site-specific regulation of sensilla development18. In the 
present study, no differences in the dimension of sensilla 
morphology were observed. The differential rate of divi-
sion of sensilla mother cells may therefore hold the key 
for differences in caste-specific sensilla numbers, which 
is attributed to differential expression of certain genes 
under the influence of physiological and environmental 
factors19. In certain orthopterans like grasshopper and  
locust, the sensilla number can be altered under the influ-
ence of nutritional factors20 or neurohormones like 
[His7]-corazonin. The results of these studies signify the 
role of the chemical stimuli and the complex chemical 
environment in shaping the antennal organization during 
the development. 
 In the present study olfactory sensilla types observed 
on the antenna of O. smaragdina were similar in mor-
phology to Solenopsis invicta21, Camponotus japonicus22



RESEARCH ARTICLE 
 

CURRENT SCIENCE, VOL. 101, NO. 6, 25 SEPTEMBER 2011 763

 
 

Figure 8. a, b, Camera lucida drawings showing the distribution of silver-positive hairs on the labial and maxillary palps.  
a (Left to right) The labial palps of queen, major and minor workers respectively. b (Left to right) Maxillary palps of queen, major 
and minor workers respectively. Numbers indicate the segment number of the palps. c, Photomicrograph of silver-positive hairs on 
the labial and maxillary palps of major worker. Scale bar = 50 μm for a–c. 

 
 

Table 3. Silver-positive hairs on the maxillary and labial palps of the castes of O. smaragdina (mean ± SD) 

  m1 m2 m3 m4 m5 L1 L2 L3 L4 
 

M 0 2.4 ± 0.55a 4.4 ± 0.54a   4.4 ± 0.54a 4.4 ± 0.54a 0.1 ± 0.7a 2.2 ± 0.84a 3.6 ± 0.55a 5.4 ± 0.55a 
μ 0 3.6 ± 1.6b 5.2 ± 1.9b   5.9 ± 1.9b 5.5 ± 0.74b 1.7 ± 1.1b 3.3 ± 1.8b 3.93 ± 0.9b 5.9 ± 0.99b 
Q 1.4 ± 0.56 5.4 ± 1.14c 7.6 ± 1.14c 10.4 ± 1.14c  8.4 ± 1.14c 2.8 ± 0.84c 5.4 ± 1.14c 4.9 ± 0.84c  6.2 ± 1.3c 

a,b,cIndicate significance between the groups at P < 0.005 by Kruskal–Wallis test. m indicates segment of maxillary palp and L of labial palp. 
Numbers indicate the segment number. 
 
 
and other members of the family formicidae13. Similari-
ties are also observed with ampullacea and coeloconica 
sensilla of Atta23. The observations on profiles of sensilla 
in the present study are similar to those of C. japonicus22, 
S. invicta21 and other members of the family Formici-
nae13. The antennal sensillae of the worker cast of sam-
sum ant, Pachychondyla sennarensis was analysed by 
Siddiqui et al.24 using electron microscopy. Different 
types of sensillae have been identified and counted. The 
general features and pattern of distribution of sensillae 
are comparable to those found in O. smaragdina. How-
ever, coeloconic sensilla (placoid sensilla) have not been 
found in flagellomeres 1 and 2. The study by Siddiqui  

et al.24 has also not recorded sensilla ampullaceum on the 
antennae of workers. 
 A study showed that in bumble bees antennal sensilla 
number differed significantly in the larger workers25. 
Electrophysiological studies correlated the differences in 
the number of the sensilla units, by showing the differen-
tial response of the castes to different odours. The larger 
workers with a larger number of sensilla needed a low 
threshold for the response, indicating higher sensitivity 
towards particular odours by the larger workers. In the 
present study, significant differences were found in the 
total number of olfactory sensilla between castes of O. 
smaragdina. The major workers having a higher number 
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of sensilla may therefore be more sensitive than the other 
castes (Table 2). Observations in the present study sug-
gest sensilla number to be a possible basis for differential 
behaviour in the castes of ants. 
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