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Abstract

The antennae of both sexes of eri silk moth Philosamia ricini were examined using scanning electron
microscopy. The antennae are bipectinate type segmented consisting of scape, pedicel and flagellum. The
flagellum consists of about 32 similar segments known as annuli. Different types of sensilla are present
on the scape, pedicel and flagellum functioning as a sensory perception. Béhm bristle and sensilla
trichoidea are found on scape and pedicel. The flagellum consists of sensilla chaetica (SCH), sensilla
trichoidea (ST), sensilla trichoidea curvata (STC), sensilla basiconica (SB), sensilla squamiformia (SQU)
and sensilla styloconica (SS). Sensilla trichoidea is further divided into sensilla trichoidea-I (ST-I),
sensilla trichoidea-11 (ST-I1) and sensilla trichoidea- 1l (ST-I11). The flagellum contains SCH, ST-II, ST-
111, STC, SB, SQU and SS in female and SCH, ST-I, ST-II, ST-1I1, STC, SB, SQU and SS in male. ST-I
sensilla is sex specific and present on male antenna.
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1. Introduction

Antenna is one of the head appendages consisting of three parts; scape, pedicel and flagellum
(1, The adult antennal flagellum is divided into many small annuli conformed in Saturniid and
Noctuid’s moths [ 3 4l and annulations are an important step in the metamorphosis of adult
antenna [5,6,7,8,9,10, ll]_

Light and scanning electron microscopic (SEM) studies on the antennae of silkworm reveal the
presence of various types of sensilla showing ultrastructural variation in sexes 4. The antennae
are major sense organ that receives environmental information and specific communication
through a variety of sensillum receptors 114, The sensilla are cuticular special appendages for
chemoreceptive, olfactory, hygrothermal-receptive and mechanoreceptive functions 3141,
Various types of sensilla including Bohm bristle, sensilla chaetica (SCH), sensilla trichoidea
(ST), sensilla trichoidea curvata (STC) are known having specialized functions. The Saturniid
moths often show species- specific sexual diversity in fine morphology of the antennal sensilla
[3 45 15 16 17 The present SEM studies on the antennae of female and male moth of
Philosamia ricini were undertaken to elucidate the surface micro- morphology of antennal
sensilla.

2. Materials and Methods

The fresh eggs were brought from Eri silkworm Seed Production Centre, Central Silk Board,
Mirza (Assam) during the year 2012-2013. The larvae were reared till cocoon formation in the
Departmental insectaries. The emerged adult silk moth were sacrified. The antenna were
separated from male and female silk moths under stereoscopic binocular and used for the
study.

An antenna of adult eri silkworm, P. ricini was examined by both light and scanning
microscopy. For scanning electron microscopy antenna were washed thoroughly with distilled
water and fixed in 10% formalin for a period of 12 h, dehydrated in various grades of alcohol,
cleared in acetone, dried and fixed on the metallic stub at different angles with the help of
Fevicol and processed for gold coating and scanned under the Jeol (JSM 6380A) Scanning
Electron Microscope (SEM) at Visvesvaraya National Institute of Technology (VNIT),
Nagpur.
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3. Results

The bipectinate antennae were present on the head region of
the moth. The length of antenna was slightly longer in male
than female (Table 1). Each antenna was divided into three
parts; scape, pedicel and flagellum (Fig. 2a). The flagellum
consists of many similar segments called annuli. There were
32 annuli in female and 29 annuli in male antenna. Each
annulus contains two pairs of barbs from 1-26 annuli in

female and on 1-23 annuli in male. The 27 annuli of female
contain 3 barbs 1 outer and 2 inner, while from 28-32 annuli
a pair of barbs (one outer and one inner) was present. In male
annuli 24 had 2 barbs on the inner side while 25-29 annuli
had only one barb on the inner side. At the end of each barb
spike like sensillae were noticed (Table 2). Morphology
under SEM showed varied differences in both sexes of adult
of P. ricini.

Table 1: Morphological observations of antenna of P. ricini moth.

Sr. No. Morphometry of antennae Female (mm) Male (mm)
1. Total length of antenna 10.796 + 0.79 10.833 + 0.43
2. Length of scape 0.660 + 041 0.699 + 0.56
3. Length of pedicel 0.341 + 0.20 0.359 + 0.15
4, Length of flagellum 9.795 + 0.49 9.775 + 241
Table 2: Distribution of number of spikes on the various annuli of male and female.
No. of annuli containing spikes on the barbs
Barbs present on the Male annuli Female annuli
annulus Spllke Splllke S[I)I|:<e Spike | Spike 11 SrIJI|:<e
1,3-6,8,13,14,18-20,22,24,25,27-
Outer side of Barb 1 | 1-23 0 0 20.31.32 7,9-12,15,16,23 2,17,21
annuli B'I"‘Irb 0 0 0 5,7-10,12,15 0 0
1,2,9,12,16, 18-
Inner side of Barb 1 | 1-29 0 0 3-8,10,11,13-15,17,21,22,26-32 22.73-25 0
annul Bﬁrb 0 0 0 2,15,16 0 0

SEM observations show the presence of various types of
sensilla like Bohm bristle (BB), sensilla chaetica (SCH),
sensilla trichoidea (ST), sensilla trichoidea curvata (STC),
sensilla basiconica (SB), sensilla squamiformia (SQU) and
sensilla styloconica (SS) on different parts of antenna of both

the sexes of P. ricini moth. Further, sensilla trichoidea on the
basis of their length was divided into sensilla trichoidea-I
(ST-I), sensilla trichoidea-11 (ST-II) and sensilla trichoidea-
11 (ST-111). Sensilla trichoidea-1 was observed only in the
male moth (Table 3).

Table 3: Morphometry of different types of sensilla present on various parts of antenna.

Sensillae present Male - Female -
Length (um) Width (um) Length (um) Width (um)
Bohm bristle 215.5+3.61 2.5+ 0.01 2155+ 1.52 2.5+ 0.28
Scape Sensilla Trichoidea-I 95.32+ 2.55 3.7+ 0.03 - -
Sensilla Trichoidea-11 - - 46.66+3.66 4+0.173
Sensilla Trichoidea-1lI - 28+2.18 3.3+ 0.03
Bohm bristle 215.5+ 3.73 2.5+ 0.02 215.5+ 2.05 2.5+ 0.27
Pedicel Sensilla Trichoidea-11 - - 46.66+ 3.93 4+ 0.18
Sensilla Trichoidea-1lI - - 28+ 2.23 3.3+ 0.04
Sensilla Chaetica-1(SCH-1) - - 275.441.35 0.182+0.03
Sensilla Chaetica-11(SCH-II) 70+ 3.45 7.5+ 0.32 77+1.978 8+0.21
Sensilla Trichoidea-1(ST-1) 95.32+2.63 3.7+ 0.53 - -
Sensilla Trichoidea-11(ST-I1) 43.1+4.1 3.4+ 0.01 46.66+2.45 4+ 0.01
Flagellum Sensilla Trichoidea-I1(ST-II1) 26.5+3.01 3+0.71 28+ 3.10 3.3 0.04
Sensilla Trichoidea Curvata (STC) 31.2+ 4.38 3.8+0.12 33.07+ 2.51 3.8+ 0.23
Sensilla Basiconica(SB) 11.3+ 2.03 5.3+ 0.23 11.3+1.01 5.3+ 0.42
Sensilla Styloconica(SS) 15+1.48 6.8+ 0.08 16.58+1.83 6.8+ 0.65
Sensilla squamifornia(SQU) 16.2+1.72 - 16.2+£1.72 -

3.1 Béhm bristles (BB)

These were leaf like structures found on the scape and
pedicel of both the sexes. They were long sharply tapered
and had sclerotise ring at the base. They were similar in male
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and female moth (Fig. 2b, d).

3.2 Sensilla chaetica (SCH)
These were the blunt and most striking spike- like present on
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the antenna. They were found at the middle region of each
segment, and also distributed on terminal end of the barbs.
On the basis of length SCH was differentiated into long
sensilla chaetica (SCH-I) and short sensilla chaetica (SCH-
I1). The surface of SCH covered with radial ridges (Fig. 3a,
c, ¢, T, 4c).

3.3 Sensilla trichoidea (ST)

These were the most numerous sensilla present on the
antenna and were commonly known as sensory hairs. The
sensilla trichoidea had been characterized on the basis of
their length as long, medium and short (ST-1, ST-II and ST-
111) trichoid sensilla. ST-1 was present only in male antennae
(Fig. 2d, 3a, b, 4a, ).

3.4 Sensilla squamiformia (SQU)

SQU were short, scale like abundantly distributed on the
flagellum of both sexes of adult moths. The sensilla were
broad at the base and pointed towards the tip (Fig. 3c, d).

3.5 Sensilla basiconica (SB)
SB present on dorso- ventral surface of terminal annulus and
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barbs of flagellomere of both sexes. These were commonly
called as pit pegs. The pit was shallow with inward slanting
spines. The sensory pegs were arising from the base of pit.
The number of sensilla basiconica was more in female as
compared to the male moth (Fig. 3d, 4b).

3.6 Sensilla styloconica (SS)

Sensilla styloconica were present on 27 to 32 annuli in
female and 24-29 annuli in male flagellum. They were short,
cone shaped, sensory structure mounted at the apices of stout
cuticular pegs. The peg arises from the distal edge of the
segment in the sensory area. Each peg was provided with one
cone at its tip. The number of sensilla styloconica was more
in female moth as compared to male moth (Fig. 3e, f).

3.7 Sensilla trichoidea curvata (STC)

These were present on the flagellum of antennae of both
sexes of moth. The shaft of the sensilla was long, pointed and
slightly curved towards the apex (Fig. 3b, 4a).
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Fig 1: Female antenna (diagrammatic).
Fig. 2(a-d): Scanning electron microscopic (SEM) photomicrograph of antennae of Philosamia ricini adults.
2a- SEM structure of female antenna showing scape (SC), pedicel (PD), and flagellum (FG).
2b- SEM of female antenna showing B6hm bristle (BB) on scape (SC), pedicel (PD).
2c- Magnified view of scape showing sensilla trichoidea ST-11 and S-I11.
2d- Magnified view of scape showing base of Bohm bristle (BB).
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Fig 3(a-f): Scanning electron microscopic (SEM) photomicrograph of antennae in male and female adult of Philosamia ricini.
3a: Early annuli (flagellomere) of flagellum showing barbs and various type of sensillae in female antenna.
3b: Mid annuli of flagellum showing various type of sensillae ST-1, ST-I1, ST-I1l and STC in male antenna.
3c: Magnified view of annuli showing SCH and SQU in male antenna.
3d: Magnified view of annuli showing SB and SQU in female antenna.
3e: Photomicrograph of terminal 29th annuli showing pair of barbs with various type sensillae SS, SCH-11, SS, SCH and STC in female antenna.
3f- Magnified view of fig:e showing SS and SCH.
ST-sensilla trichoidea, SCH-sensilla chateaca, STC-sensilla curvata, SB-sensilla basiconica, SS-sensilla styloconica, SQU-sensilla squmiformia
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Fig 4(a-c): Scanning electron microscopic (SEM) photomicrograph of bars on antennae of Philosamia ricini adults.
4a: Magpnified view of terminal end of barbs showing sensilla SB, ST-1I, ST-11I, STC and SCH in female antenna.
4b: Showing SB present on the barbs in female antenna.
4c: Magnified view of barbs showing sensilla SCH, ST-II, ST-I1l and STC in female antenna.

ST- sensilla trichoidea, SCH- sensilla chateaca, STC-sensilla curvata, SB-sensilla basiconica.

4. Discussion

The Bohm bristles are spine like sensilla [ and are present
on the antenna of Trichoplusia ni, Heliothis zea, Prodenia
ornithogalli and Spodoptera exigna [*°l. Callahan et al. 18]
observed that, the Bohm bristles are dielectric wave guide
aerials in the visible region and may also have
mechanoreceptive function in Saturniid species. Schneider
129 confirmed the mechanoreceptive properties of the Bohm
bristles through electrophysiological studies in Apis
mellifera. The present SEM observations confirmed,
presence of leaf like Béhm bristles on the scape and pedicel
of antenna of P. ricini with morphological differentiation in
both sexes might be performing the function of
mechanoreceptors and chemoreceptors.

The sensilla chaetica (SCH) are blunt striking spines found
on the middle annuli as well as barbs end. Similar
arrangement of the sensilla chaetica has been confirmed
earlier [15 191 According to Albert and Seabrook (71 the
sensilla chaetica usually function as mechanoreceptors and
contact chemoreceptors . In P. ricini short sensilla chaetica
(SCH-II) present on annuli of both sexes might be functional
as contact chemoreceptors while, long sensilla chaetica
(SCH-I) present on female annuli, is female sex specific
character.

The trichoid sensilla-1 (ST-I) is longest and characteristically
observed only in the male. It is relatively straight but hooked
at the tip. Structurally, the body of ST-I was found to possess
spiral ridges as observed by earlier workers on the male
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antenna of Saturniids moths !5 3 4. Bland 2 observed the
trichoid sensilla on the antenna of adult Hyperapostica with
blunt tip. In P. ricini, the trichoid sensilla 1l (ST-1I) are
shorter and more curved than the long ST-1 while, ST-111 is
the shortest sensilla with blunt tip. The ST-1 present only on
the male antenna while, ST-IIl and ST-IIl has more
population on the female antenna. In A. polyphemus, the long
sensilla trichoidea (ST) are found only in male 2 and in B.
mori ST-I is sensitive to sex pheromone emitted by the
female 22, The presence of ST-1in P. ricini male confirmed
its sex specificity which might be female sex- pheromone
sensitive during mating behavior. On the flagellum some
scales appear to be sensory. Schneider and Kaissling [23
observed some sensory scales on the antenna of B. mori and
called them sensilla squamiformia functioning as receptors.
On the antenna of both sexes of P. ricini, numerous scales
like sensilla squamiformia are found which might be the
sensory receptors.

The sensilla basiconica responded to chemical responses [,
In P. ricini, it has been found that the sensilla basiconica is
present on antenna of both sexes and might be
chemoreceptors in nature. Lin and Chow [16] observed that
sensilla styloconica is innervated by 3 to 4 neurons. In our
investigation, sensilla styloconica of P. ricini was found to
possess cone and peg, of which cone was situated at the tip
of peg and peg extended outwards for reception and
increasing the area covered by the nerve ending of sensilla
styloconica for olfaction, thus supporting earlier observations
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(24,1541 Albert and Seabrook 7 observed similar structure of
styloconica sensillum in the spruce bud-worm Choristoneura
fumiferana functioning as olfactory receptors. Sensilla
trichoidea curvata (STC) has been confirmed on P. ricini
antennae as mechanoreceptors and contact chemoreceptors
as suggested by [17:4],

5. Acknowledgement
We gratefully acknowledge to the Director of Visvesvaraya

National

Institute of Technology Nagpur, India for

generously granting use of the SEM facility.

6. References

1.

10.

11.

12.

13.

14.

15.

Snodgrass RE. The head appendages. In “Principles of
Insect Morphology.”Mcgraw-Hill Book comp. New
York. 1935; 130-156.

Steinbrecht RA. Zur Morphometerieder Antenne des
Seidenspinners, Bombyx moriL:Zahl  und Verteilung
der Riechsensillen (Insecta: Lepidaptera) Z. Morph.
Tiere. 1970; 68:93-126.

Mayer MS, Mankin RW, Carlysle TC. External antennal
Morphometry of Trichoplusia ni (Hubner) (Lepidoptera:
Noctuidae). J Insect Morphol and Embryol 1981;
10(3):185-201.

Eid MAA, Salem MS, El-maasaraswy S. Morphology
and histology of antennae oferi-silkworm moths,
Philosamia ricini (Boisd.) (Lepidoptera: Saturniidae).
Indian J Seric1990; 29(1):13-23.

Essa YEE. The development of imaginal buds in the
head of Pieris brassicae, Linn. Trans R Entomol Soc
Lond1953; 104:39-50.

Niesch H. Die imaginal- Entwicklung von Antheraea
polyphemus (Lepidoptera). Zool. Jb. (Anat).1965; 82:
393-418.

Takahashi S, Oka Y. Abnormal development of the adult
antennae of Samia Cynthia ricini induced by p-—
ecdysone. Zool Mag 1973; 82:159-164.

Sanes JR, Hildibrand JG. Structure and development of
antennae in a moth, Manduca sexta.Develop. Biol.1976;
51:282-299.

Wang GR, Guo YY, Wu KM. Observation on the
ultrastructures of antennal sensilla in Helicoverpa
armigera. Scientia Agricultura Sinica. 2002; 35(12):
1479-1482.

Yu HZ. Research progress of insect antennal sensilla.
Journal of Anhui Agri Sci 2007; 5(14):4238- 4243.

Xun LI, Jun WJ, Wei D, Bo Y, Juan L, Huai L.
Description of sensilla on the larval antennae and
mouthparts of Spodoptera exigua (Lepidoptera:
Noctuidae) Acta. Zoo taxonomica sinica. 2008; 33(3):
443-448.

Holldobler B, Wilson EO. The ants MA:Belknap press
of Harvad University, Camridge.1990.

Keil TA, Steiner C. Morphogenesis of the male silk
moth, Antheraea polyphemus Il. Differentiated mitoses
of “dark” precursor cells creat the Anlagen of sensilla.
Tissue cell.1990; 22(5):705-20.

Barsagade DD, Tembhare DB, Kadu SG. Microscopic
structure of antennal sensilla in the Carpenter ant
Camponotus compressus  (Fabricius) (Formicidae:
Hymenoptera). Asian Myrmecology. 2012; 5:113-120.
Jefferson RN, Rubin RE, Mofarland SU, Shorey HS.
Sex pheromones of noctuid moths. XXII — The external
morphology of the antennae of Trichoplusia ni,

~211~

16.

17.

18.

19.

20.

21.

22.

23.

24.

Heliothis zea, Prodenia ornithogalli and Spodoptera
exigua. Ann Entomol Soc Amr 1970; 63(5):1227-1238.
Lin SH, Chow YS. Sense organs of the antennae of the
cabbage looper, Trichoplusia ni (Lepidoptera:
Noctuidae). Ann. Entomol. Sco. Amr.1972; 65(2):296-
299.

Albert PJ, Seabrook WD. Morphology and histology of
the antenna of the male eastern spruce budworm,
Choristoneura  fumiferana  (Clem.)  (Lepidoptera:
Tortricidae) Can J Zool 1973; 51:443-448.

Callahan PS, Taschenberg EF, Carlysle T. The scape
and pedicel dome sensora dielectric aerial waveguide on
the antennae of night- flying moths. Ann Entomol Soc
Amr 1968; 61(4):934-937.

Schneider D. Insect antennae. Annu. Rev. Entomol.
1964; 9:103-122.

Bland RG. Antennal and mouthpart sensilla of
Tetrigidae (Orthoptera). Ann Entomol Soc Amer 1991;
84:195-200.

Boeckh J, Kaissling KE, Schneider D. Sensillum und
Bau der Antennengeissel von Teleapolyphemus
(Vergleichmitweiteren Saturniden: Antheraea,
Platysamia and Philosamia). Zoo Jahrb Abt Anat Ontog
Tiere1960; 78:599-584.

Loundon C, Koehi MA. Sniffing by a silkworm moth:
wing fanning enhances air penetration through and
pheromons interception by the antennae. Journal of
experimental Biology. 2000; 203:2977-2990.

Schneider D, Kaissling KE. Der Bau der Antenne des
Seidenspinners Bombyx mori L. 1l-Sensillen, Cuticulare
Bildungen und innererBau. Ibid. 1957; 76: 223-250.
Mcindoo NE. Tropisms and sense organs
Lepidoptera. Smithson Misc Collect 1929; 81:1-59.

of



