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Abstract

Scannig Electra Microscoyy of the abdominé cuticle of the fifth insta larva of the muga silk moth Antherae assana reveas the
presene of sonme unusuésensilla showirg peculiaritiesin morphologicadand surfae ultra-structurbafeatures The lengt of the sensilaand
its width at the base aswell as at the tip are found to be exceptionaly large Further the structuréd features of the sensila are unusuéin the
sengthat sone of its characteristis are similar to those of sensilhtrichodea and sonre to certah specializé sensilabasiconicabut with no
complet similarity to ary of them The absene of longitudind ridges and seconday ridges on the surfae suggest tha the giart sensilla
detectd in the muga silk worm is differert from sensilh chaeti@ as well. The presene of poresin the sensila ard the non-flexibke natuse of
its ba® indicaie a chemorecepti® role. Irregula sculpturirg in the distd portion, on the othe hand is similar to the olfactory basiconic
sensilh reportel in othe insecs by sone authors The unigue features of the sensill suggesits specift involvemert in sensoy reception

relevar to the behaviou of the insect © 199 Publishel by Elsevieg Sciene Ltd. All rights reserved.
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1. Introduction

The adaptatioa diversily of an insed is beg expressed
by the chemta as well as structual specidization of the
chitinous cuticle coveing the body (Neville, 1975) whichis
differert in different species and differert body pars of the
sarre individual.

Specalized cuticdar strucures known as sensilh are
repored to occu in differert body parts of inseds and are
known to perfom a variety of functions (Bland 1983;
George ard Nagy, 1984 Alm ard Hall, 1986 Crouai and
CrouauRoy, 1991) Scannig Electran Microscopy (SEM),
because of its high resolvirg powe ard large degh of field,
has becone an indispensabé techngue for studyirg the
detailed morphdogy of thes cuticula strudures Several
authos hawe usal SEM for studyirg the distribution patten,
specidization in position directiond function, structuel
featues of the sockef the naure of associatio of the
sensila bae with the body cutide and the finer detal of
the surfae of the sensilb (Dey, 1995 Dey et al., 1995 Dey
and Biswas 1996).

A review of literature on the subjed revealsthat SEM has
been usal extensivéy for studyirg the morphdogical
detais ard surfa@ ultra-structual featues of sensilk in

different groups of insecs including Dipterg Coletera,
Siphonaptea and lepidoptera Although repors on a
numbe of importart studies on lepidogeran sensilb exist
in the literature (Calvet and Hanson 1974 Chun and
Schootoven 1973 Fox, 1966 Frings and Frings 1956;
Ichinoe ard Hondg 1978 Kusuni and Shibuya 1989;
Roessindh et al., 1991) the diversity in the habt and hakitat
of the group suggest the nee for further studies on sensory
systens in differern specis.

Thesilkmoth, Anthera@ assamaisaspecis of thegenus
Antheraea whos distribution is restrictel to Assam a
province situatel in the North-eatem patt of India. The
silk obtainal from the cocom of the insed is populaty
known as“Muga’ silk which isfamous for its golden colour
ard lustre Apart from the unigue natue of the silk prodwced
by the insed, its genea morphology, behavour and
physioloy are known to be differert from thos of other
related specis. It is surprisirg tha in spite of extensve
studies on sensila of a numbe of lepidopteans nothing
isknown on the sensoy systen of thisimportart and unique
species of silk moth.

It appeas tha thefirst step in undestanding the complex-
ity of behavour of an insect isathoroud examiation of its
sensoy structues. The presemstudy wastherefoe aimed at
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Fig. 1. Scanning electron micrograph of different types of body sensilla of the fifth instar larvae of the muga silk rasgmma(A) distribution pattern of
sensilla chaetica (bar 100 wm); (B) enlarged view of the surface of sensilla chaetica fbanum); (C) enlarged view of a portion of sensilla trichodea (Bar
10 nm); and (D) enlarged view of a sensilla basiconica @at0 pm).

a search for peculiarities that might relate to the ecophysiol- 2.2. Light microscopy (crystal violet staining)

ogy and behaviour of the muga silk moth, which is distinctly ] ] ] ] .
different from other silk moth species. In order to identify pores in the cuticle of the sensilla,

specimens placed in fixative were processed with the crystal
violet method and were examined with a Leitz Ortholux-2
research microscope.

2 Materials and methods Altogether 15'individual larvae were used in the present
study. A comparison was made on the length, breadth, struc-
2.1. Scanning electron microscopy tural features of the socket, surface ultra-structure, etc.

between the sensilla located in different body parts of the
The fifth instar larvae of the muga silk moth assama  larvae and those of other insects described by different

were used in the study. The cuticle, excised from the body authors.

was fixed in 3% glutaraldehyde prepared in 0.1 M Sodium

cacodylate buffer at°€ for 4 h. The samples were washed

with the buffer, dehydrated through increasing concentra- 3. Results

tions of acetone, and critical point dried in a Samdri PVT 3

(Tousimis) critical point dryer using acetone as intermediate  In addition to the presence of sensilla trichodea, Sensilla
fluid and carbon dioxide as transitional fluid. The dry Chaetica and sensilla basiconica, (Fig. 1(A)—(D); Tables 1—
samples were secured horizontally to the specimen brass3), scanning electron micrographs of the abdominal cuticle
stub (10 mm diametex 30 mm high) using double coated of larvae shows the presence of a few giant sensilla with a
adhesive tape, connected via a patch of silver paint to ensurenumber of unusual morphological features (Figs. 2—4),
charge conduction. Care was taken to avoid any trapped airpresenting new structural data of sensory receptors in rela-
bubbles. A thin conductive coating of gold was applied to tion to specialized ecophysiology of the Muga silk moth
the sample using a JFC 1100 (Jeol) ion sputter, at a rela-larva.

tively low vacuum of 10° Torr in the sputtering chamber. The sensilla was found to be exceptionally long and it is
The coated samples were examined in a JSM-35 CF (Jeol)located on the abdominal segments. It is found neither in
scanning electron microscope operated at 15 kV. The tilt mouth parts nor in any other parts of the larval body. The
control was fixed at Ofor setting the specimen stage in a length of the sensilla is about 1560500 um, its breadth at
horizontal position, the working distance (WD) selector was the base is about 40m and that at the tip is about 10
used to set the WD to 15 mm. 2 um. The fractured part of the sensilla reveals that the
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Fig. 2. Scanning electron micrograph of the giant sensilla: (A) distribution  Fig. 3. Scanning electron micrograph of the surface of the giant sensilla:
pattern on the abdominal segments (barl000pm); and (B) enlarged (A) major part (bar= 10 um); and (B) apical portion, showing terminal
view of the socket(s), sensilla base (B) and its attachment (P) with the pore (bar= 10 um).

main body (M) of the sensilla (bae 10 pm).

thickness of its wall is about £m (Figs. 4(B) and 5(B)), 3.3. Comparison with sensilla trichodea

which is perforated by a number of pores of various size. ]
Length and breadthTable 1 shows the comparative data

3.1. The structural features of the socket of length and breadth of the giant sensilla detected in the
muga silk worm and those of some sensilla trichodea
The giant sensilla arises from a well-developed socket gescribed in various insects by different authors. The maxi-
with external and internal diameters of 70 and 48 mum length of sensilla trichodea in other insects and also in
respectively. The basal portion of the hair, attached to the different body parts of the muga silk worn assamgTable
socket is about 14m in length and is strongly joined to the 1 was found to be much less than that of the giant sensilla
major part of the hair by a small strip aboufufn long (Fig.  (1000-200Qum). Similarly, the width of sensilla trichodea
2(B)). described by other authors was found to range from 3 to
10 wm at the base and from 0.9 topdn at the tip. In
contrast, the width of the giant sensilla detected in the

The surface of the giant sensilla near the base is smoothPresent study was found to be about 4@ at the base
but contains minute pores. The major portion of the hair on @nd about 1@m at the tip, which is much larger than
the other hand is rough, and is characterized by the presencdhose of any sensilla reported so far.
of innumerable protrusions. The size of the protrusions
ranges from 2 to §m (Fig. 4(A)). An enlarged view of 3 4 Number of the sensilla
the sensilla confirms the presence of pores on the surface
(Fig. 4(A)), indicating that the giant sensilla is a multiporous ~ The number of the giant sensilla detected in the present
structure. When the sensilla was stained with crystal violet, work was found to be around 3—6 per segment. In contrast,
the entire region of the sensory hair was found to take up thethe number of sensilla trichodea described in various loca-
stain (Fig. 5(A) and (C)), further supporting the porous tionsinthe body of Muga silk worm and also in other insects
nature of the sensilla. was found to be much higher (Table 1). The number of

Peculiarities of the giant sensilla in comparison to other sensilla trichodea in certain moths was reported to be as
types of sensilla are given below. high as 8549. However, in some moths, in a population of

3.2. The surface feature of the giant sensilla
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Fig. 4. (A) Enlarged view of surface protuberances of giant sensilla show-
ing irregular distribution of pores of varying size (bar 10 um). (B)
Sectional view of the main body of the giant sensilla showing the organiza-
tion of sensilla wall and its porous nature (arl0 pum).

short and long sensilla, the longer ones (85—-{L6bH were
reported to be fewer in number (6—-9) (Table 1).

3.5. Surface ultra-structure

Fig. 1(B) shows the surface ultra-structural features of
sensilla trichodea from the fifth instar larva of the muga
silk moth in different locations of the body. The sensilla is
characterized by the presence of irregular longitudinal stria-
tions, which were not present on the surface of the giant
sensilla. The comparative data on surface ultra-structural
features of the giant sensilla and different types of sensilla
trichodea described in various insects by other workers are
presented in Table 1.

3.6. Comparison with sensilla chaetica

Length and breadthA comparison of the length and

345

sensilla. The breadth of sensilla, (chaetica 1.1
described so far in different insects ranges from one-third
to one-fortieth of that of giant sensilla.

3.7. Number of the sensilla

The number of sensilla chaetica is in general higher than
that of the giant sensilla of the muga silk worm. Table 2
shows the number of sensilla chaetica reported in
different locations of the body of certain insects and also
in the Muga silk worm in the present work. The number of
sensilla chaetica ranges usually from about 15 to 315.
However, in a very few cases the number was found to be
as low as 8.

3.8. Surface ultra-structural features

The surface ultra-structural features of sensilla chaetica
were found to be characteristic and are different to those of
the giant sensilla of the muga silk worm. The few sensilla
chaetica that were detected in cephalic, thoracic and abdom-
inal segments showed the presence of a longitudinally
grooved surface with circular striations (Fig. 1(D)).
Comparison of the surface features of giant sensilla of
muga silk worm with sensilla chaetica described by
different authors in other insects also shows that the giant
sensilla is significantly different from that of sensilla
chaetica, since the latter is characterized by the presence
of longitudinal ridges and secondary ridges on its surface

(Fig. 1(C)).
3.9. Comparison with sensilla basiconica

Length and breadthBasiconic sensilla in general are
much shorter than sensilla chaetica and sensilla trichodea
and also have a smaller diameter width as compared to the
giant sensilla of the muga silk worrdy. assamaTable 3
shows the length and breadth of sensilla basiconica in differ-
ent insects and also in the muga silk worm in the present
work. It was observed that the length of the sensilla basico-
nica (2.9-27.m) is about 1/50—1/500th of that of giant
sensilla. Similarly, the breadth of sensilla basiconica (0.7—
1.2 um) is around 1/40th of that of giant sensilla.

Number of the sensilla’he number of basiconic sensilla
(2—20) was found to vary depending upon the location. In
certain locations, the number may be quite high ranging
from 50 to more than 1000 (Table 2). Giant sensilla, in
contrast, does not show such variations in its number, and
is localized in the abdominal segments only.

Surface ultra-structural featureg'he basiconic sensilla

breadth of the giant sensilla with those of sensilla chaetica of the muga silk worm shows slight longitudinal striations
are shown in Table 2. Sensilla chaetica reported in different on its surface (Fig. 1(D)) but does not show the irregular
insects, and also observed in the different locations of the sculpturing that is observed on the surface of the giant
body of the muga silk wormA. assamawere found to be  sensilla. A comparison of surface features of the giant
shorter and thinner than the giant sensilla. The length of sensilla with different types of basiconic sensilla
sensilla chaetica is reported to range from about 5 to described in other insects indicates similarities of the former
416 pm which is almost one-fifth of that of the giant with short basiconic sensilla in the fruitflyprosophila
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Fig. 5. (A) Enlarged view of sensilla wall showing distinct pores of varying

size (bar= 1 um). (B) Photomicrograph of socket and basal portion of giant
sensilla stained with crystal violet. (C) Photomicrograph of different parts
of some giant sensilla stained with crystal violet.

melanogaste(ltoh et al., 1991) (Table 3). In both the cases,

described in different insects is reported to range from
80-200um (Singh and Nayak, 1985; Baker and Ramas-
wamy, 1990; Dey et al., 1995). Similarly the maximum
length of the sensilla chaetica is also within this range.
Sensilla basiconica are usually short (1&®, and only

in very rare cases are reported to be longer (Lp(Bland,
1983). In comparison to all the known sensilla, the length of
the giant sensory hair detected in the muga silk worm
(1000-200Qum) appears to be unusual. The general
morphology of the sensilla has some similarities with that
of sensilla trichodea, particularly in the structure of the
socket and its association with the body cuticle. The absence
of longitudinal or lateral striations from the surface of the
giant sensilla, however makes it different from trichoids,
since the striations on the surface are regarded as one of
the characteristic features of sensilla trichodea (Baker and
Ramaswamy, 1990).

It is well known that sensilla trichodea acts either as a
mechanoreceptor or as a contact chemoreceptor (Altner et
al., 1983). The contact chemoreceptors are characterized by
the presence of pores and a non-flexible base (Altner et al.,
1983). The structural features of the socket of the giant
sensilla of the muga silk worm, suggesting the non-flexible
nature of its base, and the presence of terminal pore, as
revealed by magnified scanning electron micrographs indi-
cate its similarity with chemoreceptive sensilla. However,
the multiporous nature of the sensilla suggests its role as an
olfactory organ as well (Bland, 1983).

The giant sensilla observed in the muga silk worm has
some marked differences compared to the sensilla basico-
nica, since the later is reported to be much shorter with a
characteristic shape (George and Nagy, 1984). However, the
smoothness of the giant sensilla in the proximal portion and

the surface of the sensilla was found to be smooth near theirregular sculpturing in the main body is exactly similar to

basal portion with a few minute pores (Fig. 2(B)) and the
major portion was marked by irregular sculpturing (Fig.
3(A) and (B)). However, the sculpturing on the surface of

that of the short basiconic sensilla described in the fruitfly,
D. melanogastefltoh et al., 1991). It was reported that an
irregularly sculptured surface is associated with numerous

giant sensilla was found to be much more prominent than irregular shaped olfactory pores (Itoh et al.,, 1991).

those of the basiconic sensilla @. melanogaster as
described by Itoh et al. (1991).

4. Discussion

However, the sculpturing of the surface of the giant sensilla,
as observed by SEM in the present study, appears to be
much more prominent than those described by Itoh et al.
(1991). This suggests that the giant sensilla of muga silk
worm has a superior efficiency in reception of olfactory
stimuli. In this context, it is to be noted that olfactory recep-

The scanning electron microscopic detection of an tion in insects is perceived not only by sensilla basiconica,

unusually large sensilla in the muga silk worm with struc-

since some of the trichoids are also reported to function as

tural characteristics dissimilar to any type of known insect olfactory receptors (Schneider, 1964). Although the multi-
sensilla appears to be interesting. The exceptionally largeporous nature of the giant sensilla, and the presence of
length and breadth, peculiarities in the surface ultra-struc- sculpturing on its surface suggests its olfactory role, the
tural features, unique arrangement of socket with the sensillum, with its thick wall is an exception to the typical
sensory hair, presence of a non-flexible base, a terminalcharacterization of olfactory sensilla as having thin walls
pore and multiporous nature of the surface are some of the(Bland, 1983).

characteristic features of the sensilla. It is well known that

Comparison with sensilla chaetica shows that the giant

among all the insect sensilla, the trichoids in general have sensilla of the muga silk worm has no similarity with the
the greatest length and the thickest wall (Schneider, 1964).former in any of its morphological features, or its pattern of
However, the maximum length of the sensilla trichodea distribution pattern. The length of the sensilla chaetica
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into a socket, whose opening is non-circular, membranous nenuphar(Coleoptera: Curculionidae). Annals of the Entomological
and has a prominent lip on one side. Itis clear from Fig. 2(B) ,, Society of America 79, 324-333. .

. . N tner, H., Prillinger, L., 1980. Ultrastructure of invertebrate chemo-,
that the base of the giant sensilla does not show the similar thermo- and hygroreceptors and its functional significance. Interna-
structural features, and the socket opening is circular. The tional Review of Cytology 67, 69-139.
apex of the sensilla chaetica is usually truncated and has aAltner, H., Sass, H., Altner, I., 1977. Relationships between structure and
few pores that are partly covered by small extensions of the ~ function of antennal chemo-, hygro- and thermoreceptive sensilla in
wall. Some sensilla chaetica however were reported to be Peirplanata americanaCell and Tissue Research 176, 389-405.

. . . .. Altner, H., Schaller-Selzer, L., Stetter, H., Wohlrab, I., 1983. Poreless
sharp with pom?ed atip ?”d oo pore was VIS_Ible. The surface sensilla with flexible sockets: a comparative study of a fundamental
feature of sensilla chaetica is very much different to that of  type of insect sensilla probably comprising thermo and hygroreceptors.
the giant sensilla, since the former appears to have a lon-  Cell and Tissue Research 234, 279-307.
gitudinally grooved surface with circular striations. Surface Baker, G.T., Ramaswamy, S.B., 1990. Tarsal and Ovipositor sensilla of
sculpturing of some sensilla chaetica however, was reported Heliothis virescenandH. subflexgLepidoptera: Noctuidae). Proceed-

DO . . . ings of the Entomological Society of Washington 92 (3), 521-529.
to be roof-tile-like, but this is also different to the |rregularly Bland, R.G., 1983. Sensilla on the antennae, mouthparts and body of the

sculptured surface of the giant SenSil_la- _ ~larvae of the Alfalfa weevilHypera posticaGullemhal) (Coleoptera:
The present study shows that the giant sensilla detected in  curculionidae). International Journal of Insect Morphology and Embry-

the muga silk worm has similarities with and differences ology 12 (5/6), 261-272.
from both sensilla trichodea and sensilla basiconica. Calvert, H., Hanson, F.E., 1974. The role of sensory structures and
Hence. it is difficult to classify it alongside either of them preoviposition behaviour by the patch butterfly, chlosyne lacinia.

f holoaical . f Vi Entomology Exp. Applicata 33, 179-187.
rom a morphological point of view. Chapman, R.F., 1982. Chemoreception: the significance of receptor

Although electrophysiological recordings of impulse numbers. Advances in Insect Physiology 16, 247—356.
activities from a sensilla is required to understand its Chun, M.W., Schoonhoven, L.M., 1973. Tarsal contact chemosensory hairs
exact function, inferences have also been made (Itoh et of the large white butterfifieris brassicaeand their possible role in
al., 1991) in this regard on the basis of morphological prop- oviposition behaviour. Entomology Exp. Applicata 16, 343—-357.

. " illa and comparing these with sensilla WhoseCrou‘a_u, Y., Crouau-Roy, B., 1991. Antgnnal sensory organs of a Troglo-
emes_ or sensi P g . ! bitic coleopteraSpeonomus hydrophildgannel (Catopidae): an ultra-
functional and structural properties have been well estab-  syyctural study by chemical fixation and cryofixation. International
lished (Altner et al., 1977; Altner and Prillinger, 1980). The Journal of Insect Morphology and Embryology 26, 169—184.
morphology of the socket and the surface ultra-structural Dey, S., 1995. Possible ultrasonic receptor on the batMlystacinobia
features of the giant sensilla observed in the present work,  zealandicaCurrent Science 68 (10), 992-994. _ ,
when Compared with sensilla of known functions, suggest Dey, S.,_ B}swas, N 1996. Scanning electron mlcroscoplc detection of a

. specialized cuticular structure on the abdominal surface of the maggot
that it can act as a chemoreceptor and also as a powerful of Blepharia zebina(walk) (Diptera: Tachinidae), parasitizing the
receptor for olfaction. The occurrence of very few types and larvae of the muga silk motintheraea assamensi§urrent Science
a low number of chemoreceptive and olfactory sensilla on 70 (5), 347-348.
the larvae of the muga silk moth (Tables 1-3) further Dey. S.,. Hoorqo, R.N.K., Wankhar, D., 1995. Scanni.ng electron micro-
suggests the importance of giant sensilla in the characteris-  S¢oPic studies (_)f the external mgrphology of ;e_:ns_ﬂla on the legs of a

. . . . . butterfly, Graphium sarpedorfLepidoptera-Papillionidae). Micron 26
tic behaylc_)u_r and (_acophysmlogy of the insect. In this (5), 367—376.

context, it is interesting to note that the number of chemo- rox, R.M., 1966. Forelegs of butterflies. Journal of Research on Lepidop-
receptors have been reported to be much higher in the poly- tera 5, 1-12.

phagous plant-feeding insects than those that are hostings, H., Frings, M., 1956. The loci of contact chemoreceptors involved
specific (Chapman, 1982). The low number of skams in feeding reactions in certain Lepidoptera. Biological Bulletin 110,

. . . . 291-299.
in the Oligophagous larvae of alfalfa weevil, feeding George, J.A., Nagy, B.A.L., 1984. Morphology distribution and ultrastruc-

primarily on the alfalfa plant and occasionally on tural differences of sensilla trichodea and basiconica on the antennae of
related species, was found to be associated with the the oriental fruit moth,Grapholitha molesta(Busek) (Lepidoptera:
presence of some large, multiporous basiconic sensilla  Tortricidae). International Journal of Insect Morphology and Embryol-
(Bland, 1983). It was suggested that the sensitivity to 09y 13, 157-170. o , N
specific odors from alfalfa and closely related species '°Mnose T., Honda, H., 1978. Ovipositional behaviouPapilio protenor

. . . . . demetriusCramer and factors involved in its host plants. Applied Ento-
might be prowd_ed_ by_the Iarge_sensnla. Thfe S|_tuat|on mology and Zoology 13, 103-114.
appears to be similar in muga silk worm, which is also won, T., Yokohari, F., Tanimura, T., Tominaga, Y., 1991. External
host specific in its feeding. The unusually large length morphology of sensilla in the sacculus of an antennal flagellum of the
and breadth of the sensilla may be associated with a fruitfly Drosophila melanogasteMeigen (Diptera: Drosophilidae).
very high degree of sensory function and is Iikely to International Journal of Insect Morphology and Embryology 20 (4/5),

. . . . 235-243.
be an Important adaptat|on for the silk worm to its Kusumi, K., Shibuya, T., 1989. Response to tarsal contact chemoreceptor of

highl}’. specific food habit and unique environmental the citrus-feeding swallow tail butterfly releasing the oviposition beha-
conditions. viour. Zoological Science 6, 1076.



348 S. Dey / Micron 30 (1999) 339-348

Neville, A.C., 1975. Biology of the Arthropod Cuticle. Springer, Schneider, D., 1964. Insect antennae. Annual Review of Entomology 9,

Berlin. 103-122.
Roessingh, P., Stadler, E., Schoni, R., Feeny, P., 1991. Tarsal contactSingh, R.N., Nayak, S.V., 1985. Fine structure and primary sensory projec-
chemoreceptors of the black swallow tail butterfly papilio potyxenes: tions of sensilla on the maxillary palp drosophila melanogaster

responses to phytochemicals from host and non host plants. Physiolo-  MEIGEN (Diptera: Drosophilidae). International Journal of Insect
gical Entomology 16, 485—-495. Morphology and Embryology 14 (5), 291-306.



