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Abstraot: The female antennae ofHeterobat/z,,iiapseuderio~rania bear 9 types or subtypes of sensilla: multiporoiis 
serisilla trichodea of' subtypes I and 11, multiporous scnsilla basieanica, multiporaus scnsilla auricillica of subtypes 
I and 11, multiporous sensillacoeloconica, uniporous srnsilla basiconica, uniporous sensilla chaetica, aporous Biihm's 
bristles. Aporous sensilla styloconics are nor obsenred. During evolution of Lepidoptera, it is in the suborder 
Heterobathmiina that typical sensilla auricillica appear for the first time. Moreover, it is the first description in 
Lepidopterz, on the one hand of two very different subtypes of sensilla auricillica in the same species and, on the 
oiher &id. of  a sexual dirnor~hism related to one subtv~e of these sensilla. The sensory structures are com~nred , ~~ ". 
with those ofthe three other suborders ofLepidoptera. The Heterobathmiina do not possess the specialized sensillar 
types which occur in the basal suborders Zeugloptera and Aglossata. They have three possible autapomorphies ". - .  . 
which concern the sensiila auricillica. Their sensiila are close to those of the suborder Giossata which group 
together all the highor lepidopterans. 
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The Lepidoptera must be grouped into four 
suborders: Zeugloptera (the family Micropterigidae 
only), Ag-iossata (the family Agathiphagidae only), 
F-leterobathmiina (the family Heterobathmiidae 
only), Glossata (all other families) (Kristensen, 
1984). The currently best supported phylogeny of 
the basal lepidopteran clades is Zeugloptera + 
(Aglossata + (Heterobathmiina + Glossata)) 
(Kristensen, 1997). In comparison with << higher ,> 
Lepidoptera (Glossata), which often have an eco- 
nomic interest,, little is known about the types and 
structure of antennal sensilla of '< lower ,> Lepi- 
doptera (review in  Faucheux, 1999). However, the 
latter have a great importance inphylogenetic rea- 
soning (Nieukerken 85 Dop, 1987). 

Some observations have been published in 
taxonomic papers; interesting as they are, they 
give an incomplete idea of the antennal sensory 
equipment (Kristensen, 1984; Kristensen & 
Nielsen 1979, 1982). Detailed studies of the 
Zeugloptera and Aglossata have been carried out 
(Faucheux, 1990a; 1997b). Ofthe 12 sensillar types 
occurring in Micropterix calthella (Zeugloptera), 
seven are found in  most higher Lepidoptera: 
sensilla trichodea, multiporous sensilla basiconica, 
sensilla coeloconica, sensilla styloconica, sensilla 
chaetica, sensilla campaniformia, and Bohm's 

bristles. Two types (uniporous scnsilla basiconica 
and cupuliform organs) are found only in a few 
families. Three  s t ructures  are  peculiar to 
ibIicropler.ix: ascoid sensilla, multiporous sensilla 
placodea and circular organs (Faucheux 1997b). 
InAgathiphaga sp. (Aglossata), 10 types of sensilla 
are observed: Bohm's bristles, two types of sensilia 
chaetica, sensilla squamiforimia, sensilla 
trichodea, biforked sensilla basiconica, short 
sensilla basiconica, and three types of sensilla 
coeloconica. Biforked sensilla basiconica are an 
autapomoqhy of the Aglossaka (Faucl~eux, 1990a). 
The object of the present paper is to determine in 
?Ieterobathmiapseuderiocrania, the specificity of 
the antennal sensory structures of the suborder 
Heterobathmiina as compared with the two basal 
suborders and that of its sister-group, the subor- 
der Glossata. 

MATERIAL AND METHODS 

The moths Heterobathmia pseuderiocrania 
Kristensen & Nielsen 1979 were provided by the 
Australian National Insect Collection (A.N.I.C.), 
Division of Entomology, CSIRO, Canberra, Aus- 
tralia, thanks to Dr E. S. Nielscn. They have been 
collected a t  San Martin de 10s Andes, altitude 640 
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m, Province of NeuquBn, Argentine Patagonia, 29- 
9-1981, by E. S. Nielsen and 0. Karsholt. For the 
study with scanning electron microscopy (SEM), 
the female antennae were dehydrated in absolute 
ethanol, mounted on specimen holders and coated 
with a thin layer of gold and palladium in a JFC 
llO0'sputter coater. Preparations were examined 
in a JEOL JSM 6400 SEM at  dinerent magnifica- 
tions. The terminology of Schneider (1964), 
Jefferson et al. 11.970) and Zacharuk (1.985) are 
used in naming the types of sensilla. The mean 
number of each sensillar type were calculated from 
the counts on every 5"' flagellomere with SEM, 
and expressed as mean +I- SD. 

The female antenna of H. pseuderiocrania 
reaches about the middle of ihe forewing costa. It 
consists of a large scape, a pedicel and a filiform 
flagellum composed of 28 flagellomeres which are 
longer than wide. A covering of piliform scales is 
arranged in distinctly delimited groups on the 
scape, the pedicel and, in small numbers on the 
first flagellomeres. They are from two to four 
times longer than lamellar scales; some of them, 
inserted at the base of the scape, reach the 1" 
flagellomere. The piliform scales on tile scape 
cover the lamellar scales and are flattened (on the 
inner side) or erect (on the outer side). Transient 
forms between lamellar and piliform scales exist 

betveen the sensiliar hairs and pegs (Figs. 1,3). 
Very long, from 6 to 8 pm, they may easily he con- 
fused with short sensilla trichodea but are distin- 
guished Srom the latter by iii the absence of an- 
nular ridges, iii) the absence of wall pores, (iit) 
their distribution on all the antenna1 segments, 
including the scape and thepedicei, (it*) and above 
all by their great number. Indeed, when counting 
spinules and sensilla with SEM, we found that 
over most of the ventral antenna1 surface, the 
number of spinilles was 4 times that of sensilla. 

The sensory structures cotnprise 9 types or 
subtypes of'sensiila (s.): multiporous s.  trichodea 
subtypes I and 11, multiporous s. coeloconica, 
uniporous s.  chaetica, uniporous short  s .  
basiconica, multiporous long s. basiconica, 
multiporous s ,  auricillica subtypes I and 11, 
Bohm's bristles. All these sensilla are located on 
the ventral face of the flagellum except Bohm's 
bristLes situated on the scape and pedicel, and s. 
chaetica present all around the flagellum. 

1. Multiporous sensilla trichodea subtype I 

Based on the fine structure of the hairs, the 
sensilla trichodea can be divided into morphologi- 
cal subtypes I and IT. 

The sensilla trichodea I are long sensilla (Ta- 
ble 1) curved at their tip and slender; their diam- 
eter begins to decrease after their base, dwindling 
from 1.25p1n to O.5pmat midlength (Fig. 1). Like 

- . . ,  
sesses only a few sensilla chaetica, while the thesensillar shaft bears circumferentialcuticular 
unscaled ventral face possesses the majority of ridges that form a helical pattern over the basal 
sensilla. quarter of its length and a more annular pattern 

Except for the dorsal scales, numerous non- over the remaining length of the sensillum. The 
innervated microtrichia, the spinules, emerge shaft is perforated by 11 poreslpm' which form 

Table 1. Length, basal width bm) ,  average numbers and percentages of 
sensilla on a female antenna of Heterobathmsapseuderzocranza (based on 10 
antennae) (mean +I- S.D.). 

Sensilla Length Basalwidth Numbers Percentage 

TrichodeaI 
TrichadeaII 
Coeloconica 
Chaetica 
BasiconicaI 
BasiconicaII 
AuricillicaI 
AuricillicaII 
Bohm'sbristles 
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Figs. 1-5. Antenna ofHeteroha2hmiapaeuderiocrania, female. 1, Part of a flagellomere showing sensilla 
trichodea of subtypes I (TI) and I1 (T2), s. coeloconicum (asterisk), lal~iellarscales (S) and microtrichia 
(M). Bar = 5 pm. 2, detail of s. trichodeum I showing pores (arrowheads). Bar = 0.5 pm. 3, sensilla 
trichodeuni (T2), s. chaeticum (C) ,  s. basiconica type I (Bl), and numerous microtrichia (M). Bar = 2 
pm. 4, detail of s. trichodeum II showing pores (arrowheads). Bar = 0.3 pm. 5, terminal pore of s. 
basiconicum type I. Bar = 0.2 pm. 
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liries between the cuticular ridges; they occur up 
to the tip of the sensillum, and their walls are 
characterised hy transversal and sometimes ob- 
lique striae (Fig. 2). The sensillawhich occupy the 
whole surface of flageilomeres are generally lined 
u p  transversally across the  antenna.  Their 
numher tends to diminish as they reach the distal 
flagellomeres; t h e  average is  25 sensilla per 
fkigeliomere. 

2. IMultiporous sensilla trichodea subtytpe I1 

Slightly longer than that ofsubtype I sensilla, 
the sensilla trichodea TI are thicker than the lat- 

5. Uniporous short sensilla basiconicu, 
subtype I 

These very short sensilla (Table I )  arc sur- 
rounded by a large alveolus and are provided with 
a terminal pore (Figs. 3, 5).  There are 1 or 2 of 
them per flagellomere located in the distal half of 
the flagellomere. One sensillun~ basiconicum is 
often associated with a sensillum coeloconicum 
(Fig. 15). 

6. Multiporous long sensilla basiconica, 
subtype I1 

ter and ahovc ail they retain their basal diameter sensilla basiconica 11 are curved from $he base 
over a considerable length: 1.5 pm a t  thc base, it on and possess a peg of variable length (8.18 pm) 
is still as much as 1.25 Fm at midlength (Fig. 1). with longitudinalandsinuous ,.idges ( ~ i ~ .  7) .  ~h~ 
At this level, the shaft, of the sensillum bears cir- wall of the peg is perforated by 18 pores/fim~ dis. 
cumferential cuticular ridges that form a cin:ular tributed in linear ,.idges along the axis of the 
patt.ern and are more accentuated than those of sensillurn (Fig. 9). The sensillaare located towards 
the preceding sensilk (Figs. 3,4).  The pores are the ,iddie of a ilageliomerc or, more rarely, 
located in a single row along the niidline of the apically. ri-heir number reaches 3.5 per 
ridges and extend to the tip of the sensillum. The flagellomcre, 
wall pore density is estimat,ed at  14 pores/fim2. 
Like subtype I sensilia, the subtype I1 form Lrans- 
versal ,iIles and cover the whole of the ventral face 7. Multiporous sensilla auriciuica s u b t ~ ~ e  I 

of flagellomeres. Their number reaches 13 per 
fitgellomere. The sensilla trichodea I and IT are 
the most abundant of all sensilla (63%, Table I). 

3. Multiporous sensilla coeloconica 

Sensilla coeloconica are composed of a fluted 
cone, 3 pm long, surrounded by a circular fringe 
of microtrichia of 7.5 pm in diameter (Fig. I., as- 
terisk). They are mostly found iatero-distally on 
each flagellomere, near t,he scales, and number 2- 
4 sensilla per flagellomeve. 

4. Uniporous sensilla chaetica 

Unlike the sensilla trichodea which are flat- 
tened against the antenna1 integiiment, sensilla 
chaetica stand back obliquely or perpendicularly. 
As a result, they enter with less difficulty into 
contact with the surrounding substratum. They 
possess a hasal coilar, a hair with longitudinal 
ridges, and a blunt apex (Fig. 3). The terminal 
pore is always difiicult to distinguish with SEM. 
Sensills chaetica form a circle at  the distal edge 
of each flagellomere (Fig. 17); they are the only 
sensilla present on the dorsal face of'the antenna. 
Typically, they constitute two circles on the api- 
cal flagellomere (Fig. IS). Their number reaches 
5 per ilagellomere except on the tip of the antenna 
(11 sensilla). 

Sensilla auricillica I are  long ear-shaped 
sensilla, comparable to long flattened sensilla 
basiconica with a sharp tip (Fig. 8). Their length 
is identical to that of the sensilla basiconica but 
their diameter, which is 1.2 pm a t  the  base, 
amounts LO 1.8pm at midlength. The shaft of the 
sensillum bears diagonal cuticular ridges forrn- 
ing a herringbone pattern. The ridges fuse to- 
gether on one side aiong the  length of the 
sensillum (Fig. 8). The wall pores, whose density 
is 24 pores/pmZ, are located in cuticular depres- 
sions and arranged in oblique linear rows in fur- 
rows (Fig. 10). Sensilla auricillica are generally 
situated at  the apex of flagellomeres (Fig. 6). They 
number 2-3 per flagellomere. 

8. Multiporous sensilla aurieilliea subtype I1 

These sensilla are morphologically different 
from sensilla auricillica 1. They have the shape of 
a thick pointed ear but the apex is sometimes bi- 
fid (Fig. ll, lower sensilla). Each sensillar face 
possesses two deep furrows and are endowed with 
irregular ridges where the pores are located (Figs. 
12, 13). They are grouped in pairs in the disto- 
lateral transition region between ventral and dor- 
sal faces (Figs. 11, 17). They number generally 4 
per flagellomere, except on the apical flagellomere 
deprived of these sensilla. 
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Figs. 6-13. Antenna oflIeterobathiniapseuderiocrania, female. 6, apex of a flagellomere showing a s. 
basiconicum of subtype I1 (B2), a s. auricillicum of suhtype I (All .  Bar = 10pm. 7, s, basicor~icum 11. 
Bar = Iwm. 8, s. auricillicum I. Bar = 1pm. 9, detail of's. basiconicum I1 showing pores (arrowheads). 
Bar = 0.5pm. 10, detail of s. auricillicum I showing pores. Bar = 0.5 pm. 1 1 ,  s. auricillica of subtype I1 
(arrows). Bar = 10 pm. 12, s. auricicillicum 11. Bar = 1 pm. 13, detail of s. auricillicum I1 showing 
location of pores. Bar = 1 pm. 
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Figs. 14-17. Antenna of Heterobathmiapseuderiocrania, female. Distribution of sensilla. 14, Bohm's 
bristles at  hase of scape. Bar = 5pm. 15, s. hasiconicurn I (star) nears. caloconicum (asterisk). Bar = 
2 pm. 16, apical segment showing two circles of s. chaetica (asterisks). Bar = 10 pm. 17, Break be- 
tween two adjacent flagellomeres showing dorsal scales (S) and ventral sensilla : chaetica (aster- 
isks), auricillicum I1 (A2), basiconicu~n I (arrow). Bar = 10 pm. 

9. Aporous Bohm's bristles scape and pedicel. They are smootii and sharp 
hairs, always located in clusters (Fig. 14). There 

In addition to the sensilla on the surface of are three cluslers at  the hase of the scape (with 
the flagellum, there are Bohm's hristles on the 10, 13, and 11 sensilla respectively) and two clus- 



ters a t  the base of the pedicel (with 9, and 12 
sensilla respectively). 

DISCUSSION 

Th'e antenna of H. pseuderiocrania has simi- 
lar sensillar types to many other Lepidoptera: 
sensilla trichodea, basiconica, auricillica, 
coeioconica, chaetica and Biihm's bristles, hut it 
also reveals many differences which distinguish 
it. 

It possesses no specialized types as the sensilla 
placodea and sensilla ascoidea of Zeugloptera or 
the hiforked sensiila basiconica of Aglossata which 
are apomorphous cliaracteristics of these two sub- 
orders. 

The sensory structures of H. pseuderiocranin 
are close to those of the Glossata, which group to- 
gether all the higher lepidopterans. These results 
agree with those of Kristensen (1984,1999) which 
stated the following: <, the Heterobathmiina pos- 
sess a series of presumedly derived traits which are 
absent, from Zeugloptera and Aglossata, but which 
do occur in the groundplan of the Glossata, such 
as the antenna with sensilla auricillica n. Thus, it 
is with the suborder Heterohathnliina that the 
sensillar characteristic types of the majority of 
<, higher >> Lepidoptera appear for the first time. 
In particular, the first typical sensilla auricillica 
(sensilla subtype 11) appear with H. 
pseuderiocranin. They have unmodified morphol- 
ogy and localisation over the whole length of'the 
antenna. As in most families of derived Lepidop- 
tera, they are found together on the distal edge of 
the flagellomeres in the transient region between 
the scaled face and the unsealed face. Neverthe- 
less, sigps of the apparition of sensilla auricillica 
have recently been described in the Aglossata, in 
which certain biferked sensilla basiconica have 
hvanches which are flattened and spread out, sepa- 
rating in Agathiphaga uitiensis (Faucheux, 1999) 
or clustered together on the proximal half in A. 
queenslandensis (Faucheux, 2004). In this suhor- 
der, in which the hiforked sensilla are distributed 
over the whole surface of the segments, Chis poly- 
morphism is restricted to certain individuals. How- 
ever, we have observed that this concerns sensilla 
clustered towards the  distal edge of the  
flagellomeres. 

If H. pseuderiocrania possesses antenna1 
sensiilar types characteristic of the higher Lepi- 
doptera, it is nonetheless distinguished from the 
latter by several important traits. Indeed, on all 
the female antennae, two quite different types of 
sensilla auricillica have been observed. Sensilla 
auricillica I closely resemble in form and length 
sensilla basiconica 11 and may be confiidered as 

having evolved from the latter. On the contrary, 
by their particular form, sensilla auricillica I1 con- 
stitute anew sensory type not to be confusod with 
any other type, appearing for the first time in the 
Lepidoptera. Their sharp, fluted shape is charac- 
teristic of the species studied and perhaps of the 
suborder Heterohathmiina. The presence of two 
different types of auricillic sensilla in the same 
species has until now never been mentioned in 
lepidopterans. h comparison with the other 
moths, it appears that it is the type 11 of sensilla 
auricillica which has heen preserved in the more 
evolved families. On the other hand, type I reap- 
pears together with typical sensilla auricillica type 
I1 in Noctuidae, considered as one of the most 
evolved of lepidopteran families, being called 

type 3 sensilla trichodea s (Jefferson et al., 
1970, << single-walled type 3 * (Hallberg, 1981), 
c< short porous trichodea >) (Dongetal., 1980) and 

sensilla hasiconica type I1 >) (Faucheux, 1990 
b, 1997a). Little information exists on the func- 
tion of multiporous s. auricillica. In the Noctuidae 
Scoliopterix libatrix, neurons in these sensilla re- 
spond to odours of plants which constitute the 
larval food (Anderson et al., 2000). 

Similarly, it is only in II; pseuderiocrania that 
a sexual dimorphism concerning the sensilla 
auricillica can be observed. Indeed, type I1 differs 
according to sex. The sensilla auricillica repre- 
sented in the male (Kristensen & Nielsen, 1979) 
belongto type I1 but differ from the female sensilla 
in several respects: they possess neither the lon- 
gitudinal folds nor the sharp form of the female 
sensilla; they are more flattened and the lateral 
margins are slightly thicker; wider, they assume 
the form of tennis rackets and are characterised 
by longitudinal furrows on the external face, the 
only one visible in SEM. Their apex is sometimes 
bifid or multifid. It is worth recalling that the fe- 
male sensilla also, a t  times, possess a hifid apex. 
While the female sensilla have a particular form 
which is specific to them (and identical on the 12 
antennae studied), the male sensilla auricillica 
closely resemble those of both males and females 
of the Eriocraniidae, Dyseriocraniagrzseocapitella 
(Davis, 1978) and of the majority of other Lepi- 
doptera. 

Two types of sensilla trichodea occur in female 
H. pseuderiocrania. We do not know if the situa- 
tion is the same in the male. This characteristic 
has not been studied in the Zeugloptera or the 
Aglossata (Faucheux, 1997h, 1990a). Though in- 
frequent, it has been observed in the economically 
important species of certain families (Faucheux, 
1999). For example, two types of trichoid sensilla 
have been described in the male and female 
noctuid moth, Manduca sexta'(Lee & Strausfeld, 
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1990; Shields & Hildehrand, 1999). According to 
the latter authors, who base their arguments on 
analogous structures found in the morphologically 
or physiologically characterized multiporous 
sensilla trichodea of other female moths, e tri- 
choid,sensilla of female M. sexta are likely to be 
olfactory axid to possess sensory cells specialized 
to respond to plant odours ..Thus it is possible 
that the two suhtypes of sensilla trichodea of H. 
psezderiocrania per-ibm~ asininiilar function to that 
of the noctuid moth. However, these are specula- 
tions which future studies will have to confirm. 
Contrary to the opinion of Kristensen & Nielsen 
(1979), who declare tkat << the setaeonscapus and 
pedicellus are not arranged in clusters (Bohm's 
bristles) n, the proprioceptive Bohm's bristles of 
the female are gouped according to the charac- 
teristic yattern described in Lepidoptera by Sellier 
(1975). The e short sensilla trichodea set on the 
entire surface, pointed, with longitudinal striae )B 

described by the latter authors are in fact noii- 
innervated microtrichia. Such spinriles have been 
observed only in primitive families such as the 
Agathiphagidae (Fauchoux, 1990a), the  
Eriocraniidae and the  Acanthopteroctetidae 
(Davis, 1978) and in tho Lophocoronidae, in which 
they are becoming rare and are associated with a 
reticulate pattern (unpublished observations). 

Sensilia styloconica are absent on the anten- 
nae of H. pse:ideriocraniu. This absence has been 
observed in the Aglossata and the Eriocraniidae 
but is not specific to the lower Lepidoptera be- 
cause the Micropterigidae (Zeugloptera) possess 
them (Faucheux, 1997h). Generally sensilla 
styloconica in Lepidoptera possess a high stylus 
and a short sensory cone, but the stylus is absent 
in some species such as Bombyx mori (Steinbrecht 
& Miiller, 1991). Reductions in the length of the 
stylus have heen described in a few genera of the 
same family, as in the  Tineidae Trichophaga 
tapetzella (Faucheux, 1999). I t  is possible that the 
uniporons shor t  sensilla hasiconica of H. 
pseuderiocrania are a particular type of sensilla 
styloconica. In that case, the terminal pore would 
be an ecdysial pore, which has frequently been 
described in typical sensilla styloconica (Becker, 
1978 1. Likewise, in the suborder Aglossata, which 
does not possess any typical sensilla styloconica, 
one uniporous short sensillum basiconicum, simi- 
lar to that of I% pseuderiocrania, is present on 
each flagellomere, always located near  the  
sensillum coeloconicum a t  t h e  apex of 
flagellomeres. Since antenna1 sensilla styloconica 
in Lepidoptera perform a hygro-thermoreceptivc 
function, it is probable that the same function is 
also present in H. pseuderiocrania. 

In conclusion, li pseuderiocrania possesses w. 
serie of characters which tentatively can be con- 
sidered a s  possible autapomorphies of 
Heterobathmiina, although they need to he vcri- 
fied in other members of this taxon: e.g. (a) the 
co-existence of two different subtypes of sensilia 
auricillica in  t h e  same species, (b) sensilla 
auricillica unique to Heterobathmiina and (c) a 
sexual dimorphism concerning t h e  sensilla 
auricillica, type XI. 
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