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ANTENNAL SENSILLAE OF THE FEMALE AND MALE ELATERID
BEETLE AGRIOTES OBSCURUS L. (COLEOPTERA:
ELATERIDAE)

Abstract. Sensillae of the antennae of Agriotes obscurus L. (Coleoplera: Elateridae) were
studied with the scanning electron microscope (SEM) to determine their morphological
types, relative abundance, distribution, location and possible functions. 12 types and
subtypes of hairlike structures can be distinguished from the SEM micrographs of the
antennae of both male and female beetle: sensillae trichodea (subtypes T1 and T2),
sensillae chaetica (subtypes Cl1 and C2), sensillae basiconica (subtypes BI, B2, B3, B4,
B5, B6, B7), dome-shaped sensillae (D). Last ones are obviously sensillae coeloconica.
All types and subtypes of sensillae have characteristic distribution and location pattern
that is similar in both sexes. Only the number of sensillae T2 in the male beetle is many
times larger than that in the female beetle (716 on one antenna in the male beetle and
150 on one antenna in the female beetle). Comparison of T2 sensillae with pheromone
receptors of other insect species shows that obviously T2 sensillae are the pheromone
receptors in the male Agriofes obscurus.

Introduction

The elaterid beetle Agriotes obscurus L. is a serious pest whose larvae,
living in the soil, attack a wide range of different crops in Central and
North Europe and Siberia (Joaun, 1978; I'ypbeBa, 1979). The use of syn-
thetic sex pheromones in the estimation of the population density of the
adult beetles and larvae (['yx, 1987), in the determination of the flight
dynamics (MBamenko, 1981), and in the control with the male-female
pheromone communication disruption methods (Ousemenko et al., 1986;
Ouoir, 1987) seems to be promising in elaterid beetles. The two main
components in the sex pheromone of the female A. obscurus, geranyl-
hexanoate and geranyl-octanoate, have been identified (Borg-Karlson et
al., 1988; Osemenko et al., 1986). The sex pheromone of A. obscurus syn-
thesized at the Institute of Chemistry of the Estonian Academy of Scien-
ces has a high biological activity, but lacks the species-specific effect,
since the male beetles of the related species A. lineatus also fall into
pheromone traps (Msxap, 1985). It has been shown that the secretion
of the pheromone gland of the female A. obscurus contains, besides the
two main components, also a number of minor components (fubinun et al.,
1988); however, data about their biological effect are lacking. In order
to use synthetic pheromone preparations more effectively in the control
of the elaterid beetles, further work is required, including electrophysio-
logical and ethological studies on male receptivity to the female sex
pheromone. A prerequisite for such studies is an understanding of the
morphology of the antennal sensilla.
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Several reviews deal with the structure and function of the receptors
found on insect antennae (Schneider, 1964; Slifer, 1970; Mclver, 1975;
Keil and Steinbrecht, 1984; Enusapos, 1978), and a small body of litera-
ture is devoted to the receptors of various beetles. To date, no work is
known to have been done on antennal receptors in elaterid beetles.

Material and methods

The newley emerged adults of the males and females of A. obscurus,
used in the present study, were collected from fields in South Estonia.
For examination with the scanning electron microscope (SEM) the
antennae of freshly killed specimens were isolated from the head, cleaned
by gentle sonification in distilled water and 709 ethanol for 1 minute,
attached vertically to aluminium stubs and dried in the air before being
coated with gold in a vacuum evaporator. Observations and microphoto-
graphs were performed using a “BS-301” (Tesla) SEM at 16—18 kV.

The antennae of ten male and ten female beetles were observed
and photographed with a small magnification, more important sections
also with a larger magnification (up to 6000X). The outer surface of
one male and one female antenna was photographed all over, from four
to six sides, with the magnification 2500—3200X. Additional microphotos
were taken of a single sensilla with the magnification up to 16000X.
Altogether about 900 microphotos were taken. Sensillar measurements,
numbers, distribution and location were determined from SEM montage
microphotographs of one male and one female antenna.

Results and discussion
Structure of male and female antennae

The serrate flagellar antennae of A. obscurus have a length of 2.7—
39 mm and consist proximally of two basal segments, the scape and
pedicel, and distally of the flagellum composed of nine segments (Figs.
1, 16, 17, 18, 19, 20, 21). Of these antennal segments the first is the
longest and the third is the shortest (Fig. 2). No morphological differen-
ces were noted between the male and female antennae in terms of their
general structure and form.
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Fig. 1. Right antenna of the elaterid beetle A. obscurus from above (A) and from behind|
(B). Dotted line denotes the dorsal (DE) and ventral (VE) extensions of segments.
AS — anterior side of the segment; PS — posterior side of the segment,
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Fig. 2. Average lengths of the segments of the male antenna of A. obscurus. Vertical
bars denote the range.
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Fig. 3. Morphological types of the sensilla located on the antennae of A. obscurus. For
explanations see the text.
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1 Fig. 4. Arrangement of Tl type sen-

d silla on the segments of the right
antenna of A. obscurus. 'Roman nume-

g rals denote the order of segments

- starting from the head. Fine dotted
line denotes dorsal and ventral exten-

sions.

B In the case of I segment (scapus):
A, C — ventral surface of the segment;
B, D — dorsal surface of the segment.

7 In the case of the other (II—XI) seg-
ments: A, C — posterior side of the
segment; B, D — anterior side of the
segment,
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Fig. 5. Arrangement of T2 type sensilla on the segments of the right antenna of A. obs-
curus. Denotations as in Fig. 4.

Antennal segments 4.—11. have a small dorsal and a major flattened
ventral extension in their distal parts. The dorsal and ventral extensions
of segments are separated from one another, being fused only on the
apical segment (Figs. 1, 22). The antennae of an active beetle are oriented
so that the ventral extensions of segments are directed forward or down-
wards. The sclerotized cuticular plates covering the outer surface of seg-
ments are flat except in the region of segmental extensions where they
are convex (Figs. 22, 25, 26, 28, 32), and often lighter when observed
with the light microscope. On the base of the scape, a part of the cuticular
plates is supplied with short sharp-pointed appendages (Fig. 24). Most
types of sensilla occur only on the extensions of flagellar segments.

Connections between the head and scape (Figs. 16, 23, 24), and bet-
ween the scape and pedicel (Figs. 16, 17) are similar, and have the
advantage of a ball joint. With these two joints nearly all positions of
the antennae become feasible and some fixed positions of the antennae
are available. The connection between the pedicel and the first flagellar
segment is rigid (Fig. 17). Connections between the other flagellar seg-
ments are elastic, which enables the segments to move in relation to each
other (Figs. 18, 19). Muscles moving this flagellar type of antenna in
other insects are found only in the head and in the two basal segments,
the scape and pedicel (Schneider, 1964). There are no muscles in the
flagellum; nevertheless, it is possible to observe some movements in the
flagellum, too. These movements can only be brought about by an in- and
outflow of hemolymph.

Sense organs on antennae

A typical insect sensillum consists of external cuticular parts, one or
several sensory cells, and three auxiliary cells, the thecogen, trichogen,
and tormogen cells. In addition, there are one or several glial cells (Keil
and Steinbrecht, 1984). The cuticular parts of the sensillum are the pri-
mary basis for their classification into hairs, cones, plates, etc. (Schnei-
der, 1964; Ennsapos, 1978). Since all sensilla are homologous formations,
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Fig. 6. Arrangement of Cl type sen-

silla on the segments of the right

antenna of A. obscurus. Denotations
as in Fig. 4.
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and_since insects have a great diversity in development, form, habitat
and habits, there is a great variation in the shape of the cuticular parts,
and we find a number of morphological types which can be classified only
with difficulty with the SEM. A simplified typology of the antennal sen-
silla of A. obscurus, based on the external form and mode of insertion on
or in the body wall, is used here.

Twelve types and subtypes of hairlike structures can be distinguished
from the SEM micrographs of the antennae of both male and female
A. obscurus (Fig. 3). They are alike in both sexes. However, one can
speak of sensilla only conventionally in this case, comparing them with the
antennal sensilla of the other insect species studied. Further histological
and electrophysiological work is needed to find out whether these hairs in
A. obscurus are innervated or not.

The presence of tiny pores in the wall of the cuticular hair is one
important feature in insect olfactory sensilla, which is regarded as a
modality-specific structure (Keil and Steinbrecht, 1984). However, no
sensillum type with a multiporous wall was detected in the present work.
Evidently, 1-minute sonification in distilled water and 709 ethanol was
insufficient for cleaning the outher surface of the sensillum, or else these
structures are too small to be observed with the “BS 301” SEM.

Sensilla trichodea type I (T1). They are big (56—85 pum in length; 3,4—
4,6 pm in diameter near the base) nearly straight or distally slightly
curved pegs, protruding at right angles from the antenna (Figs. 3, 26,
28, 33, 34, 40, 44). These pegs have longitudinal furrows along their shaft
and a rounded tip. In some cases it is possible to see a certain disconti-
nuity at the tip (pore?). Electrophysiological measurements of the imped-
ance of the tip of the pegs on the species A. obscurus (Merivee, unpubli-
shed) showed that such apical pores may have a closure apparatus which
is characteristic of such type of sensilla in some insect species (Zacharuk,
1980). A conspicuous feature is the large (8.3—10.5 um in diameter) low
cuticular collar surrounding the peg base. These pegs are not movable at
its base when touched.
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Fig. 7. Arrangement of C2 type sensilla on the segments of the right antenna of A.
obscurus. Denotations as in Fig. 4.
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Altogether 82 subtype T1 pegs were found on 1.—11. segments of one
male antenna and 91 Tl pegs on one female antenna (Table).
2.—10. segments they are arranged in one rank around the distal part
of the segment, and on 11. segment in 2—3 ranks around the segment;
hgwever, they are lacking on the posterior surface of 1.—4. segments
(Fig. 4).

The sensory function of particular sensilla based on external morpho-
logy cannot be considered conclusive without additional histological and
electrophysiological evidence. However, the external structure, relative
numbers, location, and behavioral observations may offer clues as to how
these receptors serve the insect.

Type TI sensilla resemble what has been termed “long thickwalled
basiconic pegs” by Slifer et al. (1957, 1959) in grasshoppers. Very similar
sensilla as to the form, size, relative numbers, arrangement and the
longitudinally grooved cuticular wall have also been found in other
beetles: “sensilla trichodea” in Monochamus (Cerambycidae) (Dyer and
Seabrook, 1975), “D receptor” in Tenebrio molitor (Tenebrionidae) (Pier-
antoni, 1974) “sensilla trichodea type III” in Scolyttdae (Moeck, 1968;
Payne et al., 1973), “sensilla trichodea type IV” m Hylobtus abietis (Cur-
culionidae) (Mustaparta, 1973), “hairlike pegs” in Popilius disjunctus
(Passalidae) (Slifer and Sekhon, 1964).

The distribution of sensillae on the antenna of male and female
Agriotes obscurus L.

Number of antennal segment
Type of Sex » s
sensilla il |53 3 I 5\ 6| 7 l 8| 9 i 10| 1
L § 3 8 5 6 7 7 e = 7 7 2 ;13 82
? 'AE 6 8 8 8 8 7 7 7\ 20 91
T2 3 — — — 17 29 63 76 82 87 124 238 716
? — — = 156 19 17 18 27 14 2} 19 150
Cl1 3 189 75 79 145 122 135 141 140 160 150 192 1528
Q 210 87 92 165 150 190 198 206 214 235 338 2085
C2 3 74 38 — - - - - - = - - 112
? 71 39 — - - - — — - - = 110
Bl 3 —_ — 1 23 41 46 -44 47 -'61 ' b3 . b7 373
? — — 3 b4 63 76 73 74 72 8 39 537
B2 3 & 2 .17 .32. N2 271381 3.3 231
? X — BN 23 "1 °'28 .85 . B 47 | I\ T8 291
B3 3 —_— - = = = - = = - - 6 6
? _ — — = = = = - = 2. W 12
B4 3 _ = = = = - 1 3 6 4 6 20
o - - - - - = 3 3 6 b b 25
B5 3 —_—— = = = = = = - 1 7 8
Q —_—_— = = = = = = - = 4 4
B6 3 _ — = = = = = = = = 3 3
Q _ - = = = - = = = — 6 6
B7 3 - - - 2 nuisd 2 — 2 2 Nal2 22
? — - = 3 3 4 1 3 2 3 .16 35
D 3 =t —hhes V7 8052 M1 in Kian@te2 s Bl 22
? - - = 3 2 3 2 4 2 3 9 28
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Fig. 8. Arrangement of Bl type sen-
silla on the segments of the right
e D antenna of A. obscurus. Denotations

as in Fig. 4,

Because of their length, T1 sensilla will be the first to come in contact
with the substrate. These pegs have a large single pore at its tip and a
nonperforated thick cuticular wall in other insects (Slifer and Sekhon,
1964; Slifer, 1970; Mustaparta, 1973; Zacharuk, 1980). Electrophysio-
logical recordings from this type of sensilla have shown that they are
innervated by taste cells and in some cases by one mechanosensitive cell
(for references see Mustaparta, 1973; Melver, 1975; Zacharuk, 1980; Exu-
3apoB, 1978). These pegs are discussed to be contact chemoreceptors and
mechanoreceptors in Hylobius (Mustaparta, 1973) and Monochamus
(Dyer and Seabrook, 1975).

Sensilla trichodea type Il (T2). These are medium-sized (21—34 um in
length and 1.8—2.5 pm in diameter near the base) slender straight blunt-
tipped hairs, protruding at right angles from the antenna (Figs. 3, 25, 26,
27, 32). The base of the hair has longitudinal furrows (Figs. 38, 44). The
cuticular collar at the base (3.4—5.2 um in diameter) is low and incon-
spicuous, sometimes it is lacking altogether.
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Fig. 9. Arrangement of B2 type sen-

silla on the segments of the right

antenna of A. obscurus. Denotations as
in Fig. 4.
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On 4.—11. segments of one female antenna altogether 150 T2 sensilla
have been found, on one male antenna 716. In the female beetle their
number on all segments is nearly the same, in the male beetle it increases
towards distal segments (Table). On proximal flagellar segments T2
sensilla occurred only on the ventral extension, on medial and distal
flagellar segments both on the ventral and dorsal extensions while their
number was slightly larger on the ventral extension. The number of T2
sensilla was nearly the same on the anterior and posterior surface of the
antenna (Fig. 5).

Subtype T2 sensilla resemble “sensilla trichodea type 11" in H. abietis
(Mustaparta, 1973). The olfactory function of these sensilla in H. abietis
has been demonstrated by electrophysiological recordings. Moreover, the
sensory cells innervating sensilla trichodea are highly specialized cells
responding to pheromone-related compounds (Mustaparta, 1975). Like-
wise, electrophysiological recordings in male moths such as Bombyx mori
or Antherea pernyi, have shown that long sensilla trichodea are inner-
vated by highly specialized pheromone receptor cells (Schneider et al.,
1964; Kaissling and Priesner, 1970; Kaissling, 1974).
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It is interesting to note that olfactory sensilla trichodea are lacking
on the antennae of several beetles, such as bark beetles (Scolytidae)
(Payne et al., 1973), Monochamus (Cerambycidae) (Dyer and Seabrook,
1975), Geotrupes auratus Mtos. (Geotrupidae) and Copris pecuarius Lew.
(Scarabaeidae) (Inouchi et al., 1987). In these beetles some basiconic
sensilla are evidently responsible for the reception of pheromone mole-
cules. It is suggested that the sharp-tipped sensilla basiconica long type
which was found in all 16 bark beetle species studied, in Dendroctonus
frontalis and D. brevicomis, are responsive to pheromones (Payne et al.,
1973). Thus, functionally one and the same sensillar type is referred to
differently in the case of different insect species and by different authors.
That is probably related to the fact that a distinct difference between
short trichoid olfactory sensilla and long basiconic sensilla is lacking
(Schneider, 1964; Eanunsapos, 1978).

Behavioural experiments have shown that male elaterid beetles respond
to the sex pheromone while female elaterid beetles do not (Mepuses, 1985;
Msixap, 1985). In the case of the species A. obscurus type T2 is the only
numerous type of sensillum whose number in male beetles is considerably
greater than in female beetles (Table). Presumably, T2 sensilla serve as
pheromone receptors in the male beetles of A. obscurus. It is difficult to
suppose what their role can be in female beetles. Electrophysiological
studies have demonstrated that similar types of chemosensilla often have
different response characteristics (1) in the same insect, (2) in different
insects, or (3) between sexes (for references see Zacharuk, 1980).

Sensilla chaetica type I (C1). These are sickle-like thickwalled sensilla
with an elongated tapering tip and deep longitudinal grooves. Their
laterally compressed basis is housed in a wide cuticular depression. These
hairs have a flexible joint membrane and are movable at its base when
touched. A large socket orifice permits the hair a wide angle of deflection.
A hair, immediately after its insertion, bends upwards so that its long
axis lies almost parallel to the surface of the segment. The hairs are
very variable in size (19 to 130 pm in length). Their length can reach

Fig. 10. Arrangement of B3 type sensilla on the segments of the right antenna of A.
obscurus. Denotations as in Fig. 4.
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Fig. 11. Arrangement of B4 type sen-

silla on the segments of the right

antenna of A. obscurus. Denotations
as in Fig. 4.
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120—130 pm in the distal part of the anterior side of the scape and
pedicel. On the posterior surface of the scape they are many times shorter
(Fig. 16). On distal parts and in the middle of flagellar segments, these
hairs are slender, their average length is 30—45 pm, sometimes up to
62 pm. On the basal parts of flagellar segments the hairs are thicker and
significantly shorter.

In the vicinity of the hair base occur smaller and larger pores (Fig.
32), with the diameter of 0.8—2.1 wm, which could be the openings of
epidermal gland ducts.

Cl1 sensilla are the most abundant of all receptors on the antennae of
both sexes (Table), and are distributed fairly uniformly over the antennal
surface (Fig. 6).

Such sensilla have been found also in other beetles, but they have
been called differently by different authors: “C-receptors” in Tenebrio
molitor (Pierantoni, 1974), “distal sensilla chaetica” and “stout sensilla
chaetica” in Monochamus notatus (Drury) and M. scutellatus (Say)
(Cerambycidae) (Dyer and Seabrook, 1975), “sensilla chaetica” in Scoly-
tidae (Moeck, 1968; Payne et al., 1973), “tactile hairs” in Popilius dis-
junctus (Passalidae) (Slifer and Sekhon, 1964), “sensilla chaetica type
111" in H. abietis (Mustaparta, 1973).

The presence of the flexible joint membrane on the hair base indicates
that they could function as mechanoreceptors (Mclver, 1975; Keil and
Steinbrecht, 1984). In the species Hylobius abietis two types of such
hairs, with a nonperforated thick cuticular wall, occur on the antennae:
some are innervated, others are not. The noninnervated hairs are named
as common setae, and they serve as protective hairs. The innervated hairs
called sensilla chaetica in H. abietis, responded to direct mechanical
movement and/or to airflow (Mustaparta, 1973). It has been shown that
in Monochamus, too, sensilla chaetica function as mechanoreceptors (Dyer
and Seabrook, 1975).

Sensilla chaetica type I (C2). These are small (3.8—10.0 pm in length,
with the diameter near the base 1.0—1.3 wum) sharp-tipped thornshaped
bristles located in large cuticular depressions (Figs. 23, 31). The socket
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Fig. 12. Arrangement of B5 type sensilla on the segments of the right antenna of A.
obscurus. Denotations as in Fig. 4.
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orifice is relatively large and allows the bristle to move in it. The bristles
are located in dense groups in the “ball joints” of the first two segments
of the antenna, on the base of the scape and pedical (Fig. 7). The number
of such sensilla found on one male antenna was 112 and the female
antenna 110 (Table).

Such bristles are always found in areas opposite the intersegmental
membrane between the head and the scape, as well as between the scape
and pedicel. They have been named Bohm bristles after L. K. B6hm who
described them in Lepidoptera in 1911. They are probably present in
homologous places in all insects. The Bohm bristles on the honey-bee
antenna can electrophysiologically be shown to be phasic-tonic mechano-
receptors. Presumably, they function as proprioceptors perceiving the
antennal position (for references see Schneider, 1964).

Sensilla basiconica. These are relatively short pegs, with a smooth cuticle,
and with a non-articulated base. The base is surrounded by a high round
cuticular collar. Four subtypes of blunttipped and three subtypes of sharp-
tipped pegs can be distinguished on the basis of their size, shape and
location, but there exist some intermediate forms that are difficult to
classify by these criteria.

Sensilla basiconica type 1 (B1). These are 10.8—15.8 um long, slightly
distally curved blunt-tipped stout pegs (Figs. 3, 25, 26, 34, 35, 36, 45).
The diameter of the peg tip is 0.9—1.5 um, and the base diameter ranges
from 2.2 to 2.7 pm. The diameter of the cuticular collar is 5.4—6.7 pm.

Numerous B1 sensilla have been found (373 on one male antenna and
537 on one female antenna) on the extensions of 3.—11. segments (Table),
while their number on ventral extensions is larger than on dorsal exten-
sions. They are located mainly at the distal parts of the segmental exten-
sions. Their number on the anterior and posterior surface of the antenna
is roughly equal (Fig. 8).

Sensilla basiconica type Il (B2). These are 10.8—18.8 pm in length, re-
latively slender pegs slightly distally curved with rounded tips (Figs. 3,
25, 34, 35, 45). The diameter of the tip ranges from 0.6—0.9 pm, the base
diameter from 1.7 to 2.3 pum. The diameter of the cuticular collar is
5.0—6.4 pm.
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Fig. 13. Arrangement of B6 type sen-
c D silla on the segments of the right
antenna of A. obscurus. Denotations
as in Fig. 4.
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Fig. 14. Arrangement of B7 type sensilla on the segments of the right antenna of A.
obscurus. Denotations as in Fig. 4.

B2 sensilla were found in large numbers (231 on one male antenna
and 291 on one female antenna) on the extensions of 3.—11. segments
(Table ). Their number on ventral extensions is larger than on dorsal
extensions. They are mainly located at the proximal parts of the seg-
mental extensions and occur nearly equally on the anterior and posterior
surface of the antenna (Fig. 9).

Sensilla basiconica type II1 (B3). These pegs resemble subtype B2, differ-
ing from it only by the fact that they are nearly straight or slightly
proximally curved (Figs. 3, 33, 40) and are located as a small group at
the extreme tip of the terminal segment, both on the male and female
antenna. However, two B3 sensilla were found on the dorsal extension
of the 10th segment of the female antenna (Table and Fig. 10).

Sensilla basiconica type IV (B4). These pegs resemble subtype Bl, being
only considerably shorter (length 5.1—10.2 um, diameter 1.9—2.9 pum
near the base), while the diameter of their cuticular collar is slightly
larger, up to 5.8—7.5 um. These short thick pegs are straight or distally
slightly curved, round-tipped (Figs. 3, 26, 36, 37). :

B4 sensilla were nonabundant (20 on one male antenna and 25 on
one female antenna) among Bl sensilla on the extensions of 7th—I11th
segments of both male and female antenna (Table), both on the anterior
and posterior surface of the antenna (Fig. 11).

Sensilla basiconica type V (B5). These are short (3.9—9.4 pm in length),
relatively thick (diameter 1.8—3.0 pm near the base) sharp-tipped pegs
(Figs. 3, 29, 37, 42, 43). The diameter of the cuticular collar is 4.5—7.1 pm.

Eight B5 sensilla were found on the 10th and 11th segments of the male
antenna and only 4 on the 11th segment of the female antenna (Table).
They are located only on segmental extensions (Fig. 12).

Sensilla basiconica type VI (B6). These are 10.4—21.0 um long, relati-
vely stout pegs with an abruptly tapering tip, either straight or slightly
curved (Figs. 3, 30, 37, 39). The diameter of the base is 2.1—2.4 pm. A
round cuticular collar occurs at the base of some pegs, at others it is
lacking. The number of B6 sensilla found at the distal part of the 11th
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Fig. 15. Arrangement of D type sensilla on the segments of the right antenna of A.
obscurus. Denotations as in Fig. 4.

segment of the male antenna was 3, the corresponding number in the
case of the female antenna was 6 (Table), (Fig. 13).

Sensilla basiconica type VII (B7). These are small (7.0—9.1 um in
length and 2.0—2.9 um in diameter near the base) sharp-tipped conical
pegs with a subapical annular groove (Figs. 3, 25, 29, 39, 42, 43, 45).
The diameter of the high round cuticular collar ranges from 5.3—7.4 pm.

A few B7 sensilla (22 on one male antenna and 35 on one female
antenna) were found on the 4th—11th segments of the antenna of both
sexes (Table). On the 4th—10th segments they are located on the poste-
rior surface of the ventral extension, only on the 11th segment they were
found both on the posterior and anterior surfaces (Fig. 14).

Basiconic pegs are found in most insect species investigated. Mostly
they have a multiporous cuticular wall and are very variable in shape
(Schneider, 1964; Schneider and Steinbrecht, 1968; Slifer, 1970; Payne et
al., 1973; Keil and Steinbrecht, 1984).

Using both electron microscopy and electrophysiology, it was deter-
mined in all cases that basiconic pegs with a multiporous wall have an
olfactory function (for review see Slifer, 1970; Altner and Prillinger, 1980;
Zacharuk, 1980; Keil and Steinbrecht, 1984). The receptors innervating
sensilla basiconica in H. abietis and in male moths such as Bombyx mori
or Antherea pernyi, were lowly specialized cells responding to a variety
of odours (Mustaparta, 1975; Schneider et al., 1964; Kaissling and Pries-
ner, 1970; Kaissling, 1974).

Dome-shaped sensilla (D). The cuticular collar of these sensilla forms
a high rounded dome (height 4.5—5.8 pm, diameter 6.7—7.5 pm) from
which the round tip of the peg protrudes only 1—2 um (Figs. 3, 25, 33,
40, 41, 44).

Twenty two D sensilla were found on one male antenna and 28 on
one female antenna (Table). On the 4th—6th segments they are located
on the posterior surface of the ventral extension, on the 7th—10th seg-
ments on the posterior surface of the ventral and dorsal extensions, and
on the 11th segment dorsally and posteriorly (Fig. 15).
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Fig. 16. I segment (scapus) of the male antenna of A. obscurus. %150,
Fig. 17. 11 segment (pedicellus) of the male antenna of A. obscurus. %220.
Fig. 18. 111 segment of the male antenna of A. obscurus. x220.

Fig. 19. IV segment of the male antenna of A. obscurus. X200,

Fig. 20. X segment of the male antenna of A. obscurus. X220,

Fig. 21. XI segment of the male antenna of A. obscurus. X180,

Fig. 22. VII segment of the female antenna of A. obscurus. On the base and in the
medium part of the segment cuticular plates are flat. In the region of the smaller dorsal
extension (upper left) and bigger ventral extension (upper right) cuticular plates are
convex. Most sensillar types occur on the extensions of the segment. %650,

Fig. 23. Base of I segment of the male antenna of A. obscurus (“ball joint”). C2 — sen-
silla chaetica type II (Bohm bristles). X400.

Fig. 24. Base of I segment of the male antenna of A. obscurus, ACP — appendages of
cuticular plates. x270.

Fig. 25. Region near the tip of XI segment of the female antenna of A. obscurus. Bl, B2,
B7, Cl1, D, T2 — sensillar types. X 1680.

Fig. 26. Distal region of the ventral extension of IX segment of the female antenna of
A. obscurus. Bl, B4, Cl, Tl, T2 — sensillar types X 1540.

Fig. 27. Ventral extension of X segment of the male antenna of A. obscurus. T2 sensilla
with the longitudinally grooved base are shown. x2150.

Fig. 28. Distal region of the dorsal extension of VII segment of the female antenna of
A. obscurus. Cl, Tl — sensillar types; CP — cuticular plates (convex). X 1600.

Fig. 29. XI segment of the female antenna of A. obscurus. B5, B7 — sensillar types.
% 1970.

Fig. 30. XI segment of the male antenna of A. obscurus. B6 type sensilla. x1920.

Fig. 31. Base of I segment of the male antenna of A. obscurus (“ball joint”). C2 —
sensilla chaetica type II (Bohm bristles). X 1700.

Fig. 32. Ventral extension of IV segment of the female antenna of A. obscurus. Bl, Cl,
T2 — sensillar types; CP — flat cuticular plates; P — pores. X 1200.

Fig. 33. Region near the tip of XI segment of the female antenna of A. obscurus. B3,
Cl, D, Tl — sensillar types. %2000.

Fig. 34. Ventral extension of IX segment of the female antenna of A. obscurus. B1, B2,
Cl, Tl — sensillar types. X 1680.

Fig. 35. Dorsal extension of X segment of the female antenna of A. obscurus. B1, B2,
Cl1 — sensillar types. X 1800.

Fig. 36. IX segment of the female antenna of A. obscurus. B1, B4 — sensillar types.
% 2500.

Fig. 37. XI segment of the female antenna of A. obscurus. B4, B5, B6 — sensillar types.
P — pores. X2400.

Fig. 38. XI segment of the male antenna of A. obscurus. The longitudinally grooved
base of type T2 sensilla, with a small cuticular collar. X 10500.

Fig. 39. XI segment of the male antenna of A. obscurus. B6, B7 — sensillar types.
% 4000.

Fig. 40. Tip of XI segment of the male antenna of A. obscurus. B3, D, T1 — sensillar
types. The longitudinally grooved base of type T1 sensilla is seen. X6000.

Fig. 41. Tip of XI segment of the female antenna of A. obscurus. D — dome-shaped
sensilla. X4020.

Fig. 42. XI segment of the male antenna of A. obscurus. B5, B7 — sensillar types.

X 4000.
Fig. 43. XI segment of the female antenna of A. obscurus. B5, B7 — sensillar types.

% 3600.

Fig. 44. Tip of XI segment of the male antenna of A. obscurus. D, Tl, T2 — sensillar
types. x5900.

Fig. 45. XI segment of the male antenna of A. obscurus, Bl, B2, B7, Cl — sensillar
types. x4800.
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Evidently, these structures represent coeloconic sensilla (Schneider,
1964; Eausapos, 1978). Further analysis of the fine structure with the
transmission electron microscope is, however, necessary in order to
describe these sensilla in more detail. Antennal sensilla coeloconica are
lacking in some other beetles studied, such as Hylobius, Monochamus and
Scolytidae (Mustaparta, 1973; Dyer and Seabrook, 1975; Payne et al,
1973; Moeck, 1968). However, they are present in Dytiscus marginalis L.
(Dytiscidae) (Hochreuther, 1912). Coeloconic sensilla have been found in
the specimens of a number of other insect orders (Orthoptera, Lepi-
doptera, Diptera Hymenoptera), and they presumably comprise several
morphological subtypes. Electrophysiological measurements have proved
that they can function as olfactory, CO,; hygro- or thermoreceptors
(Lacher, 1964; Boeckh et al., 1965; Davis and Sokolove, 1975; Altner and
Prillinger, 1980).
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Enno MERIVEE

TUME-VILJANAKSURI AGRIOTES OBSCURUS L. (COLEOPTERA:
ELATERIDAE) EMAS- JA ISASMARDIKA ANTENNAALSENSILLID

Tume-viljanaksuri Agriotes obscurus L. (Coleoptera, Elateridae) isas- ja emasmardika
tundlail eristati 12 sensilli morfoloogilist tiiiipi ja alatiiiipi: trihhoidsed (alatiiiibid T1 ja
T2), hetoidsed (alatiiiibid C1 ja C2), basikoonilised (alatiiiibid Bl, B2, B3, B4, B5, B6
ja B7) ning kuppeljad (D) sensillid. Viimaste puhul on toendoliselt tegu tstlokooniliste
sensillidega. Koigil neil on iseloomulik jaotumise (sensillide hulk tundla segmentidel) ja
paiknemise (sensillide asukoht segmentidel) muster, mis on sarnane molemal sugupoolel.
716 T2-sensilli leiti isasmardika iihel tundlal, emasmardikal on nende hulk mitu korda
viiksem. Viimati nimetatud sensillide vordlemine teiste putukaliikide feromooniretsepto-
ritega nditab, et toendoliselt on T2-sensillid feromooniretseptoriteks tume-viljanaksuri
isasmardikail.

Iuno MEPHBE3

AHTEHHAJIBHBIE CEHCHJIJIBI CAMKH W CAMIA TEMHOIO HIEJIKYHA
AGRIOTES OBSCURUS L. (COLEOPTERA: ELATERIDAE)

Ha anTennax camma H caMKH TeMHOro uenkyna Agriotes obscurus L. (Coleoptera,
Elateridae) pasanuanm 12 MOPGHOJOrHYECKHX THNOB M TOATHIOB CEHCHJJI: TPHXOHAHHIE
(moatunst T1 u T2), xeroupune (moptunsi Cl m C2), Gasukomuueckue (moatunst Bl, B2,
B3, B4, B5, B6, B7) u kynonoo6pasusie (D). Ilociennue, BEepOATHO, ABJASIOTCS 1EJIOKOHH-
YeCKHMH ceHCHAJaMH. CeHCHJ/IBI pAacmoJIOXeHbl Ha aHTeHHaX JKyKa He cJjydaiiHo, a
Kak/Jblii THIO MMEeT XapaKTEepPHYI0O KapTHHY pacnpefejeHus (KOJHYECTBO CEHCH/JI Ha
CerMeHTax) H JOKaJH3alHuH (MecTOpacmoJoXKeHHe Ha CerMeHTax), CXO0XKyk Yy OO6OHX MOJOB.
716 TPHXOHAHBIX CeHCH/A mMOATHNA T2 OblJO HaiileHO HAa OAHOM AHTEHHE caMila, HX KOJH-
YECTBO y CaMKH B HECKOJbKO pa3 Menbuie. CeHCHJJb moATHna T2 Ha aHTeHHAX caMua,
BEPOSITHO, ABJSIIOTCS 0Jb(GAKTOPHHIMH DPeLenTOpPaMH, BOCHPHHHMAIOIHMHE TOJOBOH (hepoMoH
CaMKH.
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