ENTOMOLOGY 322 LAB 26
Insect Sensillae and Ears

Having examined the central nervous system, we shall now turn to sensory organs called sensillae.
Insect sensillae come in a diversity of forms and perform a variety of functions. Individual sensillae are
known that are mechanosensory, contact chemosensory, air-borne chemosensory (olfactory), proprioceptive, thermosensory and hygrosensory. Individual sensillae may even be sensitive to two different forms of
stimuli (for example, mechanosensory and contact chemosensory functions are sometimes combined in the
same sensillum). Sensillae may be combined with other structures to produce complex and highly sensitive
insect tympanal ears.
There are at least three basic types of sensillae:
(1) trichoid sensillae (hair-like sensillae; Fig. 26.1) consist of a cuticular projection or hair to
which are attached single or multiple neurons. These sensillae perform variety of functions, including mechanoreception, chemoreception, hygroreception, and thermoreception.
Descriptive terms include coeloconic, basiconic, placoid, and ampuliform.

Figure 26.1

Trichoid sensillum (Keil & Steinbrecht 1984)

(2) campaniform sensillae (Fig. 26.2) consist of a domelike circle of cuticle sensitive to cuticular
deformation. These typically function as proprioreceptors, providing information about the bodys orientation and the locations of the legs, wings, antennae, etc. These sensillae are especially common in the membranous, flexible regions of the body, such as the leg bases and the wing bases.

Figure 26.2

Campaniform sensillum (McIver 1984)

(3) scolopophorous organs (=chordotonal organs; Fig. 26.3) are composed of multiple (from 2 to
several thousand) individual sensory units called sclolopidia. Each scolopidium acts as a sensitive stretch
receptor. The majority of scolopidia function as proprioceptors and they are widely distributed on the insect
exoskeleton. Scolopidia are concentrated in certain regions of the body and can be grouped together to
form complex organs, such as the subgenual organ (at the proximal end of the tibia) which detect substrateborne vibrations, and Johnstons organ (located in the antennal pedicel). Scolopophorous organs can also
be grouped together to form tympanal ears (see below).

Figure 26.3

Scolopidium (McIver 1984)

Trichoid sensillae, campaniform sensillae, and scolopidia are built of the same basic ultrastructural elements
(Fig. 26.4) and can be considered homologous as sensory organs (according to Moulins 1976).

Figure 26.4

Comparison of campaniform (left), trichoid (middle) and
scolopophorous (left) sensillae (Moulins 1976).

1.

Observe the thoracic and abdominal trichoid sensillae in a large muscoid fly (such as Calliphora).
Notice that each sensillum is situated in a flexible base. These large sensillae are called macrocheatae and
function primarily as mechanoreceptors (Fig. 26.5; Keil 1998 provides more details).

Figure 26.5

Trichoid sensillum (macrocheata) in a fly (Keil 1998)

2.

Mechano- as well as contact chemo- and olfactory sensillae are densely packed on the antennae
and mouthparts of most insects. Observe the demonstration slide of the sensilla on the antenna of a sweat
bee (Halictidae) under the phase-contrast microscope (Fig. 26.6). This was prepared by slitting
flagellomeres longitudinally and clearing in KOH; thus only the cuticular portions of the sensilla are present.
Locate the following sensillae:
trichoid (hair) sensilla
basiconic (peg) sensilla

coeloconic (pit-peg) sensilla
placoid (plate) sensilla

Figure 26.6 Antennal sensilla in Lasioglossum.
(Wcislo,W. Int. J. Insect Morph. Embry. 24:63-81)

3.

Examine the demonstration slide of the wing base of a fly. Note the campaniform sensillae in the
base of the radial vein and humeral plate. The figures presented here are all from a detailed study of the
campaniform sensillae in the house fly (Gnatzy & Grunert, 1987, Zoomorphology, p. 312-328). Fig. 26.7A
shows the locations of the sensillae of the forewing, and Fig. 26.7B is a close-up of the sensilla at the base
of the forewing.

A
Figure 26.7

(Gnatzy & Grunert, 1987)

B

4.

Examine the demonstration of the fly haltere (Fig. 26.8). Notice that at the base of the haltere there
are numerous, densely packed campaniform sensillae. Each sensillum consists of rigid, elevated "collars"
(co; Fig. 26.8C) surrounding flexible, deformable "caps" (cp; Fig. 26.8C). Deflection of the haltere in or
out of the plane of the page (in Fig. 26.8A) will cause the collars to pinch the sensory neuron attached to the
cap (Fig. 26.8, bottom).

Figure 26.8

Ultrastructure of the fly haltere (Keil 1998)

Insect tympanal ears
Insects have evolved ears numerous times (>14 times?) and on virtually every region of the body,
including the head, thorax, wings, legs, and first abdominal segments (Robert & Hoy 1996). Orders that
have been reported to possess tympanal ears include Orthoptera, Mantodea, Hemiptera, Neuroptera,
Coleoptera, Lepidoptera and Diptera. Insect tympanal ears typically consist of three basic elements: (1) a
thin cuticular tympanal membrane backed by (2) a large tracheal air sac and innervated by (3) from 1 to
thousands of individual scolopidia. Tympanal ears are of two forms: pressure receptors and pressure
gradient (or pressure difference) receptors (Hoy & Robert 1996 provide an excellent review of insect
tympanal ears).

5.

Examine the demonstrations of the tympanal organs on the first abdominal segment of an acridid
grasshopper (Orthoptera: Acrididae). These are auditory organs. From external view, note the tympanum
within a sclerotized cavity, closely associated with the first abdominal spiracle. The sclerotic apparatus to
which the auditory nerves attach is visible on the inner surface of the tympanum.
From internal view, locate the taut tympanum on the far end of the tympanic cavity, which is elsewhere lined by the thin flexible air sac cuticle. Note the complex attachment of the chordotonal organ to the
tympanum. The chordotonal organ consists of multiple (>70) individual units called scolopidia. Using Fig.
26.9 identify the styliform body, the folded, body, the swelling that encloses the chordotonal sensilla, and the
auditory nerve that connects to the metathoracic ganglion.

Figure 26.9

(Dethier, V.G. The Physiology of Insect Senses. p. 79)

6.

Examine the demonstration of the typmpanal organs located at the proximal end of the tibia in a
cricket (Orthoptera: Gryllidae) or katydid (Orthoptera: Tettigoniidae) (Fig. 26.10). These are members of
the Orthopteran suborder Ensifera. In these insects the subgenual organ (a proprioreceptive organ composed of over 70 scolopidia) has been modified to form the crista acoustica, or tympanal ear. This ear is a
typical pressure gradient or pressure difference receptor because the individual ears on either leg are
connected to each other via a long tracheal trunk. This gives these ears the ability to detect sound impinging
on the tympanum from two different directions: from the ipsilateral side of the body or from the contralateral
side of the body (via the tracheal trunk).

Figure 26.10

7.

Cricket ear (Steinmann & Zambori 1981)

Examine the demonstration of the lacewing (Neuroptera: Chrysopidae) ear. The ear in lacewings is
located at the base of the forewing and consists of an expanded radial vein with a thin membranous region
ventrally and has just 2 scolopidia. Chrysopid ears are tuned to a range of frequencies from 13,000 to
120,000 Hz (Miller 1971, Chapman 1998). This allows them to avoid predatory bats at night.

8.

Examine the tympanal ear in a cicada (Hemiptera: Cicadidae; Fig. 26.11). The typanal ear is located
in the sternum of the first abdominal segment and consists of a conspicuous tympanal membrane, counter
tympanal membrane, an underlying tracheal air sac, and up to 1500 individual scolopidia.

Figure 26.11

Lateral view of cicada thorax showing tympanal membranes and tymbal (A. Burke)

Insect sound producing organs
Insects have a diverse array of methods for producing sound. In termites, stoneflies, and some beetles the
body is used to produce sounds by thumping the substrate. In crickets and katydids, assassin bugs
(Hemiptera: Reduviidae), some Coleoptera (such as carabid and passalid beetles), some Lepidoptera (such
as Riodinidae and Lycaenidae) and in some Hymenoptera (such as ants and mutillids) sound is produced by
stridulation in which one structure is rubbed against another structure. In the most complex and impressive
sound producing organs (tymbals) a thin, cuticular membrane is caused to buckle through actions of huge
underlying muscles.

9.

Examine the demonstration of the cricket forewings. Notice that on the ventral surface of each
forewing there is a scraper (located along the posterior margin), a file (a linear series of pegs) that is drawn
across the scaper, and a resonating membrane adjacent to the file (called the harp) (Fig. 26.12). If possible,
examine the file/scraper morphology in a sample of distantly related crickets. How much variation is there
among species in these structures? How do you think the structural variation relates to species specific
sound production?
If available, examine calling male crickets. How are the wings moved in calling?

Figure 26.12

10.

Cricket stridulatory organ (Chapman 1998)

Examine the demonstration of a file/scraper in the Mutillidae and/or ants. Ants in the subfamilies
Ponerinae, Dorylinae, and primitive Myrmecinae have a stridulatory organ located between the 2nd and 3rd
metasomal (3rd and 4th abdominal) segments. The anterior tergum bears a scraper and the posterior tergum
a file (Chapman 1998).

10.

Stridulation in the Passalidae: Stridulatory organs have arisen independently in a number of beetle
groups (Dytiscidae, Scarabaeidae, Passalidae, Cerambycidae, Buprestidae, etc.). The position and specific
nature of the stridulatory organ can (and does) vary greatly. In general, the sound produced is not audible to
the human ear without amplification, however others can produce sounds that are distinctly audible (e.g.,
members of the Geotrupidae and Passalidae). The musical talent of the common European
geotrupid,(Geotrupes stercorosus) or Dor beetle has been known for some time.
The bess bugs or patent-leather beetles (Odontotaenius disjunctus), is a relatively common
member of the Passalidae found throughout eastern North America. Both the adults and the larvae of this
family are capable of sound production by means of stridulatory organs. The range of signals produced by a
single individual that are correlated with distinct behaviors (e.g., courtship, aggression) (Reyes Castillo and
Jarman, 1980; Reyes-Castillo and Halffter, 1984; Reyes-Castillo and Jarman, 1982), is suggestive of a
complex language analogous to those of birds. Interestingly, the ears of these beetles (in adults or larvae)
have not yet been discovered. We will examine the stridulatory organs of both adult and larval Passalidae.
(a) Passalid larvae are easily recognized from other beetle larvae by the highly reduced metathoracic limbs,
which give the larvae a 4-legged appearance. The heavily sclerotized pegs of the metathoracic limbs are
considered the plectrum, or stridulatory pegs. These rub against a series of parallel ridges (pars stridens or
stridulatory file) on the posterior surface of the mesothoracic coxa.
If live larvae are available, watch them stridulate using their metathoracic limbs. Although the sound
produced is not audible, hold them in your hand, the vibrations are faintly detectable. If live material is not
present, examine the prepared specimen, making sure to note the pars stridens and plectrum.
(b) Passalid adults do not use the legs to stridulate. In the adults, noise is produced by rubbing the plectrum
(Fig. 26.13) located on the ventral surface of the wings against the pars stridens (Fig. 26.14) of the 6th
abdominal tergite. Also unlike the larvae, the pars stridens is less file-like, and resembles rows of compact
elongate teeth- similar to the teeth of a comb. When the two surfaces are rubbed against one another, sound
is produced which resonates within the sub elytral space. Interestingly, there are many flightless Passalidae
in which the wings are reduced in length and surface area but are never absent. They remain as a strap
bearing the plectrum along its ventral surface, directly opposite the 6th abdominal tergite.

Figure 26.13

Plectrum on undersurface of wing,
Odontotaenius disjunctus (Reyes-Castillo &
Jarman 1983)

Figure 26.14

Pars stridens on T6,
Odontotaenius disjunctus (Reyes-Castillo &
Jarman 1983)

View the live demonstration of adult passalid beetles. You are encouraged to gently pick them up
(the North American species is very docile and will not bite you although its tropical relatives are not
similarly disposed). Examine the prepared specimen, in which the elytra have been opened to reveal the
wings and pars stridens, which appears as paired shagreened areas of 6th abdominal tergite. It is not easily
viewed under a dissection scope. Lastly, view the prepared slides of the pars stridens and plectrum.
Recommended reading:
Reyes Castillo, P. and M. Jarman. 1980. Some notes on larval stridulation in Neotropical Passalidae
(Coleoptera: Lamellicornia). Coleopterists Bulletin 34.
Reyes-Castillo, P. and G. Halffter. 1984. La estructura social de los Passalidae (Coleoptera: Lamellicornia).
Folia Entomologica Mexicana 61: 49-72.
Reyes-Castillo, P. and M. Jarman. 1982. Disturbance sounds of adult passalid beetles (Coleoptera:
Passalidae): structural and functional aspects. Annals of the Entomological Society of America 76: 7-22.

11.

Examine the demonstration of the tymbal in a cicada (Figs. 26.11 and 26.15). Notice the structure
of the tymbal membrane and the tymbal cover. Why do you think the tymbal is covered at all? Examine the
tymbal muscles. What is their site of origin and insertion? What role do the sternal/pleural apophyseal arms
play in supporting the tymbal muscles.
If available, listen to a tape of calling cicadas. Cicada calls range in frequency from as low as 1.4 to 2.0 kHz
(in Magicicada septemdecim) to as high as 7 kHz (in M. cassini).
For more information on cicada calls, see the following web site:
http://alpha.fdu.edu/~boyer/Entomology_folder.html/Cicada_sounds.html

Figure 26.15

Cicada tymbal (Chapman 1998)

12.

Take a preserved or pinned specimen of your insect. Examine the external morphology and see if
you can detect any evidence of tympanal ears. Is this an insect that communicates via air-borne sounds? Is
this is a night flying insect that might have tympanal ears for detecting bat ultrasound? Are there regions of
unusually thin cuticle that might be interpreted as tympanal membranes? Examine the wings, thorax, abdomen and legs for sound producing structures such as files, scrapers, tymbals, etc. Who knows, you might
just find the first insect ear for your group!

Old lithogram of musical insects depicting Geotrupes (center stage with
bass). From: Episodes of Insect Life by 'Acheta domestica' (M. L. Budgen,
1849-1851)

