Ants are deaf
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Workers of a number of ant species produce vibrational signals, a phenomenon called
“stridulation,” with a specialized organ located on their gasters. Even though stridulation can be
heard by humans as faint air-borne sound, it has repeatedly been shown that ants are insensitive to
the air-borne components of such signals. Instead, they are highly responsive to their
substrate-borne components. Contrary to this view, it has recently been claimed that fire ants can
hear stridulatory signals produced by nest mates as near-field sound, and that there is no evidence
of signal transmission through the substrate in ants. In the present letter, this view is challenged by
calculating the amplitude of the near-field particle oscillation around a stridulating ant, and by
comparing it with the sensitivity threshold of the ant sensory receptors. The amplitude is shown to
be at least 50 times lower than the sensitivity threshold, a fact that precludes the perception of the
signals with the stiff antennal sensilland Johnston orgarso far described for ants. Finally,
published data and our own findings on vibrational communication in ants are summarized, clearly
showing that they are highly responsive to the substrate-borne components of stridulatory signals,
and insensitive to near-field sound. @01 Acoustical Society of America.
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In the October issue ofJASA Hickling and Brown can produce sounds by a process called stridulation in which
claimed, based on theoretical considerations and empirica series of cuticular edges are rubbed against a scraper
data they obtained from work with fire ants, that ants canMarkl, 1968. Ants have no ear drums; when exposed to a
hear stridulatory signals produced by nest mates as near-fieflanding sound wave the ants do not show any behavioral
sound(Hickling and Brown, 2000 Moreover, they argued reaction in the sound pressure maxima. However, they ex-
that communication via substrate-borne vibrations in ants ifibit behavioral reactions at positions in which particle os-
unlikely and that there is no evidence for ant responses to theillation is maximal (Autrum, 1936. At first glance this
substrate-borne components of vibrational sigriatsdula- seems to support the recent published claim that ants can
tion), maintaining that “there is a strong belief among hear(Hickling and Brown, 2000 yet a closer inspection of
myrmecologists that the signals are transmitted through ththe physical and physiological circumstances shows this to
substrate”(Hickling and Brown, 2000, p. 1923In our opin-  be incorrect.
ion, the authors’ arguments contradict all previous The air particle oscillation around a sound field is the
communication-behavioral experiments in ants, and also disso-called near field. The strength and the spatial structure of
agree with published studies on sensory physiology of inseahis near field depends on the size of the sound source, on the
receptor sensilla which are relevant for the issues being disnode of sound generatiofmonopole, dipolg and on the
cussed. sound frequency produced. The most effective near-field

We do not intend here to review the bulk of literature onsound source is a so-called monopole, i.e., a pulsating
ant vibrational communication, but merely point out somesphere. Based on measurements of the sound pressure gen-
aspects that indicate that ants are insensitive to air-bornerated by a stridulatin§olenopsigire ant, which averaged 2
sound. That ants are highly sensitive to substrate-borne vimPa, Hickling and Browr{2000 calculated the particle ve-
brations in the absence of air-borne sound was demonstratéstity at 100 mm of the ant gaster as being>810™ 2 mm/s
as early as 1936 by Autrum, who was able to separate th@heir Fig. 7. They hypothesized that the steep gradient of
effects of sound and substrate vibration on ant responses inthe particle velocity around the source would affect the re-
series of clear-cut designed experiments. sponse of the trichoidea sensilla on the ant antennae, which

But what about the ant responses to sound in the absenegere supposed to be the structures responsible for sound per-
of substrate-borne vibrations? Hearing is based on the recepeption, and they even discussed on theoretical grounds the
tion of either sound pressure or the oscillation of air particlespossibility that ants use the relative differences in sound ve-
around a sound source. Sound pressure is received by dacity between both antennae to sense the steepness of the
drums, particle oscillation by highly moveable levers, bothsound gradient.
linked to mechanosensory neurons. Indeed, some ant species Their arguments, however, overlooked traplitudeof
the particle oscillation around the stridulating ant, and, also,
3Electronic mail: roces@biozentrum.uni-wuerzburg.de to what extent the generated particle oscillation amplitudes
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studied in ants. To evaluate Hickling and Brown’s argu-movement of antennal flagellum. While a recent paper re-
ments, we use their data @volenopsidire ants for our cal- ported an extremely high sensitivity for the mosquito an-
culation of the amplitudes of the particle oscillation around atenna, lying in the nanometer range of air particle displace-
stridulating ant: basic stridulation frequency: 700 Hz; size ofment in the sound field(Gopfert and Robert, 2000
the ant gaster: 1 mm radius. For the calculations of the pamehavioral experiments in ants showed that sound intensities
ticle displacement amplitudes in the near field of an ant westarting from 100 dBcorresponding to displacement ampli-
also assume the ant gastémabdomen”) to behave as a tudes of the air particles of 2Zm at 810 Hz can oscillate the
monopole during signal production, simply because if theantennal flagellum, evoking ant behavioral respongas
data show for a monopole that the stimulus is too weak to bérum, 1936. However, these values are 50 times greater than
detected by the ants, then it must be true for all higher-ordeany sound field ants are able to generate as short as in 10 mm
sound sources. distance. Ants did not respond to sounds of lower intensities.
Any sound source has the properties of a monopole a$aking all these insights together, it is not surprising that no
long as k*apy<l (k=2m/\, ag=radius of sound source, one has discovered behavioral reactions in ants to physi-
A=wavelength. Taking for the ant gasteifrom where the ologically relevant sound stimuli.
sound is being radiate¢d radius of 1 mm, and being 300 How do ants perceive stridulatory signals? Stridulatory
mm at 1 kHz, the conditions for a monopole are fulfilled. vibrations are transmitted from the ant body to the substra-
The near-field particle displacement amplitude drops from dum (sand they are surrounded by or vegetation they stand
zeroth-order sound source with increasing distance followingn). The energy is traveling as substrate vibrations from
1/r2 (r=distance to the center of the spherfom a first-  sender to receiver, eliciting a particular response or influenc-
order sound source with r}, etc. The near-field particle ing their probability of occurrence. This has been demon-
displacement amplitudéd) for a zeroth-order sound source strated using several different experimental desidviarkl,

can be calculated according to 1965, 1967; Markl and Hilobler, 1978; Baroni Urbani
- ) et al, 1988; Roceet al, 1993. In the case of foraging leaf-
d=ap" Ad/r (F1) cutting ants, the production of stridulatory vibrations corre-

lates with the actual mandibular movements during leaf-
cutting, so that most of the energy is led into the substrate

For the amplitude of the oscillation at the gaster surfacéhrough the mandible§rautzet al, 1999. In fact, play-back

(i.e., the amplitude resulting from a pulsating movement of aexgetrlrr:engs clea_rly sﬁr;owed tthlat 1ggts \;\?_?Eonded q tto the
sphere at 700 Hz which represents thparticle displace- substrate-borne signa(Roceset al, 3. With regard to

ment amplitude(pda), we take 4um as measured fohtta signal perception, insects possess so-called subgenual organs
leaf-cutting ants(Ma,sters etal, 1983, even though the (SGO), highly sensitive mechanoreceptors that respond to
gaster ofSolenopsisants has a,lvolum,e about six to eight substrate vibrations. In electrophysiological experiments, it

times smaller than that of leaf-cutting ants, so that the valud/as shown.for !eaf-cuttlng ants that the S.GOS res'o‘?”d to
likely represents an overestimate. Substrate vibrations produced by ant stridulatory signals

According toF1 we calculate gpda=2 um at 1 mm, (Markl, 1970. . . )
0.04 um at 10 mm, and 0.0004m at 100 mm distance from . In sum, ant stridulation can be heard by humans as faint
the stridulating ant. Using the data reported by Hickling and®'-20re sound, but cannot be detected by ants either as

Brown (2000, i.e., a particle velocity of 3. m/s generated sounq pressure or as particle oscillation. However, if the en-
by a stridulatingSolenopsisant at 100 mm, we obtained a ergy is sent through the substrate, ants are not only sensitive
pda=0.0007 um ’ to the signal, but also show particular, even context-specific,

Do ants possess sensory receptors which can dete@acnons(Roces and Hidobler, 1995.
stimuli of such low amplitudes? Near-field receptors so far
described and analyzed in insects are sensory hairs or anten-
nae. Both are connected to sensory neurons and function astrum, H. (1936. “Uber Lautausserungen und Schallwahrnehmung bei
levers driven by the air oscillation. Specialized mechanosen- Arthropoden. 1. Untersucht_mgen an Ameisen. Eine allgz_emeine Theorie
sory hairs are extremely sensitive to slightest air movements. ¢ CERER I | L e e eany of sound
The most sensitive arthropod hairs known were described inperception by arthropoig Z. vergl. Physiol. 23, 332-373.
spiders, caterpillars, and the cercal system of crick&#sth,  Baroni Urbani, C., Buser, M. W., and Schilliger, EL988. “Substrate

2000: Kumaga'et al, 1998:; Tautz, 1977 vibration during recruitment in ant social organization,” Insectes S&¢.
. N ’ L .. 241-250.
With regard to ants, such hlgh-sensmve meChanosensoré/arth, F. G.(2000. “How to catch the wind: spider hairs specialized for

hairs, which would be physically responsive to slight air sensing the movement of air,” Naturwissenscha®@n51-58.
movements in a sound field, have not been detected in arjumpert, K.(1972. “Bau und Verteilung der Sensillen auf der Anten-
species investigated so far. All ant mechanoreceptor hairs art{‘engeisse' vonLasius fuliginosus(Latr) (Hymenoptera, Formicidae
. . . . Structure and distribution of sensilla on the antenndeasfus fuliginosus
stiff contact sensilla, morphologically different from the () (Hymenoptera, Formicidag” z. Morphol. Oekol. Tiere73, 95—
mechanosensory hairs mentioned earli2umpert, 1972 116.
How about the antennae as a whole? In the joint beGopfert, M. C., and Robert, D(2000. “Nanometre-range acoustic sensi-

tween the pedicel and flagellum of the antenna the so—calledﬂ‘é‘é{fs?a'e and female mosquitoes,” Proc. R. Soc. London, Se268

Johnston organ is located, a structure composed Of_Up tQickling, R., and Brown, R. L(2000. “Analysis of acoustic communica-
several hundred of mechanosensory cells responding totion by ants,” J. Acoust. Soc. AnL0§ 1920-1929.

(where Ad=displacement amplitude of the surface of the
sphere.
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