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Abstract
Acoustic technology has been applied for many years in studies of insect communication and in the
monitoring of calling-insect population levels, geographic distributions and species diversity, as well
as in the detection of cryptic insects in soil, wood, container crops and stored products. Acoustic
devices of various sizes and power levels have been used successfully to trap insect pests that
exhibit phonotaxis or other orientation behaviours, including mosquitoes, midges, mole crickets,
field crickets, moths, cockroaches and Tephritid fruit flies. The attractiveness of traps depends on
the behaviour, physiological state and age of the target insect, and varies with several environmental factors, including temperature and light level. Widespread adoption of acoustics for
trapping has been limited by the costs of instrumentation and the relatively small segments of
insect populations (e.g. mate-seeking adults of a limited age-range) that are attracted to a sound
source, but trapping effectiveness often can be improved by adding swarm markers, chemical
attractants or black lights, and by precisely timing temporal and frequency patterns to match the
natural communication signals. There remains potential for using ultrasonic bat-cry signals to
disrupt behaviour of night-flying insects, but ultrasonic signals have little effect on insects that are
not normally preyed upon by bats. Potential areas for growth in the use of acoustic technology in
pest management include the production of signals that disrupt vibrational communication, particularly in the Hemiptera, and the development of control treatments that combine pheromones
and precisely patterned sonic or vibrational signals.
Keywords: Sound, Vibration, Ultrasound, Attraction, Trap, Phonotaxis
Review Methodology: Searches were performed in CAB Abstracts, Agricola, WorldWideScience.org and Google using keywords
search terms (acoustic, insect, trap), names of researchers who have participated in acoustic and vibrational studies with insects. In
addition, the author’s personal library on acoustics, vibration, mosquitoes and fruit ﬂies was inspected.

Introduction
Acoustic recording and playback technologies have been
employed for insect detection and monitoring since the
early 1900s [1] and the study of acoustic behaviour has
developed into one of the prominent areas of insect
ethology [2–5]. To consider applications for insect pest
management, acoustic studies have been conducted to
attract and trap insects [6, 7], and to manipulate their
behaviours or interrupt intraspecific communication using
either sound [8] or vibrational signals transmitted within
host plants [9].
Traps using sound to attract insects were first reported
in 1949 in studies where male Anopheles albimanus

Wiedemann mosquitoes were captured in experiments
with loudspeakers [10, 11]. Subsequently, acoustic methods were developed in field and laboratory studies to trap
other mosquitoes [12–16], Chironomid midges [17–20],
Scapteriscus spp. mole crickets [7, 21], gryllid field crickets
and their tachinid parasitoids [22, 23], Achroia and Galleria
moths [24, 25], Blattella germanica (L.) cockroaches [26]
and tephritid fruit flies [27–29]. In addition, chemosterilization of acoustically attracted male Culex quinquefasciatus Say was conducted with moderate success [30],
and male Aedes albopictus (Skuse) populations were
reduced 76% by attraction to loudspeakers producing
400 Hz tones at the centre of insecticide-treated black
polyethylene sheets [31].
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In several studies, acoustic traps have been deployed
not just to capture, sterilize, or kill insects, but to collect
live specimens for biological studies [32, 33] and biological
control programmes [34, 35]. Acoustic methods also have
been used in surveys to monitor insect diversity [36, 37],
population levels [38–40] and geographic distributions
[41].
Given the urgent need of regulatory agencies and pest
managers to obtain improved tools to detect and manage
growing numbers of invasive insect species, e.g. [42–44],
it is worthwhile to reflect on the current usage of acoustic
technology in integrated pest management programmes,
as well as the potential for additional applications in the
future. Recent reviews on the evolution and function of
insect auditory systems [45] and the physiological, behavioural, ecological and evolutionary context of insect
communication [46], and several recent studies on mosquito audition and mating behaviour [47–54] and parasitoid acoustic organs [55] provide helpful background
information for this discussion.

Currently Available Sound and Vibration
Production Technology
Sonic sources of different dimensions and power levels
have been tested in trapping studies, population surveys
and behavioural manipulation bioassays, including generalpurpose loudspeakers [7, 15], large piezoplastic sheets on
foam boards [14], acoustic lasers [28], small tweeters [55]
and even tuning forks [15]. Harmoniums [56] and MP3player speakers [57, 58] have been used to produce airborne sounds that excited vibrations within plants or
other substrates containing targeted insects. Caged
insects [22, 59], tethered flying insects [48], electrodynamic shakers [60] and piezoceramic actuators [61]
have been used to produce sounds and vibrations in
behavioural manipulation studies. The speakers with large
dimensions and the acoustic laser were constructed to
broadcast long-range, loud (>100 dB at 1 m) signals, based
on findings that increased signal levels resulted in
increased signal attractiveness and trap capture rates [62,
63]. Speakers with small dimensions have been used to
produce spatially divergent sound fields to facilitate
directional orientation [15, 55, 64, 65]. Some of the signals
produced have been playbacks of original recordings [10,
57, 64], others have been synthesized [8, 14, 24, 66, 67].
In several studies [21, 49, 52], the responses to live or
recorded signals were compared with responses to synthesized signals.
Relatively high costs of broadcasting over large areas
compared with the costs for chemical attractants and
pesticides have hampered development of acoustic technology for insect management until now. Frequencydependent attenuation reduces the effective range of
airborne and structural vibration signals greater than 100–
200 Hz [1, 60, 68]. High-amplitude speakers can extend

the range of sonic broadcasts, but sufficiently powerful
energy sources have not always been readily available in
the field [6, 7].
Attraction and Trapping Devices
Insects of different species attracted to sound have been
trapped by a variety of devices, including electrically
charged screens [10, 11, 69], fans or vacuums [64] with
collecting bags or cones with nets [66], adhesive cylinders
[12, 70–72] and boards [14], funnel and bucket traps [73],
or wood-and-screen silt traps [74]. The preferred traptype depends partly on the size of the insect and its
locomotory behaviours, i.e., flight or walking up or down
a surface, preferences for crevices or holes, rough or
smooth surfaces, etc. [75–78]. Frequently the trap captures are strongly affected by moonlight levels, wind and
other factors [16]. In addition, the attractiveness of a trap
is context-dependent [7, 22, 58], varying over time and
over different segments of the population. For example,
the calling sound of a male cricket can attract females, but
at high intensities it can inhibit female locomotion or
cause other males to move away [61].
The rates of captures in traps often are improved significantly by adding black cloth or other swarm markers,
black light or other visual attractants [69, 79], or chemical
attractants, depending on the target insect [7, 77, 78]. In
the case of mosquitoes, live hamsters and dry ice were
used to attract females in addition to the males that were
attracted by sound [67].
The sound sources and traps currently in use are
mature technology, not likely to change in the near future,
but potential avenues for cost-reductions and for
enhancements of the effectiveness of behavioural manipulations may be found in the design and implementation of
controllers that set beginning and ending times and other
temporal patterns of sound production to match the
patterns of the targeted species [7]. Also, incorporation
of automated counting and identification of the captured
or detected insects [40, 80–82] into trapping and monitoring systems may improve their effectiveness in field
experiments and integrated pest management programmes. Automated counting and identification is of
benefit particularly in environments where servicing of
traps might be difficult or dangerous, or when trapping
data need to be collected in a timely manner.
Repulsion/Exclusion, Interference with
Communication and Other Potential Applications
of Acoustic Signals
It has been well documented that many species of insects
subject to predation by bats will dive to the ground or move
away when they detect ultrasonic signals that resemble
echolocation calls [5, 7, 83]. Studies of ultrasonic signals
on several moth pest species were conducted [84–87]. In
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the latter study [87], a light trap containing an ultrasonic
speaker was placed in a maize field containing Heliothis zea
(Boddie) and Ostrinia nubilalis (Hübner). The speaker delivered 1 ms, 25 kHz pulses at rates of 1–10 /s, simulating a
range of pulse rates and durations emitted during echolocating cries by local insectivorous bats [88]. In this field
study [87], high pulse rates decreased light-trap catches
more effectively than low pulse rates, and the O. nubilalis
were affected more strongly than H. zea. The results
from these and related studies suggested that the effects of
habituation and sound shadows rendered ultrasonic
repellent signals ineffective for reducing oviposition or
for reducing economic damage. It was proposed that the
effects of habituation might be reduced by: (1) reducing
the signal intensity, (2) presenting the pulses at unpredictable intervals, (3) varying the pulse duration irregularly, or
(4) moving the signal source or imparting apparent motion
to the signal source [88]. Thus, it may be instructive to
revisit ultrasonic treatments in the future for crops where
sound shadows can be minimized.
It is important to note also that capability to detect
ultrasound to ultrasonic signals has evolved primarily in
insects that are preyed upon by bats. Consequently, it is
not surprising that none of the popularly marketed
ultrasonic repellers has ever been shown to be costeffective against insects such as cockroaches, mosquitoes,
fleas and dragonflies that typically are not bat prey
[89–92].
Potential applications of acoustic or vibrational signals
for trapping of hemipteran insects or behavioural manipulation of their communication [56, 93–96], as well as for
repelling ants or otherwise interfering with their colonymaintenance activities [58] have been considered but not
yet implemented in field environments. In addition, there
is potential for behavioural manipulation of predator–prey
interactions [97] and acoustic mimicry [98]. Finally, several studies have been conducted with insects that use
both sound and pheromone during courtship [24, 25, 99–
103], as well as on insects that exhibit increased sensitivity
to acoustic or olfactory stimuli after pre-exposure to the
alternate stimulus [104, 105].
The precise control of timing and frequency of signals
enabled by modern computer technology has considerable potential to enhance the trapping efficiency and
effectiveness of behavioural manipulations in the future.
Precise control of timing can be of value in the disruption
of vibrational communication of duetting insects [106],
especially pests such as Diaphorina citri (Kuwayama), the
Asian citrus psyllid [107]. Similarly, there is potential that
dynamic control of broadcast frequency may enhance
capture efficiency of mosquitoes [49–54].
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of acoustic stimuli is limited in comparison with the
transmission distances of pheromones and other chemical
attractants. The responses to attractive or repellent
acoustic stimuli habituate rapidly and are variable among
different segments of a given target species.
As with pheromone technology, however, acoustic
methods have proven useful in a number of insect management applications, particularly for trapping of mosquitoes and midges, and enterprising entomologists are
likely to develop additional beneficial uses of acoustic
technology for insect management in the next few decades. Certainly, acoustic and vibrational signals can serve
both long- and short-range functions, and the signals can
be patterned easily to transmit several different signals
using the same signalling organs and receptors, as has
been demonstrated by the observed diversity of cricket
acoustical communication [108]. It has been proposed
that a diversity of airborne sound signals [46] and structural vibration signals [60, 109] remain to be discovered in
insects. Modern digital signal processing technology now
enables broadcast of a diversity of sonic and vibrational
signal frequencies of different temporal patterns for a
wide range of yet undiscovered, customizable insect
behavioural management opportunities.
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‘Singing on the wing’ as a mechanism for species recognition
in the malarial mosquito Anopheles gambiae. Current Biology
2010;20:131–6.
52. Cator LJ, Ng’Habi KR, Hoy RR, Harrington LC. Sizing up a
mate: variation in production and response to acoustic
signals in Anopheles gambiae. Behavioral Ecology
2010;21:1033–9.

68. Nelson BS. Reliability of sound attenuation in Florida scrub
habitat and behavioral implications. Journal of the Acoustical
Society of America 2003;113:2901–11.
69. Hienton TE. Summary of Investigations of Electric Insect
Traps. Agricultural Research Service, US Department of
Agriculture Technical Bulletin 1498, Beltsville, MD; 1974.
136 pp.

53. Arthur BJ, Wyttenbach RA, Harrington LC, Hoy RR. Neural
responses to one- and two-tone stimuli in the hearing organ
of the dengue vector mosquito. Journal of Experimental
Biology 2010;213:1376–85.

70. Kanda T, Cheong WH, Loong KP, Lim TW, Ogawa K, Chiang
GL, et al. Collection of male mosquitoes from ﬁeld
populations by sound trapping. Tropical Biomedicine
1987;4:161–6.

54. Cator LJ, Arthur BJ, Ponlawat A, Harrington LC. Behavioral
observations and sound recordings of free-ﬂight mating
swarms of Ae. aegypti (Diptera: Culicidae) in Thailand.
Journal Medical Entomology 2011;48:941–6.

71. Ogawa K. Field study on acoustic trapping of Mansonia
(Diptera: Culicidae) in Malaysia I. Mass-trapping of males by
a cylindrical sound trap. Applied Entomology and Zoology
1988;23:265–72.

55. Miles RN, Robert D, Hoy RR. Mechanically coupled ears for
directional hearing in the parasitoid ﬂy Ormia ochracea.
Journal of the Acoustical Society of America
1995;98:3059–70.

72. Kerdpibule V, Throngunkiant S, Leemingsawat S. Feasibility
of wing beat sound trap for the control of mosquito vectors.
Southeast Asian Journal of Tropical Medicine and Public
Health 1989;20:639–41.

56. Saxena KN, Kumar H. Interruption of acoustic communication
and mating in a leafhopper and a planthopper by aerial sound
vibrations picked up by plants. Experientia 1980;36:933–6.

73. Walker TJ. Sound traps for sampling mole cricket ﬂights
(Orthoptera: Gryllotalpidae: Scapteriscus). Florida
Entomologist 1982;65:105–10.

57. Barbero F, Thomas JA, Bonelli S, Balletto SE, Schönrogge K.
Queen ants make distinctive sounds that are mimicked by a
butterﬂy social parasite. Science 2009;323:782–5.

74. Walker TJ. A live trap for monitoring Euphasiopteryx and
tests with E. ochracea (Diptera: Tachinidae). Florida
Entomologist 1989;72:314–9.

http://www.cabi.org/cabreviews

6

Perspectives in Agriculture, Veterinary Science, Nutrition and Natural Resources

75. Campbell DJ. A new sound trap, and observations on the
migratory and acoustic behavior of the ﬁeld cricket
Teleogryllus commodus (Walker). Bioacoustics
1990;2:199–208.
76. Chukanov VS, Lapshin DN. Acoustic behavior of mole
crickets of Gryllotalpa genus. In: Gribakin FG, Weise K,
Popov AV, editors. Sensory Systems and Communication in
Arthropods. Birkhauser Verlag, Basel, Switzerland; 1990.
p. 167–71.
77. Epsky NE, Morrill WL, Mankin RW. Traps for capturing
insects. In: Capinera JL, editor. Encyclopedia of Entomology.
Kluwer Academic Publishers, Dordrecht, The Netherlands;
2004. p. 2318–29.
78. Epsky NE, Morrill WL, Mankin RW. Traps for capturing
insects. In: Capinera JL, editor. Encyclopedia of Entomology.
Volume 4. 2nd edn. Springer, New York; 2008. p. 3887–901.
79. Hirabayashi K, Ogawa K. The efﬁciency of artiﬁcial wingbeat
sounds for capturing midges in black light traps. Entomologia
Experimentalis et Applicata 1999;92:233–8.
80. Bertram SM, Johnson LA, Clark J, Chief C. An electronic
acoustic recorder for quantifying total signaling time, duration,
rate and magnitude in acoustically signaling insects.
Technical Acoustics 2004;20:1–8.
81. Mankin RW, Machan R, Jones R. Field testing of a prototype
acoustic device for detection of Mediterranean fruit ﬂies ﬂying
into a trap. In: Proceedings of the 7th International
Symposium on Fruit Flies of Economic Importance, 10–15
September 2006, Salvador, Brazil; 2006. p. 165–9.
82. Mankin RW, Hodges RD, Nagle HT, Schal C, Pereira RM,
Koehler PG. Acoustic indicators for targeted detection of
stored product and urban insect pests by inexpensive
infrared, acoustic, and vibrational detection of movement.
Journal of Economic Entomology 2010;103:1636–46.
83. Forrest TG, Farris HE, Hoy RR. Ultrasound acoustic startle
response in scarab beetles. Journal of Experimental Biology
1995;198:2593–8.
84. Payne TL, Shorey HH. Pulsed ultrasonic sound for control of
oviposition by cabbage looper moths. Journal of Economic
Entomology 1968;61:3–7.
85. Agee HR. Response of ﬂying moths and other tympanate
moths to pulsed ultrasound. Annals of the Entomological
Society of America 1969;62:801–7.
86. Agee HR, Webb JC. Ultrasound for control of bollworms on
cotton. Journal of Economic Entomology 1969;62:1322–26.
87. Agee HR, Webb JC. Effects of ultrasound on capture of
Heliothis zea and Ostrinia nubilalis moths in traps equipped
with ultraviolet lamps. Annals of the Entomological Society of
America 1969;62:1248–52.
88. Agee HR. Response of bollworm moths to pulsed ultrasound
while resting, feeding, courting, mating, and ovipositing.
Annals of the Entomological Society of America
1969;62:1122–8.
89. Hinkle NC, Koehler PG, Patterson RS. Egg production, larval
development and adult longevity of cat ﬂeas (Siphonaptera:
Pulicidae) exposed to ultrasound. Journal of Economic
Entomology 1990;83:2306–9.
90. Coro F, Suarez S. Review and history of electronic mosquito
repellers. Wing Beats 2000;11:6–7, 30–2.
91. Federal Trade Commission. FTC warns manufacturers and
retailers of ultrasonic pest-control devices. 2001. Available

from: URL: http://www.ftc.gov/o0a/2001/05/fyi0128.shtm
(accessed 27 November 2011).
92. Leighton TG. What is ultrasound? Progress in Biophysics and
Molecular Biology 2007;93:3–83.
93. Hunt RE, Morton TL. Regulation of chorusing in the
vibrational communication system of the leafhopper
Graminella nigrifrons. American Zoologist 2001;41:1222–8.
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