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Low-frequency echolocation enables the bat Tadarida
teniotis to feed on tympanate insects
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SUMMARY

The European free-tailed bat, Tadarida teniotis, forages in uncluttered airspace by using intense narrow-
band echolocation calls with low frequency (11-12 kHz), and feeds on relatively large flying insects,
mainly (90 %, by volume) of the tympanate orders Lepidoptera and Neuroptera. The use of low-frequency
echolocation calls without strong harmonics appears to be a specialization for long-range detection of
large, tympanate insects, which are less well represented in the diet of most other aerial-hawking bats. The
results provide evidence in support of the allotonic frequency hypothesis, i.e. that use of echolocation calls
with frequencies above or below the best hearing of tympanate insects is an adaptation to increase the

availability of these insects.

1. INTRODUCTION

Predation pressure from echolocating bats seems to be
the primary reason for the evolution of tympanal
organs (ears) in members of the major families of
nocturnal moths (Lepidoptera), i.e. Noctuidae,
Notodontidae, Geometridae, Pyralidae and
Sphingidae, and also in at least one family of lacewings
(Neuroptera; Chrysopidae). These hearing organs are
tuned to the acoustic frequencies used by most bats,
usually between 20 kHz and 50 kHz (see, for example,
Miller 1984; Fullard 1987), and elicit evasive flight
manoeuvres when exposed to sound pulses containing
these frequencies (see, for example, Roeder 1967;
Miller & Olesen 1979; Surlykke 1988). Moths with
intact tympanal organs stand much higher chances (ca.
409,) of surviving attacks by aerial-hawking bats than
deafened moths (Roeder 1967; Acharya 1992).

The European free-tailed bat, Tadarida teniotis
(Rafinesque 1814), is a large (25-50 g) molossid that
searches for prey during fast and straight flight in open
air and by use of comparatively long (ca. 15 ms),
intense, narrow-band echolocation pulses with most
energy between 11 kHz and 12 kHz (Zbinden & Zingg
1986; Arlettaz 1990). Use of such low-frequency pulses
for echolocation is unusual among bats, presumably
because their long wavelength (3 cm) makes them
unsuitable for detection of small prey items (Pye 1980;
Mpghl 1988), and therefore suggests a specialization on
relatively large, tympanate insects. To test this, we
analysed the diet of 7. teniotis from Europe and also, for
comparison, from a site in Central Asia.

2. METHODS

Droppings were collected under 7Tadarida teniotis roosts
situated in a high building at Sisteron in southeastern France
(44° 11" N, 05° 57" E) in April 1989 (Arlettaz 1993), and also
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from bats captured in mist nets in the Duvachan Pass (850 m
above sea level) in the Osh Province of Kirghizstan, Central
Asia (40° 22" N, 72° 31" E), in September 1992.

The droppings were soaked in a mixture of water and
ethanol, and subsequently teased apart under a binocular
microscope. Insect remains were identified to order, and in
some cases to family, by comparison with a sample of whole
insects and by the use of various field guides to insects and
keys to faecal analysis (see, for example, Whitaker 1988;
McAney et al. 1992). Droppings (100) from the French
locality were analysed, as were 50 from the locality in
Kirghizstan. Hence each dropping was assumed to represent
19, and 29, (1/100 and 1/50), respectively, of the samples
by volume. For some droppings which contained more than
one prey category, the approximate proportion (by volume)
of each was estimated visually (Whitaker 1988).

3. RESULTS

Both samples showed a dominance of lepidopteran
remains, which comprised 689, and 879, of the
volume for the European and Central Asian samples,
respectively (figure 1). Lepidopteran remains in the
form of scales, as well as chitinuous parts, were present
in every individual dropping examined. Further
classification of Lepidoptera into families was not
possible because diagnostic remains such as wings,
mouthparts and antennae were rarely found.

In the European sample, Neuroptera, mostly of the
family Hemerobiidae, comprised 24 9, of the volume,
and was hence the second most important prey
category. In the sample from Central Asia, however,
neuropterans were rare, and only 0.2 9 of the remains
were of this order. Instead, an unidentified hemipteran
was the second most common prey item in this sample
(12 %).

Other insect orders such as Trichoptera, Diptera,
Coleoptera and Hymenoptera were also recovered, but
these taxa together represented only 49, of the
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Figure 1. The diet (% volume) of Tadarida teniotis as
determined from faeces (a) collected under a roost in
southeastern France and (b) from bats mistnetted in
Kirghizstan.

European sample and 0.4 9, of the Central Asian one
(figure 1). Some ectoparasitic mites (Acari), which
presumably had been ingested during grooming, were
also recovered from the European sample (0.59%).

Disregarding the mites, the smallest insects en-
countered were the Neuroptera (Hemerobiidae) re-
ferred to above, which have body lengths of approxi-
mately 5 mm and wingspreads of 15 mm. A few wing
fragments, legs and antennae from other insects
suggests that many of these prey items were much
larger.

4. DISCUSSION

Many bat species are believed to overcome the
defence systems of tympanate insects by using detection
strategies which are less conspicuous to the prey, for
example, by using echolocation pulses of low intensity
or with frequencies above the insects’ hearing ranges,
thereby minimizing the insects’ detection distance
(Novick 1977; Fenton & Fullard 1979; Faure et al.
1990; Jones 1992), or by ceasing sound emission and
relying on passive listening and vision instead (see, for
example, Bell 1982, 1985; Anderson & Racey 1991;
Faure & Barclay 1992). Such strategies have the
disadvantage of a relatively short detection range, and
hence reaction time for the bat, however, due to initial
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low pulse intensities and increased atmospheric at-
tenuation of high-frequency sound (Lawrence &
Simmons 1982), and are therefore used mainly by
relatively slow-flying, manoeuvrable bats, some of
which glean their prey from surfaces.

Fast-flying, aerial-hawking bats require high-in-
tensity echolocation pulses and also relatively low
frequencies, which suffer less severe attenuation losses,
to compensate for the Jonger detection distances and
reaction times required in such situations (Barclay
1986; Barclay & Brigham 1991). However, such pulses
are very conspicuous to tympanate insects unless the
frequencies fall below their best hearing range (Novick
1977; Fenton & Fullard 1979; Fullard 1987).

In 7. teniotis, no less than 939, of the European
sample and 879, of the Central Asian sample was
composed of remains of the orders Lepidoptera (moths)
and Neuroptera (lacewings). Most nocturnal moths
and at least some lacewings possess ears sensitive to bat
echolocation calls. The high incidence of these insects
in the diet is in sharp contrast to other species of large
or medium-sized aerial-hawking bats in the Palaearctic
for which the diet has been analysed systematically.
For these species (i.e. Eptesicus serotinus, E. milssonii,
Vespertilio murinus, Nyctalus noctula, N. leislert), which all
search for prey by use of narrow-band echolocation
calls with frequencies between 20 kHz and 30 kHz
(Ahlén 1981), either dipterans or dung beetles (Scar-
abaeidae) are the most important prey items. These
insects do not possess defence mechanisms against bat
predation, as far as is known. Moths represent less than
209%,, and usually less than 109%,, of the diet of these
species (Sologor 1980; Bauerovd & Ruprecht 1989;
Rydell 1989, 1992; Sullivan et al. 1993; Catto et al.
1994; Jones 1994). A similar situation seems to apply to
comparable North American species, e.g. Eptesicus
Suscus (Brigham & Saunders 1990), Lasiurus cinereus
(Whitaker & Tomich 1983 ; Barclay 1985), Lasionycterts
noctwagans (Barclay 1985) and Nycticetus humeralis
(Whitaker & Clem 1992), although, when feeding
around streetlamps, these bats may sometimes subsist
almost entirely on moths (see, for example, Belwood &
Fullard 1984; Hickey & Fenton 1990). However,
insect ears evolved in habitats which were free of
streetlamps, and therefore a lit road may not be the
appropriate place to test the outcome of the evol-
utionary arms race between bats and tympanate
insects. Artificial lights interfere with the moths’ flight
behaviour, and probably make them easier targets
than they would be in other, more natural, situations
(Rydell & Racey 1994).

There are few other low-frequency bats for which
the diet is adequately known. One example, however,
1s the North American aerial-hawking species Euderma
maculatum, which provides a case similar to that of
Tadarida teniotis, as it also feeds in open habitats and
uses low-frequency (11 kHz) echolocation calls when
searching for prey (Leonard & Fenton 1983). This
species, too, feeds primarily on moths (Wai-Ping &
Fenton 1989).

Tadarida teniotis is a large, fast-flying bat, and its
ability to catch moths may not only depend on its
echolocation call frequency but perhaps also on its
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flight speed. However, two lines of evidence suggest
that the echolocation call frequency, not flight speed, is
of primary importance: (1) among aerial-hawking bats,
Euderma maculatum, which also feeds extensively on
motbhs, is a relatively slow-flying, manoeuvrable species,
very different from 7. teniotis (Leonard & Fenton
1983); (ii) other large, fast-flying species, e.g. Nyctalus
spp., which use higher frequencies, do not feed on
moths to the same extent as 7. teniotis.

Disregarding observations made near streetlamps,
the difference in moth exploitation between 7Tadarida
teniotis  and  Fuderma maculatum, which use low
frequencies, and other Palaearctic and Nearctic aerial-
hawking bats, which use higher frequencies is good
evidence that tympanate insects avoid predation by
aerial-hawking bats because of their hearing abilities.
The evidence therefore supports the ‘allotonic fre-
quency hypothesis’, i.e. that use of low-frequency
echolocation calls during search flight is an adaptation
to increase the availability of tympanate insects by
minimizing the distance at which the insects can detect
the bat (Novick 1977; Fenton & Fullard 1979; Fullard
1987).

The fact that bat species which use low-frequency
echolocation calls, such as 7. teniotis and E. maculatum,
are comparatively rare components of their respective
bat faunas, and hence contribute little to the total
selective pressure on insects in these areas, is also
consistent with this hypothesis (Fullard 1987).

Although the echolocation calls used by many aerial-
hawking bats during the search phase usually include
strong harmonics (see, for example, Ahlén 1981;
Habersetzer 1981 ; Barclay 1986; Kalko & Schnitzler
1993; Surlykke et al. 1993), this is apparently not the
case in species which use low frequencies, such as
Tadarida spp. and Euderma maculatum (Simmons et al.
1978; Leonard & Fenton 1983 ; Barclay 1986; Zbinden
& Zingg 1986). This observation is also consistent with
the allotonic frequency hypothesis because second or
higher harmonics would fall within the best hearing
range of many tympanate insects.

The use of low-frequency echolocation in Tadarida
teniotis, and probably also in some other large, aerial-
hawking bats, may thus be considered as a specializa-
tion for echolocation of relatively large tympanate
insects in the open air, a prey type which appears to be
less available to other aerial-hawking bats. The
combination of low echolocation call frequency (long
wavelengths) and fast flight also involves a considerable
cost, however, because small insect, such as dipterans,
which are often the most abundant, are no longer
available (Pye 1980; Mehl 1988; Barclay & Brigham
1991). The specialization on tympanate insects by use
of low frequencies thus reduces the available food
spectrum, and hence the flexibility in prey choice,
considerably.
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