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Vigilance against predators induced by
eavesdropping on heterospecific alarm calls
in a non-vocal lizard Oplurus cuvieri cuvieri

(Reptilia: Iguania)
Ryo Ito* and Akira Mori

Department of Zoology, Graduate School of Science, Kyoto University, Sakyo, Kyoto 606-8502, Japan

Prey animals can reduce their risk of predation by detecting potential predators before encounters occur.

Some animals gain information about nearby predators by eavesdropping on heterospecific alarm calls.

Despite having well-developed ears, most lizards do not use vocal information for intraspecific communi-

cation, and few studies have shown practical use of the ears in wild lizards. Here, we show that the

Madagascan spiny-tailed iguana (Oplurus cuvieri cuvieri) obtains auditory signals for predator detection.

The Madagascan spiny-tailed iguana and the Madagascar paradise flycatcher (Terpsiphone mutata) are

syntopic inhabitants of the Ampijoroa dry deciduous forest of Madagascar. The iguana and the flycatcher

have neither a predator–prey relationship nor resource competition, but they have shared predators such

as raptors and snakes. Using playback experiments, we demonstrated that the iguana discriminates mob-

bing alarm calls of the flycatcher from its songs and then enhances its vigilance behaviour. Our results

demonstrate the occurrence of an asymmetrical ecological relationship between the Madagascan spiny-

tailed iguana and the paradise flycatcher through eavesdropping on information about the presence of

predators. This implies that indirect interspecific interactions through information recognition may be

more common than generally thought in an animal community.

Keywords: eavesdropping; heterospecific signal; mobbing alarm call; asymmetrical relationship;

Madagascan spiny-tailed iguana
1. INTRODUCTION
Animals possess various antipredator behaviours to

reduce their risk of predation (Greene 1988; Lima &

Dill 1990). In addition to relying on these antipredator beha-

viours, prey can reduce the risk of predation by detecting

potential predators before encounters do occur. It is impor-

tant for animals to obtain information about the presence of

predators as early as possible to increase its survivorship. On

the other hand, responding to potential predators under safe

situations may be energetically costly (Ydenberg & Dill

1986). Furthermore, unnecessary movement of prey ani-

mals may attract predators’ attention (Ingle 1968).

Therefore, to reduce the cost and risk of predation, pre-

cise identification of nearby predators and evaluation of

the risk level should be critical for animals.

Auditory signals are able to convey a wealth of detailed

information quickly, precisely and over a wide range

through combinations of the variety of frequencies and

patterns of sound (Halliday & Slater 1983a). Therefore,

many vertebrates, especially social mammals and birds,

rely greatly on vocalizations to exchange individual and

environmental information (Halliday & Slater 1983b).

Many species living in groups are known to emit specific

alarm calls against nearby predators (Halliday & Slater

1983b). Alarm calls are emitted targeting group members

to induce their appropriate antipredator responses to
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predators (Turner 1973; Klump et al. 1986) or to make

predators confused or deter pursuit (Charnov & Krebs

1975; Woodland et al. 1980; see Wheeler 2008 for

review). However, these alarm call signals are not necess-

arily received by only targeted individuals; non-targeted

individuals may also receive the signals and obtain infor-

mation. It has been demonstrated that several mammalian

and avian species have an ability to obtain information

concerning the presence of nearby predators by eaves-

dropping on other species’ alarm calls (Seyfarth et al.

1980; Seyfarth & Cheney 1990; Rainey et al. 2004; Tem-

pleton & Greene 2007; Lea et al. 2008). Such

eavesdropping on heterospecific auditory signals has typi-

cally been found among species that routinely

communicate vocally. Despite the fact that lizards gener-

ally have seemingly well-developed ears (Wever 1978),

most lizards, except for gekkonids, do not use vocal sig-

nals for intraspecific communication (Marcellini 1977;

Lopez et al. 1998; Pianka & Vitt 2003; Vercken & Clobert

2008). Accordingly, few studies have shown practical

roles of ears in free-living lizards. A recent report

showed that the Galapagos marine iguana (Amblyrhynchus

cristatus), which does not depend on auditory information

for intraspecific communication, eavesdrops on the alarm

call of birds and responds with antipredator behaviour

(Vitousek et al. 2007). To explore the role of hearing

in non-vocal lizards, investigations on interspecific

interactions might be a productive approach.

The Ampijoroa dry deciduous forest, which is located

in northwestern Madagascar, is a good site for an animal

community study, because at least 86 avian, 47 reptilian,
This journal is q 2009 The Royal Society
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9 amphibian and 20 mammalian species inhabit it

sympatrically (Mizuta 2005a; Mori et al. 2006). These ter-

restrial vertebrates show complex interspecific interaction

networks that include predator–prey relationships and

resource competition both within and between these

classes (Mizuta 2002, 2005b; Mori & Randriamahazo

2002a; Nakamura 2004; Nakamura et al. 2004;

Hasegawa et al. 2009). One common lizard in this com-

munity is the Madagascan spiny-tailed iguana, Oplurus

cuvieri cuvieri. Animals in this genus have well-developed

ears (Wever 1978) but do not perform any kind of vocali-

zation. Oplurus cuvieri cuvieri inhabits this site

syntopically with another common member of the com-

munity, the Madagascar paradise flycatcher, Terpsiphone

mutata. This bird communicates vocally and often emits

alarm calls while mobbing raptorial predators such as

Frances’s sparrow hawk, which is a predator common to

both the Madagascan spiny-tailed iguana and the

Madagascar paradise flycatcher. The flycatcher and the

lizard do not have direct ecological interactions such as

predator–prey, resource competition or host–parasite

interactions. However, we predict that they have another

ecological relationship; that is, eavesdropping on the

alarm calls of the flycatcher by the iguana. Considering

the fact that the lizard and the flycatcher live in close

proximity in the forest, the lizard would often have an

opportunity to hear alarm calls by the bird, and therefore

it is expected that the lizard would have evolved to eaves-

drop on the calls. We therefore hypothesized that the

Madagascan spiny-tailed iguana uses heterospecific

alarm calls to enhance the detectability of nearby preda-

tors and reduce the risk of predation.

Here, we experimentally test whether O. c. cuvieri

eavesdrops on heterospecific alarm calls. Specifically, we

examine whether iguanas distinguish the mobbing alarm

calls of the Madagascar paradise flycatchers that were

emitted in response to nearby predators from their songs.
2. MATERIAL AND METHODS
(a) Study site

Ampijoroa forest is located in Ankarafantsika National Park

in northwestern Madagascar (168150 S, 468480 E). The veg-

etation consists of a deciduous canopy 10–15 m high and

fairly sparse understorey (Jury 2003). Jardin Botanique A

(JBA) is a research plot of approximately 25 ha that is located

in western Ampijoroa. The forest station, including office

facilities and campsites for researchers and ecotourists, and

several resident houses, is present approximately 1 km east

of JBA. Our main study area consisted of JBA, the forest

station of Ampijoroa (approx. 3 ha), trails between them

and their immediately surrounding areas.

(b) Animals

Madagascan spiny-tailed iguanas (O. c. cuvieri) are diurnal

and widely distributed in western Madagascar (Glaw &

Vences 2007). This lizard mainly dwells on tree trunks and

on open land (Randriamahazo & Mori 1999). It is a typical

ambusher (Mori & Randriamahazo 2002b) and feeds primar-

ily on insects (Randriamahazo 2000). These iguanas appear

to communicate with each other primarily through visual

and olfactory means, and in particular they often use several

types of visual displays for intraspecific communication

(Randriamahazo & Mori 1999).
Proc. R. Soc. B (2010)
The Madagascar paradise flycatcher is distributed widely

throughout Madagascar and on Comoros Islands (Mulder &

Ramiarison 2003). Its breeding season lasts from mid-

September to late January (Mizuta 2002). It feeds on aerial

insects by flycatching and hovering in the middle and lower

strata of forests (Hino 1998). These birds make a heterospe-

cific group with other species, such as the Madagascar

magpie-robin (Copsychus albospecularis) and the crested

drongo (Dicrurus forficatus), and mob their shared predators

with alarm calls (R. Ito 2005, unpublished data).

Common possible raptorial predators for the lizard and

the bird are Frances’s sparrow hawk (Accipiter francesii),

Madagascar buzzard (Buteo brachypterus), yellow-billed kite

(Milvua aegyptius) and Madagascar harrier hawk (Polyboroides

radiatus). These raptors are diurnal and common in the

Ampijoroa forest, and prey upon reptiles and small birds

(Dee 1986; Langrand 1990; Rene de Roland & Thorstrom

2003; Hasegawa et al. 2009).

(c) Data collection

We conducted experiments between 10:00 and 16:00 from

October 2007 to January 2008, when O. c. cuvieri and

T. mutata were reproductively active (Mizuta 2000;

Randriamahazo & Mori 2001). We searched for lizards by

slowly walking along paths and trails. Upon finding a lizard

on a tree trunk, we started a playback experiment. We put

a Yuasa speaker (YSP-588B) and a Sony digital video

camera 3 m from the individual. After setting up the speaker

and camera, we played back a CD of two types of 20 s stimuli

(see below) to the individual with a Panasonic portable CD

player (SL-CT500). To acclimate the lizard to the presence

of the observer, we waited for 5 min before the first playback.

Playback of stimuli to the same lizard was separated by at

least 5 min. The order of playback stimuli was randomized.

Lizard behaviours were recorded by the video camera

throughout the experiment. During the playbacks, to

reduce possible observer’s effect, we did not gaze at the

subjects directly and stayed motionless behind the video

camera as much as possible. If the paradise flycatcher flew

into our sight during the experiments, we stopped the play-

back and did not use the data for analyses. We captured

and marked all the lizards after the playback experiments

so as not to use the same individuals more than once.

We employed three sources of flycatchers’ alarm calls,

which were recorded separately when T. mutata mobbed a

Frances’s sparrow hawk, Madagascar harrier hawk and

yellow-billed kite, respectively. There are no obvious differ-

ences in alarm calls among predator types (T. Mizuta 2005,

personal communication). Songs of T. mutata were selected

from three sources, which were collected from three males.

Frequency of both alarm calls and songs (fig. S1 in the elec-

tronic supplementary material) is expected to be audible to

the iguana on the basis of experimental studies of related

species (Titus & Frost 1996; Manley 2006; Münchenberg

et al. 2008). We used a Sony digital audio player

(TCD-D10) to record songs and calls, and edited them

using the sound editing software Avisoft-SASlab Light.

Mean maximum amplitudes of each stimulus, A-weighting,

at 3 m away from the speaker were 73.6 and 74.3 dBA for

alarm calls and songs, respectively. Maximum amplitude

under natural conditions without playback was 55.5 dBA.

We used almost 20 dB higher levels of sounds for playbacks

to reduce the effect of background noise. We played back

both a mobbing call and a song of flycatchers to each of

http://rspb.royalsocietypublishing.org/
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Figure 1. Mean number of active-response-exhibiting Madagascan spiny-tailed iguanas in each baseline and playback period.
(a) Experiment in which alarm call was played back first and song second. (b) Experiment in which song was played back first
and alarm call second. Baseline-C and baseline-S indicate periods preceding alarm call playback and song playback periods,

respectively. Error bars represent 1 s.e. See text for detailed descriptions of active responses.
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35 lizards. To examine possible order effects, 17 lizards were

tested with the alarm call first, and the remaining 18 lizards

were tested with the song first.

(d) Variables and behavioural responses

Based on the analysis of the digital videos, we classified the

behavioural responses of the iguana into the following four

minor categories. Immobility: remaining motionless for at

least 20 s. Whole body movement: performing locomotory

movement from the original place (e.g. running away, climb-

ing up a tree, fleeing into a tree hollow). Anterior body

movement: moving the anterior body by the movement of

forelegs (e.g. push-up display: anterior body movements up

and down in a vertical plane; Jenssen 1977; Leal 1999).

Head movement: moving only the head while keeping the

body, legs and tail motionless. These four behavioural

responses were grouped into two major categories: static

(immobility) and active (whole body, anterior body and

head movements) responses.

We counted the total number of active responses for each

lizard during the 20 s periods immediately before the play-

back (baseline) and during the 20 s playback periods of

each stimulus. To examine the sensitivity of Madagascan

spiny-tailed iguanas to each stimulus, we compared the

number of active responses between a baseline period and

the subsequent playback period, and between alarm call

and song playback periods. To test the possible order effects

of the playback stimulus, we compared the number of active

responses during the baseline period between the first and

second stimuli. Because no order effect was detected (§3),

we pooled the results of all 35 lizards for the subsequent

analyses.

To determine the direction and extent of change in the

responses, we compared the number of individuals that

exhibited active responses only to alarm calls with the

number of individuals responding only to song, using

McNemar’s test (Zar 2009).

To examine temporal changes of behavioural responses to

the alarm calls, we divided the alarm call playback period and

its baseline period into four 5 s sections each. For each sec-

tion, the occurrence of the four types of active responses

was recorded, and the proportion of individuals that exhib-

ited each response was compared between the fourth

baseline section and each of the playback sections. For the
Proc. R. Soc. B (2010)
alarm call playback sections, we examined the difference in

frequency among the three active response types. The level

of statistical significance was set at 0.05, except for the

comparisons of the four responses between the fourth base-

line section and playback sections, to which Bonferroni

correction was applied (0.05/4 ¼ 0.0125).
3. RESULTS
In the cases in which alarm calls were played back first

and songs later (n ¼ 17; figure 1a), the number of active

responses increased significantly from the baseline

period to the alarm call playback period (Wilcoxon’s

signed-rank test: t ¼ 51, p ¼ 0.002). The number of

active responses during the song playback period was

not significantly larger than that during the baseline

period (t ¼ 4.50, p ¼ 0.827). The lizards responded to

the alarm call playback significantly more frequently

than to the song playback (t ¼ 62.50, p , 0.001). The

number of active responses during the baseline periods

was not significantly different between calls and songs

(t ¼ 5, p ¼ 0.617), indicating that alarm calls did not

affect the number of active responses in the subsequent

baseline period for songs.

In the cases in which songs were played back first and

alarm calls later (n ¼ 18; figure 1b), the number of active

responses increased significantly from the baseline period

to the alarm call playback period (Wilcoxon’s signed-rank

test: t ¼ 49, p ¼ 0.009), whereas the number of active

responses did not significantly increase from the baseline

period to the song playback period (t ¼ 6, p ¼ 0.663).

The lizards responded to the alarm call playback signifi-

cantly more frequently than to the song playback

(t ¼ 38.50, p ¼ 0.005). The number of active responses

during the baseline periods was not significantly different

between songs and calls (t ¼ 0.50, p ¼ 1), indicating that

songs did not affect the number of active responses in the

subsequent baseline period for alarm calls.

Because no order effect was detected, we pooled the

results of all 35 lizards. These combined data also

showed that active responses were observed significantly

more frequently during the alarm call playback than

during the song playback (t ¼ 187, p , 0.001). The

number of iguanas that exhibited active responses only

http://rspb.royalsocietypublishing.org/


Table 1. Comparisons of the number of the spine tailed

iguanas that exhibited active and static responses in
response to playback sounds. See text for detailed
descriptions of active and static responses.

playback sound alarm calls

response active static

songs active 18 0
static 14 3
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to alarm calls was significantly larger than the number

responding actively to song alone (McNemar’s test:

x2 ¼ 12.07, p , 0.001; table 1).

The proportion of individuals that exhibited the four

responses changed significantly from the fourth baseline

section to the first alarm call playback section (x2-test:

d.f. ¼ 2, x2 ¼ 25.30, p , 0.0001; figure 2). This change

was attributable to the increase of head movement

responses and the decrease of immobility. There were

no significant differences in the proportion of individuals

that exhibited the four responses between the fourth base-

line section and the second playback section (Bonferroni

correction: x2 ¼ 7.22, p ¼ 0.027), between the fourth

baseline section and the third playback section (x2 ¼

2.17, p ¼ 0.339), nor between the fourth baseline section

and the fourth playback section (x2 ¼ 5.01, p ¼ 0.081;

figure 2).

Because frequencies of anterior and whole body move-

ments during the alarm call playback sections were very

low, we combined them and compared it with the fre-

quency of head movement. The frequency of head

movements was significantly larger than the combined

frequency of anterior and whole body movements

(Wilcoxon’s signed-rank test: t ¼ 18, p ¼ 0.004;

figure 2a,b,c).
4. DISCUSSION
The results demonstrate that Madagascan spiny-tailed

iguanas are able to discriminate the alarm calls of fly-

catchers from their songs. The major response to alarm

calls was head movement, suggesting that the iguanas

enhanced their vigilance against predators. This indicates

that this non-vocal lizard has the ability to perform

semantic eavesdropping, in spite of the fact that iguanid

species have less-developed ears compared with many

other lizard families (Wever 1978; Manley 1990). This

provides a clear example of auditory information usage

by a non-vocal lizard.

Eavesdropping on heterospecific alarm calls has two

major advantages in antipredator strategies. The first

advantage relates to the characteristics of hearing. Lizards

have the ability to recognize their potential predators

based on sight and chemical cues (Bealor & Krekorian

2002; Amo et al. 2006). Sight, however, is directive and

lizards need to move their head direction frequently to

search for predators visually. In comparison, lizards can

obtain auditory information from a wide range of sources

and from a greater distance than either visual or olfactory

cues in a complex habitat. Thus, there are clear advan-

tages in using auditory cues for predator detection.

Second, eavesdropping allows individuals to detect
Proc. R. Soc. B (2010)
predators in locations that are otherwise difficult to moni-

tor (i.e. aerially). Higher numbers of vigilant individuals

increase the likelihood of spotting predators, and hetero-

specifics may be able to detect predator cues that lizards

are unable to notice. Thus, eavesdropping could provide

additional information about the presence of predators

and might enable the iguana to notice approaching

predators more quickly than they would be able to

detect predators alone.

Although some birds eavesdrop on variations in het-

erospecific mobbing alarm calls (Templeton & Greene

2007), birds generally utter similar mobbing alarm calls

in response to all predators (Klump & Shalter 1984)

and there are no obvious differences in the flycatcher’s

alarm calls among predator types (T. Mizuta 2005,

personal communication). Because of the similarity in

mobbing alarm calls, the iguana may not be able to

identify predators and evaluate the risk level on the

basis of the alarm calls alone. It should be dangerous

for prey animals to move before they evaluate their situ-

ation precisely, because prey movements can attract

predators’ attention (Ingle 1968). This may explain why

few lizards exhibited intensive antipredator responses

such as push-up display or escape, and why most lizards

instead exhibited simple head movement, which is

considered vigilance behaviour.

Furthermore, the trade-off between cost and benefit

would also explain our finding that the major response

to the alarm calls was an increase in vigilance behaviours

rather than push-up display or escape. Escape behaviour

and displays may be energetically costly and result in a

loss of time for other activities (Ydenberg & Dill 1986).

Therefore, it would be more effective for the lizard to

evaluate the situation by first increasing vigilance, and

subsequently performing escape or display behaviours

only if they are necessary to avoid predation.

In the Ankarafantsika National Park, 86 avian species

are found (Mizuta 2005a), and at least 49 of these species

are commonly observed (Hasegawa et al. 2009). Some of

these birds form mixed-species flocks and use auditory

information routinely (Eguchi et al. 1993). We occasion-

ally observed many birds mobbing their predators in the

presence of nearby iguanas, suggesting that heterospeci-

fics’ mobbing alarm calls would often be accessible to

the lizards. Considering the similarity of mobbing alarm

calls among bird species (Klump & Shalter 1984), this

high availability of alarm calls could have provided an

opportunity for evolution of the iguana’s ability to use

auditory information through eavesdropping, leading

to the establishment of an asymmetrical ecological

relationship between non-vocal lizards and birds.

Coupled with the evidence that Galapagos marine

iguanas also eavesdrop on heterospecific alarm calls

(Vitousek et al. 2007), the present study suggests the

possibility that eavesdropping on heterospecific auditory

information may be a widespread phenomenon in iguanid

lizards. Because recent evidence has suggested that hear-

ing in lizards is fairly sensitive, despite the lack of vocal

communication in most species (Manley & Köppl

2008), other lizard taxa may also use heterospecific audi-

tory information by similar eavesdropping behaviour. We

presume that the asymmetrical ecological relationship

between non-vocal lizards and some birds through infor-

mation recognition may be much more common in

http://rspb.royalsocietypublishing.org/
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animal communities. Further research with other lizard

species and taxa will be required to test this possibility.
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