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ABSTRACT

Evolution of dominant frequencies in songs of Eneopterinae crickets was studied with respect to phylogeny.

Two characters are optimized on the tree: the first describes the frequency resulting from the vibration of

the harp (Fda), and the second is due to the vibration of other tegminal areas (Fdb). Fda was found to be

relatively stable through the subfamily. Its low ancestral state is replaced by a high Fda only once, resulting

in high-frequency calling in [Cardiodactylus (Lebinthus-Agnotecous)]. A high Fdb component is added to

the low ancestral Fda in Eneoptera guyanensis, resulting in frequency modulation. The onset of high Fd

in this first subclade is accompanied by a high cladogenesis rate, which supports a hypothesis of adaptive

radiation for high frequencies. The effectiveness of high-frequency calling is discussed in relation to the

species behavior ecology.
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INTRODUCTION

Crickets are well known among acoustic insects for

the loud, pure-tone calls the males emit to attract

females at long range (Bennet-Clark 1989). These

calls are characterized by their dominant frequency

(Fd), which corresponds to the resonant frequency

of the tegminal resonator (Michelsen and Nocke

1974). Fd commonly ranges from 2 to 8 kHz (Leroy

1966) because of physical constraints due to small

size (Bennet-Clark 1998) and stridulum function-

ing (Michelsen and Nocke 1974). However some

Eneopterinae crickets are known to call with Fds of

10-15 kHz (Desutter-Grandcolas 1997a), and one
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species (Eneoptera guyanensis) produces a modu-

lated call with both a low and a high Fd (Desutter-

Grandcolas 1998).

In order to understand Fd evolution in

Eneopterinae, we apply the phylogenetic method-

ology (Brooks and McLennan 2002) to reconstruct

the patterns of evolutionary transformations for

their acoustic features (Robillard and Desutter-

Grandcolas, in prep.). We use a phylogeny recon-

structed using morpho-anatomical characters for the

whole subfamily (Robillard and Desutter-Grand-

colas 2004). Patterns of Fd evolution have been

obtained by optimizing Fd states on the phylogeny

(Robillard and Desutter-Grandcolas, in prep.).
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MATERIALS AND METHODS

39 Eneopterinae species and 6 outgroup species

were included in the phylogenetic analysis. Ingroup

taxa include 2 mute species and 37 acoustic species.

Acoustic properties are presently documented

for 24 of these 37 species and we demonstrated

that they are representative of the acoustic diver-

sity of the whole subfamily (Robillard and Desutter-

Grandcolas 2004).

Two characters have been defined to describe

Fd diversity. The first character (Fda) concerns the

frequency corresponding to the vibrations of the

usual cricket resonator, i.e. the harp (Michelsen and

Nocke 1974). This is a continuous character, which

states can be delimited according to natural gaps in

the data (Stevens 1991): Fda ranging between 3 and

7.9 kHz (state 0), equal to 9.9 kHz (state 1), ranging

between 12.2 and 16 kHz (state 2). The second char-

acter (Fdb) describes the presence of an additional

frequency component resulting from the vibration of

another forewing area (Desutter-Grandcolas 1998).

This is a binary character corresponding to the pres-

ence (state 1) or absence (state 0) of an additional

frequency.

RESULTS AND DISCUSSION

The resulting phylogenetic pattern shows that Fda

is relatively stable through the whole clade. Ances-

trally, Fda ranges from 3 to 7.9 kHz (state 0). It

has been modified only once, with the occurrence

of high Fd (state 2) in the clade [Cardiodactylus

(Lebinthus-Agnotecous)]. High Fd replaces low Fd,

resulting in high-frequency calling songs, with a

subsequent slight decrease (state 2 > state 1) in one

species (Agnotecous sarramea).

This pattern of Fda transformations suggests

that Fda evolved abruptly from low to high values. It

does not support a hypothesis of progressive change

since the only intermediary Fda value (state 1) oc-

curs apically, and not as an intermediary state.

In Eneoptera guyanensis, the pattern of fre-

quency change is different: a high Fdb component

is added to the low ancestral Fda, resulting in fre-

quency modulation.

Observation of cladogenesis rates shows that

the onset of high Fda in [Cardiodactylus (Lebinthus-

Agnotecous)] is accompanied by a high cladogenesis

rate, supporting a hypothesis of adaptive radiation

for high-frequency calling (phylogeny criterion of

adaptation) (Grandcolas and D’Haese 2003). High

Fda could be hypothesized as being a key innovation

for an adaptive radiation involving a specialization

toward high-frequency calling.

What could be the selective value of high-

frequency calling in the natural environment (se-

lection criterion of adaptation; Grandcolas and

D’Haese 2003)? High frequencies are particularly

problematical for long-range communication (espe-

cially for forest-living species) because of the in-

creased attenuation of high frequencies (Marten et

al. 1977, Wiley and Richards 1978, Römer 1993).

Species that use high-frequency calling may

have evolved behaviors to compensate for the range

problems with using high-frequency calls. For ex-

ample, if Lebinthus and Agnotecous species forage

in leaf litter, males perch on high positions while

singing (Desutter-Grandcolas 1997b). Perching has

been shown to favor song range in various acoustic

insects (Forrest 1982, Walker and Whitesell 1982).

In the same way, it could represent here a compen-

satory behavior for high-frequency calling. Other

traits of behavioral ecology, like population struc-

ture or fine-scale habitats could also compensate the

low effective range of these calls by keeping poten-

tial receivers in the immediate vicinity of emitting

males. High-frequency calls could thus be effec-

tive communication signals whatever their acoustic

properties.

CONCLUSION

Fda is relatively stable through the Eneopterinae

subfamily. It ancestrally ranges from 3 to 7.9 kHz

and has been modified only once, resulting in high-

frequency calling. The pattern of transformation of

Fda does not support a hypothesis of progressivity;
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instead Fda evolved abruptly from low to high values

in [Cardiodactylus (Lebinthus-Agnotecous)], with a

subsequent slight decrease in Agnotecous sarramea.

Further, in Eneoptera guyanensis, frequency modu-

lation appeared by the addition of a high Fdb com-

ponent to the low ancestral Fda.

An adaptive radiation for high-frequency call-

ing is hypothesized in [Cardiodactylus (Lebinthus-

Agnotecous)]. Further, it may be associated with

compensatory behavior, such as perching, to permit

the propagation of high frequencies in the natural

environment of the species.
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RESUMO

A evolução das freqüências dominantes no canto dos gri-

los Eneopterinae foi estudada em relação à sua filogenia.

Dois caracteres são otimizados na árvore filogenética, o

primeiro corresponde às freqüências de vibração da harpa

(Fda) e o segundo é devido à vibração das outras áreas

tegminais (Fdb). Fda mostrou-se ser relativamente es-

tável na sub-família. Seu estado ancestral, de valor baixo,

é mudado uma única vez para um valor alto, respon-

sável pelos sons agudos em [Cardiodactylus (Lebinthus-

Agnotecous)]. Um componente agudo Fdb é adicionado

ao grave ancestral Fda em Eneoptera guyanensis, pro-

duzindo uma modulação de freqüência. O aparecimento

de altos valores de Fd neste primeiro grupo é acompa-

nhado por uma taxa alta de cladogênese, o que sustenta

a hipótese de radiação adaptativa para altas freqüências

sonoras. A eficiência dos sons agudos é discutida em re-

lação à ecologia comportamental das espécies.

Palavras-chave: comunicação acústica, adaptação, cla-

dogênese, Ensifera, padrões evolutivos, filogenia.
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