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ABSTRACT

Acoustic communication s essentinl in cnicket baclogy, bemng related 1o mating behavior. Current hypotheses on the
evalution of acoustic communication in erickets consider that singing is ancestral in crickets, and that it has been lost several
times in different cricket lincages. According 1o studies of cricket populations, it has also been hypothesized that the loss of
acoustic communication could have occurred following a progressive transformation series. Similarly, i1 has been assumed
that several fisctors coubd have influenced that evolation, such as predation pressure, low efficiency of acoustic commumnication
due to poor envirenmental conditions, an evolutionary shafl toward another mode of commumication, populateon structure o
habatat of the taxa, | present a phivlogenetic test of this model. Song charnctenstics were optimazed onto the phylogenclic trees
for two clades of ericket (Grylloidea, Phalangopsidae) and the resultant phylogenetic patterns compared with the theoretical
paltems implied by the pre-existing hypotheses. My siudy produced foar main results: (1) multiple and convergent absences of
sangs oocurted; (2) no linear and progressive transformation series toward complete song loss was found, (3) the polarization
of the presencefabsence of songs was nol always in the sequence predicied by the model, (4) reversals from song lack to song
presence were documented. Such reversals have never been hypothesized before, and the acoustic evolution of crickets
appeared highly homoplastic. Phylogenetic analvses showed that factors such as predstion pressure, population structure, €1c.,
cannol be charncterized on the basis of their definite evolutionary effect on acoustic communacation: consequently previous
hvpotheses on their possible influence on cricket evolution connod be tested. Although many papers have been written on
acouslic communication in crickets, no clear and general hypothesis yet exists for its origin and evolution. Integrated stodics
of both phvlogeny and population heology are badly needed to generalize the results presented in this paper, and to support
e Inpotheses an the subgect.

RESUME
La communication acoustique chez les Grillons : un modéle d'évolution régressive testé a Paide de la phylogenie
La communication acoustique occupe une place importante dans la biologee des grillons, principalement dans le contexte de
b reprodisction. Les hypothéses classiques sur I'évolution acoustique des grillons considénent que ce mode de communication
leurr st ancestral, et qu'il a éié perdu au cours de 1'évolution & de multiples reprises et de maniére indépendante. A partie
d'études de populations, un modéle d'évolution a ainsi é1¢ propasé, selon lequel In communicalion acoustique aurnit été
perdue & plusieurs reprises de maniére progressive, suivanl des éapes bien définies. Pareillement, des hypotheses ond <

émises sur bes facteurs swsceplibles d'influencer 1"évolition acoustique chez les grillons (prédation, ellicacite de ce mode de
commamumication dans le milien ambiant, habitaf, strscture des popualations, évolution vers un autre mode de communicalon .

DesuUTER-Grasmootas, L., 1997 — Acoushic commukication in -.Til.'lv.uﬂ_:l -r{':ﬂl_mptﬂrl'_ Grylloidea) A model 1J-I'
regressive evolution revisited using phvlogeny. fn: Graxpoolas, P (ed.), The Origin of Biodiveraity 1n Insects: Phylogenchic
Tests of Evalutionary Scenarios. Meém. Afus. pate, Hist. mar., 173 : 183-202. Paris ISBN © 2-83633.308-9
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184 L. DESUTTER-GRANDOOLAS - ACGQUSTIC COMMUNTCATION IN CRICKETS

Un test phylogénétique de ces hypothéses est présenté, & partir des analyses phylogénctiques de deux clades de gnllons
{Girylloiden, Phalangopsidas). Les patterns phylogénétiques obtemus par optimisation des chants sur la phylogénie de ces deux
Clades sont companés aux pattemns théoriques dénvés des nypothéses testées. [ hypothése de convergences pour 1"absence de
chants el confirmée par 'analvse phylogénétique ; la progressivité des peries n'esi cependant pas commoborde, e la
polansation des absences o présences des chants n'est pas forcdment celle prédite par be modéle. Des réversions sont par
conlre documentées, ce qui n'avail jamais éié envisagd auparavan!, L'évolution acoustique apparait fmalement fortement
hamoplasique cher kes gnllons. Les analyses phylogénétiques montrend dgalement que les facieurs bels gue prddation,
srocture de populations, ..., ne peuvent pas ére caraclénsés les uns par rapport sux autres par leur effet supposé sur la
COmmunication acoustique : les hypothéses évolulives proposées 4 leur sujel ne somt pas exclusives, ¢l ne peuvent dans leur
forme sciuelle se préter & une procédure de test Bien que la communication acoustique des grillons ait fait 'obger de
nombreuses dudes, aucune hypothése claire n'existe acluellement sur son origine of ses modalités d"évolution. Des étusdes
conjointes en phylogénic et en biologie des populations seront ains: nécessaires d"une pan pour pénéraliser les résultats déja
oblenus sur les Phalangopsidae, et d'sutre part pour proposer de nouvelles hypothéses sur la question.

INTRODUCTION

Acoustic communication plays a leading role in cricket biology, In most species it is
associated with mating. Songs are emitted by males only (Fig. 1), either to attract distant females
(calling songs), to attract and keep the females at close range (courting songs) or to chase male
intruders (aggressive songs) (CHOPARD, 1938, HUBER er al, 1989). Singing is achieved by
means of a special forewing apparatus called the stridulum (Figs 2-8). This apparatus is complex,
both regarding its structure and its operative mode (MICHELSEN & NOCKE, 1974; SISMONDO,
1979, KOCH ef al., 1988; BENNET-CLARK, 1989, DESUTTER-GRANDCOLAS, 1995a), and it is
widely and exclusively distributed in crickets. It is thus currently considered ancestral in this
clade (ALEXANDER, 1962, 1967; OTTE, 1977, 1992; WALKER & MASAKI, 1989).

The question of how acoustic behavior has evolved in crickets has long been debated.
ALEXANDER (1962, 1967, 1987) postulated that originally cricket songs were similar to courting
songs, emitted at close range. The subsequent evolution of acoustic communication in crickets
would have been achieved by the diversification of the emitted signals, which would have been
driven by two factors: the growing number of potentially interacting acoustically signaling
species (each species being characterized by at least its calling song), and an increase in the
number of functions for the signals. ALEXANDER (op. cit.) thus assumed that the calling song
derived from the courting song, and the aggressive song from the calling song (see also BAILEY,
1991) . “The only soft, close-proximity signals among modern crickets are courtship sounds, and
it is likely that this reproductive context was the one in which the first cricket chirp was
produced. All the other signals are probably outgrowths of this fundamental situation”
(ALEXANDER, 1987: B4).

The acknowledgment that not all crickets are able to sing (Figs 3, 6, 8) has led other
authors to consider that singing may have been lost many times in crckets. This evolution
toward muteness has been hypothesized to follow several steps based upon the life habits of
extant species (OTTE, 1977, 1990, 1992; WALKER & Masakl, 1989, BAILEY, 1991). These
steps, outlined in figure 9, include: 1) Ancestrally, species sang and had three song types. 2) In
some circumstances, the calling song may have become facultative, singing and non-singing
(satellite) males living in close proximity. 3) The calling song was definitively lost, but courting
and aggressive songs still existed. 4) Species became mute, even though they still retained the
stridulum. 5) The stridulum was finally lost. This loss may or may not have been followed by the
loss of auditory organs (OTTE, 1990).
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CALLING SONG

A —

isolated &

COURTING SONG

AGGRESSIVE SONG

Fia. 1. — The three main songs emitted during mating by crickets (modified from LoHER & Dasmact, 1989). Sonagrams of
the songs i frimes

Current hypotheses on the acoustic evolution in crickets thus assume that 1) songs have
evolved progressively from the courtship song, 2) the ancestral stridulum and songs have been
lost several times in different cricket lineages, and 3) both the loss of the stridulum and that of
the songs have been achieved according to a definite and linear transformation series. No reversal
of this gradual song loss has ever been hypothesized. In order to analyze the evolution of
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acoustic communication in crickets, it is necessary to consider separately the evolution of the
stridulum and that of the acoustic repertoire. Although these traits are obviously connected (in
crickets, song s.5fr. is only emitted by the stridulum), there exists no obligatory correspondence
between definite states of the stridulum and the extent of acoustic repertoires (OTTE, 1977,
1992).

Hypotheses of stridulum loss have been tested in a phylogenetic context (DESUTTER-
GRANDCOLAS, 1997). Phylogenetic patterns support the hypothesis of a convergent loss of the
stridulum, They did not support, however, the progressive disappearance of the stridulum: a
functional stridulum could be lost in only one evolutionary step, without intermediary conditions.
A high level of homoplasy was also documented for diverse stridulum types, and phylogenetic
patterns indicate that reversal could occur. Finally the stndulum appeared evolutionarily labile,

I will consider here the hypotheses about the evolution of the cricket songs. 1 will not
however analyze whether courting 1s the ancestral song type in crickets, as this would have to be
tested at a higher phylogenetic level. Supposing that the ancestral acoustic repertoire of true
¢nickets comprises a calling, a courting and an apgressive songs, current assumptions on their
acoustic evolution could be described by a definite sequence of song combinations (Fig. 9). This
sequence implies that the loss of the songs is ordered, the calling song disappearing first,
followed by the courting and the aggressive songs. Given this only three of the eight possible
combinations of the three songs should exist (Fig. 10). Again no reversal is hypothesized. Here |
will perform phylogenetic tests of these theoretical patterns and ask if song loss is the only
possible evolutionary change in the acoustic evolution of crickets.

Dealing with the patterns of acoustic evolution in crickets, one cannot help asking which
factors may have influenced it. Four factors have been hypothesized to have played a role in the
evolutionary reduction of cricket acoustic repertoire (HUBER er af, 1989; OTTE, 1992). Is it
possible first to characterize the potential influence of each factor, and second to test it using
phylogeny? The first, and most strongly advocated factor is predation. Both parasites and
predators are supposed to be attracted by calling individuals, thereby influencing long range
signals (CADE, 1975; BURK, 1982; THORNHILL & ALCOCK, 1983; BAILEY, 1991). For crickets,
this means that the calling song could be affected, but not the courting or the aggressive songs,
which are emitted at short range The second factor is the environment, in particular the
environment’s effect on the efficiency of acoustic signal transmission (ROMER, 1993),
Communication occurs between a sender(s) and a receiver(s). Efficient communication allows
the receiver(s) to know who calls, what for and from where. Physical problems in sound
propagation in the natural environment may alter the information conveyed by acoustic signals,
especially for pure-tone signals such as cricket calls (MICHELSEN & NoCKE, 1974: ROMER &
LEWALD, 1992 in ROMER, 1993). Acoustic signals emitted simultaneously can also mask each
other (ROMER, 1993). Finally some environments have been supposed unfavorable for acoustic
communication because of their physical properties or because of their noisiness (for example
caves or shores, respectively: OTIE, 1992). Environmental constraints are thus more likely to
interfere with long range signals (ROMER, op. cit) than with short range signaling. Population
structure and habitat have been hypothesized to influence song loss via sedentariness (WALKER,
1974) or confinement (BOAKE, 1984a, b), respectively (see also ALEXANDER, 1962). The idea is
that individuals that stay together can find each other by chance without any special attractant
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Fios 2-8. — Dhversaty of tegmanal structures in phalangopsad enickets. 1@ Noctivar saucheri { Amphiscusise), with a normally
developed, non comeous stridulum. 3: Praeaphilaceis sp., with tegmina modified for communacation throwgh air pufls
(Dasmac & LicHTENSTER, 1978). 4: Luzarida ganvara (Lazaride group), with a normally developed stndulum, buat a
comeous right legmen. 5: Paragrylfodes sp., with a reduced, though functional stridulum. 6: Cantrallfa feasteca
{Amphiscustae), with non overlapping tegmina and no functional sarnsdulum. 7: Lagaridella clang (Lazanida group),
with an incomplete siridulum and a comeous night legmen. 8 Erdmanocris multispinosa, with deeply modified
tegmina probably showing glandular structures (DesuTTer-Granpooias, 1994b). Stndulum: F, file, H, harpe M,

mimes. Scales I man
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158 L. DESUTTER-GRANDCOLAS - ACOUSTIC COMMUNICATION IN CRICKETS

CURRENT MODEL FOR ACOUSTIC EVOLUTION IN CRICKETS

1/ Ancestral condition: 3 song types {calling, courding, aggressive song)
2/ Multiple, independent losses

3 Several definite steps toward muteness

Calling song facultative (satellite males) (call.” court. aggr.)
Calling song lost (- court. aggr.)
Other songs lost (- - -}
Stridulum (+/-auditory organs) lost

4/ No reversal hypothesized

Fig. % — Cuarrent madel on the evolution of acoustic commuamcation in crickets {references in the text)

SONG COMBINATIONS PREDICTED BY THE TESTED MODEL
17 Call. Court. Aggr.
2f - Court. Aggr.
3 - e

SONG COMBINATIONS NOT PREDICTED BY THE TESTED MODEL

4/ Call. Court. -
& Call, - Aggr.

G/ Call, - E
Tl . Counn. -
8l - - Aggr.

Fia. 1. — List of song combanations that could exist in crickets. Names of songs: Call.: calling song; Courl: couming song.
Agor apprestive song (refercsoes in the tex)

signal. Here again the long-range signal would be lost. The fourth factor that has been
hypothesized to influence song evolution is the evolutionary shift toward another communication
made. Chemical (OTTE, 1977, 1992) and visual (TOMS, 1986; BAILEY, 1991) shifts have been
proposed as replacement communication systems. Vibrational communication has also been
recorded in crickets (LOHER & DAMBACH, 1989), however there is currently no suggestion that
it replaced acoustics. Chemical and visual signals are efficient at both long and short range, visual
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FACTORS CURRENTLY HYPOTHESIZED TO BE RESPONSIBLE FOR ACOUSTIC
EVOLUTION OF CRICKETS, AMD THE SONG REPERTOIRE THEY IMPLY

1/ Predation: (Call. Court. Aggr.) » (- Court. Agar )

2/ Inefficiency of acoustic communication: (Call. Court Aggr.) » (- Court. Aggr.)
3/ Population structure / Habitat - (Call. Court Aggr.) » (- Court. Aggr.)

4/ Shift toward another communication mode

Al At long range only © (Call Court Aggr) » (- Court. Agagr.)

Bf At long range, and at short range between M/F and M/M: (Call. Court Aggr) = (- - -)
Cf At long range, and at shor range batween MM: (Call. Court. Aggr.) » (- Court -)

D At long range, and at short range between M/F: (Call. Count. Aggr.) » (- - Aggr )

E/ At short range between MIF: (Call. Court. Aggr.) = (Call. - Aggr.)

Fi At short range between M/M: (Call Court Aggr.) » (Call. Court, =)

Gf At short range betwean MF and MM: (Call Court. Aggr.) = (Call_ - -)

Fia. 11. — Current hypotheses on the factors that could have influenced the acoustic evolution of cnickels (references in the
1t}

cues being efficient only in daylight. At long range, these signals would replace the calling song.
At short range, they could play a role in interactions between male and female and replace the
courting song, or between males only and replace the aggressive song, or in both kinds of
interactions, replacing both the courting and aggressive songs. Operating over both long and
short ranges, these signals could potentially replace all types of songs.

Figure 11 shows the different song combinations that would result from the influence of
each factor on the evolution of acoustic communication in crickets. It is clear that these factors
are not mutually exclusive, and that a given sequence of songs 15 predicted by more than one
factor. For example, the loss of the calling song is expected from the influence of predation,
inefficiency of acoustic communication, population structure, habitat type or a shift toward
another long range communication mode. This overlap precludes a test of the influence of these
factors. Some song combinations, however, appear specific of one factor.

I present here a phylogenetic test of current hypotheses on the modalities of the acoustic
evolution in crickets, and on the factors that could have influenced it. For this I will confront the
theoretical patterns these hypotheses imply with the results of my phylogenetic analyses on two
monophyletic cricket clades, the Amphiacustac and the Lwzarida group (Grylloidea,
Phalangopsidae). In each clade the optimization of song types onto the phylogeny allows me to
derive evolutionary scenarios on the acoustic evolution of the clade. These scenarios may or may
not fit the theoretical patterns and may or may not corroborate the hypotheses under study
(CODDNGTON, 1990; CARPENTER, 1989; Brooxs & MCLENNAN, 1991, MCLENNAN, 1991,
GRANDCOLAS ef @, 1994). For practical reasons, the hypotheses on the factors will be analyzed
using the Amphiacustae clade only.
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MATERIAL AND METHODS

Two manophvletic groups of phalangopsid enickets (Grylloidea, Phalangopsidae) were usad in this stsdy: the
Amphiscusiae (DESUTTER-GRANDCOLAS, 19934, 1994a) and the Lezaride group (DESUTTER-GRANDOOLAS, 1993b) Their
phylogeny has been previously analyzed with cladistics, using Wagner parsimony and the option implicit enumerntion of the
Hennig® program (Fazgis, 1988). Data matrices were built with unweighted morphological and anatomical characters, multi-
sinfe chameclers were codded as non additive. Mo song characters were then included in the matrces because of the lock of
evident pamary homalogies (D8 Pooa, 1991 Grasmcoias ef all, 1994,

For the present paper, song data were collected from the literature and from my own personal observations in the field
They were trested as abiributes (MickevicH & WeLLER, 198%9) and optimized on the cladogrmms using Wagner parsamaony.
Exch song was treated os one attribute, with two possible states (present/absent). Three attnbutes were considerad: calling
soig (Call ), courting <ong (Couart. ) and aggressive song [ Aggr.)

The Amphiacustac (Figs 12, 14) compnse nine genern distnbuted in Central America and the West Indies. Cladistic
amalvees of mampho-anatomical chareeters resulted in one phylogenstic wee (C1 = 0002, BRI = 0,95, I8 steps) (DESUTTER-
Granpoolas, 1993, 1994d4a), Twoe mosophyletic species proaps exist in the genus Mavagrvllne: one group (Mayegelius 1)
presents B legming, thal is mo scoustic apparatins, the other (Mnagadlue 2) inclodes two aplerous species (o strdulum ) and
one species with reduced, not comeous tegmina and a fanctional strdulum. Songs have been described by ALEXANDER &
Or1E (1967) for Amphiccsie and Boake (1983, 1984a, b) for Nemoricantor. | have chserved Noctivor and Contraliia in their
natural habiat. Arachmopsita, Lepiopedetes and Mayagrvllus p.p. have tegminal conditions that do not allow them o sing
(DesuTTiR-GRaxpooias, 1993a, 1996). No data exist on Lomguripes, Prolongwripes and Meayvagrifius pp.

The Lwzarida group (Figs 13-15) comprises mne genera distnbuted in the northern hall of South Amenica, cast of the
Andes. Cladistic analyvses of mospho-anatomical characters resulted in one, incompletely resolved tree (CI = (080, R1 = (.86,
20 siepa) (Desummer-Granpoolas, 1993k, All available data on the singing behavier of the Liezarde group tnxa (excepl
Falpigera, the song of which is unknewn) resali from my oon personal observalions in the field.

RESULTS
The Amphiacusiae

Song evolution. The states of the attnibutes are at least partly documented in 7 of the 9
genera of the Amphiacustae, and a complete series of attributes states is available for 5 of them
(plus Mayagryllus p.p.). Acoustic communication has been completely described for 2 taxa
{(Amphiacusia, Nemoricanior), it is absent in 3 others (Cantrallia, Lepiopedetes, Arachnopsiia),
plus Mavagrylfus p.p. Mapping song attnibutes onto the cladogram (Fig. 14) shows that the three
song types are not obligatonly present in any singing taxa (although they could be in Nociivox).
Amphiacusta has no aggressive song, while it has a calling and a courting song. Nemoricanior on
the contrary has only a courting and an aggressive song, but no calling song. The combinations
of attributes states found in the Amphiacustae are (Call. Court. =), (Call. Court. Aggr ), (Call.
Court. 7) and (- - - ). All these combinations are predicted by the model depicted in Figure 9,
except for (Call. Court, -). Also their distribution on the phylogeny of the Amphiacustae does not
suppor the hypothesis of a linear transformation toward the loss of acoustic communication,

The scenanos denved for each attribute are as follows:

Calling song (Fig. 16). Three equally parsimonious scenarios exist, with two steps each.
A) Caling song 1s ancestral; it is lost twice independently in Canfrallia and in the clade
[Lepropedetes - Mayvagrvllus).

B) Absence of calling song is ancestral; a calling song appears once in [Amphiacusta (Nociivox -
Camirallia)], and one subsequent reversal to ancestral condition occurs in Cantrallia.

C}) Absence of calling song is ancestral, two independent appearances of a calling song occur in
Amphiacusia and Noctivox,

Courting song (Fig. 17). Four equally parsimonious scenarios exist, with 3 steps each
A) Courting song is ancestral, three independent losses of courting song occur in Canirallia,
Leptopederes and in the subgroup [Arachnopsita - Mayvagrylius).
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T

e

12 # s -

Figs 12-13. — 12: Necwivar sarchesi Desuller-Cirandeolas, 1993a (Amphiscustac), scale: 5 mm. Mote the well-developed
sindulum. 13: Oelmapertres oirel Desutter-Grandoolas, 19930 (Lunerida group), scale: | mm. Males in dorsal view,
modified from DEsUTTER-GRasneoias, 1993, 1993k Mote the conastency of iegmina and the type of stradulum
(right tegrmen with a sindalatany file only)

B) Courting song is ancestral; the courting song is lost twice independently in Canirallia and in
the clade [Lepropederes - Mayagrylfus], and one subsequent reversal occurs in Nemaoricanior

C) Absence of courting song is ancestral; a courting song appears twice independently in

191



192 L. DESUTTER-GRANDCOLAS - ACOUSTIC COMMUNICATION IN CRICKETS

Call. Cour. Aggr

Amphiacusta ...... + + -
Noclivox ............ + + 7
Cantraliia - -
Leptopedetes - -
Nemoricantor ... = + +
Arachnopsita ... - = -
Longuripes ....... ? 7 ?
Prolonguripes ... 7 7 7
Mayagryllus 7 ...... - - .
Mayagryllus 2 ... -I? -7 -7

Fig. 14, — Phylogeny and song attnbutes in the Amphiacustae (Grylloiden, Phalangopsidse) Symbols for attnbutes:
+: presence, - absenes; T state unknown,

Call. Court. Aggr

Luzands ........... * 7 2
Luzandela ... - + 2
Acanloluzarida .. -

Leptopsis ... - -
Paipigera .......... 7 7 ?
Melanotes ......... + + >
Allochrates ... . > 2
Tefragonia ......... - a 9
Ochrapertes ..... - 7 2

Fio. 15 — Phvlopeny and song sitributes in the Luzorids group (Grvllodea, Phalangopsidee). Symbols for attribates:
+: presence, - absence, T siate unknown.
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Nemoricantor and in the clade [Amphiacusta (Noctivox - ( ‘antrallia)], and one subsequent
reversal to ancestral state occurs in Canrrallia,

D) Absence of courting song is ancestral, three independent appearances of a courting song
occur in Amphiacusta, Noctivox and Nemoricantor

Aggressive song (Fig. 18). Only one most parsimonious scenario has been found (1 step).
It implies an ancestral absence of the aggressive song and its subsequent appearance in
Nemoricantor.

A combined analysis of all three attributes shows that 12 equally parsimonious scenarios (6
steps) could explain the present distribution of song types in the Amphiacustae (Fig. 19). The
ancestral repertoire is ambiguous: it may comprise a courting or a calling song, both songs or
neither, the aggressive song is ancestrally absent in all 12 cases.

All the scenarios show convergent modifications of the calling song, the courting song or
both: the songs appear or disappear, according to the ancestral condition, in two or more taxa.
For example, when the calling song is ancestrally absent, the scenarios always imply subsequent
appearances of the calling song (Figs 19C - F, I - L); a similar situation occurs for the courting
song (Figs 19G - L). Conversely, when the calling song (or the courting song) is ancestral in
Amphiacustae, several convergent losses occur.

Factars of song evolution. Comparison with the theoretical song combinations (Figs 10-
['1) shows that only three of them exist in the Amphiacustae: (- Court. Ager.) in Nemoricanior,
(- = =) in Cantrallia, Leptopederes, Arachnopsita and Mayagryllus p.p., and (Call. Court. -) in
Amphiacusta. These could support a potential effect of the following factors: predation,
inefficient acoustic communication, population structure, habitat, evolution toward a pheromonal
communication between males and females both at long and close range, and evolution toward a
pheromonal communication between males at close range. One should remark however that
these factors have always been supposed to have interfered with an ancestral song combination
compnising all three song (Call. Court. Aggr ). Such an ancestral song combination is however
not attested for the Amphiacustae, as the Amphiacustae ancestrally lack an aggressive song. This
means that none of the evolutionary sequence hypothesized to test the influence of currently
invoked factors is found in this group, and that no current hypothesis can account for present
data on this clade.

fhe Luzarida group

Song attributes are not as well known in the Luzarida group as in the Amphiacustae,
especially for the courting and the aggressive songs (Fig. 15): these attnbutes are known in four
and two taxa respectively, two of them being deprived of a stridulum. A complete description of
the attributes is thus available only for those non acoustic taxa (combination - - -). Other
incomplete combinations are (Call. Court. 7), (- Court. 7), (Call. 7 7) and (- 7 7). These
combinations are not incompatible with the tested model of the evolution of acoustic
communication in crickets. According to available data, scenarios could be denived only for the
calling and the courting songs.

Calling song (Fig. 20). Only one most parsimonious scenario (2 steps) exists. It implies an
ancestral absence of the calling song, and two subsequent, independent appearances in Luzarida
and in Melanores.
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A Am B Am G e _Am
No No .5 No
o’ Ca ® o Ca Ca
Le Le Le
= Ne B Ne “ MNe
0 Ar Ar Ar
Lo Lo Lo
Pr Pr Pr
Ma 1 Ma 1 ha 1
Ma 2 Ma 2 Ma 2

Fig. 16, — Equally parsimonicus scenanios for the evelution of the calling song in the Amphiscustae. Symboels: black carcle:
presence, emply circle: absence; theck line: eveluiionary chanpe. Mames of taxa: Am: Asgphifacusia, Ar drochnopribe,
Ca: Comirallia, Le: Leplopedeies, Lo Lomguripes, Mo 1, 25 Mavageellus (1, 2, Me: Nemoricanfor, Moo Mechivax, Pr.
Prolongunpes

Am B Am " Am
Mo No o Mo
Ca Ca Ca
Le Le n Le
Ne Ne n’ Ne
Ar Arx Ar
Lo Lo Lo
Pr Fr Fr
Ma 1 Mat Ma 1
Ma 2 Ma 2 Ma 2 Ma 2

Fic. 17, — Equally parsimonious scenarios for the evalution of the courting song in the Amphiacustae. Symbols: black square:
peesmnoe, emply square: absence;, thick line: evolulionary change, Names of taxa as in figure 12,

Courting song (Fig. 2i). Three equally parsimonious scenarios (2 steps) are possible
A) Courting song is ancestral, it disappears twice independently in Lepfopsis and in
Acamoluzarida,
B) Courting song 1s ancestral; it is lost in the clade [Luzarida - Lepiopsis]. A subsequent reversal
acours in Luzarida.
() Absence of courting song is ancestral, a courting song appears twice independently in
Luzaridella and in Melanores.

The combined analysis of the calling and courting songs (Fig. 22) shows that 3 equally
parsimonious scenarios exist for the acoustic evolution of the Luzarida group. They all have 4
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Fio. 18. — Parsimonious scenario for the evelution of the aggressive song in the Amphincustne. Svmbols: black triangle:
presence, cmpty triangle: absence, thick line: evolutionary change. Names of taxa as in figure 16

steps and imply convergent changes of the calling song and, for two of them, of the courting
song too. The ancestral condition is absence of calling song, and presence or absence of courting
song. It should be noted that in all these scenarios the ancestrally absent calling song reappeared
twice independently, which does not corroborate the tested model.

DISCUSSION
What is the pattern of the evolution of acoustic comnunication in crickeis?

Even if acoustic behavior is still incompletely known in the Amphiacustae and in the
Luzarida group, the phylogenetic analyses of the available songs parntly invalidate current
proposals on the acoustic evolution of crickets. As already indicated above, the only hypothesis
which cannot be tested with these data is whether the courting song is the ancestral song for
crickets (ALEXANDER, 1967, BAILEY, 1991). However a courting song exists in all the taxa
which emit acoustic signals, while calling and aggressive songs may be absent.

I will consider the following questions in turn: are song losses documented? Are the
observed song combinations similar to those predicted by the model? Is the hypothesis of a linear

(regressive) transformation of acoustic repertoire attested by the phylogenetic patterns?
Songs are lacking in several taxa in the studied clades This lack may concern the whole

three songs (mute taxa) or only one of them. The missing song is then either the calling song
(Nemaoricanior in the Amphiacustae, Luzaridella in the Luzaride group) or the aggressive song
(Amphiacusia in the Amphiacustae). Both the absence of the calling song and the taxa muteness
could support the model of a regressive evolution of cricket acoustic repertoire (Fig. 9). The
absence of the aggressive song is however not consistent with it. Also the polanzation of song
absence according to phylogenetic patterns suggests that a song absence in a taxon does not
necessarily mean that the song has been lost in that taxon. Song lack may be ancestral to a whole
clade. This means that song lack can be apomorphic or plesiomorphic, and this also i1s not
consistent with the model.

Crorrer - MAAHY Pang



194 .. DESUTTER-GRANDCLAS « AORUSTIE COMMUNICATION IN CRICKETS

Am
No
Ca
Le
Me

Lo
Pr
Ma1
Ma 2

Am
No
Ca
Le

Me
Ar
Lo
Pr
Ma 1

Ma 2

Fia. 19. — Equally parsimonsous scenarios for the evalution of singing ability in the Amphiscustse. Symbols as in figures 16-
|8; ancestral states of attributes indicated in a frame. Names of taxa as in figure 16

The song combinations assumed by the model shown in Figure 10 include (Call
Court. Aggr.) as the ancestral condition, with (- Court. Aggr.) and (- - -) as derived conditions
The last two combinations have been documented here. As mentioned above, however, the
combination (Call. Court. Aggr.) does not represent the ancestral condition in the swudied
groups: the Amphiacustae ancestrally lack an aggressive song, while the Luzarida group is
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Fia. 20, — Parsimonious scenatio for the evolution of the calling song in the Luzaridy group. Symbols: back circle presence,

empty circle: absence; thick line: evolutionary change. Names of the taxa: Ac: Aeamtaluzarida, Al Allochraies, Le:
Leptopsis, Ld: Luzarida, LI Luzaridella, Me Melanotes, Oc: Ochraperites, Po Palpigera, Te: Tetragonia

A Ld B m, . Ld C =, Ld
LI LI LI
o~ Ac [w] Ac A

= o LE | | Le o Le
Pa Pa Pa
Me Me Me

Al Al Al

Te Te = Te

Oc Oc

Fro. 21. — Equally parsimonious scenarios for the evolution of the courting song in the Luzeride group. Symbols black
square: presence, cmply aquare: ahsence, thick I evoluitonany change, Names of taxa as in figure 20

Ld C s ® . Ld

LI e Ll

Ac Ac
Le Le
Pa Pa
Me ke
Al Al
Te = Te
Oc

Fia. 22, — Equally parsimomous scenarios for the evolution of the singing ability in the Lazaride group. Symbols as in
figures 20-21; ancestral states of attributes indicated in a frame. Nomes of taxa s in figure 20
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ancestrally deprived of a calling song, If the combination (Call. Court. Ager.) was 1o occur in
these clades, owing to additional data for presently unstudied taxa, it would consequently
constitute a derived condition. Moreover, the combination (Call. Court. -), which characterizes
Amphiacusta, is not predicted by the model. Again the current model on the acoustic evolution
of crickets is only partly supported and is unable to explain the observed situation. Similarly,
none of the phylogenetic patterns presented here is congruent with the theoretical patterns of
figure 9, which means that the hypothesis of a linear loss of the songs is not supported by either
the Amphiacustae or the Luzarida group case studies.

The fact that current hypotheses on the acoustic evolution of crickets are not supported by
the phvlogenetic analyses of the presence/absence of the songs, means that this evolution cannot
be summarized as mere multiple, progressive losses of songs. The phylogenetic analyses show
that neither the song combinations nor the polarization of character changes are only those
predicted by the model: other possibilities are documented, while some of those predicted by the
model are not supported. Phylogenetic patterns also suggest additional aspects of song evolution
in crickets that have never been expected before First, reversals may occur. For example a song
which was ancestrally lacking in a cricket clade could reappear in a subclade. Such is the case for
the calling song in Luzarida and Melanotes in the Luzarida group. Also convergent changes are
common in cricket clades, and there is no obligatory series between the possible song
combinations. Similar conclusions were drawn from phylogenetic analyses of stridulum evolution
(DESUTTER-GRANDCOLAS, 1998)

The complexity of the phvlogenetic patterns that described the evolution of song and
stridulum in the studied cricket clades is not a unique phenomenon. Many authors have re-
examined evolutionary hypotheses in a phylogenetic framework and documented complex
phylogenetic patterns, among which reversals are far from being unusual (ANDERSEN, 1979,
1994, CODDINGTON, 1988, CARPENTER, 1989, WANNTORP ef al., 1990; BRODKS & MCLENNAN,
1991 ; PACKER, 1991; SIDDALL &f af, 1993; DESUTTER-GRANDCOLAS, 19933, 19043 ANDERSEN
& WEIR, 1994, GRANDCOLAS, 1996, many contributors, this volume). One consequence of these
results however is that the evolution of acoustic communication in crickets may have been much
more complicated than previously thought, at least in some cricket clades. The previous model
constructed to explain the evolution of acoustic communication in crickets s./. hypothesized quite
simple transformation series. These series were in turn documented in relatively homogeneous
groups (mostly gryllid taxa), which populations could be easily studied. When a wide diversity of
tegminal structures and communication signals is involved, as in Phalangopsidae for example
(Figs 2-8), this model becomes inefficient. GRANDCOLAS ef all (1997, this volume) denounced
the sampling bias that can be generated in phylogenetic reconstructions by the properties of the
clades under study: a clade that presents a wide diversity of features has experienced a larger
number of evolutionary events than a clade which is relatively homogeneous for the same
features. The study of a diverse clade may consequently lead to overestimate the frequency of
evolutionary changes and events. On the reverse, studies of poorly diverse clades may conclude
to low frequencies of evolutionary transformations. These biases do not invalidate the results
obtain in each case. On the contrary a general theory on the acoustic evolution of crickets will
have to explain the complicated cases documented in the Phalangopsidae, as well as the more
simple ones that could be found in other cricket groups.
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Which factors may have influenced the acoustic evolution of erickeis?

Answers to this question have always been based on the assumption that acoustic signals
only evolve by song and stridulum loss in crickets (ALEXANDER, 1962, 1967; OTTE, 1977, 1992;
WALKER & MAaASAKI, 1989, BAILEY, 1991). A similar approach was adopted by studies of
population biology dealing with song abilities and mating success { THORNHILL & ALCOCK, 1983;
HUBER er al, 1989 BalLEY, 1991). The phylogenetic analyses presented here clearly
demonstrate that such is not the case: on the contrary, the acoustic evolution of crickets involves
a high level of homoplasy. The hypotheses formulated up to now to explain the acoustic
evolution of cnckets have thus always been biased from the start, because an unwarranted
hypothesis (a supposed evolutionary tendency to acoustic loss) was considered attested. As such,
these hypotheses are unable to test whether loss actually occurred, or whether other evolutionary
changes may have existed. One consequence is that no sound hypothesis exists now on the
factors that could have influenced the acoustic evolution of crickets. Another problem, as already
mentioned previously, is that the hypotheses that have been proposed up to now are not mutually
exclusive. Thus the combination (- Court. Aggr.) could be used as evidence for the influence of
predation, inefficiency of acoustic communication, population structure and habitat. Ultimately
this means that the hypotheses that have been proposed up to now on the subject could be
conclusively tested in a population perspective but not in a historical perspective, although they
are supposed to concern evolutionary processes sensu lato.

What arguments have been used to support these hypotheses of acoustic evolution of
crickets? And have they already been analyzed in a phylogenetic framework? Although cricket
prédation s.sfr. by many vertebrates and invertebrates has been recorded (WALKER & MASAKI,
1989), its actual pressure has never been measured. Predation by bats in particular has been
assumed to be heavy. Some cricket species do show a high acoustic sensibility to ultrasound
stimuli, which has been demonstrated to induce negative phonotaxis in flight patterns (SALES &
PYE, 1974, HUBER ef af., 1989, HOY, 1991). Many mute taxa live however in habitats that are
not accessible to bats, such as leaf litter, tree hollows, burrows, etc., and still more acoustic or
non-acoustic species do not fly. The effect of parasites on the other hand, especially that of
tachinid flies, has been documented in populations of a few cricket species. In these infested
populations, some silent males, called satellites, stay near calling males and try to intercept the
females attracted by the songs of the calling males (CADE, 1975). It has been suggested that this
behavior could be an adaptation to avoid parasitoid infestation and constitute an alternative
strategy for mating (THORNHILL & ALCOCK, 1983; BAILEY, 1991). ADAMO er al. (1995) show
however in Grylins inreger, (. bimaculatus and G. rubens that infestation enhances the tendency
of male crickets to mate, at least until tissue damage by the parasite is too high. Also ZUK ef al
(1995) demonstrate that in a polymorphic population of Teleogrylius oceanicus silent males were
either parasitized, or able to switch to calling behavior depending on population density. The
effect of parasites on calling behavior is thus manifold in cricket populations and depends on the
conditions in which the populations live. Its effect on the evolutionary change of acoustic
behavior is then hard to predict for the moment until changes may have been actually fixed in
taxa (SCHULTZ el al., 1996). A phylogenetic test of predation pressure could be achieved by
gp[i_mi:zing escape and acoustic behaviors diﬁplﬂ}'ﬂd by the taxa; additional field work 15 then
necessary to characterize such behaviors
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The role of the habitat in the acoustic evolution of crickets has been tested using phylogeny
in the Amphiacustae (DESUTTER-GRANDCOLAS, 1995b), In this study, the phylogenetic patterns
suggested that the habitat alone cannot have been a sufficient factor to drive the acoustic
evolution of crickets. For example taxa living in caves either are wingless, or have a complete,
functional striduleum. Similarly in one given habitat, several acoustic behaviors can be found
(DESUTTER-GRANDCOLAS, op. cit.). Population structure could be a more promising factor in
this matter, but unfortunately field data are extremely sparse. Only one taxon, Nemoricanior
mayva (Amphiacustae), has been studied in natural and laboratory conditions: it is gregarious,
living in hollow trees, and has no calling song (BOAKE, 1984a, 1984b). Lack of comparative data
impedes attempts to determine the role of habitat and population structure on song evolution.
Here again combined analysis of phylogeny on one hand, and habitat and population structure on
the other should permit a test of the gregariousness hypothesis,

Finally, male crickets may have glands in many parts of their body. Metanotal glands are
better known, but others exist on the hindtibiae, the wings, the tergites, the base of some sclerites
in male genitalia, ete. (OTTE, 1992; DESUTTER-GRANDCOLAS, 1995b). The only phylogenetic
analyses to date of glandular evolution in male crickets (Amphiacustae: DESUTTER-
GRANDCOLAS, 1995b) uncovered no shift from acoustic to chemical communication systems,
except for the absence of metanotal gland in wingless taxa (probably for lack of protective
structure for the glands).

Up to now, most studies on the acoustic evolution of crickets have combined assumptions
on the patterns and assumptions on the processes, deriving the one from the other. Phylogenetic
analyses confront a phylogenetic pattern, built with as few hypotheses as possible, with
independently constructed hypotheses on the evolutionary processes (GRANDCOLAS ef al,
1994). They actually test the hypothesized processes with the phylogenetic patterns, the
independence of the two sets of assumptions giving this method its power (GRANDCOLAS ef af
1997, this volume). Phylogenetic analyses have been applied here for the first time to the acoustic
evolution of crickets. These analyses have demonstrated that current hypotheses on the matter
are largely insufficient and biased. Instead they suggest far less simple scenarios for this evolution
with high homoplasy. They also clearly demonstrate that no sound hypothesis exists now on the
factors that could have influenced cricket acoustic evolution. In fact more phylogenies and more
population studies are needed to build new hypotheses.

ACKNOWLEDGEMENTS

The subject of this paper has been presented during the symposium “Fhylogenetic tests of evolutionary scenarios”
organized by P, GranpooLas (E.P. 90 CNRS, Muséum Notional d° Histoire naturelle, Paris) in Paris (3=1 June 1996}, with the
financial support of the Réscau National de Biosyssématique (ACC-SVT), 1 thank three referees for their very useful
comments on the manuscnpt, and J. Bovnror, M. Fraay, G, Hobessrt for their help conceming the figures

REFEREMCES
ADAo, 5. A, RopErT, I & Hov, R. R, 1995, — Effecs of a Tachynid parasitoid, Ormia echnacea, on the behaviour and
reproduction of 15 male and female field ericket hosts (Grofies spp). Jowrnal of Tusect Plvsiclogy, 41: 260277
ALEXARDER, R [, 1962, — Evolutionary change m cricket acoustical communication. Evolution, 16; 443-167.
ALEXANDER, R. D, 1967, — Acoustic commumication in Arthropods. Ammue! Review of Enromology, 12: 495-526

ALEXANDER, R. D, 1987, — The evolution of cricket chirp. fe N. ELDREDGE, The Natura! History Reader in Evolution. Mew
York, Columbia University Press: T9-96

Srureer - MSAHN Pang



FHYLOGENETIC TESTS OF EVOLUTIONARY SCENARIOS 201

ArExasDER, B D E: OrTE, I, 1967, — The evolution of genitalia and mating behavior in crickets {Grylludac) and other
Onthoptern. Misceflaneous Publications of the Musenn of Zoalomy, University of Michigan, 133: 162,

Anpersss, N. M., 1979, — Phylogenetic inference as applied 1o the study of evelutionary diversification of semisquatic bugs
{Hemiptera: Gerromorpha). Systematic Zoology, 2 554578,

ANGERSEN, N. M., 1904, — The evolution of sexual size dimorplism and mating svstems in waler sirider {Hemipiera;
Gierridae): @ phylogenetic approach. Ecoscience, 1: 208-214.

Ah‘tﬂ;ﬁﬂ. N M & WeR, T. A, 1994, — Austrobates mvalarts, pen @ sp. nov, a freshwater relative of Halobates
ll'.;thjﬂl'hﬂ-ll.'ﬁ{lhmlpﬂm: Cremidac ), with a new perspective on the evolution of ea skaters. fnvertebrare Tavamomy, 8 1-

Baey, W. L, 1991, — Aeoustic Behaviour of Insecis. An Evolutionary Perspective. London, Chapman and Hall: 1-225

BerneT-CLask, H. C., 1985, — Songs and the physics of song production. fo- F. Hupgr, T. E. Mooks & W, Lokgr, Cricker
frehavior and Neurobiology. lthaca, Comell University Press: 227-261.

Boake, C. R B., 1983, — Mating systems and signals in crickets. fr D0 T. Gwysne & G. K. Morgss, Olrifopreran Mating
Systerms. Boulder Colorado, Westview Press: 2844

Boaxs, C. R B., 1984a. — Natural history and scoustic behavior of a gregarious cricket. Behaviowr, 89 241250,
Boaxe, C. R. B., 1984b. — Male displays and female preferences in the courtship of a greganious cricket. Anfmal Behaviour,

A2 GHHAT,
Bnﬁu;;ﬁ. R. & McLexmian, I AL 1991, — Pindogeny, Bcology and Behavionr Chicago, University of Chicago press: |-
Bums:, ‘L 1982, — Evolutionary significance of predation on sexually signalling males. The Flovida Frtomologiss, 65 90-
1.

Cane, W. H., 1975, — Acoustically orienting parasatoids: fly phonotaxis to cricket song. Seiemee, 190: 1312-1313,

CarpExTER, J. M., 1989, — Testing scenarios: wasp social behavior, Clodistics, 5 131-144.

ChoPann, L., 1938, — La biologie des Onthapréres. Paris, Paul Lechevalier: 1541

Copomaton, 1 0., 1990, — Bridges between evolulionory pattem and process. Cladistics, 6 379386,

Dasmach, M. & Licumesstem, L., 1978, — Zur Ethologie der afrikanischen Grille Pharophilacris speciim Saussure.
Zeitschrifi fitr Tierpsvchologie, 46; 14:29

DesurmeR-Gravpootas, L., 19930 — The ericket fsuna of Chiapanecan caves (Mexico): systematics, phylogeny and the
;;nlllilzm of troglobitic life (Onhoptera, Grylloidea, Phalangopsidae, Lurarinae). fmermarional Joumal of Spefealosgy,

DesurteR-GRanpooLas, L., 1993b. — Luzarala Hebard, 1928 et genres aflines © genres nouveau, phylogénie et seénanios
(Orthoptera, Grylboades, Phalangopsidae, Luzaninas ). Revae frangaise o Frtomologie, 15 169-1582

DEsUTTER-GRanDOOLAS, L., 19992 — Test phyvlogénétique de Tadaptation & In vie troglobie chez des grillons (Insecia,
Orthoptera, Grvllowlea). Compies Rendies de Udcadéniie des Seiences de Paris, 317 907912

DesuTTER-GRavpooias, L., 1994b- Le genre Eidmanacris Chopard, 1956 (Orthoptera, Gryllosdes, Phalamgopsidae,
:-;uﬂ;fg;hﬂbim. repartition ef especes nouvelles. Bulletion die Mieséum norional o Hiraire matwrelle, Paris, section A,

DesuTTER-CRAsmootag, L, 19950 — Functional forewing morphology and stridulation in crickets (Oniboptera, Gryllosdea),
Jowrrmal of Zoodogy, London, 236; 243257,

DESUTTER-GRANDOOLAS, L., 1993b. — Toward the knowledge of the evolutionary hology of phalangopsid cmckets
(Orthoptera: Grylloidea: Phalangopsidac): data, questions and scenanos. Journal of Crthoplera Research, 4 163-175

DesurmER-Graspooias, L, 1996, — A phyvlogenctic analvsis of the evolution of the stridulaiory apparatus in crickets.
Cladistics, 12: 10 press,

Famgiz, J. 5., 1988, — Herumighs, Version 1.5, Compwier program and docwmentation. New York, Port jefferson Statbion: 1-
I7.

GraxDooLas, P 1996, — The phylogeny of cockroach families: o cladistic appraisal of morpho-anatomacal data, Canadian
Javrmal of Zoology, 74: 508527,

Crracdeoias, P, DeErerortE, P & Desurmer-lirasoogaz, Lo, 19048, — Why 1o use phylogeny m compamstive ecology? Aot
Oecologica, 15 661673,

Hov, R R., 1991. — Signals for survival in the lives of crickets. The Americar Zoolegisn, 31: 297305,

Hupes, F., Moose, T. E. & Loser, W., 1989, — Cricker Behavior and Newrobiology. thaca, Comell University Press: 1-363

Kocw, U. T., Erusorr, ©. ) H, Scaxarrsg, K-H. & Kiespmyst, H-U, 1988 — The mechamics of stndulation of the
cricket Onalus campesirs, Jowrrmal of comparanive Plsiologe, A, 1620 13225,

Crumeer - AN Pans



202 L. DESUTTER-GRANDCOLAS « ACCETIC COMMENMCATION I CRICEETS

Logmr, W, & Dassnacy, M., 1989 — Reproductive bebavios, fu; F. Huser, T, Mooze & W, Lousr, Cricker Behavior and
Newrobiology, lthaca, Comell University Press: 43821,

Mlclesman, 10 AL, 1991 — Infegrating phylogeny and experimental ethology: from pattern to process. Fvalwnicor, 45 1773-
3

MicimLsns, A & Mook, H, 1974, — Baophyvacal aspects ol sound commianication in insects. Advemices i fsect
Playsralogy, 100 2472496

MickevicH, M. F. & WeLLeg, 8. ), 1990, — Evelutionary characler analysas: tracing character change on a cladogram.
hadinres, & 13T=170

Ons, D, 1977, — Communication in Orthoplera. S T. A Sensosl, How dmimals Comimmmicare. Bloosmngton, Indinnn
Linversaly Press: 336-361

O7TE, [, 1990, — The relation between heanng and Mving in anckets. Enromological News, 101: 20.34,

Orre, [, 1992, — Evelution of cricket songs. Jowrmal of Orthoptera Research, 12 25-49.

Packsr, L, 1991, — The evolution of social behavior and nest architectune in sweat becs of the subgenus Evilaens
{Hymenapters: Holictudse ) a phylogenetsc approach. Seliovione! Ecology: and Sociobiology, 29: 153-160

Proda, M. C. C. o, 1991, — Concepts and tests of homaology in the cladistic parsdipm. Cladisties, 7: 367-354

Riner, H, 1993 — Environmental and biological constramts for the evelution of long-range signalling and heanng in
acounshc insects, Philosaphical Tronsactions of the Roval Sociely of London, B, 3400 1T9=185.

Sues Go& Pye D0 1974, — [resonde Conmmiranicanion by Amimaels. London, Chapamem and Hall: 1-281.

Souunte, T, R, Cocrorr, B B, & Cousomnr, G A, 199%6.- The reconstmiction of ancestral chamcter stales. Evalmhioer, Stk
S0:-5010.

Sinoall, M. E. Brooks, [ B & Desseg, S5 8, 1993 — Phylogeny and the reversibility of parasitism, Bvolurion, 47: 308-
i3

Sisaonmo, B 1979, — Siredulation and tegminal resonance in the tree crcket Qecanthus migricoris (Onhoptera: Gryllidae:
Oecanthinae). Jowrmal of comparative Phveiodeo, A, 129 260.2T9,

THomxm, B & Arcoek, 1, 1983, — The Evoluiion of fazect Maring Svstents, Cambridge, Harvard University Press: 1-347,

Torgs, B 1 1986, — Evalution of inssct wings: Ensiferan (Osnboptera) wings used only for communicatson. Swd-kmanne
Tylskrif wir Welenskap, B2: 477475,

WaLker, T. L, 1974, — Chorscler displacement and scoustic insscls. Fhe daerican Zoologisr, 14: 1137-1150

Warker, T J. & Masakl, 8., 1989 — Matural history. fm: F. Hueer, T. Mooze & W. Loter, Cricker Behavior and
MNewratuology, Ithaca, Cornel]l University Press: 142,

Wanwrose, H E, Brooks, D R, Mussex, T, My, 5, Bosguest, F, Smhaews, 5 C & Wepenr, M., 1990, —
Phylogenetic approaches in ecology. Chikas, 87: 119-132,

Zuk, M, Sovesons, LW, & Romesesrry, 1 T, 1995 — Acoustically-orienting parasitoids in calling and silemt males of the
ficld cncket Teleogndlus ocemmicus. Ecological Entomology, 20: 3%0-383.

Srumwee - SRS Parig



ImEE BHL

Biodiversity Heritage Library

Desutter-Grandcolas, Laure. 1997. "11. Acoustic communication in crickets
(Orthoptera: Grylloidea): A model of regressive evolution revisited using
phylogeny." Mémoires du Muséum national d'histoire naturelle 173, 183-202.

View This Item Online: https://www.biodiversitylibrary.org/item/272490
Permalink: https://www.biodiversitylibrary.ora/partpdf/288245

Holding Institution
Muséum national d'Histoire naturelle

Sponsored by
Muséum national d'Histoire naturelle

Copyright & Reuse

Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Muséum national d'Histoire naturelle

License: http://creativecommons.org/licenses/by-nc-sa/4.0/

Rights: http://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at
https://www.biodiversitylibrary.org.

This file was generated 15 April 2022 at 17:06 UTC


https://www.biodiversitylibrary.org/item/272490
https://www.biodiversitylibrary.org/partpdf/288245
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

