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Calling-song function in male haglids (Orthoptera:
Haglidae, Cyphoderris)

Glenn K. Morris, Paul A. DeLuca, Matthew Norton, and Andrew C. Mason

Abstract: We studied the response of males to the singing of nearby male conspecifics in two species of the
orthopteran genu€yphoderris primitive relatives of crickets and katydids. Lone m&sgphoderris buckellstridulating

in a large cage made a phonotactic approach to a nearby speaker broadcasting conspecific calling song. But in field
experiments no phonotaxis to song broadcasts occurred; rather, a significant number &f. rhatkelliincreased their
chirp duty cycle and pulse rate. There was no change in their carrier frequency. Callin@Cypdlederris monstrosa

were exposed in the field ta)(playback of a synthetic calling song at a typical conspecific pulse rajere{ayed
broadcast of their own call, andiij low-frequency audio noise. Call duty cycle decreased significantly in response to
the noise, while the pooled song models fell just short of significance. SimQintguckelliwere marked individually

and their perches flagged over successive nights. We observed low site fidelity and extensive male displacement. Such
behaviour is inconsistent with defense of topographically fixed singing territories and concurs with the absence of
fighting in this species. Chirp duty cycle was increased significantlZ irbuckelliin response to the singing of nearby
conspecifics, but unlike if€. monstrosathis change in duty cycle plays no role in overt aggression, though it may
maintain a male’s relative attractiveness to females.

Résumé: Nous avons étudié la réaction de males a I'écoute de chants d’autres méles voisins de la méme espéece chez
deux orthoptéres du genfeyphoderris des parents primitifs des grillons et des sauterelles. Des males solitaires de
Cyphoderris buckellistridulant dans une grande cage, se sont déplacés par phonotaxie vers un voisin émettant le chant
d’appel de I'espéce. Lors d’expériences en nature, il n'y avait pas de comportement de phonotaxie; au contraire, un
nombre significatif de males d€. buckelliont augmenté leur cycle actif de stridulation et leur taux d'impulsions, sans
modifier leur fréquence porteuse. Des males stridulant€ylghoderris monstrosan nature ont été exposésia (

I'écoute d’enregistrements d’un chant d’appel synthétique de taux d’'impulsion typique du chant de leur égp@ce, (
retransmission par relais de leur propre chantiigx ¢n bruit audio-acoustique de basse fréquence. lls ont réduit leur

cycle actif de stridulation en réponse au bruit, mais leur réaction aux modeles de chant (données regroupées) était juste
sous les limites du seuil de signification. DEs buckellistridulateurs ont été marqués individuellement et leurs perchoirs
localisés au cours de nuits successives. Il y avait une faible fidélité au site et les males se déplagaient beaucoup. Un tel
comportement n’est pas compatible avec la défense de territoires de chants topographiquement définis, mais il I'est
avec I'absence de combats chez cette espéce. Le cycle actif de stridulation augmente de fagon signific&iveuchkefi

en réaction a la présence de stridulateurs actifs de méme espéce dans les environs, mais, contralremenstiosa

cette modification du cycle actif ne joue pas de role d’agression évidente, mais elle peut servir a maintenir I'attrait

relatif du male chez les femelles.

[Traduit par la Rédaction]

Introduction Brown et al. 1996; Simmons and Ritchie 1996) show that
such attraction can involve fine discrimination by females,

Phonotaxis by females to the calling signal of maleag they respond to song features reflecting differences in a
conspecifics habeen demonstrated for many species of male ie’s quality as a potential mate.

ensiferan Orthoptera (Ewing 1989). On this basis, calls of pgacause it is a broadcast, a male’s calling signal is heard

males in the suborder are said to function in female atracy; jst by female conspecifics but also by conspecific males.
tion. More recent studies (e.g., Latimer and Sippel 1987irhg responses evoked in male listeners vary. In some species
the call initiates phonotaxis, one male approaching another

Received 8 May 2001. Accepted 11 December 2001. and often entering into a fight (Morris 1972; Brush et al.

Published on the NRC Research Press Web site at 1985; Mason 1996). In other species there is no approach
http://cjz.nrc.ca on 8 March 2002. and no overt aggression (Simmons and Bailey 1993; Sakaluk
G.K. Morris, 1 P.A. DeLuca, and M. Norton2 Department et al. 1995), but the singing of one male affects the singing
of Zoology, Erindale College, University of Toronto, of his neighbour, creating chorusing and phasing (Greenfield
Mississauga, ON L5L 1C6, Canada. 1994). Yet another male response to an encroaching calling

A.C. Mason? Cornell University, Ithaca, NY 14853, U.S.A.  neighbour is passive withdrawal (Dadour and Bailey 1985).

1Corresponding author (e-mail: gmorris@utm.utoronto.ca). And sitill Qnother Is “active a_ttractlon,” a phonotactic- re
%Present address: Département des Sciences Biologiques, SPOnse oriented to the collective acoustic output of a group

Université de Montréal, QC H3C 3J7, Canada. rather than to individuals (Ewing 1989, p. 157). By means of
3Present address: University of Toronto, Scarborough, active attraction an isolated insect may reach and remain
ON M1C 1A4, Canada. within a group of conspecifics (Morris and Fullard 1983)
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and so improve its access to suitable habitat, food, or poterinvestigated site fidelity by marking and then recapturing

tial mates. free-living singers over successive nights. Our goal was to
Here we address responses to conspecific calling song igain insight into the contrasting roles of song-mediated male

males of two specie€yphoderris monstrosand Cyphoderris  behaviours in these two species.

buckelli As relict Ensifera they are closely related to crick

ets and katydids, but are placed in their own family, the .

Haglidae (Gwynne 1995). The two species live in Iodgepoléwate"als and methods

pine (Pinus contortd and ponderosa piné’{nus ponderosa .

forests in the mountains of northwestern North America. WeCyphoderns monstrosa

studied them in the Canadian Rockies in southern Albertast,dy population

and British Columbia. A related spe.cié?syphoderris strepitans Recording and playback using this species were conducted
(Morris and Gwynne 1978), occurs in Colorado and Wyoming.jn 1991 (by A.C.M.) in forest adjacent to the Kananaskis
Just after sunset in May and June, maleCgphoderris  Field Station of the University of Calgary near Canmore, Al
spp. walk up from the ground to perch and call through theperta. MaleC. monstrosaemerge here from leaf litter at
early hours of the night. Mal€. monstrosastation them  dqusk in a subalpine mixed coniferous forest dominated by
selves high up2 m to manymetres above the ground, on the |odgepole pine. They climb and sing several metres above

trl.Jn!(S of relatively mature trees. Calllr@ buckelliremain the ground' from the trunks of re|ative|y mature western
within a metre of the forest ﬂoor, Calllng from Understory white spruce Picea g|auca trees.

shrubs. The two species can occur syntopically (Buckell
1924) (G.K.M. and A.C.M., unpublished observation at PaU|Song structure and recording

Lake, B.C.), but this is apparently uncommon. Field recordings of calling songs were obtained for 16
The calling songs o€yphoderrisspp. are very similar in - male C. monstrosasinging from natural perches. This-oc
physical structure. Both species make a succession of chirpgurred at leas2 h after the first singer of the evening was
each chirp an evenly spaced series of sound pulses (Morrigeard, when singing in the population had become general
and Gwynne 1978). The pulses are cricket-like in their musiand sustained. Each male’s singing was sampled three times
cality, having a narrow, relatively high-Q spectral peak andin succession at intervals of 5 min. Two alternative recording
a correspondingly sinusoidal waveform (Figs. 1, 2). Butsystems were used: (1) a Racal Store 4D instrumentation
Cyphoderrisspp. carriers, at 12-15 kHz, are higher thantape recorder receiving the output of a Bruel and Kjaer 2204
those of cricket calling signals, which are all <10 kHz (Otte sound-level meter, fitted with a 1/Zondenser microphone
1992). Cyphoderris monstrosalso exhibits an unusual ear- (Larsen—-Davis, model 2540); (2) a Sony Walkman Profes-
tuning mismatch (Mason et al. 1999): the frequency of maxsional audio tape recorder with an ECM 909 microphone.
imum auditory sensitivity is near 2 kHz in both sexes andThe first system has a uniform frequency response up to
does not correspond to the calling-song carrier. 40 kHz, the second is limited to the audio range. Three play-
These species are unusual in being acoustically active #fack models were then constructed with a view to testing the
very low temperatures (Morris and Gwynne 1978). Also, theresponse of singers to chirp duty cycle. (Chirp duty cycle is
pulse rates of both species are slow enough at 6-14°C tthe proportion of a multichirp time sample that is spent-pro
allow the pulses to be resolved by human listeners as chirgucing a chirp; in our studies we always calculated this over
infrastructure. The pulse rate distinguishes the songs of then interval of 2 min.)
two species and is strongly affected by temperature. For a
given temperature the pulse period ©f buckelliis always  Broadcast signals
longer than that ofC. monstrosa(Fig. 6 in Morris and The possibility that solitary singing males would alter their
Gwynne 1978). There is also a modest distinction in carriersinging, especially chirp duty cycle, in response to the
the average carrier frequency f@. monstrosais 12 kHz,  broadcast of conspecific calling song was examined in-a se
while that of C. buckellj higher in a smaller animal, is ries of field playback experiments. Males were exposed to
15 kHz (Mason 1996). one of three acoustic stimuli. Two of these were calling-song
In a series of laboratory encounters in which singers intermodels intended to represent output from nearby “rivals”
acted on a vertical log, the calling signal 6f monstrosa (synthetic, or a rebroadcast of the subject male’s calls) and
was found to elicit fighting between males (Mason 1996).the third consisted of continuous low-frequency noise with
The increasingly sustained calling song of this species (inout amplitude-modulation structure.
creased chirp duty cycle; see below) correlated with aggres The synthetic chirp stimulus was fashioned from a train of
sive dominance (Mason 1996). This song change predictesound pulses, each 10 ms in duration (full intensity) with
fight outcomes. Muted males, winners of previous fights,0.5 ms linear rise/fall times, delivered at a rate of 33/s.
continued to win their aggressive encounters but experiencethese were generated by modulating a 12-kHz tone from a
more sustained escalation from their opponents, which showsignal generator (Exact 126) using a Colbourn Envelope Shaper.
that rivals make use of song information during encountergulse trains (chirps) with a duration of 2 s, separated by 1-s
(Mason 1996). intervals of silence, were generated by gating the output of
In the studies reported here, bo@yphoderrisspecies the signal generator with a programmable voltage source
were examined in the wild for the effect upon a male singef(Grass SD-9). This created an artificial song with a duty
of broadcasting the calls of a conspecific male in closecycle of 0.67 (2-s bursts of song and 1-s pauses). This signal
proximity. For C. monstrosave also examined the effect of was amplified (Pioneer GM-43A) and broadcast via a loud
broadcast low-frequency audio noise. AndGnbuckelliwe  speaker (Realistic Piezo-tweeter) placed pointing upward at
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the base of the tree in which the male was singing. Playbackorded during playback of synthetic song and 8 males were
intensity was calibrated with a sound-level meter (B and Krecorded in the presence of broadcast noise.
Type 2204, Larsen—Davis 2540 microphone) and set to 100 dB For analysis, multiple measurements of a single male in
sound-pressure level (SPL) (re @Pa) at 10 cm. This inten  the same condition were pooled (i.e., all pre-playback-mea
sity is comparable to that of a singing. monstrosaat the  surements from the same male were pooled) to give single
source. measures for the two conditions (solitary singing, singing
For delayed rebroadcast of the subject male’'s song, malesith playback) in each treatment. The difference in these
were recorded using the Racal Store 4D recorder and thievo measures (playback vs. solitary) represented a male’s
recording was simultaneously amplified and broadcast as deesponse to playback. Statistical tests were carried out using
scribed above. The record and playback heads of this reSYSTAT software (Wilkinson et al. 1992).
corder are separated by several centimetres of tape-travel
distance, so playback was delayed relative to the originatyphoderris buckelli
signal by the time taken for tape to move between the two
heads. At a tape speed of 7.5 in./s (1 in. = 25.4 mm) thi®layback experiment with caged males
delay was approximately 2 s. Males in this treatment were In 1977 (16—-22 June), 9 ma(e. buckelliwere exposed in
therefore subjected to an acoustic stimulus based upon thaiioors to playback of conspecific song. (This study was not
own output but lagging it by about 2 s. previously published, but is referred to by Sakaluk et al.
Feedback from the speaker was controlled by mounting th&995.) The males used were collected as adults in early May
microphone in a parabolic reflector. This made the micro at Paul Lake Provincial Park near Kamloops, British Colum
phone directional enough to selectively record the singinddia, Canada.
male, but was only possible for males singing from suffi  Their behaviour was tested in a wood-frame cage (1.8 x
ciently high perches, and even then the speaker gain had @75 x 0.6 m) with a plywood floor; its roof, sides, and ends
be reduced. Playback levels for these trials were below 100 dBere screened and internal access was via a large top-hinged
at 10 cm to a variable and unknown extent, determined byloor in one side. Two speakers (Philips De Forest 4-in.
the feedback limit. However, this variation was not systematdome tweeter, AD0160/T8), each mounted flush in one side
ically biased by the males’ perch heights. When males weref a wooden box (~20 x ~20 cm), were placed one at each
on lower perches, less separation of the speaker and micrend of the longest dimension of the cage. The speakers faced
phone was allowed, and consequently playback intensitiesach other at a distance of 140 cm. The centre of each
were lower than when males perched at greater heights. Bspeaker was raised to 16 cm above the cage floor by resting
these males were also closer to the speaker and so received an four cardboard recording-tape boxes. The cage floor
less attenuated stimulus. The recording protocol for thevas covered uniformly with a layer of dry leaves (pine, oak,
rebroadcast treatment was as described below, except that i@ad maple). Midway between the speakers, a bark-covered
cording was continuous during the 15-min playback intervallog section about 10 cm in diameter and 0.5 m long was set
(since generation of the playback stimulus required that then end.
male be recorded). The playback tape recording was of a virgin male re-
The purpose of the noise trials was to control for the-poscorded in 1976 singing indoors at 21.9°C in a wire-mesh
sibility that any changes in male acoustic output during songage; a Sennheiser (MK4) directional microphone was-posi
playbacks were not specific responses to the detection of rtioned dorsally. This male was collected from Rutland, B.C.,
val song. The protocol in these experiments was identicabnly 5 days before it was recorded (May 8). A Uher 4000
with the synthetic song playbacks except that the acoustiReport L tape recorder was used at 7% in./s both to record
stimulus was continuous, band-limited noise broadcast and to play back this signal. A 2204 B and K sound-level
100 dB SPL. The output of a random noise generator {Genmeter with a ¥2-in. microphone (4133) rested on the cage
eral Radio Type 1390-8) was band-pass filtered (Krohn-Hitefloor 60 cm from the speaker, while the recorder was ad
3202, 2-8 kHz pass-band) to produce a noise signal biasqdsted to deliver 82 dB (re 2QiPa). The experiment took
to low audio frequencies and with little energy at the -spe place under red light from four 25-W bulbs in the ceiling,

cies’ song frequency (Fig. 2B). positioned symmetrically to the cage corners. The tempera
ture was 21-23°C.
Analysis Each male underwent four repetitions of a two-part 20-min

For all treatments, male singing was recorded both beforérial. He was released alone in the cage and after exploratory
and during playback. For noise and rebroadcast treatmentaalking he climbed the central log. From there he (invari
three samples of song were recorded in each conditiorably) began steady stridulation. The trial was started after
Males were recorded for approximately 1.5 min at intervalsthe male had been stationary and calling on the log for at
of 5 min. In synthetic song trials only single samples ofleast 30 s.
singing prior to playback were taken. Multiple recordings of One speaker was randomly selected in advance as a goal
singing in the absence of playback stimuli were made to obspeaker. The male’s response during each of the first and
tain measures of the consistency of individual males in thesecond 10-min intervals was scored in relation to locomotion
song parameters that were compared between solitary singoward or away from this goal speaker. An approach to
ing and playback conditions. Playback was continued fowithin 20 cm of the goal speaker, i.e., travelling >50 cm of
15 min. the 70-cm distance between the cage centre (where the log

The acoustic output of 9 males exposed to rebroadcast dfase was) and the speaker, was scored as +1. Walking in the
their own singing was recorded in the field; 9 males were re opposite direction, to within 20 cm of the non-goal speaker,
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was scored as —1. Remaining on the log and singing wathe same site in 1994. The complete 51-male analysis cohort
scored as 0. was achieved by incorporating the pre-playback recordings
After 10 min, if the male remained on the log (in fact this of 28 of the males involved in the broadcast study (see be
was always the case), calling song was broadcast from thiew). Temperatures were noted at the time of recording with
goal speaker. The response of the male within this second thermistor (Omega™ HH23) placed within a few metres of
10-min interval was scored in the same fashion. After all 9and at the same height as the singer. Most of the marked
males had been tested once, the experiment was replicated@ks specimens were ultimately captured and preserved in
more times with the same 9 males. No insects ever ap/0% alcohol; all of the playback males were retained in this
proached the silent speaker; in all 36 trials, males continueday.
singing from the log during the 10 min of silence when both A sample of at least 10 consecutive pulses was digitized
speakers were quiet. Six of the 9 males made at least orfeom each field recording. With a software analysis program
approach to the broadcast sound during the second 10-m{iDADISP®) we determined the pulse period (measured be

interval. tween pulse onsets), the fast Fourier transform (FFT)-spec
_ ) trum, and peak principal carrier frequency for each of the 10
Field playback experiments pulses. For each male we determined a mean value (from 10

Study populations measures per male) of the main acoustic parameters: pulse
In 1994 and1995 two populations of this species Were{)erlod and peak carrier. We then tested statistically for any
emperature effects upon these parameters and for any possi

studied (by G.K.M. and P.A.D.) in southern British Colum I dicti | di . tal lenath bod
bia. The study area is north of the western arm of Kootenagnzsl?sre ictive value regarding size (pronotal length) or body

Lake and south of Kokanee Glacier Park in the Kokane For each of 47C. buckellifield singers calling at various

Creek drainage. Singing by males begins here in early Ma - X
at elevations of 500—700 m and lasts for several weeks: Calfemperatures (range 7.2-14.6°C) we measured chirp- dura
tions during a 2-min sample. Chirps vary greatly, lasting

i tivity at high I ti 14 ins- 4
ing activity at higher elevations, up to 1400 m, begins-pro from a fraction of a second to >50 s. (Some of the males re

gressively later in the season. X X . .
Southern access to Gibson Lake in Kokanee Glacier PargP0nding to playback produced successive chirps lasting 25—
8 s.) We calculated the duty cycle for each of these males

was via a Forest Service Road (FSR) from B.C. Highwa .
3A. About 1 km (direct distance) from Highway 3A, at an and performed a regression of duty cycle on temperature. To

elevation of 740 m, a second FSR branches off the first ang€2! With this variable, which is a proportion, we applied an
runs northeast to Busk Creek. One study population (hereif’cSine transformation.
the “forks” population) was located at this junction. As is Construction of playback signals

characteristic of this species, singers perched low (<2 m) on o )
vegetation: the site is a south-facing slope and insects werg Ve tested whether &. buckeliifield singer would alter
usually within 20 m of the road. The forest here is character-hIS callm_g_ song in response to the singing of a nearby male.
ized by western hemlockT6uga heterophyllaand western  CONSPECific. Three song parameters were regarded as possi-
red-cedar Thuja plicatd with a few very mature ponderosa ¥ changing: chirp duty cycle, peak carrier frequency, and
pine: “Columbia Forest” grading into “Dry Forest” (Cowan PUIS€ rate. _

and Guiguet 1965). The males never perched to sing on the /A NUMDer of playback tapes df. buckelli songs were

i ted, one for each even-numbered temperature between 6
several very large trees (Douglas-fRgeudotsuga menzigsii  r€at€d . D
ponderosa pine) that were present. and 22°C. The most appropriate tape was then utilized for

hichever field temperature we encountered. For most trials

The second population occupied a larger area and was di : o
persed less regularly and at lower density within the camp%\ge temperature was elth_er 10 or 12°C. These sound m_odels
were all based upon a single pulse taken from a male field-

site area of Kokanee Creek Provincial Park (herein the parkrecorded on 17 May 1994 at the forks (Figs. 1A, 1B). The

opulation) north of and adjoining Highway 3A, almost at =~~~ . o .
tphep eIevatiZJn of Kootenay L]ake (9549gm). gingers were re 0rginal recording was made at 10.9°C using a Sony tape re

corded in both 1994 and 1995 at the forks; marking and recorder and microphone. This male had a peak carrier fre
capture studies here during 1995 assessed male moveme Hent.cy Off 15.2h kHT and a prISf 3p$r|od of 20.1 ms. The
Playback trials were carried out in the Park population in urafion ot each puise was about 5.1 ms.

1995. The pulse digitized from his recorded call was captured at
a sampling rate of 200 kHz into a computer using a Keithley
Song structure (DAS50) analog > digital board, low-pass filtered at 20 kHz.

In both 1994 and 1995, singing mat buckelli(n = 51)  The call of this male was shorter than the average pulse du
were tape-recorded at the forks study site using a Sony (D6Gption we had estimated for the species, so DADISP-soft
cassette recorder with a Sony (ECM 909) microphone angvare was used to extract and duplicate midpulse waves and
parabola (PBR 330). Each male was recorded while he waihien to reinsert these in midpulse to lengthen the pulse to
at leas 1 m from any singing neighbours, though withinear 5.3 ms (Fig. 1D; decay was included in measuring pulse
shot of several other singers. Each was approached where baration).
happened to perch in the field, was usually (unavoidably) Decisions about the parameters to be utilized in the 1995
briefly disturbed into silence, but was then recorded for severgblayback songs (chirp, pulse duration, pulse period, carrier)
minutes after he resumed steady singing. Eighteen recordvere of necessity made prior to obtaining the more definitive
ings made at the forks site in 1995 (as part of the markedvalues (including 1995 recordings) reported in the present
male study; see below) were combined with 5 obtained apaper. To decide upon the playback pulse rates we utilized
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previously published pulse rates (Morris and Gwynne 1978pnto a Sony Walkman tape recorder using a microphone
n = 12), augmentedn(= 10) from song recordings made in with a parabola. The recording was made from behind the
1994 at Nelson, B.C. speaker so that its directionality would combine with that
For each temperature we created a different pulse periogonferred by the parabola to make the test male’s signal dis
From a sample of 10 males obtained at the forks in 1994 antinguishable from the speaker signal (on the basis of higher
recorded at temperatures of 6-13°C, we determined a meamplitude) during later analysis. Recording of the tested male
chirp duration of 4530 ms and an average between-chirp sicontinued while playback was initiated by a third observer.
lent interval of 1096 ms. We therefore constructed playbaclRecording was interrupted after 3 min and resumed again at
songs for the different temperatures, making chirps of 4.5 $ min post playback onset, continuing then for at least an
duration repeated at 1-s intervals. A custom software proother 2 min.
gram (prepared by Mr. Peter Wall) controlled a digital > The analog magnetic tape records were digitized with band-
analog board (Keithley AWFG) to generate a preset repetitiopass filtering (5—20 kHz) using an AP2 data processor (Tucker
of the prepared pulse for each temperature. Davis Technologies) in a PC computer, sampling at 40 kHz.
As noted above, chirp duty cycle is the proportion of aSubsequent measures were accomplished from data files in
multichirp time sample spent producing a chirp. (Duty cycleDSP (see above). For duty-cycle calculations we used the
can of course also be considered at the resolution level ggoftware CSRE (Computerized Speech Research Environ
the pulse, e.g., pulse duty cycle.) Chirp duty cycle was calment, AVAAZ). Duty cycle was calculated as the proportion
culated here as the sum of the durations of uninterruptedf time spent engaged in chirp output, summed across a time
pulse trains per 2 min. A sample of 10 males singing in thesample of 2 min.
field (1994) at temperatures between 6 and 13°C, the tem
peratures likely to be encountered in our field experimentMarking and recapture
produced, on average, a chirp lasting 4.5 s with an interval We first collected male singers at the forks on May 3, a
of abou 1 s between chirps. This was therefore taken as theold night during which the temperature dropped to 7°€ be
basis of our playback chirp durations, creating a playbackore 10 p.m. On this date the population was just starting
duty cycle of about 0.75. breeding activity (all 5 males examined that night had intact
The pulse ultimately broadcast had a slightly altered amunderwings, i.e., were virgins). (During mating, females feed
plitude envelope, caused not by the playback tape recordeupon the male’s metathoracic wings, which are modified for
speaker, and amplifier but by some unknown factor in thethis purpose; thus the state of his wings is a gauge of his
creation of the cassette tapes: a few waves at the beginnirggxual history (Morris 1979).) The population was moni-
and a few at the end had a very slightly higher amplitudetored for just over 2 weeks, beginning on the night of 4 May
(Fig. 1E). This is reflected in a slight departure from theand ending on the night of 16 May. Daytime rain and very

original in the form of the spectrum (Fig. 1F). cold nights on May 11 and 12 limited singing activity. No
census was taken on May 5 or 15, though these were nights
Broadcasts and analysis of calling activity. On the other 8 nights during the interval,

A Pioneer stereo car radio amplifier (GM-42A) powered calling males were very active and a census was conducted.
by a 12-V car battery drove a Technics leaf tweeter-conThis involved two searchers who moved through the popula
nected to one channel. Playback levels were set to give 88ton systematically back and forth within the area where
90 dB at 20 cm (re 2@uPa) measured with a 2204 sound- singers were heard, between about 10 p.m. and midnight.
level meter (on “fast” meter response) fitted with a ¥2-in. B Males were located, usually by their song, and captured, and
and K microphone. Based on half the distance to the rea coloured number was affixed to their pronotum with
ceiver, this would make the speaker signal 96 dB at 10 cmcyanoacrylate glue. An attempt was made to travel into all
This represents a conservative sound level for most malesreas from which singing was heard.

(For example, the male involved in playback 1, captured af The midline length of the pronotum of each male from the
ter that event and singing from a screen cage the followindorks (1995) was measured in the field at the time of his first
night, had a sound level of 101 dB 10 cm dorsal (12°C).) capture and marking. This was done using electronic calipers

For each of 29 trials a singer was located and kept in view{Fowler Ultra-cal IIl) while observing him under a clamped
by an observer using red light. We avoided choosing malesagnifying glass. Pronotal lengths of the other males (those
that were near (<1 m) another singer. The speaker, clampeatbsed in the playback experiments) were measured from the
to a very low tripod, was placed on the ground 0.6—1 mpreserved specimens in the laboratory using the ocular micro
away and directed toward the singer. The speaker—insect digieter of a microscope. Also noted was the state of a male’s
tance was determined initially by eye (to minimize distur metathoracic wings.
bance), then measured afterward as a straight-line distance,On each night the capture site of a singer was flagged
disregarding the singer’'s height. (The leaf tweeter is- narwith a date-labelled piece of coloured survey tape or a sur
rowly directional and so careful attention was paid to itsvey flag. During the day following a night's census, we used
alignment with the insect and this was adjusted slightly- dur a tape rule to measure direct-line distances between flagged
ing playback if the test male moved.) We were extremelymale locations. We made a large map of the site (May 13).
careful to minimize our disturbance of each singer in findingEvery male relocation was entered on this map, which had
him and placing the speaker, and we aborted any potenti@n approximate scale of Inc: 1 m. Major landmarks were
trials in which the found male seemed to change from hishoted on the basis of tape-rule-measured distances, e.g., a
initially encountered singing activity. To start the trial, about single large ponderosa pine (diameter at breast height 1.9 m),
3 min of the male’s singing was recorded by a second persoroad-edge signs, “twin-trunk fir,” stump etc. The locations of
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Fig. 1. Song structure and signals broadcastCiyphoderris buckelli(A) Six pulses from a field recording (made at 10.9°C) of the

male whose pulse was the basis of playback sound models. (B) One of the pulses shown in A at a higher resolution, showing its sinu
soidal waveform. (C) FFT power spectrum of several unmodified pulses: principal peak at 15.2 kHz, 11.5-15.5 kHz bandwidth 18 dB
down. (D) Pulse used in all playback models with waves inserted midpulse. (E) The same lengthened pulse as it appeared-after broad
cast. (F) FFT spectrum of several broadcast pulses (from the 10°C sound model): principal peak at 15.2 kHz, 11.4-15.4 bandwidth

18 dB down.

A

B 20 ms
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2 4 6 8 10 12 14 16 18 kHz

1ms
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flags were then estimated by eye and compass, careful attemalues were not normally distributed, so a log-transformation
tion being paid to the location of individuals relative to that of the data was carried out. The log-transformiethight

of neighbours, i.e., one can be confident that the directiovalue was 1.53 + 0.1158 m (mea& 1 SE). The model then
from any plotted male to a neighbour was within one of thegenerated log-transformed daily displacements from this normal

eight primary points of the compass. frequency distribution. After &/night value was generated
(untransforming the randomly determined distance), each
Randomization models of movement animal was allowed to move randomly for between 5 and

To assess the sedentarines€obuckellisingers over succes 100 nights (model duration). Each night, a random angle
sive nights, two different Monte Carlo randomization modelswas generated and new coordinat®sy) were calculated.
were constructed (Good 1994; Manly 1991). With both weAt the end of the model duration, the total distance moved
tested the hypothesis that males exhibit site fidelity; specififrom the origin (original capture site) was calculated. The
cally we tested whether the mark—recapture data providethodel was iterated 1000 times for each model duration. The
evidence of centrally directed movement. Both models simumean distance moved for the 1000 animals was determined
late a random walk by shifting individuals on a nightly basis and compared with that observed in the actual mark—recapture
in randomly selected directions. data.

The first model used randomly generated nightly displace The second model used the mark-recapture data as the
ments and directions. The second combined the observesburce of daily displacements. Each recaptured animal (48
nightly displacements of recaptured animals with randomlyindividuals) was allowed to move in a random direction on
generated angles. Details of both models are presented beach night of recapture. After all recaptures were exhausted,
low. All randomly generated angles were restricted to one othe distance from the origin (the point at which the animal
the eight primary compass directions. was originally marked) was calculated. Each of the 48 ani

The first model required calculation of the mean displace mals was allowed to move randomly in this fashion, and its
ment (D) per night D/night) of the marked male®/night  net displacement was then calculated. The randomized (cal
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Fig. 2. Spectra ofCyphoderris monstrosaalling song and playback treatments; the relative amplitude scale is linear. (A) Average
spectrum of 15 males (solid black); the breadth reflects inter-individual variation in peak frequency; the spectrum of one male is
shown (white); most males are about 12 kHz. Inset: Median and 50 and 75% ranges of song frequencies for this sample of males.
(B) Frequency spectra for the two artificial acoustic stimuli used in playback experiments. Synthetic song (right) was composed of
pure-tone 12-kHz pulses; the noise stimulus (left) was low-frequency random noise with maximum energy at the most sensitive region
of the insect’s ear, but little at the frequency ©f monstrosasong.
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culated) distance from the origin was then subtracted frontreatment was significantly different from both rebroadcast
the observed distance from the origin (calculated from th€p = 0.029) and synthetic song € 0.005), but the two song
mark—recapture map) treatments did not differ from each othgr £ 0.688).

For further analyses these two treatments (synthetic song,
rebroadcast song) were pooled. Comparisons of playback

for each animal, and the mean of this difference was calcuwith solitary duty cycles within treatments indicated a sig-
lated. This entire procedure was performed 1000 times, an@ificant decrease during noise playback (Wilcoxon's tpst,
the grand mean difference was calculated as the test statisti@:025) but no significant change during song playback
This model, using all recaptured animals, may have led téWilcoxon's testp = 0.33). In other words, there was no sig-
biased results, given that some specimens were recapturdéficant change in duty cycle for males exposed to synthetic
only once. Since only 1 day’s movement was recorded fofONg Or to rebroadcast of their own song, whereas males re
these individuals, the observed distance from the origin musuced their acoustic output in the presence of noise. How
be equal to that calculated by randomly generating angle€Ver. there was a nonsignificant tendency for males in the
Thus, the mean difference calculated from all 48 recapture§ong treatments to increase their duty cycles during-play
individuals was biased towards zero. To determine the effed®@ck. This trend was marginally significant when two -out
of this bias, the same model was run with only those animal§ide values (Wilkinson et al. 1992) were removed from the
captured 2 or more times (25 individuals). Both models wereanalysis (Wilcoxon’s testp = 0.044).

written by one of the authors (M.N.) and are available upon For the field playbacks reported here several males, 2 in
request. response to synthetic song and 2 to rebroadcast, descended

from their singing perches and approached the speaker. One
other male was observed to descend from his perch during
noise broadcast and move to a neighbouring tree, where he
resumed singing.

Darg = 3 (Dops— D rand/ NO. of specimens)

Results

Cyphoderris monstrosa
The pulse rate of. monstrosavaries linearly with tem
perature (Morris and Gwynne 1978). The song frequency i€yphoderris buckelli
near 12 kHz, with some inter-individual variation in this
physical parameter (11.9 + 0.66 kHz (mean + 1 9E3,17;  Song-structure regressions
Fig. 2A, inset). Variability in song temporal pattern is-evi  The song ofC. buckellihas its mean principal peak at
dent both within and between individuals. But on a given14.7 kHz (range 11.7-16.3 kHg,= 0.86,n = 51). Figure 4
evening, within-male variation in call temporal parameters isshows how the pulse period shortens dramatically with in
lower than between-male variation (Fig. 3, Table 1). creasing temperature: 85% of pulse-rate variation is explained
Analysis of variance of the differences (playback vs.-soli by the regression on temperatufe£ 287.17,p « 0.01). The
tary) in male duty cycles showed a significant overall effectprincipal peak of the carrier frequency is not significantly af
of treatment F = 6.915,p = 0.004; playback in Table 2). fected by temperature (Fig. 5 € 0.77,p = 0.39), but chirp
Pairwise comparisons (Tukey's HSD) showed that the noiseuty cycle is (Fig. 6): it increases with higher temperature
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Table 1. Variability in three temporal measures Gfphoderris monstrosaong.

(A) Mean and coefficient of variation (CV).

Measure Chirp duration (s)  Pause duration (s) Duty cycle
Mean + SD 41+1.2 25+13 0.61 + 0.16
Ccv 0.30 0.50 0.26
(B) ANOVA.
Within subjects Sum of squares df Mean squareF P
Time 1.319 2 0.660 1.024 0.364
Time x measure 1.037 4 0.259 0.402 0.806
Error 55.412 86 0.644
Fig. 3. Temporal variability inC. monstrosasong. Within- and Table 2. ANOVA of duty-cycle changes irC. monstrosasong

between-male variation in two song temporal parameters (chirp during playback.
and pause duration). The graph shows mean chirp duration plot

ted against mean pause duration for individual mates (5). Sum of Mean

Plotted points are the centres of the circles, and those at the squares df  square F P

upper left represent males with long chirp durations and short  Playback 0.356 2 0.178 6.915 0.004
pauses, while points at the lower right represent males with shorError 0.592 23 0.026

chirps and long pauses. Areas of the circles are proportional to
the standard deviation of the corresponding mean (solid circles

denote chirps; broken circles denote pauses). The range of variapredictive value of size (midline pronotal length) for princi
tion is greater between than within males. pal carrier E = 2.44,p = 0.12,n = 51).

8

Playback experiment with caged males

2 L o)) Table 3 gives the pooled scores from the 36 trials and in-
dicates the consistency of individual males. We determined

(pooled) signed difference scora$, between the first and

@ ° second 10-min intervals for each male. Under a null hypoth-
= 5 L esis ) that the median difference between the first (silent)
2 10 min and the second (broadcast song) 10 min is zero, the
o 4 b difference scores in this design can be considered to be
= drawn from a symmetrical population, i.e., the mean is an
5L accurate representation of central tendency and is equal to
5 the median. This satisfies the assumption required for use of
> L the non-parametric Walsh test (Siegel 1956). Fheis that

the population mean of these differences is 0. Since we ex
O pected attraction to the sound, a one-tailed test is appropriate
K and theH, is that the population mean is >0. We reject the
1 1 1 1 1 H, at a signficance level of 0.05 and conclude that the differ
1 2 3 4 5 6 ence scores are significantly higher than zero. Broadcast of
Pause duration (s) calling song had a significant attractive effect on the 9-call
ing males in this indoor experiment.

-
T

. . Field playback experiments
(F=17.06,p « Q'Ol)' About 27% of chirp duty cycle vari An gcgustic resgonse to playback, obvious in some males,
ancg was explamed by tem.pera.ture chgngg. was an increase in chirp duty cycle. Such a change is-illus
Since carrier frequency in this species is unaffected byrated for one of the tested males in Fig. 7. Before playback
temperature, we disregarded temperature differences in makingg chirp duty cycle was 0.29 (Fig. 7A); during the fourth
a determination of carrier repeatability (Lessells and Boa®.-min interval after playback started it became 0.77 (Fig. 7C).
1987; Boake 1989). We measured high repeatability for the Figure 8 shows the distributions of chirp duty cycle for all
principal carrier, 0.88, an indication that this song parametetested males. The mean chirp duty cycle for the 2-min inter
shows substantially less within-male than among-male variayg| just before playback began was 0.38< 25). For the
tion. Carrier is thus a consistent characteristic of indiVidualz_min interval |mmed|ate|y after broadcast began, this became
singers and so is a possible basis for discriminating betweep 44 ( = 25), and during the fourth 2-min interval of play
individuals. And there is much variation in carrier frequencypack, average chirp duty cycle increased to 052 (18).
within the singing population (Fig. 5). We tested differences in chirp duty cycle before and after
Pronotum length predicts a male’s mass< 4.25,p = playback using a one-samplidest (duty cycle was arcsine-
0.048,n = 33). Thus, 12% of the variation observed in masstransformed). During both the first and fourth 2-min inter
was explained by a male’s size. But there was no significantals following playback onset there was a significant increase
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Fig. 4. Regression of pulse period on temperature for a 51-male Fig. 6. Regression of chirp duty cycle on temperature for a

cohort of C. buckelliat Nelson in 1995.
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phonotaxis experiment.

Specimen No. Score in first 10 min  Score in second 10 min

1 0 0
2 0 +2
3 0 +4
4 0 +3
5 0 0
6 0 0
7 0 +1
8 0 +1
9 0 +1

(difference between before playback and the fourth 2-min
interval), pulse rate, and carrier frequency and applying a
sequential Bonferroni technique (Rice 1989).

The calculated value for chirp duty cycle was significant
as given abovep(= 0.001). Similarly for pulse rate, measured
as the difference in time required to complete 10 phonatomes
(a phonatome is all the sound generated during one movement
cycle of the forewing generator (Leroy 1966)): the drop in
pulse period taken during the second 2-min interval after
playback onset was significant € 28, 27 df, mean = —10.879,

t = =2.640,p = 0.014, Bonferroni-adjusteg = 0.04). The

in chirp duty cycle over that obtaining in the last 2 min change in carrier frequency € 28, 27 df, mean 0.09%,=

immediately preceding playback (first interval:= 25;t =
3.074,p = 0.005; fourth intervaln = 18,t = 3.822,p = 0.001).

0.774,p = 0.14, Bonferroni-adjustepl = 1) was not significant.
The mean duration of 10 consecutive phonatomes, sampled

There is a lack of symmetry in the distribution of duty-cy before playback, was 445.3 ms; taken in the second 2-min

cles in the fourth 2-min interval after playback began: this isinterval after playback had begun, 10 phonatomes were com

manifest in the unequal lengths of the two whiskers of thepleted in 434.4 ms. These values correspond to 22.5 and

fourth 2-min interval (Fig. 8) and reflects the fact that for a 23.0 pulses/s, respectively.

few males, chirp duty cycle significantly lagged late in the The behaviour of males of other acoustic Orthoptera (e.g.,

playback. Morris 1972; Brush et al. 1985), together with the response
We also tested before—after playback for other songbserved in the caged trials (see above), led us to expect ap

parameters, using one-samplgests for chirp duty cycle proaches to the broadcast speaker. But this did not happen.
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Fig. 7. One of the males (22) involved in th@. buckelliplayback experiment (9°C). (A) Chirps and chirp intervals during the final

minute before playback; chirps are well spaced and of variable duration and interval. (B) The same male’s singing during the 3rd min
ute of playback; the broadcast signal is evident as low-amplitude regular traces in the background. (C) The same male in the 8th min
ute, singing with a much increased duty cycle.

last minute before playback

10s

3rd minute after playback begins

c 8th minute after playback begins

10s

Fig. 8. Duty cycles ofC. buckelli (arcsine-transformed) calcu- trials; other tested males showed modest locomotion dis-
lated for the 2 min just before speaker playback began, then for tance (20-50 cm) down their perch plant or no locomotion.
the first and fourth 2-min intervals during the 10 min of playback. Two males walked off their perch plant and withdrew

010 L ~20 cm on the ground. In all 29 trials we observed no posi-
tive phonotactic response.
B iy 00 The cohort of males involved in these playback trials in-
o0 o0 N L
cluded 8 virgins and 21 non-virgins.
0.08 | ()
o . oo Marking and recapture
9 B o ° We marked a total of 93 insects during the study interval.
2 006 | *® oo0 About half the insects marked were retaken on at least one
5 ° ose subsequent night (the proportion recovered at least once was
° B iy b 0.52), but 45 were never recaptured. The mean net displace
= ooe oo ment from their original capture site for 48 different males
O 004 'I’ oo (recovered 1-7 times) was 11.7 m; the median was 9.7 m.
ooe ose The largest net displacement of a male was 44.4 m.
B * The first Monte Carlo model, using randomly generated
002 | daily movements[¥/day) and angles, reveals no evidence of
econee calling-site fidelity (sedentariness). There was no significant
1 1 1 centrally directed movement. Figure 9 shows the mean dis
last 2-min  first 2-min  fourth 2-min tances from the origin (each male’s original capture {oca
interval interval interval tion) generated by the model and the observed data. All
before after after observed data points fall well within the 95% confidence
playback  playback  playback limits of the randomized data. At ttee = 0.05 level, there
began began began fore, there is no statistically significant difference between

the mean observed displacement from a male’s original site
One male (with an extremely high pre-playback duty cycle:and the data generated by the model.
>0.95) walked downward ~35 cm on his perch almostimme The second model produces the same conclusion. The
diately upon playback onset; this male continued to singgrand mean difference between a recapture site’s distance
though his duty cycle diminished, as he then walked,-turnfrom the original capture location, determined by randomly
ing, pausing, and singing, across the forest floor for abouselecting angles (model), and that actually observed in the
60 cm. But he moved transversely to the broadcast field ofield was 0.116 m. The distribution of these differences is
the speaker. This was the only substantial net displacemeniormal and centred around zero. The significance of the hy
vaguely in the direction of the speaker observed in the 2%othesis that the observed distance from the origin is less
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Fig. 9. Per-night average distance®)(from their original capture sites of malé. buckellimarked and recaptured in the field com
pared with distances generated by the random-walk mo#gl (
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than that generated by random walkingps= 0.60. Thus, male and engaging him in a fight. We observed no
there is no significant difference between the observed behaphonotaxis by the tested male in any of the 29 trials. And in
iour of the animals and that produced by random walking. >100 h of field observation we have never observed male

Eliminating those animals that were recaptured only onceC. buckelli approaching each other and making physical
(to eliminate the possibility of bias) did not change the con-contact (fighting). (The only exception is an anecdotal field
clusion. When only those animals recaptured 2 or more timesbservation by G.K.M. reported in Sakaluk et al. (1987).)
were used in the model (25 individuals), the grand mean difOvert aggression comparable to that®fmonstrosas non-
ference in distance moved from the origin was 0.253 mexistent inC. buckelli

Again the distribution of these differences was normal and Male C. monstrosaesponded to the song of a Conspeciﬁc

centred around zero. male broadcast nearby with only a non-significant increase
) ] ] in chirp duty cycle. But the trend in these data was toward
Courtship stridulation? increasing duty cycle and this became significant on the

One of the males tape recorded in the field at the forksexclusion of two outliers.
early on the night of May 7 (11.8°C) exhibited an unusual gaqeq on the results of other studies ©f monstrosa

song-pulse structure (Fig. 10), which continued over the SeVepi gty cycle is known to be an effective song parameter.
eral minutes of the record. Identical pulse envelopes recurreﬂz’onistiC interactions were staged indoors, with males en
in alternate pulses and alternate pulse periods differed CO'?:ountering each other on a vertical log arer;a (Mason 1996).

sistently in duration. Four numbered consecutive pulses ar -- " :
shown in Fig. 10. Close examination of the changing amplitudi 23 of 25 male pairings that escalated to fights, the winner

of the waveform in even-numbered pulses reveals stron and ultimately undisplaced) male *had a higher duty cycle

similarity; this amplitude modulation is likewise distinctive T2 (e displaced male. And for 13 males, their duty cycle
and identical for the odd-numbered pulses. The pulse- per.vvas significantly higher when they won than when they lost.

ods for odd-numbered pulses are shorter than those for eveLrhe relative duty cycles of competing mafe monstrosa

) SO uccessfully predict the outcome of fights, and duty cycle
numbereq p'ulses,_ the graph below the trace in Fig. 10'%vas shown to be a “true indicator of aggressive ability” and
makes this time difference more apparent.

to convey information used by the insects (Mason 1996).
All available evidence indicates that like male buckellj

Discussion male C. monstrosaengage in acoustic rivalry by increasing
chirp durations. But unlike€. buckellj rivalry in this species
Chirp duty cycle does extend to approaching another male (4 of the 18 males

Mean chirp duty cycle for mal€. buckelliincreased sig  in our C. monstrosdield trials walked toward the broadcast
nificantly in response to the song of a conspecific malespeaker) and engaging in overt aggression. And.imonstrosa
broadcast nearby. Males of this species engage in acoustitianging duty cycles mediate the fight's progress. Chirp duty
rivalry, with increased chirp durations and increased singingycle is implicated in the agonistic signalling of both haglid
rates (the pulse rate also increased significantly). But fospecies, but the end result of this rivalry is different: one
C. buckellj rivalry does not extend to approaching anotherspecies escalates to vigorous fighting and the other does not.
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Fig. 10. Example of switch-wing stridulation i€. buckelli One male (95-12) exhibited two alternately identical pulse periods (A). Pulse
amplitude modulation differs in accordance with period: odd (1, 3) and even (2, 4) pulses show a strong similarity of pulse envelope.
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Ecological considerations mature tree trunk. Because females, which emerge each night

The marking and recapture studies@fbuckellireveal an ~ from the leaf litter, apparently use this trunk as a highway
almost complete absence of site fidelity in this species. Mostnto the canopy to feed, the presence of a female there dur
males move to different singing locations on successivéng the evening is predictable: she may walk by on this nar
nights in a fashion consistent with choosing random bearrow surface within a narrow time interval. Because the trunk
ings and travelling random distances. This high degree ofs an elevated vertical surface, gravity can increase the cost
displacement is in accordance with the absence of overt a@f losing fights: a dislodged male will usually fall a long
gression in this species; no appreciable part of the pepuladistance and must then expend energy just to re-engage with
tion of singers remains in place to defend a singing location.his opponent. The substrate occupiedymonstrosdends

In C. strepitans the species that occurs in Wyoming and itself to the monopolization of females in space and time
Colorado, there is also no indication of overt aggression(Emlen and Oring 1977).

And in explaining its absence, Mason (1996) noted that be By contrast, forC. buckelli perch substrates consist of a
causeC. strepitanssings from sagebrush, comprised of “low network of thin leaves and dead or living branches in the
bushes with many tangled branches,” where@srionstrosa understory. A dislodged male will not fall far and can readily
sing from the trunks of spruce trees at considerable heightsgnew an attack. There is almost unlimited availability of
with few or no branches below them,” escalation is moresinging perches because the substrate is so extensive. Nor
cost-effective forC. monstrosathan for C. strepitans.For  are females moving through the vegetation in any consistent
C. monstrosahe cost of ejecting a rival is relatively low and direction. Males can move so easily within the understory
the cost of searching for the limited (tree trunk) resource ighat energy invested in excluding one rival would soon require
high. The benefit of holding the resource in terms of accesseinvestment to deal with another. Height, female habit, the
to females is perhaps also high. Contests in such situatiorgxtent and nature of the substrate, and mobility of rivals
are expected to be settled with escalation (Maynard Smitlsombine to make escalation of aggression advantageous in
and Parker 1976). The argument can be applied equally wetine species but not in the other.

to C. buckelli But though they do not escalate to fighting and so do not

The use of habitat bZ. monstrosandC. buckellidiffers.  need chirp duty cycle in this context, ma: buckellican
The perches where fighting b9. monstrosaoccurs are top  still benefit by reacting to the duty cycle of a rival. In the
ographically limited: a male is restricted to the surface of aearliest evolved acoustic pairing system, wherever males
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sang within earshot of each other and were selected by theieducing their singing may be explained as being predator-
differential ability to attract females, they were inevitably related (Mason 1991).
acoustic competitors. This acoustic rivalry would be driven The most intense frequencies of the continuous noise play
by the need to monopolize female perception: whicheveback coincide with maximal ear sensitivity while containing
male’s song was perceived, that would be the source apittle energy at the frequencies of the calling song (Fig. 2B).
proached. Ensiferan perception mechanisms (Pollack 198&0 the noise could compromise the insect’s ability to hear
Romer and Krusch 2000) will suppress response to the (onlgredator-related sounds in the low-frequency audio range. The
slightly) weaker of two or more sound inputs, and on the bagbserved reduction of singing obtained here in response to
sis of a long inhibition-time constant, will favour high duty continuous low-frequency audio noise is consistent with this
cycles. By virtue of such mechanisms a female will actuallyhypothesis. A male experiencing input in this low-frequency
hear only the slightly louder and (or) more sustained of twoband may be inhibited from continuing to make his location
competing singers. So if one male singing near another failsonspicuous to possible eavesdropping predators.
to match or exceed a rival's sound level and duty cycle, he
is much less likely to be approached by a female. In such .
circumstances males could benefit from responding beforeACtive aggregation _
hand to a neighbour’s singing activity. If a neighbour is a On the face of it, the approach of mafe buckelli to
better singer in terms of level and duty cycle, withdrawalspeaker broadcasts indoors is inconsistent with the absence
will improve a male’s chances of attracting a mate. Thisof approach to the (nominally) identical stimulus in the field
may be why maleC. buckellihave evolved to respond to the experiments. But one may explain these two different re
duty cycles of nearby singers even though they never use efPonses on the basis of different behavioural contexts: in one
coded information in subsequent fights. To avoid “sufferingcase the males are isolated, in the other they are not.
by comparison” a male must match his neighbour’'s duty cy The males in the indoor experiment were caged singly,
cle or move on. within earshot of a few other males, but in relative isolation.
“Match or move” predicts that males that are unable toThat they were singing and stationary on the log as the
compete successfully with the calling activity of a neigh- experiments began indicates a level of normalcy in their be-
bouring rival will ultimately cease singing and withdraw. haviour, i.e., they were not restless and exploring their envi-
And we did observe some males that appeared to redugenment, though that environment was very different from
their duty cycle slightly toward the end of the test interval: their typical habitat. However, the 10-min interval before the
the asymmetry in the “whiskers” in Fig. 8 indicates some-speaker broadcast began is the equivalent for a male of sing-
what lowered duty cycles in certain males. And there was ang all by himself in the forest. A singer in such a situation
very slight indication of locomotory withdrawal within the might be selected to respond phonotactically to distant sing-
10-min playback interval of our trials. One supposes thagrs. This response is consistent with an active aggregation
substantial withdrawals would ultimately occur if the acous-response, oriented to the sound of a distant singer and hav-
tic stimulus was continued for a longer time, a predictioning nothing to do with rivalry.
that should be tested. Male C. buckellisinging at the forks site formed a coher-
Chirp duty cycle is an important acoustic parameter inent deme on the mountainside, with well-defined limits to
male interactions for both these species and encodes- infothe singing population. Moving 20 m deeper into the forest,
mation about the capacities of rivals. It is reasonable to exaway from the road edge, one passed abruptly beyond any
pect that it could be similarly employed by females of singing. Yet it was not apparent that the habitat at this transi
Cyphoderrisspp. But there is no experimental evidence thattion differed suddenly in any way from the habitat farther
females of these species respond phonotactically to malwithin. The break in the forest canopy caused by the presence
calls. When and if such evidence is obtained, it seems likelyf the road admits sunlight, and together with the southern
that females of the two species might discriminate chirp dutyexposure of this study site, may partly explain the distribu
cycle in different ways. In the nonterritorial speci€s,buckelli  tion of these singers. This area was free of snow at a much
this parameter may serve for active discrimination of a male’sarlier date than were immediately adjacent areas; the-situa
quality as a prospective mate and females evince preferencéen was repeated farther up the Busk road branch and on
for males with higher chirp duty cycles. But in the strongly another mountainside nearby. However, the singing group is
territorial C. monstrosadiscrimination between duty cycles more cohesive than can be accounted for by the broad ef
by females may be superfluous, so females show no discrinfects of southern exposure and open canopy. Singing may
ination: a femaleC. monstrosaneed not choose a potential well play some role in maintaining these singers as an aggre
mate by his singing, but only accept as a better mate angation.

male who successfully occupies a tree trunk. Active acoustic aggregation (Ewing 1989) occurs when a
relatively isolated insect reacts to collective distant song out
Noise response inC. monstrosa put with positive phonotaxis. The function of the response is

Cyphoderris monstrosaxhibit a frequency mismatch: they to bring and keep an individual within an aggregation. So
have low auditory sensitivity at the calling-song carrier andthe absence of taxis in the outdoor experiments could be
high sensitivity near 2 kHz (Mason et al. 1999). The noiseviewed as resulting from those trials taking place entirely
playback was created as a control for specificity of song rewithin a deme of singers in normal habitat; one would ex
sponse, to be readily perceptible to the insect while lackingpect no active aggregation here. Indoors, on the other hand,
any species-characteristic amplitude modulation. That the inactive aggregation is a reasonable response to observe in
sects responded (unexpectedly) to this sound by significantlgn isolated individual in unsatisfactory surroundings; he is
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attracted by a cue predictive of food, shelter, and the poterBrown, W.D., Wideman, J., Andrade, M.C.B., Mason, A.C., and
tial for mates. Gwynne, D.T. 1996. Female choice for an indicator of male size
A role for phonotaxis in the maintenance and formation of in the song of the black-horned tree crickBgcanthus nigricornis
a singing population is a possibility in a number of chorusing (Orthoptera: .Gryllldae: Oecanthlnag). Evolutidt) 2400-2411. .
insects, e.g., periodical cicadas (Alexander 19Z8pocephalus Brush, J.S., Gian, V.G., and Greenfield, M.D. 1985. Phonotaxis
katydids (Morris and Fullard 1983), and midges (Downes an_d_aggres_snon in the coneheaded katybldoconocephalus
1969). An expectation in such cases is that males, sexually affinis. Physiol. Entomol10: 23-32. _ N
unreceptive females, and immatures should exhibit attractio%“‘:ke”’ E.R. 1924. Additions and corrections to the list of British
to the chorus; in mole crickets, males are attracted to acous C°lumbia Orthoptera. Proc. Entomol. Soc. BZL: 7-12.

tic traps (Ulagaraj and Walker 1973) as are already-mate&Wan. I-McT., and Guiguet, C.J. 1965. The mammals of British
females with stored sperm. Columbia. 3rd ed. British Columbia Provincial Museum, Victoria.

Dadour, I.R., and Bailey, W.J. 1985. Male agonistic behaviour of
. . . . . the bushcrickeMygalopsis markBailey in response to conspecific
Adaptiveness of SW|tch—W|n_g str|dulat|0r_1 song (Orthoptera: Tettigoniidae). Z. Tierpsycha: 320-330.
_The_ recurrence of I_dentlcal a'te.ma“r.‘g puls_e em./el()pe%)ownes, J.A. 1969. The swarming and mating flight of Diptera.
with distinctive alternating pulse periods is the first evidence ™ 5, Rev. Entomol14: 271-298.
of switch-wing singing .|nC. buckelli This song pattern re Emlen, S.T., and Oring, L.W. 1977. Ecology, sexual selection, and
sults from reversing wing overlap at each sound pulse and i, eyolution of mating systems. Science (Washington, D.C.),
was first reported by Spooner (1973) fGr monstrosaThe 197 215-223.

tegmina _of mal_es of aICyphoderr_isspecies are bilaterally Ewing, A.W. 1989. Arthropod bioacoustics: neurobiology and be
symmetrical with a functional file and scraper on both hayiour. Comstock Publishing Associates, Ithaca, N.Y.

forewings; likewise for their haglid relatierophalangopsis  Faure, P.A., and Hoy, R.R. 2000. Auditory symmetry analysis.
obscura(see plate LIV in Zeuner 1939). And other acoustic  j. Exp. Biol.203 3209-3223.
Ensifera also show forewing bilateral symmetry (Morris etGood, P.I. 1994. Permutation tests. Springer-Verlag, New York.

al. 1975; Masaki et aI: 1987; Morris and Mason 1995). InGreenfield, M.D. 1994. Synchronous and alternating choruses in
C. monstrosaboth tegminal overlaps are commonly observed insects and anurans: common mechanisms and diverse func-

in field-caught males, with some individuals changing their tions. Am. Zool.34: 605-615.

overlap at longer intervals (hours or days) (Morris and Gwynneswynne, D.T. 1995. Phylogeny of the Ensifera (Orthoptera): a

1978). And the same is true @. buckelliandC. strepitans hypothesis supporting multiple origins of acoustical signalling,

(G.K.M., unpublished data). complex spermatophores and maternal care in crickets, katydids,
Spooner (1973) supposed that switch-wing singing was and weta. J. Orthoptera Re&. 203-218.

the typical method of calling i'€. monstrosabut this is not  Latimer, W., and Sippel, M. 1987. Acoustic cues for female choice

the case. It has only been observed in this species on oneand male competition ifTettigonia cantansAnim. Behav.35:

other occasion, when a male’s singing was recorded while 887-900.

he interacted in antennal-contact range of a female (Morriseroy, Y. 1966. Signaux acoustiques, comportement et systéma-

and Gwynne 1978). Its absence as a response to playback intique de quelques espeéces de Grillidae (Orthoptéres, Ensiféres).

the trials withC. buckellishows that it has no role in male  Bull. Biol. Fr. Belg. 100 3-134.

rivalry. But whether this form of the song can serve in court Lessells, C.M., and Boag, P.T. 1987. Unrepeatable repeatabilities: a

ship is still an open question. As such it would be a way to common mistake. Auk104 116-121. _

convey acoustically a male’s fluctuating asymmetry to a lis Mar_lly, F.J. 1991. Randomization and Monte Carlo methods in

tening female (Watson and Thornhill 1994; Faure and Hoy Piology. Chapman and Hall, London.

2000). As a courting signal the rarity of its detection in theMasaki, S., Kataoka, M., Shirato, K., and Nakagahara, M. 1987.

field is not hard to understand, in that most recorded and ob Evolutionary differentiation of right and left tegmina in crickets

served field males are not in the company of females; eourt In Evolutionary biology of orthopteroid insectBdited byB.M.

: ‘g : . : Baccetti. Ellis Horwood. Chichester, U.K. pp. 347-357.
ship (as distinct from copulation) is perhaps a brief proces o - X .
in t?we(se species P )isp P P ?/Iason, A.C. 1991. Hearing in a primitive ensiferan: the auditory

system ofCyphoderris monstrosgOrthoptera: Haglidae). J. Comp.
Physiol. A,168 351-363.
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