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Abstract. Calling songs produced by males of Cicada orni LINNAEUS, 1758 from the lo-
cality of Crato (southern Portugal) were recorded in the field during July of 1999. A tem-
poral song analysis was carried out to investigate the influence of the ambient air
temperature on the following parameters: echeme rate, echeme length, interecheme inter-
val and number of pulse units per echeme. A significant correlation was found between
the temperature and the interecheme interval. When ambient air temperature rises from
26.5 to 41°C the interecheme interval increases. This relation is not very strong but is sta-
tistically significant and confirms previous casual impressions collected in the field by the
authors. As aresult, the effect of the ambient air temperature on the calling song should be
always taken into account when comparing recordings among populations of this cicada
or among this and closely related species.
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[. INTRODUCTION

Males cicadas (Hemiptera: Cicadidae) produce loud airborne sounds using an elaborated tymbal
mechanism (CLARIDGE 1985, BENNET-CLARK 1998). Calling songs, which are the most common
type of call produced by each species, typically have an important role in pair formation and in spe-
cies recognition (e.g., CLARIDGE 1985, VILLET 1992).

Sound pulses are created by the action of the large tymbal muscle on the distortion and relaxa-
tion of the striated tymbals (SIMMONS & YOUNG 1978; CLARIDGE 1985, BENNET-CLARK 1998). At
higher muscle temperatures tymbal muscles contract more rapidly (JOSEPHSON & YOUNG 1979,
YOUNG & JOSEPHSON 1983, SANBORN 1997a) and the temporal pattern of the song may be affected
by increases in body temperature (JOSEPHSON & YOUNG 1979, SANBORN 1997b).
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Environmental factors are certainly important in regulating song production in cicadas, and am-
bient air temperature is one of the major environmental factors contributing to this regulation (e.g.,
SANBORN 1997a). Authors in general have noticed that at low temperatures or at low levels of radi-

‘ant solar energy, no song is produced or the songs of some species of cicadas are produced at a
slower rate (e.g., SANBORN & PHILLIPS 1992, SANBORN 1997a; personal observation). Also, stud-
ies performed with orthopterans showed that some temporal song parameters are air temperature
dependent or influenced by heat radiation (e.g., CICERAN et al. 1994, STIEDL et al. 1994).

Cicada orni LINNAEUS, 1758 is one of the most common and widely distributed cicadas in Por-
tugal, adults being frequently associated with trees, mostly olives (Olea europaea) and pines (Pinus
pinaster and P. pinea)(QUARTAU 1995). Adults are active from June to October, the warmest sea-
son of the year, and sing mostly during the day. The calling song of this species consist of a repeti-
tive series of separate acoustic elements — the echemes — which are composed of a series of rapid
and regularly reproduced amplitude modulated groups of pulses (CLARIDGE et al. 1979, QUARTAU
& REBELO 1994, QUARTAU et al. 1999).

A recent study found no significant relationship between temporal song parameters and body
temperature in the cicada Diceroprocta olympusa (WALKER). Studies investigating the effect of
ambient temperature on temporal parameters in cicadas have been contradictory (POPOV 1975,
GOGALA et al. 1996, POPOV et al. 1996). Field recordings of a few males of C. orni were carried out
at different hours of the day and, therefore, at different ambient temperatures, with a view to investi-
gate whether some temporal song parameters of C. orni are dependent on the ambient air tempera-
ture.

Acknowledgments Wearegrateful to T. FERNANDES for her assistance in the
field and to P. SIMOES for her help in the acoustic analysis and in the discussion of the results. Sup-
port was provided by PRAXIS XXI (project 2/2.1/97/94).

II. MATERIALS AND METHODS

Calling songs of nine males of C. orni from Crato (Alto Alentejo, Portugal) were recorded from
1 July to 15 July 1999 (Table I). Each male was recorded in the field for a period of about three min-
utes and at intervals of one hour over the course of a full day, therefore individuals were recorded at
different ambient temperatures. Ambient temperatures in the field ranged from 26.5 to 41°C. A digi-
tal Sony DAT recorder connected to a compatible dynamic microphone was used to record the ci-
cada calls. It was possible to obtain multiple recordings from the same individual because in general
males tend to remain on the trunk of the same tree for several hours. Air temperatures were taken
immediately after each recording. Ambient temperatures were measured at a height of approxi-
mately 20 cm in the shade with a maximum and minimum thermometer sensitive to & 0.5° C.

As known, males of C. orni can change the echeme duration and echeme rate of their song in
alarm and intraspecific situations (BOULARD 1995; BOULARD & MONDON 1997; personal observa-
tion). This has been taken into consideration and all males supposedly involved in inter- and intra-
specific interactions were discarded from this study.

As in QUARTAU et al. (1999), song recordings were analysed using the Cool Edit 96 software
(Syntrillium Software Corporation) to produce oscillograms (amplitude versus time display). Sam-
pling rate used was of 44,1 kHz. One subsample of about 10 seconds was chosen at random from
each recording and the following temporal parameters were measured: echeme rate (number of
echemes per second in the sample of 10 seconds), echeme length (duration of each echeme of a sam-
ple of 15), interecheme interval (duration of each of the 15 intervals between echemes), and number
of pulse units in each echeme of the sample of 15 (Fig. 1). Means and standard deviations for each
recording were calculated for the last three parameters. Spearman correlation coefficients were cal-
culated among temperatures and the song parameters as well as among the song parameters investi-
gated.
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Fig 1. Oscillogram of the calling song of Cicada orni L. over a period of about 0.45 seconds: three echemes together; some of
the characters measured are shown.

[1I. RESULTS

Echeme rates calculated for males of C. orni varied from 5.63 to 8.18 echemes per second.
Echeme length ranged from 0.052 to 0.117 seconds and interecheme intervals from 0.037 to 0.116
seconds. The number of pulse units per echeme varied from 10 to 29. Means and standard devia-
tions of these temporal song parameters for each male with an indication of the range of ambient
temperature (and hours of the day) over which recordings were made are given in Table 1.

Table I

Mean + standard deviation of each song temporal parameter for each male of C.
orni L. and range of hours and temperatures considered; N — number of males

Echeme Echeme Interecheme |  Number Range of
; Range of
Male | N rate length interval of pulses temperaturs
hours 3
(no./s) (s) (s) per echeme (°C)
61699 5 7.75+0.551 0.070 +0.0105 | 0.059 +0.0211 17.5+2.63 11:40 - 17:00 36-39
| 700 | 4 | 639+0.163 | 0.089+0.0106 | 0.066 +0.0062 21,0 £-2:37 12:10 - 16:40 36.5-39 |
715 8 | 7.32+0.708 | 0.076+£0.0154 | 0.062 = 0.0099 17.4 +2.46 11:35 - 19:00 l 28 -35
ez I
716 | 6 | 6.81+0.383 | 0.090+0.0111 | 0.058 +0.0095 20.2£2.31 12:20 - 18:40 30-34.5
| 719 | 7 | 740£0.872 | 0.091+0.0116 | 0.042 +0.0057 20.7 + 1.49 B1IS*=18:05 26.5-325
7265003 7.12+0.216 | 0.087 +0.0262 | 0.067 +0.0068 17.4+0.96 16:30 — 18:25 38.5-39
|
729 | 7| 639+0.261 | 0.085+0.0177 | 0.074 +0.0233 17.9+£3.72 | 9:45-17:50 3041
765 | 7 | 6.57+0.308 | 0.081+0.0159 | 0.070+0.0164 20.1 +£4.83 11:10 - 18:45 33-38
| 767 | 4 | 6.99+0.239 | 0.065+0.0141 | 0.080 +0.0202 15.8+3.76 10:05 - 13:20 30-40.5

The interecheme interval proved to be positively correlated with ambient temperature (Table II).

This was corroborated by the casual observation in the field that when ambient temperatures were
considerably high (near or over 40°C), males sang at a slower rythm. The remaining song parame-
ters were not shown to vary significantly with temperature.
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Table 11

Spearman correlation coefficients between temperature and temporal parameters
of the song of Cicada orni L. (N=9)

Echeme Echeme Interecheme Number of pulses
rate length interval per echeme
rS t D rS t D iy t p rS t D

Temperature | -0.022 | -0.15 | 0.878 |-0.248 | -1.79 | 0.079 | 0.339 | 2.53 0.015 |-0.255]| -1.84 | 0.071

As expected, echeme rate was negatively correlated either with the echeme length or the intere-
cheme intervals. Moreover, echeme length was positively correlated with the number of pulses
within each echeme. On the other hand, the interecheme interval was negatively correlated with
echeme length as well as with the number of pulses per echeme (Table III).

Table III
Spearman correlation coefficients between song parameters of C. orni L. (N=51);
*p<0.05
Echeme rate Echeme duration | Interecheme interval duration
Echeme length -0.308*
Interecheme interval -0.428* -0.602* |
Number of pulses per echeme -0.190 0.875% -0.700*

IV. DISCUSSION

Males of C. orni appeared to sing only when the ambient temperature was higher than 26°C. On
the other hand, their singing activity appeared to be inhibited when strong wind prevailed. These re-
sults are similar to environmental conditions limiting C. orni calling activity described by CLOUD-
SLEY-THOMPSON (1960) and CLOUDSLEY-THOMPSON & SANKEY (1957).

The main results of this study indicate that the temporal pattern of the calling song of C. orni is
temperature dependent, namely in the interecheme interval. Interecheme interval increased with ris-
ing ambient air temperature from 26.5 to 41°C. This effect was not very accentuated but was statisti-
cally significant, confirming previous casual impressions during field work. This suggests that the
acoustic activity is slowed down with considerably high temperatures (near or higher than 40°C).
This may be an adaptation to allow calling activity at elevated temperatures since elevated body
temperatures have been shown to inhibit calling (HEATH & WILKIN 1970) and tymbal muscle activ-
ity can elevate body temperature (JOSEPHSON & YOUNG 1979). This pattern of slowing call rate in
C. orni also contrasts some North American species, such as Diceroprocta viridifascia (WALKER),
where the number of echemes per unit time increases considerably as ambient (and presumably
body) temperature increases (personal observation).

Studies performed in crickets indicate that pulse rates increase with increasing temperature but
the temperatures considered on those studies do not reach such high levels as here (CICERAN et al.
1994, WALKER 1998). In a study performed in the laboratory with Orthoptera (STIEDL et al. 1994),
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chirp rate increased and syllable duration decreased significantly when ambient temperature in-
creased from 19 to 27°C. When ambient temperature increased to 35°C, chirp rate decreased slightly
but not significantly.

Song structure is influenced directly by body temperature, and ambient temperature measured in
the field may not represent the actual body temperature of cicadas. In fact, cicadas can regulate body
temperature by altering the uptake of radiant solar energy, producing endogenous heat, or employ-
ing an evaporative cooling mechanism like the Sonoran Desert cicada (TOOLSON 1987, SANBORN
1997a). However, ambient temperature can have some influence on the acoustic activity of cicadas
as shown here and, as a result, it is important to take this influence into consideration whenever
comparisons are made among the calling songs of different populations of C. orni. Moreover, close
species such as the sibling C. mordoganensis BOULARD, 1979 should be also investigated in order
to see whether ambient temperature can mask some of the temporal parameters which are typically
used to discriminate between this pair of closely related species. Finally, further studies should in-
clude larger samples than those here considered in order to obtain a regression equation which
would permit, in part at least, the adjustment of the song measurements of any specimen to a given
temperature.
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