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KrAus RIEDE and AXEL KROKER

Institut fiir Biologie I (Zoologie), Albert-Ludwigs-Universitit, Freiburg i.Br., Germany

Abstract. Calling songs and disturbance squawks of two abundant Bornean cicada species, Dundubia vaginata
(FABRICIUS 1787) and Pomponia imperatoria (WESTWOOD 1842) were recorded and analyzed, to be used for fur-
ther ecological studies. Songs of both species are characterized by constant carrier frequencies with higher harmo-
nics and exhibit a species-specific temporal structure. The elementary sound pulses, produced by tymbal clicks,
are damped in D. vaginata, while they are coherent in Pomponia imperatoria. On the abdomen of D. vaginata,
thin transparent cuticular areas are described which could serve as additional sound radiators. Power spectra of
disturbance squawks show only one dominant frequency, coinciding with the fundamental frequency of the re-
spective calling songs, but without its higher harmonics. Their species-specific calling songs are easy to recognize
in the field. Acoustic monitoring of song activity revealed that P. imperatoria sings only at dusk, while D. vagina-
fa can be heard during the day and at dusk. These results show that acoustic monitoring is a valuable tool to study

the composition and regional distribution of species-rich tropical cicada communities.
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1. INTRODUCTION

Among the numerous voices within tropical rainfo-
rests, cicada songs are the most intense and complex
sounds to be heard during daytime from dawn to dusk.
As in many other insect groups, diversity of Cicadidae
is highest in tropical forests: 142 species are reported
from Malaysia (MOULTON 1923). The taxonomy of
these generally large insects 1s comparatively_\fvell
known, though some genera are in need of revision.
Songs are species-specific, and once i_dentl‘hed their
analysis could facilitate taxonomic studies of morpho-
logically similar species, as for example the genus
Dundybia (OVERMEER & DUFFELS 1967).

Based on comparative studies of cicada songs, PRINGLE
(1955) and HaGiwaRA & OGURA (1960) began to cor-
relate the structure of songs with current taxonomic
schemes, Unfortunately, this approach has not been
Pursued, though the large number of tropical Clcad_ff
Species provides ample opportunity t0 co_n"tmuc? th1§
Comparative approach. In the field, identified songs

could be of immense value for inventorying and moni-
toring tropical cicada species without the necessity of
capturing specimens (RIEDE 1993). The knowledge of
songs is of great value to collect data on life history
and diel periodicity of these large but cryptic tropical
forest insects. In spite of these advantages, only few
studies on tropical cicada songs exist (PRINGLE 1954;
ENGER et al. 1969 DUFrFELS 1988). This might be due
to the extreme difficulties in spotting songsters in their
forest habitat. A possible solution could be a somewhat
indirect approach, i.e., to correlate disturbance squa-
wks of captured specimens with calling songs taped at
the respective localities. The present paper investigates
if such an inference is possible by comparing disturb-
ance squawks and the fine structure of calling songs
from two common Bornean cicada species. Dundubia
vaginata (FABRICIUS 1787) and Pomponia imperatoria
(WEsTWOOD 1842). A further aim of this study is to
provide information on their ecology and phenology
by evaluating sound recordings from different sites an
seasons.

and


http://www.groms.de/data/zoology/riede/publications.html
http://www.groms.de/data/zoology/riede/publications.html

44 K. RIEDE and A. KROKER

2. MATERIAL AND METHODS

2.1. Study sites and periods

Investigations were made at Mt. Kinabalu National Park,
Sabah, Malaysia, in a lowland mixed dipterocarp forest at
Poring Hot Springs (500-900 m asl), along Langanan river
trail and Langanan waterfall (500-1100 m asl), at mountain
forest around Park Headquarters (1500 -2300 m asl) and sub-
montane forest at Sayap (900m); for a general description of
habitats see Kitayama (1992). A canopy walkway system
with a total length of 900 m was available at Poring. Obser-
vations were made from April to June 1991, February until
April and August 1992, March until May and October 1993,
thereby covering different seasons and weather conditions.

2.2. Recording

Individual songsters were recorded and localized by a cu-
stom-made highly directional microphone consisting of an
electret microphone capsule with inbuilt FET-amplifier (type
MCE-2000, frequency range 30-20.000 Hz, +2dB) mounted
into a parabolic perspex reflector (PBR-330, Sony, diameter
33 c¢m) and recorded by a stereo cassette recorder (Sony
TCD5-PRO, frequency response 40-16000 Hz +3dB
[NAB]). Sound intensity was measured by a soundlevel
meter (Noris NM-3) with a dB(A) frequency weighting.
Animals were collected at night where they gathered at artifi-
cial lights. D. vaginata occured in great numbers, while P.
imperatoria was rarer and was only observed after the midd-
le of march. Disturbance squawks could be elicited easily by
slight touch in freshly caught specimens. In general, caged
specimens do not sing. Fortunately, in a few cases songs
could be recorded from caged specimens, especially when
exposed to songs from congeners. This allowed unequivocal
correlation of songs to voucher specimens which are depo-
sited in the collection of K.R. Recordings used for frequency
analysis were made without parabolic reflector, to avoid fre-
quency distortions.

2.3. Sound analysis and classification

Sounds were visualized with a spectrum analyzer (Spectro
2000, MEDAYV) which produced an on-line Fast Fourier
Transformation visible on a colour monitor. For further ana-
lysis, records were sampled into a computer (Tandon 486/33,
Compaq) via an analog-digital converter (DT2821, Data
Translation) at a sampling frequency of 30 kHz and analyzed
with a signal processing software (Hypersignal Acoustic,
Hyperception Inc.).

2.4. Morphology

Cuticular thickness of distinct parts of the abdomen of D. va-
ginata was measured with a dial gauge (Mitutoyo) with an
accuracy of 1 pm, using small rectangular pieces of cuticula
cut from dried specimens. Drawings were made from trans-
verse cuts of dried specimens under a dissection microscope,

3. RESULTS
3.1. Song structure

3.1.1. Dundubia vaginata, calling song. Compye i
other cicada species from the area, the song structyy i
quite simple (fig. 1a,b). The b.amcle.}efmemg are phrageg
composed of two easily distinguishable parts (A and
B). Phrases are separated by pauses of 85 ms (meay
duration 85 ms, s.d. 18 ms, n=170 phrases frgm 10 anj.
mals). From the same data, the mean duration of the
shorter starting sequence (A-part) was determined i,
be 139431 ms, and the mean duration of the mygy
longer main sequence (B-part) with 1656327 ms. Ar,
higher time resolution clearl.y separable ch}rps of 9 mg
length, separated by 2.5 ms intervals, are visible withiy
the B-part. In the middle of the B-part chirps are
grouped into hyperstructures consisting of three ele-
ments, the triplets. This rigid song structure is maip-
tained uninterruptedly up to several minutes. Songs
start with a prelude of up to 40 s length, and terminate
with a coda around 20 s long. Both prelude and coda
resemble part B and are made up of chirps of similar
length, but triplets are formed only irregularly, so that
they resemble a stuttering motor.

The fine structure of single chirps from the B-part (fig.
1d) suggests that each chirp corresponds to the sound
pulses generated by the inward tymbal movement,
while the interchirp interval probably corresponds to
the toneless outward movement of the tymbal (cf.
HENNIG et al. 1994). In contrast, the underlying wave-
form of the A-part is a continuous train of damped
pulses (fig. 1c). The power spectrum of a phrase (fig.
le) consists of a fundamental frequency of 940 Hz and
higher harmonics, revealing prominent peaks around
2.6 and 3.7 kHz. A comparison of power spectra from
A- and B-part (fig. 1f,g) shows impurities within part
B, due to modulation with the chirp repetition rate of
80 Hz, while the continuous wave form within part A
results in sharper frequency bands (see discussion).
Fundamental and carrier frequency is slightly lower
within part A.

Dundubia vaginata, disturbance squawk. The di-
sturbance squawk consists of short chirp sequences
whidl are remarkably similar in length to the chirps
mukmg up the B-part of the calling song, but differ in
frequency composition (fig, 2a, b)y. AsLshm\'n by the
Power spectrum (fig. 2c¢), they contain mainly the
fundamgntal frequency of 900 Hz. without any higher
harmonics. The underlying wave train of each pulse
clearly reveals seven peaks (fig. 2d), which could cor-
r.e‘“Pond to the successive stimulation of seven sclero-
tzed tymbal ribs during inward buckling of the tym-

bal.
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Fig. 1. Dundubia vaginata: Spectrogram, waveforms and power spectra of the calling song.

a) Spectrogram of two phrases generated by Fast Fourier Transformation (FFT;1024 pt, Blackman window). The starting
chirp (A-part) is characterized by clearly separated frequency bands, while the following B-part consists of short chirps and a
rougher spectrum.

b) Temporal structure of calling song at low time resolution revealing the structure of chirps. The A-part consists of one long-
er chirp , while the B-part consists of much shorter chirps arranged in groups of three (“triplets™) during the middle part.

¢) Temporal structure of A-part at high time resolution, showing highly damped continuous wave trains.

d) Temporal structure of a chirp from a triplet at high time resolution. Chirps are clearly separated, pauses probably cor-
respond to a toneless outward tymbal oscillation.

e) Power spectrum of a whole phrase, revealing maxima at 2610 and 3760 Hz. The prominent side bands at 1.8 and 3.5 kHz
can be explained by modulation of the 2.6 carrier frequency by the 940 Hz fundamental frequency.

f) Power spectrum of the A-part, revealing much sharper frequency bands due to a less deep modulation by the slightly lower-
ed fundamental frequency of 880 Hz. : b= o .

g) Power spectrum from 300 ms sequence of triplets, showing more impurities due to an additional modulation by the triplet
Tepetition rate (around 80 Hz); the fundamental is slightly elevated (940 Hz).

Spectrogram and power spectra show a constant funda-
mental frequency of 730 Hz with higher harmonics
throughout all song parts, with a dominant carrier fre-

3.12. Pomponia imperatoria, calling song. The spec-
trogram and time structure of the conspicuous F. impe-
Tatoria song are shown in fig. 3. Songs with an aver-

4ge duration of 18 s (n=8) are repeated irregularly af‘u?r
Pauses between 30 s and several minutes. The sound is
very similar to a blast of a flourish of trumpets, and the
°Ong can be described quite accurately as a sequence
Of blasts of decreasing duration, becoming clearly se-
I;;F‘ccllted and fainter towards the end of the song (fig.
2D~ J

quency at 3.6 kHz (fig. 3g). As shown by the power
spectra (fig. 3g-1), frequency composition remains si-
milar during all phrases. The underlying waveform of
chirps (fig. 3e.f) consists of coherent oscillations at the
carrier frequency of 3.6 kHz (fig. 3g), with a slight am-
plitude modulation at the fundamental frequency of
700 Hz. Wave trains are coherent, and amplitude mo-
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Fig. 2. Dundubia vaginata: spectrogram, power spectrum and waveform
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disturbance squawk.

a) The spectrogram generated by FFT (1024 pt, Blackman window) reveals a dominant frequdertlcy to)f1901(.) {({Z-Th _ .
b) The temporal structure of the disturbance squawk reveals chirps corresponding to outward tymbal clicks. Their duratiop

8 ms corresponds to the length of B-part chirps. (cf. fig. 1d)

¢) Power spectrum of disturbance squawk, showing the dominat 900 Hz frequency and the _chirp repetitiqn rate of 88 Hz.
d) Temporal fine structure of chirps. The 7 peaks probably correspond to the 7 sclerotized tymbal ribs stimulated durig

inward tymbal buckling.

dulation is barely visible in the first phrase, (fig. 3e),
but much deeper in the following ones (fig. 3f). This
results in sharper frequency bands when comparing
power spectra of the first chirp (fig. 3h) with those
from following ones (fig. 3i).

The first chirp is characterized by a dramatic crescen-
do and a duration of 1300£200 ms, while the following
chirps are significantly shorter (270+50 ms) and fade
out towards the end of the song.

Pomponia imperatoria, disturbance squawks. The
spectrum and time structure of the disturbance squawk
1s depicted in fig. 4. It consists of a pure fundamental
frequency of 700 Hz (fig. 4¢). The fine structure of
pulses (fig. 4d) shows that tymbal clicks are not as
clearly separated as in D. vaginata, probably due to a
tonal in- and out movement of the tymbal.

3.2. Morphology

3.2.1. Dundubia vaginata. Males of D, vaginata are
characterized by long opercula, covering the first 5 ab-
dominal segments and two rectangular transparent
areas of 5 mm length and 3 mm broad at the 2. and 3
abdominal segment (fig. 5). The thickness of the abq ;
minal cuticula was determined by a dia] gauge and lig-
around 30um (fig. 5), while the cuticula of the trang i
rent rectangle is much thinner ( 10um). Thig probagg

corresponds to a lower acoustic impedance. With i
opercula removed, it is possible to observe vigor:
vibrations of the transparent areas during disturbai:
squawks. This means that acoustic energy is mainly
diated via these windows and modulated by the overlf
ing opercula.

3.2.2. Pomponia imperatoria. With 6 cm body leng”
P. imperatoria belongs to the largest tropical c1cadﬂ>}
Based on subtle differences in coloration. DISTAﬁ‘
(1905) differentiates Pomponia merula Distant y
from P imperatoria. Moulton (1923) suspects [hm.;
merula replaces P imperatoria in Bormeo:
thorough revision, possibly including song e il
necessary to decide their systematic status. M?ﬁll.“ e
we will use the older name of P. imperatori %
specimens studied here.

The opercula are short, covering only the ty-mb
N0 transparent aregs as in D. vaginata aré yisible

ysis.

al, 1

¢ apptil!
e Temporal and spatial dlstllb“tl

3.3.1. Dundubiq :
heard during g]] months covered by our m\-c,’i:&c d
1.§. betw¢en February and October. Abllﬂi:j‘l;[u‘l‘i\‘h‘.
2f111111tasu? YINE (0 artificial lights as well alS‘-\‘l“nf"ﬁ['gh it
Apri] re .m_ales show a maximum belWL’L.lﬂ ¥ ong’

Pl Individygg start singing around 11:3

. " " TS L‘Ol o
vaginata. D. vaginata $O02” . ot
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Fig. 3. Pomponia imperatoria: Spectrogram, W
a) Spectrogram of a calling song, generated by
b) Oscillogram at the same time scale. The first chirp is 1
end of the song.
¢) Oscillogram of the first phrase at higher time resolution.
) Oscillogram of the following, shorter p
&) Wavetrains from the first chirp show only slight modulation.
f) Wd\’cirdlns making up successive chirps show
ﬁ) ower spectrum of entire calling song,
) Power spectrum of 1 s from the first chirp,
D Power spectrum from 1 s of successive chirps, showin

frequency [kHz]

frequency [kHz]

ave forms and power spectrum of the calling song.

FFT (1024 pt, Blackman window).
onger and louder than the following chirps, which fade towards the

hrases at higher time resolution.

much deeper modulation, but are coherent without interrruption.
showing the prominent carrier frequency of 3600 Hz.

showing sharp frequency bands.
g broader frequency bands.
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Fig. 4. Pomponia imperatoria: Spectrogram, wave forms and power spectrum of the disturbance squawk.
a) Spectrogram, generated by FFT (1024 pt, Blackman window).

b) Oscillogram at the same time scale.

¢) Power spectrum, showing a dominant frequency of 700 Hz without any harmonicg ) -
d) Wavetrain of disturbance squawk at high time resolution. Beginning and end of single clicks are clearly visible.

tivity is peaking during late afternoon, around 15:30 to
16:00, and fades at latest at 17:30. A general silence
prevails before the dusk chorus starts at 18:00. D. vagi-
nata joins into the late dusk chorus for a short period
of maximal 10 minutes, starting between 18:20 and
18:25, corresponding to a light intensity around 10 Ix.
While D. vaginata song is a minor component within
the chorus, it is a dominant element during daytime. In
spite of mutual stimulation and temporal overlap be-
tween singing individuals, there is no fine synchronisa-
tion of songs. At brightly lit full-moon nights, some
singing individuals could be heard.

In mature mixed dipterocarp forests, individuals sing
at the lower strata, sitting on stems at a height between
one and several meters. D). vaginata is among the few
species to be heard in severely degraded forests, but it
is not clear if populations reproduce at these sites, or
immigrate from undisturbed habitats.

Interestingly, D. vaginata individuals where caught but
not heard at Headquarters (1500 m) and Sayap (900
m), but singing males are restricted to lowland and
lower montane mixed dipterocarp forest. D, vaginata
is widely distributed in the Greater Sunda Islands, the
Philippines, and the mainland of South East Asia (). p
DUFFELS, in litt. 1992),

3.3.2. Pomponia imperatoria. The deafening, trun
like sound of P. imperatoria is perhaps the most
spicuous element of the dusk chorus. It starts
exactly at 18:00, hence the vernacular name
o’clock cicada. Song activity lasts around 30 mir
and stops around 18:30, corresponding to a light ir
sity of 3 Ix.

Males are singing in the high canopy between 40
60 m height, where the well-camouflaged animals
only be detected with difficulty. The best observat
and recordings were made from the canopy walk
system at Poring. Males change positions between
not during their songs. The species is associated
Iowlun.d and lower montane mixed dipterocarp fo
At Poring, it could be heard from March until Nov

hpr. 1}1 warm nights, males and females approach ar
cial lights, but never in great numbers,

4. DISCUSSION

E'{gﬂﬁf)‘ust_m Mmonitoring is a powerful tool for stud
L‘lislrit:;i?(:ﬁ‘ (ﬁhfnfl.(-)??",qie‘ Pel_'iOdici.Iy and regic
ties. However 'igt““_t““c‘h tropical cicada commt

» 1dentification of songsters is diftn
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Fig. 5. Location and transverse section of the transparent cu-
ticular regions in the abdomen of a male of Dundubia vagi-
nata. After removal of the operculum, a lateral view of the
animal reveals transparent cuticular areas. The position of
the operculum is indicated by the broken line, the plane of
transverse sections (a,b) by arrows. : :

a) The transparent cuticular areas (framed) are situated right
underneath the opercula. Cuticular thickness not to .scgle.

b) Framed area at higher magnification, showing differences
of cuticular thickness. Ventrally, the thinner area terrpmates
at the tergit, with an abrupt change in thickness, while the
dorsal area is gradually tapering from 30 wm down to 10, Lm.
For sake of clarity, cuticular thickness is drawn at an exager-

rated scale, indicated by arrows.

within tropical forests. Only few Species could bVeV lr(l)illje
served directly during calling song pmducftlog; a far
disturbance squawks could be rgcorded roh calling
greater number of identified Species. Tholug with re-
and disturbance squawks differ Com.pleteti]le present
Spect to higher frequency Composmoﬂa and pulse
Study shows that fundamental 1’r€quenc,y d with B-
length are similar, especially Wh‘?” Comﬁ;rﬁma et al.
parts of the calling songs. Similarly,
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cycle during disturbance squawks correspond

10 certain elements in the calling song of Tibicen
linnei. Stmmons & YOUNG (1978) Sewedﬂmt i

g8 of Cystosoma saundersii contain features of
Oth‘?r Song types. Therefore, the identity of recorded
calling sounds could be inferred from the disturbance
Squawks by a fine analysis of the underlying pulses.
Such an approach could accelerate further identifica-
uons of cicada songs.
Within the calling songs from each species, two ele-
ments can be differentiated: the A- and B-part within
one phrase in D. vaginata, and the first, longer chirp
followed by a series of shorter chirps in P. imperatoria.
The A-part of D. vaginata as well as the first chirp of
P imperatoria consist of continuous wave trains, while
pauses can be recognized between chirps of the B-part
Qf D. vaginata and towards the end of the song of P.
tmperatoria (figs. 1 and 3). This indicates similar
motor programs in these species, which after MOULTON
(1923) both belong to the Dundubiaria-group, charac-
terized by opercula and timbal coverings, which are
considered as modern, derived features. A further simi-
larity of both species is the constant carrier frequency
throughout the song. The songs of other species from
the area show frequency modulation and exhibit a
much more complex temporal structure.
Temporal structure and frequency composition of cica-
da songs is determined by three coupled resonating sy-
stems:
1) The tymbal together with the tymbal muscle, pro-
ducing the in-out clicks under neuromuscular control,
mainly determining the time structure of the song am-
plitude envelope.
2) The tymbal click frequency, mainly determined by
the mechanical properties of the tymbal. They can be
modified by the tymbal tensor muscle.
3) The resonance properties of the abdominal cave. It
can be modified by abdominal movement and the posi-
tion of the opercula (WEBER et al. 1987).
Tymbal and abdominal cavity act as coupled resona-
tors. The tymbal click frequency produces a forced o0s-
cillation of the resonator, resulting in a more or less
complex wave form of a carrier frequency determil?ed
by the resonator and modulatc_ed by the tymbal click
frequency. In the species described here, the pure fun-
damental frequencies produced by tymbal clicks qf
900 Hz (Dundubia vaginata) and_ 790 Hz (Pomponia
imperatoria) are clearly visible within the disturbance
squawks (figs. 2 and 4). The seven peaks of one pulse
train could correspond to the 7 scle_roﬂ;ed ribs at the
tymbal, successively stimulated during m_ward tymbal
buckling, while the outward movement might be tone-
less. The same frequencies and pulse structure are con-
ned within the calling song, but here each tymbal

tai
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click contains higher harmonics, so that the abdominal
resonator “rings” at a carrier frequency determined by
the abdominal resonator. Additional side bands and
impurities are observed within song parts characterized
by a fast chirp repetition rate such as the B-part of D.
vaginata, where a chirp frequency of 80 Hz produces
further harmonics and impurities (fig. 1i), as a modula-
tion at frequency m of a given frequency f generates
side bands f£m (RANDALL 1977). It is unclear how the
more or less continuous wave trains of part A from D.
vaginata and the first phrase of P. imperatoria are ge-
nerated. They have the same fundamental frequency,
but chirp structures are no longer visible. This could be
achieved by a noisy out-click or by a 180 degree phase
shift between right and left tymbal, thereby comple-
menting each other. However, the latter possibility is
highly improbable, as PRINGLE (1955) has shown close
coupling between both tymbals. The same author has
observed a higher acoustic output of tymbal clicks, to-
gether with an increased proportion of higher frequen-
cy components, during increased tension of the tymbal
tensor muscle. Recent electrophysiological studies by
HENNIG et al. (1994) confirm these observations in Ti-
bicen linnei. Therefore, modulation of tensor muscle
activity might explain the different oscillation modes.
In addition, the higher amplitude of the first parts in
both species suggests increased “ringing” of the abdo-
minal resonator during this excitation mode. It would
be interesting if coherent starting sequences are a con-
sistent feature within songs of species belonging to the
Dundubiaria-group.
BENNET-CLARK & YOUNG (1992) suggested that the ci-
cada abdominal cavity can be considered as a Helm-
holtz resonator radiating through two openings, the
tymbals, and suggest a simple formula to calculate the
carrier frequency from the dimensions of the abdomen.
In our case, however, the abdominal resonator evident-
ly is not ringing during disturbance squawks, sug-
gesting that resonance requires a certain abdominal po-
sition of the unrestrained animal. Evidently, the reso-
nator has to be tuned to the tymbal pulse carrier fre-
quency to ring, which is only the case in the intact, un-
disturbed calling male. Therefore, a calculation of re-
sonance frequencies from the dimensions of the abdo-
men in dead specimens is impossible for the species
studied here. Further complications arise from the thin
transparent cuticular areas at the abdomen of D. vagi-
nata (fig. 5). These have to be considered as additional
acoustic openings, severely affecting the resonance
frequency of a Helmholtz resonator (cf. BENNETT-
CLARK & YOUNG 1992). Additional modification of re-
sonance properties is possible by the overlying opercu-
la.
The differences in frequency composition of disturban-
ce and calling songs in both species suggest that there

: abdominal resonance during  disturhy, ..
lsiluar:f)ks. This could be due to different tension of T}L,Z
tymbal tensor muscle and/or different abdoming] Po-
cure. From the careful investigations of Py,
(1955) and HENNIG et al. (1994) we know that Joy,
tension of the tymbal tensor muscle re.sults In a redy.
tion of amplitude and a loss of higher frequenc,
modes. As this is the case for disturbance squawks, v,
can infer that tension of the tymbal tensor muscle is
lower during disturbance squawks. Other insect disty.
bance squawks exhibit a broad frequenc.y spectrum re.
sembling broad-band noise, thereby stimulating he,.
ring systems of a wide range of predators (MAsTegg
1980). The observed shift to lower frequency bands i
the cicada species studied here suggests that their dj.
sturbance squawks might address predators with lowe.
red frequency response and might extend within the
range of tactile sensitivity of potential vertebrate pre-
dators such as tarsiers. In fact, an “electric shock” qua-
lity was attributed to cicada disturbance squawks by
early human observers (DISTANT 1892).

The broad geographic range and the considerable mor-
phological variability within the genus Dundubia
could provide an interesting opportunity to study songs
as a systematic tool in a species-rich genus. Candidates
for song analysis are morphologically similar species,
recently described by OVERMEER & DUFFELS (1967).
Ecologically, these two representatives of the Dundu-
biaria-group constitute distinct temporal and spatial ni-
ches. P. imperatoria sings only at dusk, precisely timed
between 18:00 and 18:30, while D. vaginata calls dur-
ing the day, with a short activity bout of only 10 mi-
nutes at the end of the dusk chorus. The species sing at
different forest strata, with P. imperatoria singing at
the highest and D. vaginata at the lowest forest stra-
tum.

The exact timing of song activity in the range of
minutes suggests that a precise trigger such as fading
light is used. Candidates for triggering are thresholds
of total light intensity (integral over some spectral sen-
sitivity), the velocity of light intensity change, i.e., the
first derllvative of the light intensity vs. time curve, or 2
measuring of the characteristic red shift at dusk.
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Fig, 3 Pomponia imperatoria: Spectrogram, wave forms and power spectrum of the calling song.

St ot calling song, generated by FFT (1024 pt, Blackman window).

h) Oscillogram at the same time scale. The first chirp is longer and louder than the following chirps, which fade towards the
end of the song.

LR ST phrase at higher time resolution.

d) Oscillogram of the following, shorter phrases at higher time resolution.

€) Wavetrains from the first chirp show only slight modulation.

D) Wavetrains making up successive chirps show much deeper modulation, but are coherent without interrruption.
G spectrum of entire calling song, showing the prominent carrier frequency of 3600 Hz.

h) Power spectrum of 1 s from the first chirp, showing sharp frequency bands.

i) Power spectrum from | s of successive chirps, showing broader frequency bands.



