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ADVERTISEMENT CALL OF THE MIDWIFE TOAD FROM THE SIERRAS 
BETICASALYTES DICKHILLENI ARNTZEN & GARCIA-PARIS, 1995 

(AMPHIBIA, ANURA, DISCOGLOSSIDAE) 

R. MARQUEZ AND J. BOSCH 

Departamento de Ecologia Evolutiva, Museo Nacional de Ciencias Naturales (C.S.l. C.), 
Jose Gutierrez Abascal 2, 28006 Madrid, Spain 

The advertisement calls of the recently described species of midwife toad (Alytes dickhilleni) 

are described, and a characteristic audiospectrogram and waveform of the call are presented. 
We also provide numerical data about the spectral and temporal features of the calls .  
Information about calling behaviour and therelationship between call parameters, size, and 
temperature are provided as well .  

INTRODUCTION 

Anuran mating calls are important taxonomic deter­
minants due to their role as pre-zygotic species 
isolating mechanisms. Their analysis has provided 
valuable material for quantitative comparisons which 
can be of use to elucidate taxonomic problems such as 
determining cryptic sister species, (e.g., B lair, 1955, 
1958, 1959; Littlejohn, 1959; Littlejohn, F ouquette Jr. 
& Johnson, 1960; Loftus-Hills & Littlejohn, 197 1; 
Littlejohn & Loftus-Hills, 1968; Gerhardt, 1988; 
Schneider & Sinsch, 199 1; Paillette, Oliveira, Rosa & 
Crespo, 1992) analyse gradients along hybrid zones, 
and even test crucial hypotheses in evolutionary biol­
ogy such as reproductive character displacement or 
reinforcement (Sanderson, Szymura & Barton, 1992; 
Littlejohn & Watson, 1985; Littlejohn, 1988). There­
fore, since the development of sound analysis 
techniques, there has been a concerted effort to de­
scribe accurately and quantitatively the advertisement 
calls of most anuran species in tropical areas (e.g., 
Schli.iter, 1979, 1980, 198 1; Zimmerman & Bogart, 
1984; Marquez, De la Riva & Bosch, 1993, 1995; De la 
Riva, Marquez & Bosch, 1994; Sanchez-Herraiz, 
Marquez, Barbadillo & Bosch, 1995; Alcala, 
Joermann, & Brzoska, 1986; Kuramoto, 1986) as well 
as in the temperate zone (e.g., Schneider, 1966, 197 1 
1973, 1974; Lorcher, 1969; Paillette, 1 967, 1977; 
Schneider & Sofianidou, 1985; Schneider, Hussein, & 
Akef, 1986). 

In the Iberian Peninsula, two species of midwife 
toads were previously recognised. The first species, 
the Iberian midwife toad (Alytes cisternasii Bosca, 
1 8 79), is endemic to and distributed throughout the 
south-western third of the peninsula. The second spe­
cies is the common midwife toad (A. obstetricans 

boscai, Lataste 1 879), which is more widely distrib­
uted in continental Europe and occupies the northern 
third of the peninsula and reaches further down along 
the coasts and on the mountains of central and south­
eastern Spain. The populations of midwife toads from 
the south-eastern mountain ranges (Sierras Beticas and 
Sub-Beticas) have recently been described as a differ-

ent species: Alytes dickhilleni Arntzen and Garcia­
Paris, 1995 .  While the vocalisations of the two 
previously recognized species of midwife toads from 
the Iberian Peninsula have already been described 
(Crespo, 198 1; Crespo, Oliveira, Rosa, & Paillette, 
1989; Marquez & Verrell, 199 1), the calls of the new 
species remain unknown because none of the previous 
descriptions of the calls included recordings from the 
distribution area of A. dickhilleni. In this paper, we 
contribute to the knowledge of Spanish herpetofauna 
by describing the advertisement calls of A. dickhilleni. 
This bioacoustical information complements the de­
scription of the new species, which is based on genetic 
and morphological characters (Arntzen & Garcia­
Paris, 1995). 

MATERIAL AND METHODS 

Male advertisement calls were recorded in 1992 
from populations of Alytes dickhilleni in S ierra de 
Baza (UTM 30SWG 1 3 ), S ierra Nevada (UTM 
30SWG50), Sierra de Cazorla (UTM 30SWG09) 
(Andalucia), and one population from S ierra de 
Alcaraz (UTM 30SWH45) (Castilla-La Mancha), all 
in south-eastern Spain. Recordings were obtained with 
Sennheiser ME 80 directional microphones and a Sony 
WM D3 or a Marantz PMD 22 1 tape recorder. When a 
male could be observed calling, immediately after re­
cording, its cloaca! temperature was measured to the 
nearest 0 . 1  °C with a F luke 52 thermocouple thermom­
eter, and the snout-vent length (SVL) was measured to 
the nearest mm by pressing the toad flat (ventral side) 
against a ruler. 

Recordings were processed with an Apple 
Macintosh-based digital signal analysis system. 
Digitalisation and editing were completed at a sam­
pling frequency of 44 . 1  kHz. and 1 6-bit resolution with 
Sound Tools software and hardware (version 2 . 5, by 
Digidesign Inc.). Signalyze software (version 3 . 1 2, by 
Infosignal Inc.) was used to obtain numerical informa­
tion from audiospectrograms and waveforms. 
Frequency information was obtained through fast 
Fourier transform (FFT) (width, 1 024 points; fre-
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quency resolution, 22 Hz). Given the lack of energy of 
the harmonics above the fundamental, only three vari­
ables were measured: fundamental (= dominant) 
frequency, call duration, and duration of interval be­
tween calls. 

RESULTS 

Males could be found calling throughout the period 
of the study (May, June, and July 1992), although they 
are likely to be active at other times of the year given 
the developmental stages of the larvae found in the dif­
ferent sites. Like other species of Alytes in the Iberian 
Peninsula (Crespo, 198 1 ;  Crespo et al, . 1989;  Marquez 
& Verrell, 199 1 ;  Marquez, 1995a, 1995b), males 
called primarily at night from the open, near their ref­
uges (holes in the ground or under rocks often in banks 
or near eroded sections of the ground). Males could 
also call extensively from within their burrows, and in 
some particularly undisturbed sites, males could be 
heard during the day calling buried in the ground. 
Male calling-sites were always in the vicinity of a per­
manent or near-permanent body of water: mountain 
springs (natural, or modified by humans), man-made 
water catchments, troughs, and permanent streams. 

A sample of 2 to 1 7  calls was analysed, comprising 
50 males (480 calls total), from four populations. In 
Table 1 we present, for each population studied, the 
numerical parameters (mean, standard deviation, and 
range) of call duration, dominant fyequency, and inter­
val between calls. For the sound parameters, means of 
all the calls obtained from each individual were used. 
Table I also includes the mean recording temperature 
and the mean snout-vent length (SVL) of the calling 
individuals, as well as the mean and range of the 
within-recording coefficients of variation of the three 
sound parameters. 

A characteristic waveform and audiospectrogram of 
the call are shown in F ig. 1 .  The calls are extremely 
simple tonal notes, with most power concentrated in 
the fundamental (dominant) frequency. 

A Kruskal-Wallis Anova test indicated that be­
tween-individual variability was larger than 
within-individual variability for all of the acoustical 
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FIG. I . Waveform (upper) and audiospectrogram ( lower) ofa 
characteristic cal l of a male A lytes dickhilleni (male 
recorded in Sierra de Cazorla, SVL 42 mm, cloacal 
temperature 9.9°C. Note that the ordinate for the waveform 
is relative and linear, and therefore a scale is not provided. 

parameters measured (fundamental frequency, Nealis= 
480, Nmales = 50, H = 438 .23, P < 0.00 1 ;  duration, 
N all = 444, N al = 50, H =  394.57, P< 0.00 1 ;  call inter­
v�1,

'
Nca1i · 1

': J65, N al = 49, H =  1 57 .8, P < 0.001). mterva s m es 
This result suggests that all parameters could provide 
information on the calling individual at the particular 
time of calling. The within-recording coefficients of 
variation of the three sound parameters are low (< 9 %) 
suggesting that call duration and dominant frequency 
would be a "static" (sensu Gerhardt, 199 1 )  character­
istic of the call, while interval between calls would be a 
"dynamic" characteristic having high coefficients of 
variation (> 39 %). 

Because the numbers of recordings from most 
populations taken individually were not sufficient to 
establish a significant association between sound pa­
rameters and male size or temperature, the data from 
all the populations were used to study the relationships 
between male size and temperature and call param­
eters. On the one hand, call dominant (=fundamental) 
frequency was significantly correlated with male SVL 
(N = 36, R = 0.46, P < 0.0046, y = -9 . I x + 1 772.5) 
(Fig. 2a.). However, in a multiple regression between 
male size and temperature vs. call dominant frequency, 
only male size was significantly correlated (N= 3 5 ;  
SVL, partial F= 4.6, P < 0 .0396; temperature, partial 
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FIG. 2. A: L inear regression of male size (SVL) and call 
dominant frequency for the recorded individuals captured in 
the four populations studied. B: Linear regression of cloacal 
temperature of the animal recorded and call duration of the 
recorded individuals captured in the four populations 
studied. 



TABLE I .  Mean, standard deviation (in parenthesis), and range, of male size (SVL ), cloaca! temperature, and three call parameters from the calls of male Alytes dickhilleni for each population 
studied. The data for the acoustical parameters include all animals recorded, while size and cloacal temperature was measured only on those recorded animals that were subsequently captured. 
The coefficients of variation of the sound parameters included (CV) are within-recording coefficients of variation (expressed as percentages). 

Population Individuals Individuals SVL Cloaca! Duration 
recorded captured (mm) temp. (0C) (msec.) 

Sierra de Cazorla 3 8  3 1  40.8 (2.2) 1 3 .2 (2. 1 )  1 6 1 .0 (24.7) 

37 .5-46.0 9.8- 1 7.8  1 14 .9-220.0 

CV 4.2 

CV 0.4- 14.5 range 

Sierra de Baza 5 5 48.6 (6.4) 9.9 ( 14.5) 226.4 (64. 1 )  

4 1 .0-56.5 6.5- 14.5 148.6-307.9 

CV 8.5 

CV 2.7- 1 8.2 range 

Sierra Nevada 5 2 42.5 (4.9) 14.5 (3 .0) 1 50.0 (28 . 1 )  

39.0-46.0 1 2.0- 1 6.3 1 1 3 .7- 1 79.6 

CV 5.2 

CV 2 .0-7 . 1  range 

Sierra de Alcaraz 2 1 37 .5  1 1 .3 1 56.5 (20.8) 

14 1 .8- 1 7 1 .2 

CV 3 .5  

CV 2.5-4.4 range 

Dominant 
frequency (Hz.) 

1404 (6 1)  

1 298-1 560 

CV 0.8 

CV 0.0-3 .5 range 

1 24 1  (73) 

1 1 54- 1 343 

CV 2.9 

CV 1 .2-7.9 range 

1 37 1  ( 1 25) 

1 1 5 1 - 1457 

CV 0.5 

CV 0.0- 1 . 1  range 

1364 (83) 

1305- 1422 

CV 1 .2 

cvrange 0.8- 1 .6 

Interval between 
calls (msec.)  

5989.9 ( 1 836. 1 )  

3084.0- 1 020 1 .2 

CV 39.6 

CV 8.4-93.9 range 

5435.2 (2299.8) 

3 3 1 3 .5-8975.0 

CV 47.9 

CV 22.0-74.9 range 

43 13 .6 (2 166.8) 

1 148.7-6889.64 

CV 48.7 

CV 23 .3-83.9 range 

4636.6 (37.2) 

4610.3-4662.9 

CV 6 1 .35  

CV 36.2-86. 5  range 
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F= l .34, P < 0.26). On the other hand, call duration 
was significantly correlated with recording tempera­
ture (N = 38, R = 0.836, P < 0.00 1 ,  y = - 12.4 x + 332; 
Fig.  2b.); however, a multiple regression of male size 
and temperature vs. call duration showed that male 
size was also significantly correlated with call duration 
(N= 35 ;  SVL, partial F= I 0.58, P < 0.0027; tempera­
ture, partial F= 45.6 1 ,  P < 0.00 1) .  The significance of 
the relationship between male size and call duration 
disappears ifthe five data points from the recordings of 
individuals from Sierra de Baza are excluded. There­
fore, this result has to be taken with caution because 
the individuals from Sierra de Baza were markedly 
larger than the rest. 

DISCUSSION 

The advertisement calls of the other three known 
species of Alytes are short ( I  00- 1 60 ms long), ex­
tremely soft, tonal notes repeated at relatively long 
intervals (0.5 - 1 0  s) (Crespo, 1 98 1 ;  Crespo et al. , 
1 989; Marquez & Verrell, 1 99 1 ;  Heinzmann, 1 970; 
Bush, 1 993). 

The range of fundamental frequencies for the four 
populations of A. dickilleni ( 1 1 5 1  - 1 560 Hz.) is wider 
than that found previously for any single species of 
continental Alytes. Heinzmann ( 1 970) reported that 
the range of frequencies was 1 240- 1 495 Hz in indi­
viduals of A. o. obstetricans of different sizes from a 
population near Tiibingen (Germany). Crespo et al. 
( 1 989) reported a range of 1 .2 5  - 1 .4 7 kHz. for A. 
obstetricans boscai from three populations in northern 
Portugal. They also reported a range of 1 .3 5  - 1 .57  
kHz. for A. cisternasii from central and southern Por­
tuguese populations. Marquez (I 995a) reported a 
range of 1 009 - 1 373 Hz. for a montane population of 
A. obstetricans boscai from Sierra de Guadarrama, in 
central Spain and a range of 1 362 - 1 645 Hz. for a 
population of A. cisternasii from Merida, in 
Extremadura, Spain. Moreover, Marquez ( 1 995b) 
found that a montane population of A. obstetricans 
from F ormigal, in the Spanish Pyrenean Mountains 
had a range of 1 080- 1 428  Hz. Similarly, the range of 
call durations found in our study is large ( 1 1 3 .7-220.0 
ms.), wider than most ranges reported to date, al­
though the distribution of this parameter may be 
related to the good correlation between call duration 
and temperature in Alytes (Heinzmann, 1 970; 
Marquez, 1 995) and other Discoglossidae or 
Bombinatoridae (Zweifel, 1 959;  Schneider et al., 

1 986). 
The two static call characteristics appear to have 

different roles in the communication of Alytes. Given 
the published information on the calls of other species 
in the genus, it appears that the most obvious param­
eter in the frequency domain (dominant or 
fundamental frequency) plays an important role in 
sexual selection. In two populations of midwife toads 
and one of Iberian midwife toads, low-frequency calls 

(relative to the population average) are more attractive 
to females than are high-frequency calls (Marquez, 
1 995a, l 995b ). Alternatively, species identity appears 
to be more closely related to temporal parameters in the 
populations of discoglossid frogs studied. Among the 
different species and subspecies of Alytes that occur in 
the Iberian Peninsula, it appears that call duration rela­
tive to temperature is the most effective discriminating 
parameter (Marquez & Bosch, in prep.) .  In other re­
lated taxa, the study of the advertisement calls of males 
from two sympatric species of Bombina Oken 1 8 1 6, in 
central Europe showed that calling rate was the most 
important discriminating parameter between the spe­
cies (Lorcher, 1 969; Schneider et al. , 1 986; Sanderson 
et al. , 1 992). Curiously enough, the variability ob­
tained in our recordings suggests that call repetition 
rate is a dynamic characteristic for this species and 
therefore it could hardly be effective as a species dis­
crimination characteristic. Similarly, in an extensive 
comparative study of advertisement calls of green 
frogs, Schneider & Sinsch ( 1 99 1 )  found that such tem­
poral parameters (corrected by temperature) were the 
most important characters for discriminating between 
major taxonomic groups. 

The geographic distribution of A. dickhilleni is ex­
tremely fragmented. All  populations occur on the 
mountaintops of southeastern Spain, in different 
ranges isolated by large sections of extremely dry low­
land. Moreover, even within a given range, there are 
often extremely long distances between the nearest lo­
cations with permanent or near permanent bodies of 
water (Marquez, Garcia-Paris & Tej edo, 1 994; 
Arntzen & Garcia-Paris, 1 995). Therefore, a more de­
tailed comparative study of the bioacoustical 
characteristics of different populations with different 
degrees of isolation between them, may prove fruitful 
for understanding the effect of isolation on a character 
crucial for species recognition. 

ACKNOWLEDGEMENTS 

J. W. Arntzen, J. L.  Rubio, J. M. P leguezuelos, S. 
Honrubia, C.  Diaz Paniagua, and N.  Guirado helped us 
locate populations of the species. We are grateful for 
the help in the field provided by M.  Garcia-Paris, M. 
Tejedo, A. Anrunez, C.  Martin and G. Rosas. We are 
also grateful for the constructive criticism of C. 
Gerhardt, M. Littlejohn, and H. Schneider who re­
viewed the manuscript. We also thank Dr. B. Heredia 
from ICONA, as well as the directors and staff of the 
following natural parks: Parque Natural de Cazorla, 
Segura y Las Villas, Sierra Nevada, and Sierra de 
Baza, for their help with the field work. We are also 
grateful to the Agencia de Medio Ambiente 
(Comunidad Aut6noma de Andalucia), and the 

Direcci6n General de Montes y Medio Ambiente Natu­
ral (Junta de Castilla-la Mancha) for extending the 
permits to work in the field. Field work was funded by 
the project Convenio ICONA-C.S.I.C. 1 99 1 .  "Estudio 



CALLS OF MIDWIFE TOADS 13 

de las poblaciones relictas de Alytes sp. en las Sierras 
Beticas". Sound analyses were funded by project 
CYCIT PB 92-0091  (PI : P. Alberch) Ministerio de 
Educaci6n y Ciencia (Spain) and were performed in 
the facilities of the Estaci6n Bio-Geol6gica El 
Ventorrillo (C.S . I .C.) .  

REFERENCES 

Alcala, A. C., Joermann, G.  & Brzoska, J. ( 1 986). Mating 
cal ls of certain Philippine anurans. Silliman Journal 
33, 3 1 -47. 

Arntzen, J. W. & Garcia-Paris, M. ( 1 995). Morphological 
and allozyme studies of midwife toads (Genus Alytes), 

includ ing the description of two new taxa from Spain. 
Bijdragen tot de Dierkunde 65, 5-34. 

Blair, F .  W. ( 1 958) .  Mating cal l in  the speciation of 
anuran amphibians. Am. Nat. 92, 27-5 1 .  

Blair, W .  F .  ( 1 955).  Differentiation of mating cal l in 
spadefoots, genus Scaphiopus. Texas J. Sci. 7, 1 83-
1 88 .  

B lair, W. F.  ( 1 959).  Call differences as an  isolation 
mechanism in southwestern toads. Texas J. Sci. 8, 87-
1 06 .  

Crespo, E .  G.  ( 198 1  ) .  Contribuii;:ao para o conhecimento 
da biologia das especies lbericas de A lytes, Alytes 

obstetricans boscai (Lataste 1 879) e Alytes 

cisternasii (Bosca 1 879) (Amphibia Discoglossidae ). 
Emissoes sonoras. Arqu. Mus. Bocage. Ser. C. 1, 57-
75 . 

Crespo, E .  G. ,  O l iveira, M. E. ,  Rosa, H. C. & Pail lette, 
M. ( 1 989). Mating calls of the Iberian midwife toads 
A lytes obstetricans boscai and Alytes cisternasii. 

Bioacoustics 2,  1 -9 .  
De la R iva, I . ,  Marquez, R. & Bosch, J .  ( 1 994). 

Advertisement calls of Bolivian species of Scinax 

(Amphibia, Anura, Hylidae). Bijdragen tot de 

Dierkunde 64, 75-85. 
Gerhardt, H. C. ( 1 988) .  Acoustic properties used in call 

recognition by frogs and toads. In The Evolution of the 

A mphibian A uditory System, 455-484. Fritzsch, B . ,  
Ryan, M. J . ,  Wi lczynski, W. ,  Hetherington, T .  E .  & 
Walkowiak, W. (Eds). New York: John Wi ley & Sons. 

Gerhardt, H. K.  ( 1 99 1 ). Female mate choice in treefrogs: 
static and dynamic acoustic criteria. Anim. Behav. 42, 

6 1 5-636. 
Heinzmann, U .  ( 1 970).  Untersuchungen zur Bio-akustik 

und Okologie der Geburtshelferkrote. Oecologia 5 ,  

1 9-55. 
Kuramoto, M. ( 1 986). Call structures of the Racophorid 

frogs from Taiwan. Scientific Report. Lab. of 
A mphibian Biology. Hiroshima University 8, 45-68. 

L i tt lejohn, M. J .  & Loftus-Hills, J .  J. ( 1 968) .  An 
experimental evaluation of premating isolation in the 
Hy/a ewingi complex (Anura, Hylidae). Evolution 22, 

659-663 . 
L ittlejohn, M. J .  & Watson, G .  F .  ( 1 985). Hybrid zones 

and homogamy in Austral ian frogs. A nn. Rev. Ecol. 

Syst. 16,  85- 1 1 2. 

Littlejohn, M. J. ( 1 959). Call differentiation in a complex 
of seven species of Crinia. Evolution 13, 452-468. 

Littlejohn, M. J .  ( 1 988) .  Frog calls and speciation : the 
retrograde evolution of homogamic acoustic signaling 
systems in hybrid zones. In The Evolution of the 

Amphibian Auditory System, 6 1 3-636.  Fritzsch, B. ,  
Ryan, M. J . ,  Wi lczynski, W.,  Hetherington, T. E. & 
Walkowiak, W. (Eds). New York: John Wiley & Sons. 

Littlejohn, M. J . ,  Fouquette Jr., M.  J .  & Johnson, C. 
( 1 960). Call discrimination by female frogs of the 
Hy/a versicolor complex. Copeia 1 960, 47-49. 

Loftus-Hills, J. J .  & Littlejohn, M.  J .  ( 1 97 1 ) . Pulse 
repetition rate as the basis for mating call 
d iscrimination by two sympatric species of Hy/a. 

Copeia 1 ,  154- 156. 
Larcher, K. ( 1 969). Vergleichende bio-akustiche 

untersuchungen an der rot- und gebbauchunke, 
Bombina bombina (L.) und Bombina v. variegata (L.) .  
Oecologia (Berl.) 3, 84- 1 24. 

Marquez, R. (I  995a). Female choice in the midwife toads 
(Alytes obstetricans and A. cisternasii). Behaviour 

132, 1 5 1 - 1 6 1 . 
Marquez, R. ( 1 995b). Preferencia de las hembras por 

cantos de frecuencia dominante baja en el sapo 
partero comun Alytes obstetricans (Anura, 
D iscoglossidae). Experimentos in situ . Rev. Esp. 

Herp. (In press). 
Marquez, R., De la Riva, I .  & Bosch, J .  ( 1 993) .  

Advertisement cal ls of Bolivian species of Hy/a. 

Biotropica 25, 426-443 .  
Marquez, R., De la  Riva, I .  & Bosch, J .  ( 1 995). 

Advertisement Calls of Bol iv ian Leptodactylidae 
(Amphibia, Anura). J. Zoo!. (London) 237, 3 1 3 -336. 

Marquez, R. ,  Garcia-Paris, M.  & Tejedo, M.  ( 1 994) . El  
sapo partero betico, una nueva especie para la fauna 
espanola. Quercus 100, 1 2- 1 5. 

Marquez, R. & Verrel l ,  P. ( 1 9 9 1 ) . The courtship and 
mating of the Iberian midwife toad, Alytes cisternasii 

(Amphibia, Anura, Discoglossidae). J. Zoo!. (London) 

225, 1 25- 1 39.  
Pai l l ette, M.  ( 1 967) . Valeur taxonomique des emissions 

sonores chez Jes Hyla (Amphibiens, Anoures) de la 
faune frani;:aise. Comptes-Rendus Acad. Sci.Paris 

264, 1 625- 1 628. 
Pail lette, M.  ( 1 977) .  Repertoire des signaux sonores et 

configuration biologique specifique chez Jes Anoures. 
Bull. Soc. Zoo!. France 2,  1 09- 1 24. 

Pai l lette, M., O liveira, M. E., Rosa, H. D. & Crespo, E. 
G. ( 1 992). I s  there a d ialect in Pelodytes punclatus 

from southern Portugal? Amphibia-Reptilia 13,  97-
1 08 .  

Sanchez-Herraiz, M.  J . ,  Marquez, R. ,  Barbadil lo, F. J. & 
Bosch, J .  ( 1 995). Mating cal ls of three species of 
anurans from Borneo. Herpetol. J. 5,  293-297. 

Sanderson, N.,  Szymura, J .  M. & Barton, N .  H .  ( 1 992).  
Variation in mating call across the hybrid zone 
between the fire-bell ied toads Bombina bombina, and 
B. variegata. Evolution 46, 595-607 . 



14 R. MARQUEZ AND J. BOSCH 

Schluter, A. ( 1 979) .  Bio-akustische Untersuchungen an 
Hyliden in einem begrenzten G ebiet des tropischen 
Regenwaldes von Peru. Salamandra 1 5, 2 1 1 -236. 

Schluter, A. ( 1 980). Bio-akustische Untersuchungen an 
Leptodactyliden in einem begrenzten Gebiet des 
tropischen Regenwaldes von Peru. Salamandra 16 , 
227-247. 

Schluter, A. ( 1 9 8 1  ). Bio-akustische Untersuchungen an 
Bufoniden in einem begrenzten Gebiet des tropischen 
Regenwaldes von Peru. Salamandra 17, 99- 1 05 .  

Schneider, H. & Sinsch, U. ( 1 99 1 ) . Mating call variation 
in lake frogs referred to as Rana ridibunda. Z. zoo/. 

Syst. Evolut. -forsch. 30, 297-3 1 5 .  
Schneider, H .  & Sofianidou, T. S .  ( 1 985).  The mating cal l 

of Rana ridibunda (Amphibia, Anura) in Northern 
Greece as compared to those of Yugoslavian and 
Israel i  populations. Proposal of a new subspecies. 
Zoo/. Anz. Jena 516, 309-3 1 9. 

Schneider, H. ( 1 966). Die Paarungsrufe einheimischer 
Froslurche (Discoglossidae, Pelobatidae, Bufonidae, 
Hylidae). Z. Morphol. Oka/. Tiere 57, 1 1 9- 1 36 .  

Schneider, H .  ( 1 97 1  ) .  Die Steurung des  taglichen 
Rufbeginns beim Laubfrosh Hy/a arborea arborea 

(L.) .  Oecologia (Berl.) 8, 3 1 0-320. 
Schneider, H .  ( 1 973 ) .  Die Paarungsrufe einhemischer 

Ranidae. Bonn. Zoo/. Beitr. 24, 5 1 6 1 .  

Schneider, H .  ( 1 974 ) .  Structure of the mating cal ls and 
relationships of the European treefrogs (Hyl idae, 
Anura). Oecologia (Berl.) 14, 99- 1 1 0. 

Schneider, H . ,  Hussein, F. & Akef, M .  S .  A. ( 1 986). 
Comparative bioacoustic studies in the Yellow­
bellied toad, Bombina variegata (L.) ,  and 
relationships of European and Asia species and 
subspecies of the genus Bombina (Anura, Amphibia). 
Bonn. zoo!. Beitr. 37, 49-67. 

Schneider, H .  & Sinsch, U. ( 1 99 1  ) .  Mating call variation 
in lake frogs referred to as Rana ridibunda. Z. zoo!. 
Syst. Evolut. -forsch. 30, 297-3 1 5 . 

Schneider, H. & Sofianidou, T. S. ( 1 985) .  The mating call 
of Rana ridibunda (Amphibia, Anura) in Northern 
Greece as compared to those of Yugoslavian and 
Israeli populations. Proposal of a new subspecies. 
Zoo/. Anz. Jena 516, 309-3 1 9. 

Zimmerman, B. L. & Bogart, J. P. ( 1 984). Vocalisations 
of primary forest frog species in the Central Amazon. 
Acta Amazonica 14,  473 -5 1 9. 

Zweifel, R. G .  ( 1 959). Effect of temperature on call of the 
frog Bombina variegata. Copeia 4, 22-27. 

Accepted: 1 . 5.95 


