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Recent studies revealed that the call of the common cuckoo Cuculus canorus has more inter-individual
than intra-individual variation and that the number of syllables depends on environmental conditions,
but also the presence of male and female conspecifics. However, still very little is known about how
song varies at a global scale, especially considering the wide distribution of this species across most
of Europe and Asia. Xeno-canto.org is a vocalization repository for birdsong. We used xeno-canto.org
as a data source for investigating the variables that affect the number of syllables in cuckoo calls at a
large spatial scale. At a very broad geographical scale, the number of syllables in cuckoo calls predicted
bird species richness. Additionally, female calls were associated with shorter males calls, and there
was a positive correlation between the interaction between female calls and the number of host races
parasitized by the cuckoo. These findings confirm that intraspecific and interspecific interactions
significantly affect the number of syllables in cuckoo calls, and both environmental variables and biotic
interactions should be considered in future studies of vocalizations in cuckoos. Last but not least, we
demonstrated that a citizen science project is a useful source for ecological studies at large spatial
scales.

The common cuckoo Cuculus canorus (henceforth cuckoo) has fascinated humans since millennia'. It is an obli-
gate brood parasite occurring throughout Europe and Asia, from England to Japan®~ with a very large population
size®. Still, its population trend is decreasing®. However, the species does not reach the threshold for it to be con-
sidered Vulnerable in the Red List categories®. The cuckoo has parasitized more than 200 different bird species®.
The occurrence of cuckoos reflects overall species richness of their hosts. For this reason, the cuckoo has recently
been suggested to reliably indicate biodiversity’~. However, most importantly, the call of the cuckoo is recognized
from its voice by the general public'’. As a consequence, the cuckoo’s name evokes its typical call in numerous
languages since thousands of years'"'2.

Several studies have determined the relevance of auditory and visual signals in intraspecific and interspecific
interactions in birds. Generally, at the intraspecific level, birds use calls and plumage to compete for a territory
or acquire a mate'*!>, Birds also use auditory and visual signals during predator-prey interactions'®. The male
cuckoo is much more vocal than the female, and it produces a very recognizable “cuck-000” call during the
breeding season, consisting of two notes that are repeated many times!”. Recent studies revealed that cuckoo calls
vary more among than within individuals'®'®. Furthermore, Moller et al. (2016) highlighted that the number of
syllables in male cuckoo calls differs depending on environmental characteristics such as soil type, habitat, level
of environmental radioactivity and the presence or the absence of male or female conspecifics.

Collection of data at continental and global scales produces hundreds of millions of observations of thou-
sands of species every year?. From websites and social media to smartphones, apps, low-cost sensors and search
engines data capture become easier and faster??2. The recent availability of ‘big data’ associated with predictive
analytics have profound implications for biological recording activities. An example of globally disseminated
resources is www.xeno-canto.org (Xeno-canto, XC), a non-profit website set up to share recordings of bird sounds
worldwide?*?*, Its main goal is to improve knowledge of bird sounds by increasing accessibility and diffusion of
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Figure 1. Geographical distribution of the number of syllables in male cuckoo calls obtained from the Xeno-
canto website. The map was produced with GIS software (ArcGIS 10.1)*® with free geographic background data.
The geographical distribution of cuckoo Cuculus canorus calls was mapped using freely available data from
http://www.xeno-canto.org.

bird sound recordings from across the globe?. Thereby, Xeno-canto data can help improve our knowledge of the
complexity of cuckoo calls, and more specifically, the factors that cause such variation on a broader global scale.

The objectives of this study were to use a dedicated media and citizen science sources to explore at a wider
spatial scale (1) the factors that influence the number of syllables in cuckoo calls, (2) whether the number of syl-
lables of cuckoo calls reflects bird species richness, and (3) if cuckoo call activity is determined by environmental
factors. Finally, we discuss how dedicated media sources can provide useful scientific data and thereby contribute
to ecology and conservation.

Results

From the Xeno-canto database source, we identified and analysed 484 call recordings of the common cuckoo
from 29 different countries in Europe, Asia and Africa (Fig. 1). Most records were from Germany (21.0%),
Bulgaria (12.4%) and France (9.1%). Call recordings were registered in 22 different years during 1982-2016.
More than 60% of call recordings were registered from 2014 to 2016.

Cuckoo call activity patterns. Cuckoo calls were recorded practically throughout the day (ESM, Fig. 1).
The time of the day with more recordings was between 04:00 to 08:00 (27.5% of recordings). Conversely, from
12:00 to 16:00 cuckoo calls reached a minimum at 8.9%. Cuckoo calls were also registered during the night
between 20:00 and 04:00 (12.8%) (ESM, Fig. 1). The number of syllables of cuckoo calls was not significantly
associated with the date, time of day and duration of records.

Number of syllables of cuckoo calls and bird species richness. Each call recorded was composed on
average of 16.99 syllables (max: 123, min: 1, SD: 16.7), and the duration of these records was on average 150.1 sec-
onds (max: 1202.7, min: 3.2, SD: 236.23). A total of 99 bird species were heard in the background when cuckoo
calls were recorded of which 49.5% were cuckoo hosts (ESM, Table 1). The number of syllables in cuckoo calls was
positively correlated with bird species richness (Table 1).

Intraspecific influence on number of syllables in cuckoo calls.  Female cuckoos produced calls in
7.85% of cases when male calls were recorded, while the number of syllables was negatively correlated with the
presence of female cuckoo calls (Fig. 2, Table 1). The number of syllables was positively correlated with the inter-
action between female calls and the number of host races, but it was not significantly correlated with the other
variables (number of host races and population density) (Table 1).
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Intercept 2.444 1.028 2.378 | <0.05
Female recording —2.968 0.817 | —3.633 | <0.001
Date —3.8e-4 0.004 0.097 >0.05
Hour of day —0.454 0.392 —1.158 >0.05
Duration of record —3.1e-4 | —3.2e-4 0.982 | >0.05
Number of host races —2.1e-2 0.029 | —0.709 | >0.05
Population density 0.245 0.373 0.658 | >0.05
Bird species richness 0.081 0.039 2.075 | <0.05
Female recording*number of host races 0.234 0.094 2.490 | <0.05
Latitude 2.3e-3 0.015 0.150 >0.05

Table 1. Results of fixed-effect parameters in GLMM, accounting for variation in variables in relation to
female recording, date, hour, duration of recording, number of host races, population cuckoo density, species
richness and latitude. The interaction between years and countries was added as a random factor in the models.
Significant variables are shown in bold. Abbreviations: ES, Estimate; SE, standard error.
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Figure 2. Number of syllables in male cuckoo calls in relation to the presence of a female call. The box plots
show medians, quartiles, 5- and 95-percentiles and extreme values.

Discussion

The opportunity for access to a huge amount of data from social media and citizen science projects is changing
the way in which scientific studies and analyses of biological records are performed. Such studies allow for anal-
yses at broad spatial and temporal scales, as well as promising to connect the efforts of experts and non-experts
in science®. We explored the characteristics of the calls of male cuckoos based on long-term recordings and calls
from across a wide geographical range from the online website Xeno-canto.org.

Although the calls of the common cuckoo from the Xeno-canto database derive across Europe, Asia and
Africa, most recordings were uploaded from Germany, Bulgaria and France. A similar heterogeneous source
of data was observed in a project studying the song dialects of the yellowhammer Emberiza citronella®. These
findings suggest that big data sources from citizen science projects can be influenced by particular amateur pref-
erences (for species and/or habitats). Such preferences can potentially cause a bias if statistical analyses do not
explicitly pay attention in order to minimize such bias.

The characteristics of the cuckoo call have for a long time played an important role in popular folklore. Thus,
its common name is very similar among numerous languages, often associated with the particular vocalization
of this bird!!. The number of syllables in cuckoo calls is correlated with environmental variables and intraspecific
interactions?”?. The log-normal distribution of the number of syllables reported here matches that of previous
studies. This indicates that most recordings have calls with few syllables. However, the range in the number of
syllables per call reported here was much more variable than in long-term studies in Ukraine and Denmark®”%.

It is often assumed that the timing of bird calls is related to weather and the function of calls. Therefore, passer-
ines with calls having a function in the context of sexual selection sing mainly in early morning and at dusk'®. The
calls of the common cuckoo have not only a function in sexual selection, but may also affect potential hosts?*.
We hypothesize that the timing of calls fits the activity of hosts. The Xeno-canto database consisted of cuckoo calls
recorded throughout the day. However, most calls were from early morning to midday, while cuckoo calls reached
aminimum in the afternoon similar to the diurnal pattern of singing in other bird species'. This global pattern
is also similar to the diurnal pattern of cuckoo calls in the Chernobyl area?’. Interestingly, cuckoo calls were also
recorded during the night and early morning, as reported in the literature®'~.

Cuckoo males produced calls with more syllables when a female cuckoo was present, but also when another
male was present?. In contrast, the number of syllables in male cuckoo calls was strongly negatively correlated
with the number of syllables in recordings of female cuckoos. However, it is possible that the recordings mainly
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Figure 3. An example of a sonogram with the count of the number of syllables in a male cuckoo song. The
sonogram was prepared by Moller?.

focused on female calls, but that the calls of males from the vicinity were also heard. However, we cannot exclude
the possibility that females are present without producing any calls.

Host-race formation or speciation takes place when a new host is exploited by a parasite, and the phenotype
of cuckoo eggs eventually is adapted to those of the host****. Therefore, a brood parasite as the common cuckoo is
divided into host races, each characterized by egg mimicry of different host species®>~. In our study, the number
of syllables in cuckoo calls was positively correlated with the interaction between female recordings and the num-
ber of host races. This fact suggests that the number of syllables in cuckoo calls may reflects the already known
relationship between host races and calls of female and male cuckoos, where female cuckoos show strong host
preferences, while individual males mate with females that lay in the nests of different hosts*.

Previous studies have already shown that the presence of the cuckoo and its population density are reliable
predictors of overall bird diversity, especially of cuckoo hosts”®. Here we have shown that the number of syllables
in cuckoo calls is positively correlated with bird species richness. Moreover, Moller et al. (2017) suggested that
cuckoo calls are reliable signals of habitat quality expressed as the number of breeding bird species. Here we
extended this pattern to a broad geographical scale, across the entire geographical range of the cuckoo.

In conclusion, a citizen science project using data from Xeno-canto.org allowed collection of a large number of
cuckoo calls from Europe, Asia and Africa. When we analyzed Xeno-canto data we found that cuckoo call char-
acteristics were related to the number of syllables of cuckoo calls and species richness (i.e. a positive correlation
with bird species richness). There was also an intra-specific positive relationship between the interaction between
female calls and the number of hosts races. Previous ecological studies used big data from citizen science and

social media projects**, and these studies suggest that social media are changing the approach used in ecological
and conservation research.
Methods

Data collection. We used Xeno-canto (http://www.xeno-canto.org/) as a data source for common cuckoo
call recordings. Even if Xeno-canto mainly focuses on male cuckoos, females are occasionally recorded. Each
recording was analysed and the following data were extracted from the dataset: sex (male; female if any; how-
ever we have to emphasize that normally recordings were dedicated to males, and that only sometimes were
female calls recorded, confirming that the female was present close to the male); number of syllables; time of
day (min:sec); date (year-month-day); geographical location (country, GIS coordinates: latitude, longitude); bird
species in background; observer/recorder name and catalogue number.

Definition of variables. Number of syllables. We explored the number of syllables that a cuckoo male
produces in a single call for each record?”?® (see Fig. 3). The number of syllables defined as each syllable being a
single “cu-coo” was counted by waiting for a call to be finished in order to avoid inclusion of overlapping calls. A
call was considered to be finished when at least a period of time similar to that of a syllable had passed without a
new syllable being produced. We also counted the number of syllables in the subsequent two calls.

Bird species richness.  Bird species richness was the number of bird species singing in the background in each
cuckoo call recording.

Cuckoo host species.  The list of host species of the cuckoo was recorded from the following sources®#3637:41

Population density of cuckoo. We estimated the population sizes of cuckoos for different countries as reported
by Burfield and van Bommel*. Population sizes were reported as a range, and we used the mean for the analyses.

Cuckoo host races and their distribution. The common cuckoo has several host races, each classified by egg
mimicry of different host species®*****%. Moksnes and Reskaft* categorized all cuckoo eggs produced by 17 dif-
ferent host races based on color and spottiness of the egg (location, color, density and size of spots). Besides,
Moller et al.*® added to the compilation of host races by Moksnes and Roskaft five additional host races recently
described®**-47. Thus, we classified the distribution of all 22 host races of the cuckoo in the 28 European
countries.

Statistical analysis. We tested for spatial auto-correlation (SAC) of the data by using Mantel tests*, based
on Monte Carlo permutations (999 randomizations) to test for statistical significance®. In this study, the Mantel
statistic ry; evaluates the similarity between the number of syllables among sample sites and the geographical
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distance among these sites®. Study sites were treated as statistically independent observations because the spatial
autocorrelation in the data was not significant (ry; = —0.033, p=0.843, n randomizations = 999).

We performed a principal components analysis (PCA) in order to avoid redundancy among variables, as a
potential cause of multicollinearity, thereby removing strongly correlated predictors®'. From PCA analysis we
selected the following eight descriptors: female recording, date, hour of day, duration of record, number of host
races, cuckoo population density, species richness and latitude, adequate to describe the effects of the number of
syllables of cuckoo calls.

We used Generalized Linear Mixed Models (GLMM), using the package Ime4’>>% to explore variation in
cuckoo calls in relation to environmental variables and inter- and intraspecific characteristics. The number of
syllables was log,,-transformed and models were fitted supposing a log-normal distribution after exploration of
the distribution of this variable, as suggested by Box and Cox> using the package ‘MASS**. The number of sylla-
bles in cuckoo calls was used as the response variable, while female call, date, hour of day, number of host races,
cuckoo population density, bird species richness and latitude and longitude were used as predictors. The interac-
tion between year and country were added as a random factor in the statistical model. The ‘best’ model explaining
greater variation in data was assessed using Akaike’s Information Criterion (AIC)*®. Confidence intervals for the
significant variables were calculated by the Wald method, using the package ‘MASS™>. All statistical tests were
performed with R software®.

Data availability statement. The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

References
1. Lai, C. M. Messenger of Spring and Morality: Cuckoo Lore in Chinese Sources. J. Am. Orient. Soc. 118, 530-542 (1998).
2. Cramp, S. The birds of the Western Palearctic. Volume IV. Terns to Woodpeckers. In Handbook of the Birds of Europe, the Middle
East, and North Africa: The Birds of the Western Palearctic 960 (Oxford University Press, Oxford, UK, 1985).
. Erritzoe, J., Mann, C. E, Brammer, E. P. & Fuller, R. A. Cuckoos of the World. (Christopher Helm, London, UK, 2012).
4. Moksnes, A. & Roskaft, E. Egg morphs and host preference in the common cuckoo (Cuculus canorus): An analysis of cuckoo and
host eggs from European museum collections. J. Zool. 236, 625-648 (1995).
. BirdLife International. Species factsheet: Cuculus canorus. Available at: http://www.birdlife.org (2017).
6. Sparks, T. H. et al. Can bird abundance declines be detected by citizen science programmes? A case study using Common Cuckoo
Cuculus canorus. Avian Biol. Res. 10, 241-245 (2017).
7. Tryjanowski, P. & Morelli, F. Presence of Cuckoo reliably indicates high bird diversity: A case study in a farmland area. Ecol. Indic.
55, 52-58 (2015).
8. Morelli, F. et al. Cuckoo and biodiversity: Testing the correlation between species occurrence and bird species richness in Europe.
Biol. Conserv. 190, 123-132 (2015).
9. Morelli, E. et al. The common cuckoo is an effective indicator of high bird species richness in Asia and Europe. Sci. Rep. 7 (2017).
10. Mikulica, O., Grim, T., Schulze-Hagen, K., Stokke, B. G. & Davies, N. The Cuckoo: The Uninvited Guest. (Wild Nature Press, UK,
2017).
11. Davies, N. B. Cuckoo: Cheating by Nature. (Cambridge University Press, Cambridge, 2015).
12. Liang, W. Crafty cuckoo calls. Nat. Ecol. Evol. 1, 1427-1428 (2017).
13. Bradbury, J. & Vehrencamp, S. Principles of animal communication. (2011).
14. Catchpole, C. & Slater, P. Bird song: biological themes and variations. (Cambridge University Press, Cambridge, UK, 2008).
15. Kroodsma, D. & Miller, E. Acoustic communication in birds, vol 1 and 2. (Academic Press, New York, 1982).
16. Whitear, A. K. & Stehlik, I. Use of auditory predation cues in the Ruby-throated Hummingbird Archilochus colubris. FAO UN
(2009).
17. Verboom, W. C. Bird vocalizations: the Cuckoo (Cuculus canorus). (2009).
18. Jung, W.-J,, Lee, J.-W. & Yoo, J.-C. “cu-coo”: Can You Recognize My Stepparents? — A Study of Host-Specific Male Call Divergence
in the Common Cuckoo. PLoS One 9, €90468 (2014).
19. Zsebék, S., Moskat, C. & Ban, M. Individually distinctive vocalization in Common Cuckoos (Cuculus canorus). J. Ornithol. 158,
213-222 (2017).
20. August, T. et al. Emerging technologies for biological recording. Biol. J. Linn. Soc. 115, 731-749 (2015).
21. Saylor, M. The mobile wave: How mobile intelligence will change everything. (Perseus Books/Vanguard Press. Scanlon, New York,
2012).
22. Sliwa, J. & Benoist, E. Pervasive computing - the next technical revolution. Developments in E-systems Engineering, IEEE (2011).
23. Planqué, B., Vellinga, W. P, Pieterse, S. & Jongsma, J. Xeno-canto sharing bird sounds from around the world. (2005).
24. Vellinga, W. P. & Planqué, R. The Xeno-canto collection and its relation to sound recognition and classification. CEUR Workshop
Proc. 1391, (2015).
25. Blackburn, T. M. et al. A unified classification of alien species based on the magnitude of their environmental impacts. PLoS Biol. 12,
€1001850 (2014).
26. Petruskova, T. et al. A review of the distribution of Yellowhammer (Emberiza citrinella) dialects in Europe reveals the lack of a clear
macrogeographic pattern. J. Ornithol. 156, 263-273 (2015).
27. Moller, A. P, Morelli, F,, Mousseau, T. A. & Tryjanowski, P. The number of syllables in Chernobyl cuckoo calls reliably indicate
habitat, soil and radiation levels. Ecol. Indic. 66, 592-597 (2016).
28. Moller, A. P, Morelli, E. & Tryjanowski, P. Cuckoo folklore and human well-being: Cuckoo calls predict how long farmers live. Ecol.
Indic. 72, 766-768 (2017).
29. Lyu, N, Li, ]. & Sun, Y.-H. Can simple songs express useful signals for mate choice? Avian Res 7, 10 (2016).
30. York, J. E. & Davies, N. B. Female cuckoo calls misdirect host defences towards the wrong enemy. Nat. Ecol. Evol. 1, 1520-1525
(2017).
31. Lohrl, H. Zur Biologie des Kuckucks. Ornithol. Ber 3, 120-125 (1950).
32. Wyllie, L. The cuckoo. (Batsford, UK, 1981).
33. Li, Y, Xia, C,, Lloyd, H., Li, D. & Zhang, Y. Identification of vocal individuality in male cuckoos using different analytical techniques.
Avian Res. 8,21 (2017).
34. Marchetti, K., Nakamura, H. & Gibbs, H. L. Host-Race Formation in the Common Cuckoo. Science. 282, 471-2 (1998).
35. Fossey, E et al. Ancient origin and maternal inheritance of blue cuckoo eggs. Nat. Commun. 7, 10272 (2016).
36. Payne, R. B. The Cuckoos. (Oxford University Press, 2005).
37. Davies, N. B. Cuckoos, cowbirds and other cheats. (T & AD Poyser Ltd, London, UK, 2000).

W

152

SCIENTIFICREPORTS| (2018) 8:12872 | DOI:10.1038/s41598-018-31329-1 5


http://www.birdlife.org

www.nature.com/scientificreports/

38. Moller, A. P. et al. Isolation by time and habitat and coexistence of distinct host races of the common cuckoo. J. Evol. Biol. 24,
676-684 (2011).

39. Mikula, P., Morelli, F, Lu¢an, R. K., Jones, D. N. & Tryjanowski, P. Bats as prey of diurnal birds: A global perspective. Mamm. Rev.
46, 160-174 (2016).

40. Dylewski, L., Mikula, P.,, Tryjanowski, P., Morelli, F. & Yosef, R. Social media and scientific research are complementary-YouTube
and shrikes as a case study. Sci. Nat. 104, 48 (2017).

41. Yang, C. et al. Diversity of parasitic cuckoos and their hosts in China. Chinese Birds 3, 9-32 (2012).

42. Burfield, I. & van Bommel, F. Birds in Europe: Population estimates, trends and conservation status. (BirdLife International,
Cambridge, UK, 2004).

43. Brooke, M., de, L. & Davies, N. B. Egg mimicry by cuckoos, Cuculus canorus, in relation to discrimination by hosts. Nature 335,
630-632 (1988).

44, Chance, E. P. The truth about the cuckoo. (London, UK, 1940).

45. Alvarez, E A gens of cuckoo Cuculus canorus parasitizing rufous bush chat Cercotrichas galactotes. J. Avian Biol. 25, 239-243
(1994).

46. Antonov, A, Stokke, B. G., Moksnes, A. & Roskaft, E. First evidence of regular common cuckoo, Cuculus canorus, parasitism on
eastern olivaceous warblers, Hippolais pallida elaeica. Naturwisssenschaften 94, 307-312 (2007).

47. Antonov, A., Stokke, B. G., Moksnes, A. & Raskaft, E. Coevolutionary interactions between common cuckoos and corn buntings.
Condor 108, 414-422 (2006).

48. Mantel, N. The detection of disease clustering and a generalized regression approach. Cancer Res. 27, 209-220 (1967).

49. Oksanen, J. et al. Vegan: Community Ecology Package. R package version 2.3-4.291 (2016).

50. Legendre, P. & Legendre, L. Numerical Ecology. (Elsevier, Netherlands, 2012).

51. Graham, M. H. Confronting multicollinearity in cological multiple regression. Ecology 84, 2809-2815 (2003).

52. Bates, D., Maechler, M., Bolker, B. & Walker, S. Fitting Linear Mixed-Effects Models Using Ime4. J. Stat. Softw 67, 1-48 (2015).

53. McCullagh, P. & Nelder, J. A. Generalized Linear Models. (Chapman and Hall, 1989).

54. Box, G. E. P. & Cox, D. R. An analysis of transformations. J. R. Stat. Soc. 26, 211-252 (1964).

55. Venables, W. & Ripley, B. Modern Applied Statistics with S. (Springer, New York, 2002).

56. Burnham, K. & Anderson, D. Model Selection and Multimodel Inference: A Practical Information-Theoretic Approach. (Springer, New
York, 2002).

57. R Development Core Team. R: A language and environment for statistical computing. (R Foundation for Statistical Computing,
Vienna, Austria, 2016).

58. ESRI. ArcGIS Desktop: Release 10.1. (Environmental Systems Research Institute, 2012).

Acknowledgements
We thank Bob Planqué and Willem-Pier Vellinga for access to the data from the Xeno-canto website.

Author Contributions

PT. and A.PM. planned the research. K.S. collected data and cured dataset. Y.B. and EM. analyzed the data and
prepared figures and map. Y.B., A.PM., PT. and EM. wrote the paper. All the authors read and approved the final
manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-31329-1.

Competing Interests: The authors declare no competing interests.

Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2018

SCIENTIFICREPORTS| (2018) 8:12872 | DOI:10.1038/s41598-018-31329-1 6


http://dx.doi.org/10.1038/s41598-018-31329-1
http://creativecommons.org/licenses/by/4.0/

	Number of syllables in cuckoo Cuculus canorus calls: A test using a citizen science project

	Results

	Cuckoo call activity patterns. 
	Number of syllables of cuckoo calls and bird species richness. 
	Intraspecific influence on number of syllables in cuckoo calls. 

	Discussion

	Methods

	Data collection. 
	Definition of variables. 
	Number of syllables. 
	Bird species richness. 
	Cuckoo host species. 
	Population density of cuckoo. 
	Cuckoo host races and their distribution. 

	Statistical analysis. 

	Acknowledgements

	Figure 1 Geographical distribution of the number of syllables in male cuckoo calls obtained from the Xeno-canto website.
	Figure 2 Number of syllables in male cuckoo calls in relation to the presence of a female call.
	Figure 3 An example of a sonogram with the count of the number of syllables in a male cuckoo song.
	Table 1 Results of fixed-effect parameters in GLMM, accounting for variation in variables in relation to female recording, date, hour, duration of recording, number of host races, population cuckoo density, species richness and latitude.




