
SUPPORTING INFORMATION 

Patterns of bird song evolution on islands support the character release hypothesis in 

tropical but not in temperate latitudes 

(submitted to Journal of Evolutionary Biology) 

Appendix 1 – Site localizations and altitudes 

Table S1. Gazetteer with altitude above sea level (ASL) of the twelve localities (four communities) for 

which samples were collected. Soundscape was characterized in two localities of each region and are 

described in Robert et al (2019).  

 

REGION LOCALITY LATITUDE LONGITUDE ASL 

Madeira Island Seixal 32°48'55.56"N 17°06'51.46"O 400 

Madeira Island Achada 32°50'19.19"N 17°11'35.70"O 700 

Madeira Island Portela 32°45'09.81"N 16°48'13.91"O 500 

Mediterranean basin la Rouvière 43°39'28.23"N 03°40'42.60"E 290 

Mediterranean basin La Verne 43°16'40.98"N 06°16'54.78"E 650 

Mediterranean basin Maruèjols 43°50'07.97"N 04°11'25.69"E 200 

São Tomé Island Chamiço 00°19'04.54"N 06°35'56.90"E 600 

São Tomé Island Macambrará 00°16'30.85"N 06°36'20.37"E 1200 

São Tomé Island Morro Esperança 00°17'38.68"N 06°36'39.86"E 1000 

Cameroon Mapia 04°10'23.46"N 09°11'57.91"E 1950 

Cameroon Bakingili Forest 04°05'27.30"N 09°02'39.25"E 300 

Cameroon Etome Forest 04°03'17.09"N 09°06'23.04"E 400 
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Appendix 2 – Typical songs of focal species 

Table S2. Spectrograms of the songtypes of the study species 

Tropical mainland Tropical island 

Treron calvus Treron sanctithomae 

Chrysococcyx chrysococcyx cupreus Chrysococcyx chrysococcyx insularum 

Oriolus brachyrynchus Oriolus crassirostris 

Terpsiphone rufiventer Terpsiphone atrochalybeia 

Zosterops melanocephalus Zosterops lugubris 

Cinnyris reichenowi Anabathmis newtonii 

 

 

 



Temperate mainland Temperate island 

Erithacus rubecula Erithacus rubecula 

Turdus merula merula Turdus merula cabrerae 

Sylvia atricapilla atricapilla Sylvia atricapilla heineken 

Regulus ignicapillus Regulus madeirensis 

Fringilla coelebs coelebs Fringilla coelebs madeirensis 

 

 

  



Appendix 3 – Sample sizes and raw data 

Table 1: Bird species pairs (island-mainland), sample sizes, and measured frequency parameters 

Pair name Area Species Number of 

individuals 
Number 

of songs 
Minimum 

frequency (Hz) 
Maximum 

frequency (Hz) 

Pigeon Tropical mainland Treron calvus 6 6 703 ±186 1613 ±117 
Tropical island Treron sanctithomae 6 6 645 ±214 1706 ±94 

Cuckoo Tropical mainland Chrysococcyx chrysococcyx. cupreus 9 72 1656 ±53 2794 ±163 
Tropical island Chrysococcyx chrysococcyx insularum 9 72 1630 ±52 3211 ±211 

Oriole Tropical mainland Oriolus brachyrynchus 10 87 818 ±75 1382 ±212 
Tropical island Oriolus crassirostris 10 80 788 ±59 1551 ±144 

Flycatcher Tropical mainland Terpsiphone rufiventer 5 26 2672 ±87 3206 ±76 
Tropical island Terpsiphone atrochalybeia 5 28 2435 ±231 4941 ±301 

Speirops Tropical mainland Zosterops melanocephalus 7 26 1800 ±142 4981 ±187 
Tropical island Zosterops lugubris 7 23 1752 ±224 4896 ±410 

Sunbird Tropical mainland Cinnyris reichenowi 10 26 3411 ±513 8130 ±528 

Tropical island Anabathmis newtonii 10 21 3833 ±418 8940 ±493 
Robin Temperate 

mainland 
Erithacus rubecula 10 100 2496 ±425 8315 ±655 

Temperate island Erithacus rubecula 10 100 2565 ±345 8601 ±470 
Blackbird Temperate 

mainland 
Turdus merula merula 10 100 1471 ±143 5109 ±1405 

Temperate island Turdus merula cabrerae 10 100 1503 ±177 4974 ±1718 
Warbler Temperate 

mainland 
Sylvia atricapilla atricapilla 10 54 2231 ±233 5306 ±1046 

Temperate island Sylvia atricapilla heineken 10 55 2120 ±319 5637 ±1602 
Firecrest Temperate 

mainland 
Regulus ignicapilla 10 96 6258 ±477 8235 ±266 

Temperate island Regulus madeirensis 10 82 5580 ±450 8965 ±431 
Chaffinch Temperate 

mainland 
Fringilla coelebs coelebs 10 98 1858 ±193 6548 ±697 

Temperate island Fringilla coelebs madeirensis 10 95 1654 ±204 5453 ±453 

 

  



Appendix 4 – Measure of frequency parameters 

 

Figure S1: Amplitude spectrum and sonogram for a song type from a São Tomé emerald cuckoo 

(Chrysoccocyx cupreus insularum). 

  



Appendix 5 – Accumulation curves

 

Figure S2: Accumulation curves of mean (line) ±standard deviation of frequency bandwidth along the 

sampling of each focal species songs. For each species and each different number of samples, we 

calculated the mean of all frequency bandwidths calculated taking all possible combinations of this 

number of samples (when number of combinations was higher than 10000 we took 10000)  



Appendix 6 – Homogeneity of frequency bandwidth within-species 

We compared within-species variance in frequency bandwidth between island and mainland species of 

each pair by using Levene’s tests (Levene 1960). Results are presented in Table S3 and data are 

presented in Figure S3.  

 Among the pairs with significantly broader frequency bandwidth on islands (cuckoo, oriole, 

flycatcher, robin and firecrest), only the flycatcher pair had a significantly different (greater) variance 

among individuals on the island and for this species, all island individuals had broader frequency 

bandwidth than mainland individuals (Figure S3). Thus, when a broader bandwidth was detected on 

island it was achieved by all individuals in the island population (individuals with lowest bandwidths in 

the island population had higher frequency bandwidths than individuals with lowest bandwidths in the 

mainland population) and not only by a specialization of some island individuals towards high frequency 

bandwidths.  

Figure S3: Histograms of frequency bandwidth (kHz) for each focal species with a smooth of the 

distribution under a generalized linear model. Each point is a single song measurement (see Table 1 in 

the main text for sample sizes). Population means of frequency bandwidths are indicated by vertical bars 

(red for island population and black for mainland population). Mainland species (M) are in green while 

island species (I) are in yellow. Population  



Table S3: Results of Levene’s test for each species pair.  

Species pair F values  P-values 

Robin 2.15 0.1439 

Blackbird 6.62 0.0108 

Blackcap 8.54 0.004 

Chaffinch 11.69 <0.001 

Firecrest 1.47 0.227 

Pigeon 0.45 0.5177 

Cuckoo 1.76 0.1862 

Oriole 2.11 0.1484 

Flycatcher 16.93 <0.001 

Speirops 29.12 <0.001 

Sunbird 0.07 0.788 
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Appendix 7 - Bayesian phylogenetic mixed models 

In order to investigate how phylogenetic relationships among species could influence our results, we 

also used Bayesian phylogenetic mixed models (BPMM), using the “MCMCglmm” R package (Hadfield 

2010; Hadfield & Nakagawa 2010). 

We performed four different BPMMs on the following variables: frequency bandwidth, 

minimum frequency, maximum frequency and number of overlapping species (we did not model the 

proportion of time each species spent vocalizing alone because binomial distributions are not supported 

by MCMCglmm). Similarly as for LMMs, frequency bandwidth, minimum frequency and maximum 

frequency were analysed on a logarithmic scale. As our data consisted of repeated samples per 

individual, we included « individual » as a random effect. Proceedings as for LMMs, we tested insularity 

(island/mainland), latitude (tropical/temperate) and their interaction as fixed effects. We also included 

body mass and altitude as fixed effects. Concerning the numbers of overlapping species, we used a 

Poisson error distribution. As in GLMMs, we tested insularity (island/mainland), latitude 

(tropical/temperate) and their interaction as fixed effects. We also included time of the quarter as a 

continuous fixed effect. 

We downloaded 10000 alternative trees from Jetz and coworkers (2012) comprehensive bird 

phylogeny (downloaded from the BirdTree database: https://birdtree.org). We calculated posterior node 

probabilities in PAUP* (Swofford 2003). All trees were identical (Figure S3) and therefore we only 

used one tree for the BPMM. As BirdTree phylogeny is restricted at the species level, we manually 

added the five island subspecies (Chrysococcyx cupreus insularum, Sylvia atricapilla heineken, 

Fringilla coelebs madeirensis, Erithacus rubecula rubecula and Turdus merula cabrerae) on this tree 

by arbitrary fixing phylogenetic distances with closest mainland relatives at 0.001 (distance from tips to 

root is 86 in this ultrametric tree). For each analysis, we ran the model using 2 chains for 800000 

iterations and saved posterior samples after a burn-in period of 50000, thinning every 300 iterations, 

resulting in an effective sample size of at least 1000. Uninformative priors were used (inverse-Wishart 

with belief parameters set to 0.002 and variances set to 1) for both random effect and residual variances. 

We assessed model convergence using the ‘coda’ R package (Plummer et al. 2006). For each dependent 

variable, we selected the best model by minimizing the deviance information criterion DIC and 

considered that models differing by less than 2 DIC units were equivalent.  

For all of the four models, results of BPMM were equivalent to those presented in the main text (LMM 

and GLMM) in terms of significance and relative strength of estimates (Table S4:S7). In particular, 

results of BPMM indicated broader frequency bandwidths on the islands compared to the mainland, and 

stronger island-mainland differences in the tropics compared to the temperate zone. Additionally, 

BPMM also highlighted the diminution of minimum frequencies in islands and we found the same 

significant interaction between latitude and insularity in the variations of maximum frequencies. 

Additionally, mainland species were overlapped by more species than were island species and the 

overlap included more species in the tropical than in the temperate zone.  

https://birdtree.org/


 
Figure S4: consensus phylogenetic tree generated from 10000 alternative trees from Jetz and coworkers 

(2012) with posterior probabilities.  
 

Table S4: Results of the best BPMM for frequency bandwidth. Terms for which the 95% credible 

interval did not span 0 are presented in bold characters. A probability that the posteriors encompass zero 

(pMCMC) is provided as a statistical test. 

 Frequency bandwidth (logged ratio) 

 Estimate 95% Credible Intervals 
Lower 2.5%CI   Upper 2.5%CI 

pMCMC 

Intercept 0.88 0.28 1.41 - 

Insularity: “island”1 -0.0008 -0.05 0.06 0.98 

Latitude: “tropic”2 
 

0.04 -0.42 0.33 0.82 

Insularity*latitude 

(“island”1*“tropic”2) 
-0.14 -0.25 -0.02 0.025 

1. Reference category is “mainland” 

2. Reference category is “temperate” 

 

Table S5: Results of the best BPMM for minimum frequency. Terms for which the 95% credible 

interval did not span 0 are presented in bold characters. A probability that the posteriors encompass zero 

(pMCMC) is provided as a statistical test. 

 Minimum frequency (logged) 

 Estimate 95% Credible Intervals 

Lower 2.5%CI    Upper 2.5%CI 

pMCMC 

Intercept 8.17 7.36 8.99 - 

Mass -0.01 -0.02 -0.005 <0.01 

Insularity: “island”1 -0.06 -0.10 -0.02 <0.01 

Latitude: “tropic”2 

 

-0.24 -0.78 0.24 0.30 

Insularity*latitude 

(“island”1*“tropic”2) 

-0.003 -0.08 0.10 0.94 

1. Reference category is “mainland” 

2. Reference category is “temperate” 

 

 



Table S6: Results of the best BPMM for maximum frequency. Terms for which the 95% credible 

interval did not span 0 are presented in bold characters. A probability that the posteriors encompass 

zero (pMCMC) is provided as a statistical test. 

 Maximum frequency (logged) 

 Estimate 95% Credible Intervals 

Lower 2.5%CI    Upper 2.5%CI 

pMCMC 

Intercept 8.96 8.11 9.78 - 

Mass -0.008 -0.01 -0.003 <0.01 

Insularity: “island”1 -0.06 -0.12 -0.002 0.04 

Latitude: “tropic”2 

 

-0.29 -0.79 0.20 0.24 

Insularity*latitude 

(“island”1*“tropic”2) 

0.14 0.02 0.26 0.02 

1. Reference category is “mainland” 

2. Reference category is “temperate” 

 

Table S7: Results of the best BPMM for number of species overlapping. Terms for which the 95% 

credible interval did not span 0 are presented in bold characters. A probability that the posteriors 

encompass zero (pMCMC) is provided as a statistical test. 

 Number of species overlapping 

 Estimate 95% Credible Intervals 

Lower 2,5%CI    Upper 

2,5%CI 

pMCMC 

Intercept -0.70 -0.79 -0.63 - 

Time after sunrise -0.04 -0.05 -0.04 <0.001 

Insularity: “island”1 -0.85 -0.93 -0.75 <0.001 

Latitude: “tropic”2 

 

1.94 1.87 2.02 <0.001 

Insularity*latitude 

(“island”1*“tropic”2) 

-0.68 -0.78 -0.59 <0.001 

1. Reference category is “mainland” 

2. Reference category is “temperate” 
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Appendix 8 – Model selection 

 

Table S8: Results of Akaike's Information Criteria (AIC) for model selection analysis for frequency 

variables, AIC is the change in AIC relative to the best fit model 

 Frequency bandwidth Minimum Frequency Maximum Frequency 

Model AIC AIC AIC AIC AIC AIC 

~insularity*latitude+mass -932.123 13.080 -2215.683 0.000 -1541.422 0.000 

~insularity*latitude -945.203 0.000 -2210.767 4.916 -1536.827 4.595 

 

 

Table S9: Results of Akaike's Information Criteria (AIC) for model selection analysis for acoustic 

competition variables, AIC is the change in AIC relative to the best fit model 

 
Proportion of time vocalizing alone Number of species co-vocalizing 

Model AIC AIC AIC AIC 

~insularity*latitude+time after sunrise 12096.2 0.000 64310.2 0.000 

~insularity*latitude 12397.1 300.9 64509.9 199.7 

 

 

  



Appendix 9 - Minimum, maximum frequency and frequency bandwidth of all studied species 

 

 

Figure S5: Mean and standard deviation of frequency bandwidth, minimum frequency and maximum 

frequency of all studied species in tropical mainland (Trop-M), temperate mainland (Temp-M), tropical 

island (Trop-I) and temperate island (Temp-I).  



Appendix 10 – Maximum and minimum frequencies for each focal species 

 

 
Figure S6: Maximum frequency for each of the 11 island species and their mainland counterparts, for 

the tropical (left) and the temperate (right) zone. Mainland species (M) are in green while island species 

(I) are in yellow. 

 

 
Figure S7: Minimum frequency for each of the 11 island species and their mainland counterparts, for 

the tropical (left) and the temperate (right) zone. Mainland species (M) are in green while island species 

(I) are in yellow.  

 


