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APPENDIX 1 12	

 13	

SUPPLMENTARY METHODS 14	

 15	

Compiling species pair datasets 16	

Following Seddon et al. (2013) and Cooney et al. (2017), we assembled a dataset of passerine 17	

species pairs for which we could collect detailed data on song traits. We compiled a list of species 18	

pairs from published phylogenetic trees of passerine families or genera generated using genetic 19	

data. We only included trees in which (i) > 70% of taxa had been sampled, and (ii) node support 20	

was high, with either posterior probability > 95% or ML bootstrap support > 70%. When several 21	

phylogenies were presented in a paper, we only selected species pairs resolved in all trees. When 22	

nodal support varied with the method of phylogenetic reconstruction, ML bootstrap values took 23	

precedence. We assumed that consensus trees and trees based on concatenated molecular 24	

datasets provided the most reliable source of phylogenetic information and thus, whenever possible, 25	

we assessed nodal support based on the values given in these trees. 26	

 27	

Principal component analysis of song measurements 28	

Raw song traits were correlated across species (Table S1). Such correlations can lead to 29	

overinflated divergence estimates if each trait axis is treated as independent. Therefore, to avoid 30	

this issue and to reduce the dimensionality of our dataset, following previous studies (Tobias et al. 31	

2014a; Tobias et al. 2014b) we conducted a principal components (PC) analysis on the covariance 32	

matrix of individual (log-transformed) song measurements. The first three PCs from this analysis 33	

accounted for over 83% of the variance in the original acoustic dataset, with each PC capturing a 34	

distinct component of overall signal structure (Table S1). Specifically, PC1 (41%) primarily loaded 35	

with variables related to song pitch, PC2 (24%) with variables related to song length, and PC3 36	

(18%) with song pace. We chose not to retain PC4 (14%) in our analysis because of its 37	

comparatively small eigenvalue (1.006) (Kaiser 1960) and because the loadings indicated that it 38	

was primarily related to variation in minimum song frequency (loading = 0.66), which is more difficult 39	

to quantify from song spectra and therefore potentially subject to greater levels of error. By focusing 40	

exclusively on variation in the first three PCs, which are interpretable in terms of song pitch (PC1), 41	

length (PC2) and pace (PC3), respectively, our analyses are directly comparable with previous 42	

studies (e.g. Tobias et al. 2014b) using the same combination of traits (PCs) to define a three-43	

dimensional acoustic space (Fig. S2). 44	

 45	

Alternative dataset: accounting for intraspecific variation 46	

Intraspecific trait variation can generate overinflated estimates of interspecific disparity, especially 47	

when sample sizes are low relative to levels of intraspecific variation and/or measurement error 48	



(Silvestro et al. 2015). To test whether our results were sensitive to these issues, we repeated our 49	

main analyses using an alternative version of our dataset in which within-species song disparity 50	

estimates were corrected for observed levels of intraspecific variation using an approach based on 51	

ANOVA (Weir and Wheatcroft 2011; Weir et al. 2012). 52	

 53	

Sexual dichromatism 54	

Although it would be preferable to estimate dichromatism using more objective measurements of 55	

bird plumage colouration, such as those generated by a spectrophotometer, these types of 56	

measurements are currently unavailable for most species. However, the high correlation between 57	

spectrophotometric and human estimates of dichromatism indicate that human vision can provide a 58	

reliable estimate of avian colouration in general (Bergeron and Fuller 2018) and sexual 59	

dichromatism in particular (Armenta et al. 2008; Seddon et al. 2010). To test this assumption in our 60	

dataset, we used spectrophotometric measurements of plumage colouration from museum 61	

specimens described in (Cooney et al. 2017) to calculate objective estimates of dichromatism for 62	

species and pairs common to both datasets, following methods outlined previously (Seddon et al. 63	

2013; Cooney et al. 2017). This resulted in dichromatism estimates for 264 species (132 pairs), 64	

which we compared to our scores based on handbook illustrations using Spearman’s rank 65	

correlation. We found that estimates of dichromatism based on spec measurements and human 66	

vision were highly positively correlated (Fig. S9) across both species (Spearman’s r = 0.76, P < 67	

0.001) and species pairs (Spearman’s r = 0.79, P < 0.001). Thus, we conclude that scores of 68	

dichromatism based on published illustrations are valid for our dataset, in line with previous studies 69	

(e.g. Dale et al. 2015). 70	

 71	

Additional predictors of song divergence 72	

To explore the role of other factors known to influence song divergence in birds, we collected data 73	

for a suite of additional explanatory variables. Details are given below. 74	

Pair age. We generated estimates of pair age (i.e. time from the present to the most recent 75	

common ancestor) by calculating the mean height of the node connecting the pair in the (pruned) 76	

Jetz et al. (2012) phylogenies (see above). 77	

Body mass. Estimates of body mass were extracted from Wilman et al. (2014) and we used 78	

the mean of species (ln-transformed) values to generate pair-level averages. 79	

Generation length. Data on species’ generation length, forest dependency and migratory 80	

status were compiled from BirdLife International (http://www.datazone.birdlife.org; accessed 18-10-81	

2017), and we used the mean of species’ generation length values to provide pair-level averages. 82	

Forest dependency. In the BirdLife dataset species are assigned to one of four categories, 83	

depending on whether they “do not normally occur in forests”, or exhibit “low”, “medium” or “high” 84	

levels of forest dependency. To convert this into a quantitative variable capturing broad differences 85	



in habitat usage, we converted this classification system into a 4-point scoring scheme, giving each 86	

species a score of 0, 1, 2 or 3 based on whether they were recorded as having no, low, medium or 87	

high forest dependency, respectively. To capture the average level of forest dependency within a 88	

pair, we took the mean score for each pair. 89	

Migratory status. Similarly, in the BirdLife dataset species are categorised as “not a migrant”, 90	

“nomadic”, “altitudinal migrant” or “full migrant”, so again we converted this classification system into 91	

a 2-point scoring scheme, giving each species a score of 0 (not a migrant) or 1 (nomadic, altitudinal 92	

migrant or full migrant) and then took the mean score for each pair. 93	

 Latitude. All variables relating to species’ geographical distributions are based on (breeding) 94	

range maps provided by BirdLife International and NatureServe (2016, version 9; 95	

http://www.datazone.birdlife.org). To estimate the latitudinal midpoint of each pair, we first 96	

calculated each species’ range centroids using the R package PBSmapping (Schnute 2015) and 97	

then took the mean of species (absolute) latitudinal values (Weir and Schluter 2007; Weir and 98	

Wheatcroft 2011; Weir et al. 2012). 99	

Island-dwelling. To characterise species as island-dwelling, we used a high-resolution 100	

database of global geography (GSHHG version 2.3.6; http://www.soest.hawaii.edu/pwessel/gshhg/) 101	

to identify all landmasses >1 km
2
 in size surrounded by ocean and smaller than Greenland 102	

(following Weigelt et al. 2013). We then overlaid species range maps on top of this dataset and 103	

calculated the proportion of species’ ranges occurring on islands. We consider species with >80% 104	

of their range occurring on islands to be primarily island dwelling and turned this into a pair-level 105	

variable by counting whether neither (0), one (1) or both (2) of the species in a pair were 106	

characterised as island dwelling. 107	

Within-pair range overlap. To calculate range overlap between species within a pair, we took 108	

the standard approach of calculating the area of overlap between species, divided by the area of the 109	

smaller species’ range (Pigot and Tobias 2013; Tobias et al. 2014a; Cooney et al. 2017). 110	

Confamilial sympatry. To quantify the extent of interactions with related species, we used the 111	

taxonomy of Jetz et al. (2012) and the range maps to tally up the number of same-family 112	

(confamilial) species that are sympatric with the focal species (Morinay et al. 2013), where sympatry 113	

is defined as >20% range overlap between species—a threshold commonly used to define 114	

‘substantial’ sympatry (Tobias et al. 2014a). We then divided this number by the total number of 115	

species in the family and took the mean of these values to generate a pair-level average. 116	

Climatic disparity. To quantify divergence in species’ climatic niches, we extracted range-117	

wide climatic information for each species from WorldClim (http://www.worldclim.org/) using a global 118	

resolution of 10 arc minutes (~100 km
2
). Following Lawson and Weir (2014), we focused on 48 119	

climatic variables, 36 related to temperature (maximum, minimum and mean for each month of the 120	

year) and 12 to precipitation (mean for each month of the year). We then conducted a PC analysis 121	

on these (sorted) values across all species (Lawson and Weir 2014), retaining the first four PC axes 122	



that together accounted for 96% of the variation. Euclidean distances between the species’ midpoint 123	

(median) values in each of the four axes were used as an overall measure of climatic divergence 124	

within a pair. 125	

Body mass disparity. To calculate within-pair disparity in body mass, we took the absolute 126	

difference between (ln-transformed) body mass values for species within a pair. 127	

 Beak disparity. Variables relating to species’ beak traits are based on a dataset of biometric 128	

measurements collected from museum specimens. For each species, we measured linear 129	

measurements of beak morphology (length, width and depth, measures at the nares) for multiple 130	

individuals per species (mean = 6.5) per sex. To quantify divergence in beak morphology, we 131	

followed the methods outlined in Pigot and Tobias (2013) and calculated beak divergence as the 132	

Euclidean distance between species mean (ln-transformed) values for all three axes. 133	

Song learning. Finally, we identified whether species pairs belonged to the oscine (Passeri) 134	

or suboscine (Tyranni) passerine suborders, which do and do not exhibit song learning, 135	

respectively. 136	

 137	

Collinearity among predictor variables 138	

Collinearity among predictor variables is a potential problem in multiple regression modelling 139	

(Graham 2003). However, methods based on the type of information theoretic-based model 140	

averaging approach we employ here are generally robust to collinearity (Graham 2003; Freckleton 141	

2011). Nonetheless, we checked for collinearity among predictors by calculating pairwise Pearson 142	

correlation coefficients (r
2
) and variance inflation factors (VIF) for all variables. Only one pair of 143	

predictors (latitude and migration) showed evidence of (strong) collinearity (r
2 

= 0.75; Table S12), 144	

and calculating VIFs for our full dataset revealed no evidence of severe (VIF > 10) or even 145	

moderate (VIF > 4) multicollinearity (range = 1.16 – 3.14; mean = 1.61), indicating that 146	

multicollinearity is unlikely to affect our results. 147	

 148	

References 149	

Armenta,	J.	K.,	P.	O.	Dunn,	and	L.	A.	Whittingham.	2008.	Quantifying	avian	sexual	dichromatism:	150	
a	comparison	of	methods.	J.	Exp.	Biol.	211:2423-2430.	151	

Bergeron,	Z.	T.	and	R.	C.	Fuller.	2018.	Using	human	vision	to	detect	variation	in	avian	152	
coloration:	how	bad	is	it?	Am.	Nat.	191:269-276.	153	

Cooney,	C.	R.,	J.	A.	Tobias,	J.	T.	Weir,	C.	A.	Botero,	and	N.	Seddon.	2017.	Sexual	selection,	154	
speciation	and	constraints	on	geographical	range	overlap	in	birds.	Ecol.	Lett.	20:863-155	
871.	156	

Dale,	J.,	C.	J.	Dey,	K.	Delhey,	B.	Kempenaers,	and	M.	Valcu.	2015.	The	effects	of	life	history	and	157	
sexual	selection	on	male	and	female	plumage	colouration.	Nature	527:367-370.	158	

Freckleton,	R.	P.	2011.	Dealing	with	collinearity	in	behavioural	and	ecological	data:	model	159	
averaging	and	the	problems	of	measurement	error.	Behav.	Ecol.	Sociobiol.	65:91-101.	160	

Graham,	M.	H.	2003.	Confronting	multicollinearity	in	ecological	multiple	regression.	Ecology	161	
84:2809-2815.	162	



Jetz,	W.,	G.	H.	Thomas,	J.	B.	Joy,	K.	Hartmann,	and	A.	O.	Mooers.	2012.	The	global	diversity	of	163	
birds	in	space	and	time.	Nature	491:444-448.	164	

Kaiser,	H.	F.	1960.	The	application	of	electronic	computers	to	factor	analysis.	Educational	and	165	
Psychological	Measurement	20:141-151.	166	

Lawson,	A.	M.	and	J.	T.	Weir.	2014.	Latitudinal	gradients	in	climatic-niche	evolution	accelerate	167	
trait	evolution	at	high	latitudes.	Ecol.	Lett.	17:1427-1436.	168	

Morinay,	J.,	G.	C.	Cardoso,	C.	Doutrelant,	and	R.	Covas.	2013.	The	evolution	of	birdsong	on	169	
islands.	Ecology	and	Evolution	3:5127-5140.	170	

Pigot,	A.	L.	and	J.	A.	Tobias.	2013.	Species	interactions	constrain	geographic	range	expansion	171	
over	evolutionary	time.	Ecol.	Lett.	16:330-338.	172	

Schnute,	J.	T.	2015.	PBSmapping:	mapping	fisheries	data	and	spatial	analysis	tools.	R	package	173	
version	2.69.76.	https://cran.r-project.org/package=PBSmapping.	174	

Seddon,	N.,	C.	A.	Botero,	J.	A.	Tobias,	P.	O.	Dunn,	H.	E.	Macgregor,	D.	R.	Rubenstein,	J.	A.	Uy,	J.	T.	175	
Weir,	L.	A.	Whittingham,	and	R.	J.	Safran.	2013.	Sexual	selection	accelerates	signal	176	
evolution	during	speciation	in	birds.	Proc.	R.	Soc.	London	Ser.	B	280:20131065.	177	

Seddon,	N.,	J.	A.	Tobias,	M.	Eaton,	and	A.	Ödeen.	2010.	Human	vision	can	provide	a	valid	proxy	178	
for	avian	perception	of	sexual	dichromatism.	Auk	127:283-292.	179	

Silvestro,	D.,	A.	Kostikova,	G.	Litsios,	P.	B.	Pearman,	and	N.	Salamin.	2015.	Measurement	errors	180	
should	always	be	incorporated	in	phylogenetic	comparative	analysis.	Methods	in	181	
Ecology	and	Evolution	6:340-346.	182	

Tobias,	J.	A.,	C.	K.	Cornwallis,	E.	P.	Derryberry,	S.	Claramunt,	R.	T.	Brumfield,	and	N.	Seddon.	183	
2014a.	Species	coexistence	and	the	dynamics	of	phenotypic	evolution	in	adaptive	184	
radiation.	Nature	506:359-363.	185	

Tobias,	J.	A.,	R.	Planqué,	D.	L.	Cram,	and	N.	Seddon.	2014b.	Species	interactions	and	the	186	
structure	of	complex	communication	networks.	Proc.	Natl.	Acad.	Sci.	U.S.A.	111:1020-187	
1025.	188	

Weigelt,	P.,	W.	Jetz,	and	H.	Kreft.	2013.	Bioclimatic	and	physical	characterization	of	the	world’s	189	
islands.	Proc.	Natl.	Acad.	Sci.	U.S.A.	110:15307-15312.	190	

Weir,	J.	T.	and	D.	Schluter.	2007.	The	latitudinal	gradient	in	recent	speciation	and	extinction	191	
rates	of	birds	and	mammals.	Science	315:1574-1576.	192	

Weir,	J.	T.	and	D.	Wheatcroft.	2011.	A	latitudinal	gradient	in	rates	of	evolution	of	avian	syllable	193	
diversity	and	song	length.	Proc.	R.	Soc.	London	Ser.	B	278:1713-1720.	194	

Weir,	J.	T.,	D.	J.	Wheatcroft,	and	T.	D.	Price.	2012.	The	role	of	ecological	constraint	in	driving	the	195	
evolution	of	avian	song	frequency	across	a	latitudinal	gradient.	Evolution	66:2773-196	
2783.	197	

Wilman,	H.,	J.	Belmaker,	J.	Simpson,	C.	de	la	Rosa,	M.	M.	Rivadeneira,	and	W.	Jetz.	2014.	198	
EltonTraits	1.0:	species-level	foraging	attributes	of	the	world's	birds	and	mammals.	199	
Ecology	95:2027.	200	

 201	



Figure S1. A representative phylogeny of passerines from Jetz et al. (2012) showing the
location of species sampled in this study (green points).



Pitch (PC1; 41%)

Length (PC2; 25%)

Pace (PC3; 18%)

Figure S2. Plot showing the distribution of individual song recordings (n = 2476) in acoustic
‘trait space’, a defined by the first three principal component (PC) axes of variation,
corresponding to variation among song in pitch (PC1), length (PC2) and pace (PC3).
Coloured areas represent kernel density estimates of 50% (red), 75% (orange) and 100%
(yellow) of the data (for illustrative purposes only).



Figure S3. Histograms showing the distribution of within-pair song disparity estimates for
species pairs (n = 259).
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Figure S4. Plots showing the relationship between overall within-pair song disparity (PC1-3)
and each of the addit ional predictors included in our analysis. For all continuous predictors,
regressions lines (with prediction intervals, shaded) indicate the best-fitting relationship
between the two variables.
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Figure S5. Plots showing the relationship between within-pair disparity in pitch (PC1) and
each of the addit ional predictors included in our analysis. For all continuous predictors,
regressions lines (with prediction intervals, shaded) indicate the best-fitting relationship
between the two variables.
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Figure S6. Plots showing the relationship between within-pair disparity in length (PC2) and
each of the addit ional predictors included in our analysis. For all continuous predictors,
regressions lines (with prediction intervals, shaded) indicate the best-fitting relationship
between the two variables.
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Figure S7. Plots showing the relationship between within-pair disparity in pace (PC3) and
each of the addit ional predictors included in our analysis. For all continuous predictors,
regressions lines (with prediction intervals, shaded) indicate the best-fitting relationship
between the two variables.
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Figure S8. Model averaged coefficient estimates from multipredictor GLMs predicting
variation in within-pair disparity in song pitch (PC1), length (PC2) and pace (PC3) among
passerine species pairs (n = 246). Within each dataset, points indicate the standardised effect
sizes for each of the (scaled) predictor variables and lines indicate 95% confidence intervals
(CI). Sizes of points represent the relative importance (RI) of each of the predictor variables,
where a value of RI = 0 indicates low importance and a value of RI = 1 indicates high
importance. Predictors included in the AICc top model for each dataset are coloured (blue =
negative effect; red = positive effect), with signif icant (P < 0.05) model-averaged coefficients
shown in darker colours.
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Figure S9. Scatterplots showing the relationship between dichromatism estimates based on
spectrophotometric measurements of colouration from museum specimens and handbook
illustrations for species (n = 264) and species pairs (n = 132) of birds.

●

●

●
●●

●
●

●

●●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●
●●
●

●

●
●

●

●

●

●
●●●

●

●

●

●
●

●

●
●●●

●

●

●

●●

●

●

●

●

●

●
●
●

●

●
●

●
●

●●

●

●

●

●

●●

●
●

●
●
●

●●● ●●
●

●●

●●

●

●

●●

●

●

●

●

●

●●

●

●
●
●

●

●

●

●

●
●

●

●

●●●
●●
●

●

●

●●
●
●
●

●●

●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●●

●●●●

●

●

●

●

●

●

●

●●●
●

●

●●

●
●●

● ●
●

●

●

●●●

●●●
●

●

●

●

●

●

●
●

●●
●

●

●

●

●

●

● ●
●
●

●●●

●

●●

●

●

●

●

●

●●

● ●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●●

●
●●●

●
●

●

●

●

●

●

●

●●

●
●●●
●

●●

●

0 2 4 6 8 10

1

2

3

4

Dichromatism (handbook)

D
ic

hr
om

at
is

m
 (s

pe
c)

Species

●

●
●●

●

●

●

●●

●

●

●
●

●●
●

●

●

●●

●
●

●

●●

●

●

●

●
●

●●
●

●

●

●

●

●
●

●

●
●

●

● ●●

●●
●●

●
●●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●●
●
●

●●●●

●

●

●
●

●●

●

●

●

●

●
●●

●
●

●●

●

●

●

●
●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

0 2 4 6 8 10

1

2

3

4

Dichromatism (handbook)
D

ic
hr

om
at

is
m

 (s
pe

c)

Pairs



Basileuterus cinereicollis Basileuterus conspicillatus
Basileuterus coronatus Basileuterus fraseri
Basileuterus flaveolus Basileuterus leucoblepharusPhaeothlypis fulvicauda Phaeothlypis rivularisBasileuterus trifasciatus Basileuterus tristriatus
Basileuterus culicivorus Basileuterus hypoleucus
Cardellina rubrifrons Ergaticus ruber
Dendroica pensylvanica Dendroica striata

Dendroica castanea Dendroica fusca

Parula americana Parula pitiayumi

Dendroica graciae Dendroica nigrescens

Dendroica occidentalis Dendroica townsendi

Oporornis philadelphia Oporornis tolmiei

Geothlypis nelsoni Geothlypis trichas

Limnothlypis swainsonii Protonotaria citrea

Vermivora chrysoptera Vermivora pinus

Parula gutturalis Parula superciliosa

Vermivora luciae Vermivora virginiae

Seiurus motacilla Seiurus noveboracensis

Molothrus ater Molothrus bonariensis

Agelaius phoeniceus Agelaius tric
olor

Euphagus carolinus Euphagus cyanocephalus

Quiscalus major Quiscalus niger

Pseudoleistes guirahuro Pseudoleistes virescens

Chrysomus icterocephalus Chrysomus ruficapillus

Agelastic
us c

yanopus A
gelastic

us x
anthophthalmus

Icte
rus c

hrys
ater Ic

terus g
raduacauda

Icte
rus g

ularis 
Icte

rus n
igrogularis

Icte
rus g

raceannae Ict
erus p

ecto
ralis

Psarocolius b
ifasci

atus P
sarocolius v

irid
is

Psar
oco

lius
 an

gu
stif

ron
s P

sar
oco

lius
 at

rov
ire

ns

Caci
cus

 ch
rys

op
ter

us 
Caci

cus
 sc

late
ri

Cac
icu

s c
hry

so
no

tus
 Cac

icu
s le

uc
ora

mph
us

Pipil
o a

be
rti 

Pipil
o c

ris
sa

lis

Aim
op

hil
a n

oto
sti

cta
 Aim

op
hil

a r
ufi

ce
ps

Pipi
lo 

ery
thr

op
hth

alm
us

 Pipi
lo 

mac
ula

tus

Melo
sp

iza
 ge

org
ian

a M
elo

sp
iza

 lin
co

lni
i

Am
mod

ram
us

 ca
ud

ac
utu

s A
mmod

ram
us

 ne
lso

ni

Zo
no

tric
hia

 at
ric

ap
illa

 Zo
no

tric
hia

 le
uc

op
hr

ys

Sp
ize

lla
 br

ew
er

i S
piz

ell
a p

as
se

rin
a

Ai
mop

hil
a s

tol
zm

an
ni 

Ai
mop

hil
a s

trig
ice

ps

Ai
mop

hil
a c

ar
pa

lis
 A

im
op

hil
a s

um
ich

ra
sti

Ai
mop

hil
a a

es
tiv

ali
s A

im
op

hil
a c

as
sin

ii

Ar
re

mon
op

s c
hlo

ro
no

tus
 A

rre
mon

op
s r

ufi
vir

ga
tus

Ca
lam

os
piz

a 
m

ela
no

co
ry

s C
ho

nd
es

te
s g

ra
m

m
ac

us

Em
be

riz
a 

ca
es

ia 
Em

be
riz

a 
ho

rtu
lan

a

Em
be

riz
a 

cit
rin

ell
a 

Em
be

riz
a 

leu
co

ce
ph

alo
s

Em
be

riz
a 

br
un

ice
ps

 E
m

be
riz

a 
m

ela
no

ce
ph

ala

Em
be

riz
a 

ele
ga

ns
 L

at
ou

ch
eo

rn
is 

sie
m

ss
en

i

Em
be

riz
a 

pa
lla

si 
Em

be
riz

a 
sc

ho
en

icl
us

Th
ra

up
is 

ep
isc

op
us

 T
hr

au
pi

s 
sa

ya
ca

Th
ra

up
is 

or
na

ta
 T

hr
au

pi
s 

pa
lm

ar
um

Ta
ng

ar
a 

ca
ya

na
 T

an
ga

ra
 v

itr
io

lin
a

Ta
ng

ar
a 

cy
an

ico
llis

 T
an

ga
ra

 n
ig

ro
cin

ct
a

Ta
ng

ar
a 

ni
gr

ov
iri

di
s 

Ta
ng

ar
a 

va
ss

or
ii

Ca
m

ar
hy

nc
hu

s 
pa

llid
us

 C
am

ar
hy

nc
hu

s 
ps

itt
ac

ul
a

Ca
m

ar
hy

nc
hu

s 
pa

rv
ul

us
 C

am
ar

hy
nc

hu
s 

pa
up

er

Ti
ar

is 
fu

lig
in

os
us

 T
ia

ris
 o

bs
cu

ru
s

Pa
ro

ar
ia

 c
ap

ita
ta

 P
ar

oa
ria

 g
ul

ar
is

Pa
ro

ar
ia

 c
or

on
at

a 
Pa

ro
ar

ia
 d

om
in

ica
na

Sc
hi

st
oc

hl
am

ys
 m

el
an

op
is 

Sc
hi

st
oc

hl
am

ys
 ru

fic
ap

illu
s

De
lo

th
ra

up
is 

ca
st

an
eo

ve
nt

ris
 D

ub
us

ia
 ta

en
ia

ta

Bu
th

ra
up

is 
ex

im
ia

 C
hl

or
or

ni
s 

rie
ffe

rii

An
iso

gn
at

hu
s 

ig
ni

ve
nt

ris
 A

ni
so

gn
at

hu
s 

la
cr

ym
os

us

An
iso

gn
at

hu
s 

no
ta

bi
lis

 A
ni

so
gn

at
hu

s 
so

m
pt

uo
su

s

Iridosornis analis Iridosornis porphyrocephalus
Bangsia aureocincta Bangsia edwardsi

Ram
phocelus costaricensis Ram

phocelus passerinii

Ram
phocelus dim

idiatus Ram
phocelus nigrogularis

Tachyphonus coronatus Tachyphonus rufus

Lanio aurantius Lanio leucothorax

Eucom
etis penicillata Trichothraupis m

elanops

Diglossa gloriosissim
a Diglossa lafresnayii

Diglossa carbonaria Diglossa hum
eralis

Diglossa baritula Diglossa plum
bea

Diglossa caerulescens Diglossa cyanea

Saltator atricollis Saltatricula m
ulticolor

Caryothraustes canadensis Caryothraustes poliogaster

Periporphyrus erythrom
elas Rhodothraupis celaeno

Cardinalis phoeniceus Cardinalis sinuatus

Piranga bidentata Piranga ludoviciana

Piranga leucoptera Piranga rubriceps

Habia fuscicauda Habia gutturalis

Chlorothraupis carm
ioli Chlorothraupis olivacea

Passerina ciris Passerina versicolor

Passerina am
oena Passerina caerulea

Cyanocompsa brissonii Cyanoloxia glaucocaerulea

Granatellus sallaei Granatellus venustus

Calcarius ornatus Calcarius pictus

Carduelis magellanica Carduelis yarrellii

Carduelis psaltria Carduelis tristis

Carduelis cannabina Carduelis flavirostris

Turdus haplochrous Turdus nudigenis

Turdus fumigatus Turdus hauxwelli

Turdus albicollis Turdus assimilis

Turdus ignobilis Turdus maranonicus

Turdus nigriceps Turdus serranus

Turdus infuscatus Turdus nigrescens

Turdus migratorius Turdus rufitorques

Turdus aurantius Turdus plumbeus

Turdus dissimilis Turdus unicolor

Turdus iliacus Turdus plebejus

Catharus guttatus Catharus occidentalis

Entomodestes coracinus Entomodestes leucotis

Sialia currucoides Sialia sialis

Oenanthe isabellina Oenanthe oenanthe

Saxicola ferreus Saxicola jerdoni

Luscinia calliope Luscinia pectoralis

Luscinia luscinia Luscinia megarhynchos

Ficedula superciliaris Ficedula westermanni

Ficedula albicollis Ficedula hypoleuca

Ficedula dumetoria Ficedula platenae

Copsychus malabaricus Copsychus stricklandii

Toxostoma bendirei Toxostoma cinereum

Toxostoma crissale Toxostoma lecontei

Toxostoma longirostre Toxostoma rufum

Thryothorus nigricapillus Thryothorus semibadius

Thryothorus leucopogon Thryothorus thoracicus

Thryothorus pleurostictus Thryothorus sinaloa

Thryothorus fasciatoventris Thryothorus mystacalis

Thryothorus coraya Thryothorus genibarbis

Thryothorus maculipectus Thryothorus rutilus

Campylorhynchus megalopterus Campylorhynchus zonatus

Campylorhynchus albobrunneus Campylorhynchus fasciatus

Campylorhynchus chiapensis Campylorhynchus griseus
Thryomanes bewickii Thryothorus ludovicianusCatherpes mexicanus Hylorchilus sumichrastiCerthia americana Certhia brachydactylaRegulus goodfellowi Regulus regulus

Bradypterus davidi Bradypterus thoracicus
Bradypterus mandelli Bradypterus montis

Locustella fluviatilis Locustella luscinioides

Bradypterus cinnamomeus Bradypterus lopezi

Neomixis flavoviridis Thamnornis chloropetoides

Acrocephalus gracilirostris Acrocephalus rufescens

Acrocephalus baeticatus Acrocephalus scirpaceus

Hippolais caligata Hippolais rama

Hippolais icterina Hippolais polyglotta

Pomatorhinus ruficollis Pomatorhinus schisticeps

Pomatorhinus ferruginosus Pomatorhinus ochraceiceps

Pomatorhinus erythrocnemis Pomatorhinus erythrogenys

Illadopsis albipectus Illadopsis cleaveri

Illadopsis puveli Illadopsis rufescens

Sylvia deserticola Sylvia undata

Neomixis striatigula Neomixis tenella

Eminia lepida Hypergerus atriceps

Andropadus latirostris Andropadus virens

Phylloscopus davisoni Phylloscopus trivirgatus

Phylloscopus claudiae Phylloscopus reguloides

Seicercus castaniceps Seicercus montis

Seicercus affinis Seicercus poliogenys

Seicercus burkii Seicercus tephrocephalus

Phylloscopus affinis Phylloscopus griseolus

Phylloscopus armandii P
hylloscopus schwarzi

Phyllo
sco

pus co
llyb

ita Phyllo
sco

pus si
ndianus

Phyllo
sco

pus h
umei Phyllo

sco
pus in

ornatus

Phyllo
sco

pus m
aculipennis P

hyllo
sco

pus p
ulch

er

Tachy
cin

eta leucorrh
oa Ta

chy
cin

eta meyeni

Attic
ora fasci

ata Neochelidon tib
ialis

Parus c
arolinensis

 Parus s
cla

teri

Paru
s a

tric
ap

illu
s P

aru
s g

am
be

li

Paru
s h

ud
so

nic
us

 Paru
s r

ufe
sce

ns

Bae
olo

ph
us

 bi
co

lor
 Bae

olo
ph

us
 in

orn
atu

s

Paru
s a

mab
ilis

 Paru
s e

leg
an

s

Paru
s m

on
tan

us
 Paru

s p
alu

str
is

Pa
rus

 ca
eru

leu
s P

aru
s c

ya
nu

s

Mela
no

ch
lor

a s
ult

an
ea

 S
ylv

ipa
rus

 m
od

es
tus

Culi
cic

ap
a c

ey
lon

en
sis

 C
uli

cic
ap

a h
eli

an
the

a

Pa
rad

isa
ea

 ap
od

a P
ara

dis
ae

a r
ag

gia
na

Ci
cin

nu
ru

s m
ag

nif
icu

s C
ici

nn
ur

us
 re

sp
ub

lic
a

Ep
im

ac
hu

s f
as

tuo
su

s E
pim

ac
hu

s m
ey

er
i

Pt
ilo

ris
 in

ter
ce

de
ns

 P
tilo

ris
 m

ag
nif

icu
s

Cy
an

oc
or

ax
 cr

ist
ate

llu
s C

ya
no

co
ra

x c
ya

no
mela

s

Cy
an

oc
or

ax
 ch

ry
so

ps
 C

ya
no

co
ra

x c
ya

no
po

go
n

Cy
an

oc
itta

 cr
ist

at
a 

Cy
an

oc
itta

 st
ell

er
i

Di
cr

ur
us

 b
ali

ca
ss

ius
 D

icr
ur

us
 h

ot
te

nt
ot

tu
s

Di
cr

ur
us

 a
ds

im
ilis

 D
icr

ur
us

 m
ac

ro
ce

rc
us

Pi
to

hu
i d

ich
ro

us
 P

ito
hu

i k
irh

oc
ep

ha
lus

Pi
to

hu
i fe

rru
gin

eu
s P

ito
hu

i in
ce

rtu
s

Al
ea

dr
ya

s r
uf

inu
ch

a 
Pi

to
hu

i c
ris

ta
tu

s

O
rth

on
yx

 n
ov

ae
gu

in
ea

e 
O

rth
on

yx
 s

pa
ld

in
gi

i

Pa
rd

al
ot

us
 p

un
ct

at
us

 P
ar

da
lo

tu
s 

st
ria

tu
s

Ac
an

th
iza

 k
at

he
rin

a 
Ac

an
th

iza
 p

us
illa

Th
am

no
ph

ilu
s 

pu
nc

ta
tu

s 
Th

am
no

ph
ilu

s 
st

ict
oc

ep
ha

lu
s

Th
am

no
ph

ilu
s 

ae
th

io
ps

 T
ha

m
no

ph
ilu

s 
ar

oy
ae

Th
am

no
ph

ilu
s 

cr
yp

to
le

uc
us

 T
ha

m
no

ph
ilu

s 
ni

gr
oc

in
er

eu
s

Th
am

no
ph

ilu
s 

ni
gr

ice
ps

 T
ha

m
no

ph
ilu

s 
pr

ae
co

x

Th
am

no
ph

ilu
s 

m
ur

in
us

 T
ha

m
no

ph
ilu

s 
sc

hi
st

ac
eu

s

Th
am

no
ph

ilu
s 

at
rin

uc
ha

 T
ha

m
no

ph
ilu

s 
br

id
ge

si
Th

am
no

ph
ilu

s 
ru

fic
ap

illu
s 

Th
am

no
ph

ilu
s 

to
rq

ua
tu

s
Th

am
no

ph
ilu

s 
pa

llia
tu

s 
Th

am
no

ph
ilu

s 
te

nu
ep

un
ct

at
us

He
rp

sil
oc

hm
us

 d
or

sim
ac

ul
at

us
 H

er
ps

ilo
ch

m
us

 s
tic

to
ce

ph
al

us
He

rp
sil

oc
hm

us
 m

ot
ac

illo
id

es
 H

er
ps

ilo
ch

m
us

 p
ar

ke
ri

He
rp

sil
oc

hm
us

 a
xil

la
ris

 H
er

ps
ilo

ch
m

us
 lo

ng
iro

st
ris

Sa
ke

sp
ho

ru
s 

ca
na

de
ns

is 
Sa

ke
sp

ho
ru

s 
lu

ct
uo

su
s M

ackenziaena leachii M
ackenziaena severa

Frederickena unduligera Frederickena viridis
Batara cinerea Hypoedaleus guttatus
Tham

nom
anes ardesiacus Tham

nom
anes saturninus

Tham
nom

anes caesius Tham
nom

anes schistogynus
Dichrozona cincta M

egastictus m
argaritatus

Cercom
acra serva Cercom

acra tyrannina
Cercom

acra carbonaria Cercom
acra nigrescens

M
yrm

eciza castanea M
yrm

eciza hem
im

elaena

Cercom
acra m

elanaria Cercom
acra nigricans

G
ym

nopithys leucaspis G
ym

nopithys rufigula

G
ym

nopithys lunulatus G
ym

nopithys salvini

Skutchia borbae Phlegopsis nigrom
aculata

Pithys albifrons Pithys castaneus

Hylophylax naevioides Hylophylax naevius

M
yrm

eciza loricata M
yrm

eciza squam
osa

M
yrm

eciza berlepschi M
yrm

eciza nigricauda

M
yrm

eciza goeldii M
yrm

eciza m
elanoceps

M
yrm

eciza fortis M
yrm

eciza im
m

aculata

M
yrm

eciza atrothorax M
yrm

eciza pelzelni

Epinecrophylla haem
atonota Epinecrophylla spodionota

Pygiptila stellaris Thamnistes anabatinus

Cranioleuca albiceps Cranioleuca marcapatae

Cranioleuca antisiensis Cranioleuca curtata

Cranioleuca sulphurifera Limnoctites rectirostris

Synallaxis candei Synallaxis erythrothorax

Asthenes sclateri Asthenes wyatti

Anumbius annumbi Coryphistera alaudina

Leptasthenura yanacensis Sylviorthorhynchus desmursii

Upucerthia jelskii Upucerthia validirostris

Limnornis curvirostris Phleocryptes melanops

Furnarius cristatus Furnarius leucopus

Pseudocolaptes boissonneautii Pseudocolaptes lawrencii

Tarphonomus certhioides Tarphonomus harterti

Automolus rubiginosus Hylocryptus erythrocephalus

Premnoplex brunnescens Premnoplex tatei

Ochetorhynchus phoenicurus Ochetorhynchus ruficaudus

Xiphorhynchus elegans Xiphorhynchus spixii

Xiphorhynchus ocellatus Xiphorhynchus pardalotus

Xiphorhynchus erythropygius Xiphorhynchus triangularis

Xiphorhynchus flavigaster Xiphorhynchus lachrymosus

Lepidocolaptes affinis Lepidocolaptes leucogaster

Lepidocolaptes albolineatus Lepidocolaptes angustirostris

Campylorhamphus procurvoides Campylorhamphus trochilirostris

Dendrocolaptes certhia Dendrocolaptes sanctithomae

Dendrexetastes rufigula Nasica longirostris

Xiphocolaptes major Xiphocolaptes promeropirhynchus

Dendrocincla anabatina Dendrocincla fuliginosa

Dendrocincla merula Dendrocincla tyrannina

Deconychura longicauda Sittasomus griseicapillus

Geositta cunicularia Geositta punensis

Geositta crassirostris Geositta rufipennis

Geositta isabellina Geositta saxicolina

Liosceles thoracicus Rhinocrypta lanceolata

Myrmothera campanisona Myrmothera simplex

Pittasoma michleri Pittasoma rufopileatum

Empidonax atriceps Empidonax fulvifrons

Empidonax hammondii Empidonax oberholseri

Empidonax alnorum Empidonax traillii

Empidonax difficilis Empidonax occidentalis

Anairetes nigrocristatus Anairetes reguloides

Mionectes olivaceus Mionectes striaticollis

Mionectes macconnelli Mionectes oleagineus

Porphyrolaema porphyrolaema Procnias albus
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Figure S10. A phylogenetic tree of passerine species pairs (n = 259), showing within-pair
disparity in overall song (PC1-3; black), pitch (PC2; red), length (PC3; blue) and pace (PC3;
green).



Full dataset Alternative dataset

Variable λ (95% CI) P (λ= 0) P (λ= 1) λ (95% CI) P (λ= 0) P (λ= 1)

Total disparity (PC1-3) 0.00 (NA, 0.39) 1.000 <0.001 0.00 (NA, 0.29) 1.000 <0.001

Pitch disparity (PC1) 0.00 (NA, 0.09) 1.000 <0.001 0.00 (NA, 0.08) 1.000 <0.001

Length disparity (PC2) 0.00 (NA, 0.50) 1.000 <0.001 0.00 (NA, 0.14) 1.000 <0.001

Pace disparity (PC3) 0.00 (NA, 0.18) 1.000 <0.001 0.01 (NA, 0.30) 0.719 <0.001

Table S2. Maximum likelihood estimates (and 95% confidence intervals; CI) of phylogenetic
signal (Pagel’s lambda; λ) for each measure of within-pair song disparity across passerine
species pairs (n = 259).

Pitch (PC1) Length (PC2) Pace (PC3)

Maximum frequency –0.57 0.06 0.11

Minimum frequency –0.27 –0.26 0.41

Peak –0.54 –0.08 0.22

Bandwidth –0.48 0.16 –0.07

Duration 0.12 0.64 0.45

Note number –0.09 0.70 –0.16

Pace –0.25 0.07 –0.73

Eigenvalue 2.85 1.72 1.25

Cumulative variance explained (%) 41 65 83

Table S1. Variable loadings and variance explained by the first three principal components
(PCs) of an analysis of measurements of individual song recordings (n = 2476) for the species
included in our analyses (n = 518). Standardised loadings of the main contributors to each
component are highlighted in bold.



Table S3. Standardised coefficient estimates from GLMs predicting variation in within-pair
disparity in song traits among passerine species pairs (n = 259). SE, standard error. R2,
pseudo-R2.

Full dataset Alternative dataset

Response variable Term Estimate (SE) P R2 Estimate (SE) P R2

Total disparity (PC1-3) Dichromatism –0.25 (0.08) 0.002 0.04 –0.16 (0.06) 0.001 0.03

Pitch disparity (PC1) Dichromatism –0.27 (0.11) 0.015 0.03 –0.13 (0.05) 0.015 0.04

Length disparity (PC2) Dichromatism –0.33 (0.12) 0.005 0.04 –0.14 (0.06) 0.019 0.03

Pace disparity (PC3) Dichromatism –0.21 (0.12) 0.074 0.02 –0.08 (0.05) 0.137 0.01

Total disparity (PC1-3) Dichromatism –0.26 (0.08) 0.001 0.06 –0.17 (0.06) 0.005 0.06

Forest dependency 0.17 (0.08) 0.039 0.15 (0.06) 0.013

Interaction –0.08 (0.15) 0.585 –0.05 (0.11) 0.627

Pitch disparity (PC1) Dichromatism –0.25 (0.10) 0.009 0.07 –0.14 (0.05) 0.009 0.07

Forest dependency 0.30 (0.10) 0.006 0.13 (0.05) 0.011

Interaction –0.10 (0.21) 0.633 –0.02 (0.10) 0.803

Length disparity (PC2) Dichromatism –0.33 (0.12) 0.005 0.04 –0.14 (0.06) 0.019 0.04

Forest dependency 0.02 (0.12) 0.875 0.06 (0.06) 0.311

Interaction –0.10 (0.22) 0.641 –0.06 (0.11) 0.623

Pace disparity (PC3) Dichromatism –0.22 (0.12) 0.065 0.02 –0.09 (0.05) 0.116 0.02

Forest dependency 0.16 (0.12) 0.181 0.06 (0.05) 0.261

Interaction –0.06 (0.22) 0.796 0.02 (0.10) 0.820



Table S4. Standardised coefficient estimates from single predictor GLMs predicting variation
in within-pair song disparity (PC1-3) among passerine species pairs (n = 259). SE, standard
error.R2, pseudo-R2.

Full dataset

N pairs Estimate (SE) P R2

Plumage dichromatism 259 –0.25 (0.08) 0.002 0.04

Pair age 259 0.34 (0.08) <0.001 0.09

Body mass 259 0.15 (0.08) 0.081 0.02

Generation length 251 0.08 (0.08) 0.334 <0.01

Forest dependency 259 0.15 (0.08) 0.063 0.02

Migratory status 259 –0.06 (0.08) 0.467 <0.01

Latitude 257 0.00 (0.08) 0.987 <0.01

Island dwelling 259 0.12 (0.08) 0.150 0.01

Within-pair range overlap 257 0.05 (0.08) 0.565 <0.01

Confamilial sympatry 257 –0.08 (0.08) 0.330 0.01

Body mass disparity 259 0.16 (0.08) 0.053 0.02

Bill disparity 257 0.25 (0.08) 0.003 0.04

Climatic disparity 254 0.10 (0.08) 0.252 0.01

Oscine/suboscine 259 0.01 (0.08) 0.919 <0.01

Full dataset

Pitch disparity (PC1) Length disparity (PC2) Pace disparity (PC3)

N pairs Estimate (SE) P R2 Estimate (SE) P R2 Estimate (SE) P R2

Plumage dichromatism 259 –0.27 (011) 0.015 0.03 –0.33 (0.12) 0.001 0.04 –0.21 (0.12) 0.074 0.02

Pair age 259 0.38 (0.12) 0.001 0.07 0.37 (0.12) 0.002 0.06 0.31 (0.12) 0.010 0.04

Body mass 259 0.25 (0.11) 0.028 0.03 0.20 (0.12) 0.088 0.02 –0.05 (0.12) 0.677 <0.01

Generation length 251 0.15 (0.12) 0.203 0.01 0.11 (0.12) 0.353 0.01 0.04 (0.12) 0.741 <0.01

Forest dependency 259 0.29 (0.11) 0.008 0.04 0.01 (0.12) 0.941 <0.01 0.14 (0.12) 0.229 0.01

Migratory status 259 –0.21 (0.11) 0.060 0.02 0.03 (0.12) 0.783 <0.01 –0.02 (0.12) 0.868 <0.01

Latitude 257 –0.15 (0.11) 0.180 0.01 0.12 (0.12) 0.299 0.01 0.05 (0.12) 0.701 <0.01

Island dwelling 259 0.19 (0.11) 0.096 0.02 0.14 (0.12) 0.234 0.01 0.08 (0.12) 0.518 <0.01

Within-pair range overlap 257 0.06 (0.11) 0.621 <0.01 –0.01 (0.12) 0.937 <0.01 0.09 (0.12) 0.448 <0.01

Confamilial sympatry 257 –0.12 (0.11) 0.281 0.01 –0.16 (0.12) 0.182 0.01 0.01 (0.12) 0.954 <0.01

Body mass disparity 259 0.36 (0.11) 0.002 0.06 0.11 (0.12) 0.371 <0.01 0.09 (0.12) 0.441 <0.01

Bill disparity 257 0.23 (0.11) 0.047 0.02 0.26 (0.12) 0.030 0.03 0.28 (0.12) 0.018 0.03

Climatic disparity 254 0.04 (0.12) 0.738 <0.01 0.20 (0.12) 0.086 0.02 0.12 (0.12) 0.315 0.01

Oscine/suboscine 259 –0.01 (0.11) 0.919 <0.01 –0.14 (0.12) 0.234 0.01 0.15 (0.12) 0.215 0.01

Table S5. Standardised coefficient estimates from single predictor GLMs predicting variation
in within-pair disparity in three independent axes of song variation among passerine species
pairs (n = 259). SE, standard error.R2, pseudo-R2.



Table S6. Standardised coefficient estimates from model averaged and AICc top model
multipredictor GLMs predicting variation in within-pair song disparity (PC1-3) among
passerine species pairs (n = 246). SE, standard error; RI, relative importance. Pseudo-R2 for
AICc top model = 0.17.

Full dataset

Model averaged AICc top model

Estimate (SE) P RI Estimate (SE) P

Plumage dichromatism -0.25 (0.09) 0.004 0.98* -0.25 (0.08) 0.003

Pair age 0.28 (0.09) 0.002 0.99* 0.26  (0.09) 0.002

Body mass 0.17 (0.09) 0.070 0.74* 0.16 (0.09) 0.057

Generation length 0.04 (0.11) 0.731 0.29 - -

Forest dependency 0.15 (0.09) 0.106 0.61* 0.17 (0.09) 0.064

Migratory status -0.01 (0.11) 0.959 0.26 - -

Latitude 0.02 (0.13) 0.868 0.28 - -

Island dwelling 0.05 (0.09) 0.576 0.29 - -

Within-pair range overlap 0.06 (0.09) 0.492 0.31 - -

Confamilial sympatry -0.16 (0.10) 0.093 0.65* -0.18 (0.09) 0.045

Body mass disparity -0.02 (0.10) 0.854 0.27 - -

Bill disparity 0.15 (0.09) 0.104 0.62* 0.14 (0.09) 0.098

Climatic disparity 0.03 (0.09) 0.737 0.27 - -

Oscine/suboscine 0.00 (0.09) 0.968 0.26 - -



Full dataset

Pitch disparity (PC1) Length disparity (PC2) Pace disparity (PC3)

Estimate (SE) P RI Estimate (SE) P RI Estimate (SE) P RI

Plumage dichromatism -0.33 (0.11) 0.004 0.97* -0.32 (0.12) 0.010 0.91* -0.14 (0.12) 0.252 0.39

Pair age 0.33 (0.12) 0.005 0.96* 0.32 (0.12) 0.009 0.92* 0.20 (0.13) 0.126 0.56*

Body mass 0.32 (0.13) 0.010 0.93* 0.24 (0.13) 0.071 0.69* -0.12 (0.13) 0.366 0.34

Generation length -0.06 (0.15) 0.698 0.28 0.15 (0.15) 0.337 0.38 0.04 (0.14) 0.748 0.27

Forest dependency 0.31 (0.13) 0.014 0.89* -0.01 (0.14) 0.930 0.27 0.15 (0.13) 0.275 0.39

Migratory status -0.13 (0.15) 0.378 0.35 0.04 (0.16) 0.829 0.28 0.01 (0.16) 0.951 0.28

Latitude -0.13 (0.18) 0.444 0.34 0.14 (0.16) 0.375 0.36 0.15 (0.16) 0.348 0.37

Island dwelling 0.08 (0.12) 0.492 0.31 0.06 (0.13) 0.611 0.29 0.05 (0.13) 0.685 0.28

Within-pair range overlap 0.09 (0.12) 0.446 0.32 0.02 (0.13) 0.877 0.26 0.09 (0.13) 0.494 0.31

Confamilial sympatry -0.34 (0.13) 0.011 0.92* -0.19 (0.13) 0.172 0.49* 0.04 (0.14) 0.779 0.27

Body mass disparity 0.21 (0.12) 0.085 0.61* -0.08 (0.13) 0.569 0.29 -0.16 (0.14) 0.245 0.42*

Bill disparity 0.05 (0.13) 0.725 0.28 0.14 (0.13) 0.309 0.38 0.30 (0.14) 0.027 0.82*

Climatic disparity 0.00 (0.12) 0.992 0.26 0.12 (0.12) 0.329 0.35 0.06 (0.13) 0.638 0.28

Oscine/suboscine -0.03 (0.12) 0.778 0.26 -0.09 (0.13) 0.477 0.31 0.12 (0.13) 0.363 0.34

Table S7. Standardised coeff icient estimates from model averaged multipredictor GLMs
predicting variation in within-pair disparity in three independent axes of song variation among
passerine species pairs (n = 246). SE, standard error; RI, relative importance. * Denotes
predictor variables included in the AICc top model.

Table S8. Standardised coefficient estimates from AICc top models predicting variation in
within-pair disparity in song traits among passerine species pairs (n = 246). SE, standard
error. Pseudo-R2 for each model: PC1 = 0.22; PC2 = 0.12; PC3 = 0.06.

Full dataset

Pitch disparity (PC1) Length disparity (PC2) Pace disparity (PC3)

Estimate (SE) P Estimate (SE) P Estimate (SE) P

Plumage dichromatism -0.34 (0.11) 0.002 -0.30 (0.12) 0.010 - -

Pair age 0.31 (0.12) 0.007 0.34 (0.12) 0.004 0.21 (0.12) 0.095

Body mass 0.33 (0.11) 0.002 0.27 (0.12) 0.027 - -

Generation length - - - - - -

Forest dependency 0.34 (0.12) 0.005 - - - -

Migratory status - - - - - -

Latitude - - - - - -

Island dwelling - - - - - -

Within-pair range overlap - - - - - -

Confamilial sympatry -0.31 (0.12) 0.010 -0.21 (0.12) 0.075 - -

Body mass disparity 0.21 (0.12) 0.070 - - -0.20 (0.13) 0.131

Bill disparity - - - - 0.30 (0.13) 0.024

Climatic disparity - - - - - -

Oscine/suboscine - - - - - -



Table S9. Standardised coefficient estimates from model averaged and AICc top model
multipredictor GLMs predicting variation in within-pair song disparity (PC1-3) using an
alternative dataset of passerine species pairs (n = 246). SE, standard error; RI, relative
importance. Pseudo-R2 for AICc top model = 0.16.

Alternative dataset

Model averaged AICc top model

Estimate (SE) P RI Estimate (SE) P

Plumage dichromatism -0.16 (0.06) 0.010 0.94 -0.16 (0.06) 0.001

Pair age 0.21 (0.06) 0.001 0.99 0.20  (0.06) 0.001

Body mass 0.10 (0.07) 0.137 0.58 0.09 (0.06) 0.158

Generation length 0.03 (0.08) 0.722 0.29 - -

Forest dependency 0.17 (0.07) 0.017 0.91 0.17 (0.06) 0.009

Migratory status 0.04 (0.08) 0.611 0.30 - -

Latitude 0.06 (0.09) 0.497 0.34 - -

Island dwelling 0.01 (0.07) 0.849 0.26 - -

Within-pair range overlap 0.06 (0.07) 0.388 0.35 - -

Confamilial sympatry -0.15 (0.07) 0.040 0.80 -0.16 (0.07) 0.017

Body mass disparity 0.01 (0.07) 0.872 0.27 - -

Bill disparity 0.10 (0.07) 0.124 0.58 0.09 (0.06) 0.134

Climatic disparity 0.03 (0.07) 0.647 0.28 - -

Oscine/suboscine 0.07 (0.07) 0.298 0.40 - -



Table S11. Standardised coefficient estimates from AICc top models predicting variation in
within-pair disparity in song traits using an alternative dataset of passerine species pairs (n =
246). SE, standard error. Pseudo-R2 for each model: PC1 = 0.23; PC2 = 0.12; PC3 = 0.08.

Alternative dataset

Pitch disparity (PC1) Length disparity (PC2) Pace disparity (PC3)

Estimate (SE) P Estimate (SE) P Estimate (SE) P

Plumage dichromatism -0.15 (0.05) 0.003 -0.14 (0.06) 0.018 - -

Pair age 0.15 (0.05) 0.004 0.14 (0.06) 0.018 0.09 (0.06) 0.116

Body mass 0.14 (0.05) 0.007 0.14 (0.06) 0.021 - -

Generation length - - - - - -

Forest dependency 0.16 (0.05) 0.003 0.09 (0.07) 0.175 - -

Migratory status - - - - - -

Latitude - - -0.13 (0.07) 0.055 0.08 (0.06) 0.145

Island dwelling - - - - - -

Within-pair range overlap - - - - - -

Confamilial sympatry -0.17 (0.05) 0.002 - - - -

Body mass disparity 0.10 (0.05) 0.066 - - - -

Bill disparity - - - - 0.12 (0.06) 0.036

Climatic disparity - - - - - -

Oscine/suboscine - - - - 0.09 (0.06) 0.098

Table S10. Standardised coefficient estimates from model averaged multipredictor GLMs
predicting variation in within-pair disparity in song traits using an alternative dataset of
passerine species pairs (n = 246). SE, standard error; RI, relative importance. * Denotes
predictor variables included in the AICc top model.

Alternative dataset

Pitch disparity (PC1) Length disparity (PC2) Pace disparity (PC3)

Estimate (SE) P RI Estimate (SE) P RI Estimate (SE) P RI

Plumage dichromatism -0.15 (0.05) 0.004 0.99* -0.14 (0.06) 0.022 0.92* -0.06 (0.06) 0.288 0.41

Pair age 0.16 (0.05) 0.004 0.99* 0.14 (0.06) 0.018 0.93* 0.10 (0.06) 0.085 0.71*

Body mass 0.15 (0.06) 0.009 0.97* 0.13 (0.07) 0.056 0.82* -0.06 (0.06) 0.309 0.40

Generation length -0.01 (0.07) 0.889 0.26 0.05 (0.08) 0.497 0.34 0.01 (0.07) 0.888 0.27

Forest dependency 0.16 (0.06) 0.005 0.98* 0.08 (0.07) 0.237 0.47* 0.07 (0.06) 0.264 0.44

Migratory status 0.00 (0.07) 0.970 0.26 0.04 (0.08) 0.599 0.32 0.01 (0.08) 0.928 0.29

Latitude -0.01 (0.07) 0.885 0.26 0.09 (0.08) 0.262 0.47* 0.09 (0.07) 0.210 0.51*

Island dwelling 0.04 (0.05) 0.502 0.31 -0.01 (0.06) 0.819 0.26 0.03 (0.06) 0.579 0.30

Within-pair range overlap 0.02 (0.05) 0.702 0.27 0.03 (0.07) 0.615 0.30 0.03 (0.06) 0.597 0.29

Confamilial sympatry -0.17 (0.06) 0.003 0.99* -0.08 (0.07) 0.227 0.49 -0.01 (0.07) 0.911 0.27

Body mass disparity 0.10 (0.06) 0.078 0.69* -0.04 (0.07) 0.595 0.30 -0.06 (0.06) 0.311 0.41

Bill disparity 0.01 (0.06) 0.810 0.27 0.07 (0.07) 0.319 0.41 0.14 (0.06) 0.026 0.90*

Climatic disparity 0.00 (0.05) 0.981 0.25 0.07 (0.06) 0.291 0.42 0.02 (0.06) 0.756 0.27

Oscine/suboscine 0.02 (0.06) 0.763 0.26 0.01 (0.06) 0.869 0.26 0.09 (0.06) 0.124 0.61*



Table S12. Pearson correlation coeff icients (r2) for all pairwise combinations of (standardised)
predictor variables considered in our analysis
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Body mass 0.03

Generation length 0.06 0.52

Forest dependency 0.13 0.07 0.27

Migratory status -0.02 -0.34 -0.31 -0.31

Latitude 0.01 -0.29 -0.27 -0.46 0.75

Island dwelling 0.07 0.18 0.36 0.14 -0.16 -0.18

Plumage dichromatism 0.02 0.15 0.30 0.08 0.03 -0.05 0.06

Within-pair range overlap 0.14 -0.01 -0.05 -0.06 0.11 0.13 0.12 -0.02

Confamilial sympatry 0.07 0.22 0.26 0.37 -0.40 -0.55 0.11 0.09 0.10

Body mass disparity 0.25 0.18 0.09 -0.10 -0.10 -0.05 0.13 0.02 0.04 -0.01

Bill disparity 0.26 0.18 0.10 -0.07 -0.03 -0.02 0.13 -0.05 0.13 0.04 0.47

Climate disparity 0.00 0.02 0.02 -0.05 0.08 0.02 -0.07 0.02 -0.41 -0.10 0.06 0.06

Oscine/suboscine 0.03 0.04 0.10 0.25 -0.29 -0.31 -0.18 0.11 -0.04 0.33 0.01 -0.03 -0.07


