Evolution of iris colour in relation to cavity nesting and parental care in passerine birds
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Methods: Trait categorisation
[bookmark: _GoBack]We defined birds to have coloured or ‘bright’ irises if the irides had pigmentation other than very dark brown or black (Fig S1). These colours include light brown, grey, red, yellow, blue, green and near white. High quality, close range images of birds were searched on photography sites online, and where possible, two or more photographs were used to confirm iris colour. Only adult birds were scored because changes in iris pigmentation from juveniles to adults is common in many passerine species (e.g. [1] and references therein). Species that were sexually dimorphic in iris colour such that one sex had dark brown or black eyes, and the other sex had bright eyes were excluded from the analysis to remove any effects of sexual selection on trait evolution (N=28 species out of a total of 3572 = 0.78%). We found two passerine species in our dataset to be polymorphic for iris colour independent of sex and included them in our analysis as bright-eyed: bearded tits, (Panurus biarmicus) [2] and Eurasian jays (Garrulus glandarius). Because dark eye coloration in bearded tits has only been reported at low frequencies in a single population (12-18%: Leighton Moss, UK) and was absent in a more recent report [1], we classified this species as having bright eyes. Eurasian jays had either blue or light brown eyes. Analyses run with birds with less conspicuous, light brown eyes (including the Eurasian jay) as being scored as being dark-eyed generated similar results if they were scored as bright eyed. 
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Figure. S1. Birds with bright (a-e) and dark (f) iris colour. a) Dicrurus adsimilis; b) Lamprotornis chloropterus; c) Parus guineensis; d) Corvus monedula; e) Garrulus glandarius; f) Corvus frugilegus. Photographs with permission from Tony Fulford (a-c), G Davidson (d), Julia Leijola (e), and Michael Lukas (f).  

We defined birds to be cavity nesting if they built their nests in a sheltered chamber such as holes in trees, the ground, rock crevices, gaps in buildings or other such cavity, including both primary cavity nesters (those that excavate their own cavities) and secondary cavity nesters (those that rely on existing cavities). Birds were considered non-cavity nesters if they built an open cup or dome of nest material that did not reside within an existing chamber. Obligate pirate nesters (birds that steal other birds’ constructed nests) were excluded because nest type could vary, and brood parasites were excluded in the analyses performed with nesting type as they only use host nests to lay eggs. Data on nesting behaviour was collected by searching several sources online (e.g. Cornell lab of Ornithology, The Birds of North America Online, Handbook of the Birds of the World Alive, Bird Life Australia, CavNet, Cavity-Nesting Birds Research), in bird life history of books (e.g. [3]), and in published journals by searching the word “cavity nesting” in Google Scholar and ISI Web of Knowledge.
We classified parental care into two categories: care in which coordinated actions such as nest building, chick provisioning and predator scanning were expected between parents and/or helpers (1), and care in which coordinated actions were not expected (0). Coordinated care included species with biparental care and species with cooperative breeding. Cockburn [4] defined a species to have cooperative breeding if 10% or more of the nests within a population had more than two individuals assisting with reproductive efforts. No coordinated care included species where only the male or only the female provided care, and in species where no parental care was given (e.g. brood parasites). 1326 species (1048 biparental, 168 cooperative, 98 uniparental, 12 no parental) were analysed for correlated evolution between parental care and iris colour.     
16% of species for iris colour (3554 species) and 10% of species for nesting traits (1582 species) were scored independently by a second observer (Cohen’s Kappa; iris colour = 0.75, nesting = 0.86). Any discrepancies were revisited to confirm the correct trait from multiple sources. If a consensus could not be achieved, that species was removed from the analysis.
Overview of trait distribution and ancestral reconstruction
Among the 3544 species sampled for iris colour, 786 species had bright eyes (22%). Of the 1582 species sampled for nesting behaviour, 557 species were cavity nesters (35%).  Of the 1326 species included in parental care, 1216 had biparental or cooperative care (92%). The models in which transition rates between bright-eyed and dark-eyed birds, and cavity nesting and non-cavity nesting birds (i.e. from 0 to 1 and from 1 to 0) were allowed to vary across the tree was significantly better than the model in which they were constrained to be equal both for iris colour evolution (χ2=150.2, df=1, p < 0.001) and nesting evolution (χ2=12.4, df=1, p < 0.001).  Therefore transition rate coefficients (i.e. the probability of changing from 0 to 1 and 1 to 0) differ within traits. 
Table S1. Iris colour distribution and ancestral states within clades
	Taxa
	N
	Bright eyes
	Proportional likelihood (0)
	Proportional likelihood (1)

	Passeridae, Falconidae, Psittacidae
	3544
	22%
	0.96
	0.04

	Passeriformes
	3450
	22%
	0.99
	0.01

	Falconidae
	35
	26%
	0.93
	0.07

	Psittacidae
	59
	39%
	0.99
	0.01

	Thamnophilidae (antbirds)
	35
	37%
	0.67
	0.33

	Campephagidae (cuckooshrikes)
	13
	46%
	0.25
	0.75

	Platysteiridae (wattle-eyes, batises); 
Malaconotidae (bush-shrikes)
	66
	59%
	0.49
	0.51

	Oriolous genus; Oriolidae (orioles)
	21
	38%
	0.08
	0.92

	Corvidae (crows, jays and allies)
	107
	30%
	0.98
	0.02

	Dicruridae (drongos)
	17
	53%
	0.94
	0.06

	Vireonidae (vireos, greenlets)
	53
	38%
	0.99
	0.01

	Pychonotus genus (bulbuls); Pycnonotidae 
	39
	36%
	0.50
	0.50

	Leiothrichidae (laughing thrushes and babblers)
	92
	50%
	0.90
	0.10

	Sylvia (warbler) genus; Sylviidae 
	24
	75%
	0.91
	0.09

	Genera including Prinius, Orthotomus and Apalis; Cisticolidae  (Cisticolas) 
	33
	97%
	0.35
	0.65

	Sturnidae (starlings) and Mimidae (mocking birds, thrashers)
	125
	74%
	0.71
	0.29

	some genera of Turdidae (thurshes)
	47
	32%
	0.99
	0.01

	Ploceus genus; Ploceidae (weavers)
	43
	63%
	0.87
	0.13

	Cacicus genus; Icteridae (Blackbirds)
	12
	83%
	0.97
	0.03

	Ephagus and Quiscalus genera (grackles); Icteridae 
	7
	86%
	0.08
	0.92



Table S1. Cavity nesting distribution and ancestral states within clades
	Taxa
	n
	Cavity nesters
	Proportional likelihood (0)
	Proportional likelihood (1)

	Passeridae, Falconidae, Psittacidae
	1582
	35%
	0.01
	0.99

	Passeriformes
	1464
	31%
	0.03
	0.97

	Passeriformes (excluding Acanthisitta chloris and Xenicus gilviventris
	1462
	31%
	0.88
	0.12

	Falconidae
	26
	73%
	0.00
	1.00

	Psittacidae
	92
	96%
	0.00
	1.00

	Acanthisittidae (new zealand wrens)
	2
	100%
	0.00
	1.00

	Myiodynastes and Myiarchus genera; Tyrannidae (tyrant flycatchers)
	10
	100%
	0.02
	0.98

	Rhinocryptidae (tapaculos), Furnariidae (ovenbirds) 
	107
	90%
	0.03
	0.97

	Climacteridae (australasian treecreepers)
	7
	100%
	0.03
	0.97

	Paridae (tits, chickadees) 
	26
	100%
	0.03
	0.97

	Hirundinidae (swallows and martins)
	50
	75%
	0.02
	0.98

	Sturnidae
	96
	86%
	0.00
	1.00

	Muscicapidae (old world flycatchers) 
	79
	70%
	0.00
	1.00

	Sittidae (nuthatches), Tichodromidae (wallcreepers), Certhiidae (treecreepers) 
	57
	56%
	0.00
	1.00

	The Sicalis genus of the Thraupidae (tanagers) 
	9
	88%
	0.50
	0.50

	The Passer and Petronia genera; Passeridae (old world sparrows)
	12
	75%
	0.00
	1.00


Table S1 and S2. Trait distribution and ancestral states within clades.  S1 includes taxa with high instances of bright eyes (i.e. over 30%), (S2) includes taxa with high instances of cavity nesters (i.e. over 50%). Both tables include all passerines and outgroups. Proportional likelihoods represent the marginal likelihoods generated from rerootingMethod() in the “phytools” package for R (5,6). Models assume branch lengths are equal and that rates can vary across the tree. Values are given for the likelihood that the most recent common ancestor of each clade had S1) dark eyes (0) or bright eyes (1); S2) was not a cavity nester (0) or was a cavity nester (1).
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Resource list for trait data
Sources for iris colour
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Ingo Waschkie's Photo Galleries	http://www.pbase.com/ingotkfr
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Dubi Shapiro's Photo Galleries	http://www.pbase.com/dubisha
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