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Fig. S1. Phylogenetic relationships of avian taxa analyzed. (a) Relationships between major avian clades, 
in which scaling rules are compared. Estimated times of divergence of avian lineages are indicated, 
according to Prum et al. (2015). Note that galliform birds form together with anseriform birds the 
Galloanseres, a sister group of Neoaves (including all other extant birds except the tinamous and flightless 
ratites) and the most basal clade of Neognathae. By contrast, songbirds and parrots are sister groups 
belonging to the Australaves, a crown group of Neoaves. The color code identifying clades is used throughout 
the figures. (b) Relationships among the 15 galliform species examined. The trees were constructed using 
http://www.birdtree.org, their topologies follow recent studies [21,22]. 
 
 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2. The composite, time-calibrated tree used for phylogenetically informed analyses. Code: 
(((((Taeniopygia_guttata:35.46361301,((Sylvia_atricapilla:34.38966501,Poecile_atricapillus:34.38966501
)NA:0.890747,((Turdus_merula:30.96361301,(Gracula_religiosa:22.33003801,Sturnus_vulgaris:22.33003
801)NA:8.633575)NA:4.011196,Regulus_regulus:34.97480901)NA:0.305603)NA:0.183201)NA:3.278983,
((((Corvus_corax:12.13672001,Corvus_frugilegus:12.13672001)NA:2.453047,Coloeus_monedula:14.5897
6701)NA:5.893619,(Garrulus_glandarius:18.42888701,Pica_pica:18.42888701)NA:2.054499)NA:2.78279

Taeniopygia guttata
Sylvia atricapilla
Poecile atricapillus

Turdus merula
Gracula religiosa
Sturnus vulgaris

Regulus regulus

Corvus corax
Corvus frugilegus

Coloeus monedula

Garrulus glandarius
Pica pica

Cyanopica cyanus

Melopsittacus undulatus
Platycercus eximius

Psittacula eupatria

Ara ararauna
Forpus passerinus

Myiopsitta monachus
Psittacus erithacus

Cacatua galerita
Cacatua goffiniana

Nymphicus hollandicus
Nestor notabilis

Tetrao tetrix
Meleagris gallopavo

Phasianus colchicus
Syrmaticus reevesii

Gallus gallus
Francolinus francolinus

Pavo cristatus

Coturnix coturnix
Coturnix chinensis

Alectoris chukar
Colinus virginianus

Numida meleagris
Crax daubentoni

Sorex fumeus
Blarina brevicauda
Condylura cristata
Parascalops breweri
Scalopus aquaticus

Mus musculus
Rattus norvegicus

Mesocricetus auratus

Cynomys sp.
Sciurus carolinensis
Proechimys guyannensis

Cavia porcellus
Hydrochoerus hydrochaeris

Dasyprocta prymnolopha

Oryctolagus cuniculus

Macaca mulatta
Macaca fascicularis

Macaca radiata
Papio cynocephalus
Homo sapiens

Callithrix jacchus

Sapajus apella
Saimiri sciureus

Aotus trivirgatus

Microcebus murinus
Otolemur garnettii

Dendrolagus goodfellowi

Macropus rufogriseus
Macropus parma

Wallabia bicolor
Macropus fuliginosus

Sarcophilus harrisii

Didelphis virginiana
Metachirus nudicaudatus

Marmosops incanus

Perdix perdix

Callipepla californica



3,Cyanopica_cyanus:23.26617901)NA:15.476417)NA:24.970077,(((((Melopsittacus_undulatus:21.931115
01,Platycercus_eximius:21.93111501)NA:1.56065,Psittacula_eupatria:23.49176501)NA:2.83253,(((Ara_ar
arauna:22.72356301,Forpus_passerinus:22.72356301)NA:0.619365,Myiopsitta_monachus:23.34292801)
NA:2.196328,Psittacus_erithacus:25.53925601)NA:0.785039)NA:2.470769,((Cacatua_galerita:10.3106290
1,Cacatua_goffiniana:10.31062901)NA:8.081352,Nymphicus_hollandicus:18.39198101):10.403083)NA:7.
127874,Nestor_notabilis:35.92293801)NA:27.789735)NA:23.848734,(((((((Tetrao_tetrix:21.94599301,M
eleagris_gallopavo:21.94599301)NA:1.73354,((Phasianus_colchicus:16.64805401,Syrmaticus_reevesii:16.
64805401)NA:6,Perdix_perdix:23)NA:1.031479)NA:5.188211,((Gallus_gallus:20.06364101,Francolinus_fr
ancolinus:20.06364101)NA:7.094172,Pavo_cristatus:27.15781301)NA:1.709931)NA:1.67684,((Coturnix_c
oturnix:18.31838101,Coturnix_chinensis:18.31838101)NA:8.252748,Alectoris_chukar:26.57112901)NA:3
.973455)NA:8.040154,(Callipepla_californica:11.76619901,Colinus_virginianus:11.76619901)NA:26.8185
39)NA:1.802127,Numida_meleagris:40.38686501)NA:17.699742,Crax_daubentoni:58.08660701)NA:29.4
748)NA:224.3425424,((((Sorex_fumeus:33.93051106,Blarina_brevicauda:33.93051106)NA:43.19288879,
(Condylura_cristata:28.09347608,(Parascalops_breweri:8.810645634,Scalopus_aquaticus:8.810645634)N
A:19.28283044)NA:49.02992378)NA:4.999394157,(((((Mus_musculus:26.26630906,Rattus_norvegicus:2
6.26630906)NA:21.67964795,Mesocricetus_auratus:47.94595701)NA:21.601475,((Cynomys_sp.:30.4899
7188,Sciurus_carolinensis:30.48997187)NA:37.88736514,(Proechimys_guyannensis:40.11245485,((Cavia
_porcellus:18.82839893,Hydrochoerus_hydrochaeris:18.82839893)NA:10.40505547,Dasyprocta_prymnol
opha:29.2334544)NA:10.87900044)NA:28.26488217)NA:1.170095)NA:0.861461,Oryctolagus_cuniculus:
70.40889301)NA:3.780838,((((((Macaca_mulatta:2.340488223,Macaca_fascicularis:2.340488223)NA:0.75
83984523,Macaca_radiata:3.098886676)NA:4.604198899,Papio_cynocephalus:7.703085575)NA:13.2321
0672,Homo_sapiens:20.9351923)NA:8.384157968,(Callithrix_jacchus:14.61776364,((Sapajus_apella:12.1
1318402,Saimiri_sciureus:12.11318402)NA:1.694295403,Aotus_trivirgatus:13.80747943)NA:0.81028421
9)NA:14.70158662)NA:37.96451716,(Microcebus_murinus:47.99407413,Otolemur_garnettii:47.9940741
3)NA:19.28979329)NA:6.905863588)NA:7.933063)NA:86.711507,(((Dendrolagus_goodfellowi:12.69718
948,(((Macropus_rufogriseus:5.709136886,Macropus_parma:5.709136886)NA:1.917194793,Wallabia_bic
olor:7.626331679)NA:1.309000838,Macropus_fuliginosus:8.935332516)NA:3.761856967)NA:55.688890
54,Sarcophilus_harrisii:68.38608002)NA:17.5363058,((Didelphis_virginiana:18.34676252,Metachirus_nu
dicaudatus:18.34676252)NA:14.20819029,Marmosops_incanus:32.55495281)NA:53.36743301)NA:82.91
191519)NA:143.0696484)NA; 
 
  



 
 
 
Fig. S3. Glia/neuron ratios for the avian species examined. Each point represents the average proportion 
of nonneuronal cells (left axis) and the glia/neuron ratio (right axis) for one species, plotted against the 
average brain mass for that species. Galliform birds are shown in brown, songbirds in green, and parrots in 
red. (a) The overall glia/neuron ratio in the brain. Note the higher proportion of nonneuronal cells in 
galliform birds. (b) Variation in the glia/neuron ratio among the principal brain divisions investigated. Note 
that galliform birds have distinctly higher proportion of nonneuronal cells in the cerebellum and the 
telencephalon compared to songbirds and parrots. Also note the high proportion of nonneuronal cells in the 
brainstem and the diencephalon. 
  



 
 
 
 
Fig. S4. Neuronal densities and relative distribution of neurons in birds and mammals. (a–c) Neuronal 
densities in the pallium (a), cerebellum (b) and rest of the brain (c). Pallial neuronal densities of galliform 
birds are not significantly different from those of mammals (PGLS: slopes and intercepts p > 0.05 in all cases, 
but there is a trend towards a higher slope in primates: t50 = 1.967, p = 0.056; λ = 0.86). Cerebellar neuronal 
densities in galliforms are comparable to rodents and marsupials, but primates have a higher slope (PGLS: 
slope = 0.150 ± 0.060, t50 = 2.500, p = 0.017, λ = 0.02) and insectivores a higher intercept (PGLS: intercept = 
0.340 ± 0.011, t50 = 3.081, p = 0.004). Neuronal densities in the rest of brain scale with a higher intercept in 
galliforms than in marsupials, rodents and primates (PGLS: p < 0.001 in all cases, λ = 0.02). (d–f) Average 
proportions of neurons contained in the pallium (d), cerebellum (e) and rest of the brain (f). Note that 
proportion of brain neurons contained in the rest of brain is higher in galliforms than in mammals. The fitted 
lines represent OLS regressions and are shown only for correlations that are significant (r2 ranges between 
0.352 and 0.955, p ≤ 0.020 in all cases). Data for mammals are from published reports (for details, see 
Methods). 
  



Supplementary Table S1. Cellular composition of the brains of fifteen gallinaceous bird species 
 

 Species n Body mass [g] Brain mass [g] Total neurons [x 106] Total nonneurons [x 106]  
King quail 3 43.8 ± 2.9 0.521 ± 0.026 80.48 ± 5.42 74.44 ± 5.57  

Common quail 3 94.9 ± 14.0 0.787 ± 0.025 117.76 ± 2.12 128.19 ± 3.02  

Virginia quail 3 181.1 ± 12.1 1.124 ± 0.100 148.40 ± 13.35 159.20 ± 15.69  

California quail 1 199.6 1.256 172.39 169.93  

Grey partridge 3 337.3 ± 16.2 1.565 ± 0.035 170.29 ± 22.06 168.91 ± 27.98  

Black francolin 2 368.6 ± 11.2 1.755 ± 0.157 232.54 ± 9.34 233.36 ± 19.28  

Red-legged partridge 3 459.7 ± 59.1 2.091 ± 0.070 197.18 ± 9.30 246.66 ± 11.71  

Red Junglefowl 3 861.3 ± 107.3 2.819 ± 0.200 220.84 ± 44.50 286.68 ± 17.35  

Black grouse 2 897.8 ± 192.2 3.375 ± 0.199 280.87 ± 1.96 386.68 ± 43.14  

Reeves's pheasant 3 1,119.0 ± 166.6 3.691 ± 0.590 387.17 ± 84.08 440.67 ± 83.70  

Helmeted guineafowl 3 1,722.0 ± 276.4 3.747 ± 0.345 447.12 ± 58.43 446.56 ± 52.89  

Common pheasant 3 1,221.7 ± 280.3 3.845 ± 0.402 321.36 ± 35.34 385.54 ± 8.86  

Wild turkey 3 3,453.6 ± 555.4 6.041 ± 0.468 492.87 ± 13.52 644.29 ± 47.18  

Indian peafowl 3 3,599.2 ± 707.2 6.194 ± 0.414 570.93 ± 31.59 659.70 ± 16.86  
Yellow-knobbed curassow 1 2,448.6 9.020 652.99 707.84  

 Variation, max./min.  82.2× 17.3× 8.1× 9.5×  

Species ordered by increasing brain size. All values are given as mean ± SD; n, number of individuals analysed. 



Supplementary Table S2. Mass of the major brain divisions of fifteen gallinaceous bird species 
 

es Telencephalon Subpallium Diencephalon Tectum Cerebellum Brainstem 
 Species [g] [% of Tel] [g] [g] [g] [g]  
 King quail 0.271 ± 0.014 21.66 0.046 ± 0.002 0.068 ± 0.004 0.070 ± 0.002 0.060 ± 0.004  
 Common quail 0.417 ± 0.015 14.72 0.077 ± 0.005 0.112 ± 0.005 0.114 ± 0.014 0.084 ± 0.001  
 Virginia quail 0.605 ± 0.075 17.52 0.107 ± 0.013 0.151 ± 0.014 0.152 ± 0.003 0.126 ± 0.005  
 California quail 0.699 15.21 0.109 0.145 0.199 0.117  
 Grey partridge 0.852 ± 0.012 15.40 0.151 ± 0.004 0.191 ± 0.009 0.203 ± 0.013 0.155 ± 0.003  
 Black francolin 0.983 ± 0.102 19.15 0.164 ± 0.000 0.246 ± 0.041 0.233 ± 0.008 0.162 ± 0.015  
 Red-legged partridge 1.208 ± 0.065 14.41 0.184 ± 0.013 0.253 ± 0.008 0.248 ± 0.007 0.216 ± 0.009  
 Red Junglefowl 1.567 ± 0.162 14.83 0.245 ± 0.014 0.345 ± 0.022 0.369 ± 0.024 0.293 ± 0.010  
 Black grouse 1.841 ± 0.117 17.91 0.310 ± 0.029 0.416 ± 0.005 0.487 ± 0.000 0.342 ± 0.020  
 Reeves's pheasant 2.039 ± 0.316 19.91 0.300 ± 0.040 0.469 ± 0.091 0.513 ± 0.099 0.326 ± 0.083  
 Helmeted guineafowl 2.176 ± 0.208 17.53 0.311 ± 0.036 0.407 ± 0.043 0.471 ± 0.086 0.346 ± 0.028  
 Common pheasant 2.248 ± 0.230 18.46 0.329 ± 0.063 0.466 ± 0.081 0.464 ± 0.059 0.386 ± 0.067  
 Wild turkey 3.382 ± 0.309 17.11 0.471 ± 0.023 0.662 ± 0.070 0.815 ± 0.037 0.582 ± 0.051  
 Indian peafowl 3.743 ± 0.252 18.82 0.453 ± 0.023 0.622 ± 0.037 0.872 ± 0.092 0.556 ± 0.031  
 Yellow-knobbed curassow 5.761 17.16 0.622 0.885 1.302 0.776  

 Variation, max./min. 21.3×  13.5× 13.0× 18.6× 12.9×  

Species ordered by increasing brain size. All values are given as mean ± SD. 



Supplementary Table S3. Number of neurons in the major brain divisions of fifteen gallinaceous bird species 
 

Telencephalon Subpallium Diencephalon Tectum Cerebellum Brainstem 
 Species [x 106] [% of Tel] [x 106] [x 106] [x 106] [x 106]  
 King quail 25.27 ± 2.62 23.15 1.46 ± 0.12 9.42 ± 1.22 42.95 ± 1.70 1.37 ± 0.16  
 Common quail 26.75 ± 1.87 18.54 2.26 ± 0.49 11.72 ± 0.19 75.20 ± 2.01 1.83 ± 0.13  
 Virginia quail 47.37 ± 3.36 21.11 2.77 ± 0.30 16.05 ± 1.37 80.02 ± 10.62 2.19 ± 0.45  
 California quail 62.00 18.12 3.50 12.61 92.32 1.95  
 Grey partridge 43.64 ± 12.56 18.31 3.21 ± 0.76 13.48 ± 1.08 107.55 ± 8.56 2.41 ± 0.07  
 Black francolin 63.80 ± 10.45 17.70 4.16 ± 0.76 22.19 ± 4.09 139.93 ± 4.62 2.45 ± 0.17  
 Red-legged partridge 58.65 ± 8.33 16.86 3.55 ± 0.20 22.63 ± 1.50 108.89 ± 4.70 3.46 ± 0.22  
 Red Junglefowl 73.79 ± 2.46 42233 4.02 ± 0.76 25.50 ± 3.26 114.45 ± 39.59 3.08 ± 0.57  
 Black grouse 64.30 ± 11.47 18.90 5.49 ± 1.14 29.52 ± 2.99 176.65 ± 17.50 4..91 ± 0.06  
 Reeves's pheasant 98.47 ± 20.68 22.04 5.23 ± 0.46 32.92 ± 7.19 245.72 ± 55.82 4.83 ± 0.20  
 Helmeted guineafowl 156.62 ± 28.22 18.24 5.16 ± 0.54 27.57 ± 1.11 253.93 ± 28.94 3.84 ± 0.62  
 Common pheasant 93.11 ± 4.70 22.06 4.72 ± 0.87 25.97 ± 0.84 194.34 ± 36.64 3.23 ± 0.30  
 Wild turkey 128.33 ± 16.50 21.46 6.12 ± 0.95 37.50 ± 1.36 315.74 ± 25.31 5.17 ± 0.18  
 Indian peafowl 155.59 ± 13.81 20.04 5.54 ± 0.58 31.31 ± 0.68 374.52 ± 21.71 3.97 ± 0.42  
 Yellow-knobbed curassow 147.23 18.14 5.43 24.42 472.68 3.24  

 Variation, max./min. 6.2×  4.2× 4.0× 11.0× 3.8×  

Species ordered by increasing brain size. All values are given as mean ± SD. 



Supplementary Table S4. Number of nonneuronal cells in the brain divisions of fifteen gallinaceous bird species 
 

Telencephalon Subpallium Diencephalon Tectum Cerebellum Brainstem 
 Species [x 106] [% of Tel] [x 106] [x 106] [x 106] [x 106]  
 King quail 23.54 ± 2.96 23.17 8.65 ± 1.01 10.97 ± 1.53 22.59 ± 1.01 8.69 ± 0.66  
 Common quail 48.42 ± 2.36 18.44 12.73 ± 0.77 19.92 ± 0.76 33.61 ± 3.31 13.52 ± 0.52  
 Virginia quail 57.20 ± 4.82 21.15 17.97 ± 2.01 23.83 ± 2.50 39.95 ± 4.71 20.25 ± 3.49  
 California quail 62.50 18.56 19.50 21.63 50.33 15.98  
 Grey partridge 65.64 ± 20.23 18.32 20.79 ± 4.04 27.75 ± 1.69 34.37 ± 4.06 20.35 ± 1.40  
 Black francolin 86.83 ± 11.85 17.93 28.71 ± 1.83 36.66 ± 7.23 62.01 ± 0.75 19.16 ± 2.78  
 Red-legged partridge 101.77 ± 13.22 17.01 30.88 ± 1.91 35.54 ± 2.50 46.11 ± 2.86 32.37 ± 3.64  
 Red Junglefowl 131.98 ± 9.48 17.00 38.42 ± 4.70 45.39 ± 7.09 28.28 ± 9.67 42.63 ± 0.98  
 Black grouse 157.14 ± 33.44 19.03 48.15 ± 14.02 50.60 ± 4.73 83.36 ± 11.01 47. 44 ± 1.96  
 Reeves's pheasant 181.04 ± 38.34 22.04 48.58 ± 8.18 66.85 ± 15.47 95.19 ± 15.14 49.01 ± 7.97  
 Helmeted guineafowl 205.65 ± 33.11 19.20 46.25 ± 2.70 55.35 ± 2.32 95.47 ± 13.47 43.85 ± 4.59  
 Common pheasant 169.31 ± 1.08 22.15 47.32 ± 8.10 55.02 ± 1.77 69.94 ± 10.30 43.95 ± 0.18  
 Wild turkey 301.58 ± 38.07 21.85 71.36 ± 3.06 83.86 ± 1.53 110.20 ± 6.40 77.29 ± 12.14  
 Indian peafowl 280.56 ± 20.54 20.92 68.36 ± 8.37 89.15 ± 3.16 147.75 ± 1.46 73.88 ± 10.33  
 Yellow-knobbed curassow 313.17 18.90 63.37 81.40 192.52 57.36  

 Variation, max./min. 13.3×  8.3× 8.1× 8.5× 8.9×  

Species ordered by increasing brain size. All values are given as mean ± SD. 



 

Supplementary Table S5. Cellular scaling rules for brains of gallinaceous birds   
                
Dependent 
variable 

Independent 
variable Power law r2 p value 

(exponent) 
95 % confidence 

interval   

 MBR NBR MBR = 2.939 × 10-11 × NBR1.299 0.953 <0.000 1 1.125 - 1.472  

 MTEL NTEL MTEL = 2.890 × 10-11 × NTEL1.359  0.876 <0.000 1 1.052 - 1.665  

 MDIE NDIE MDIE = 6.377 × 10-13 × NDIE1.745 0.899 <0.000 1 1.395 - 2.096  

 MTEC NTEC MTEC = 8.484 × 10-13 × NTEC1.574 0.850 <0.000 1 1.178 - 1.970  

 MCB NCB MCB = 9.728 × 10-11 × NCB1.164  0.945 <0.000 1 0.996 - 1.331  

 MBS NBS MBS = 3.791 × 10-12 × NBS1.667 0.772 <0.000 1 1.124 - 2.211  

 MBR OBR MBR = 1.593 × 10-10 × OBR1.204 0.979 <0.000 1 1.098 - 1.311  

 MTEL OTEL MTEL = 1.707 × 10-9 × OTEL1.104 0.972 <0.000 1 0.993 - 1.216  

 MDIE ODIE MDIE = 6.733  × 10-10 × ODIE1.130 0.979 <0.000 1 1.030 - 1.229  

 MTEC OTEC MTEC = 3.362 × 10-10 × OTEC1.175 0.979 <0.000 1 1.072 - 1.277  

 MCB OCB MCB = 4.283 × 10-10 × OCB1.140 0.797 <0.000 1 0.795 - 1.484  

 MBS OBS MBS = 1.092 × 10-9 × OBS1.112 0.957 <0.000 1 0.971 - 1.252  
               

 

Power laws were calculated from the average species values listed in Tables S1–S4. BR, Brain; BS, brainstem; CB, 
cerebellum; DIE, diencephalon; M, mass (in grams); N, number of neurons; O, number of other (nonneuronal) cells; r2, 
coefficient of determination calculated from the ordinary least squares regression of species averages; TEC, tectum; TEL, 
telencephalon. 
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