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Figure S1. Frequency distribution of species’ body masses (in g) for Brazil and each biome. Red arrows
indicate the first quartile value, while blue arrows indicate the third quartile value. Values above the arrows
represent the exact quartile values, while values left and right indicate the number of species with body masses
equal to or smaller than the first quartile (red) and equal to or larger than the third quartile (blue).
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Figure S2. Number of eBird checklists in Brazil by year (downloaded from https://ebird.org/home in
November 2022).
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Figure S3. Number of eBird checklists by land use and land cover (MapBiomas) by biome in the year of

2021.
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Figure S4. Frequency distribution of species’ LociUVS for Brazil and each biome. Red arrows indicate 95th
percentile value. Values above the arrows (red) represent the exact upper boundary of the 95th percentile value,
while values left and right indicate the number of species classified as megacolorful (red) and non-

megacolorful (blue).



Table S1. Number of cells with less than three species (excluded), total grid cell assemblages (sample size),
minimum and maximum number of species in a cell assemblage, total number of species and families in Brazil
and per biome.

Braziland  Number of Total grid Minimum Maximum Total Total
biomes cells with cell number of number of number of number of
lessthan3  assemblages speciesina  speciesina species families
: ; cell cell
species (sample size)
assemblage  assemblage
(excluded) g g
Brazil 1048 5958 3 166 524 30
Atlantic 699 4232 3 136 350 29
Forest
Cerrado 146 828 3 137 243 25
Pampa 51 245 3 55 144 24
Amazon 76 269 3 166 311 28

Caatinga 75 376 3 45 158 23




Table S2. Response variables, explanatory variables and statistical models performed in this study. We fitted
GLMMs for Brazil as a whole, incorporating biomes as a random effect. Additionally, we fitted GLMs for
each individual biome. The Functional trait models are models which test how urbanization is related to the
proportion of omnivorous birds, the proportion of large-bodied birds and the median sexual dichromatism,
respectively. The Colorfulness models test how the median LociUVS or the presence of megacolorful species
is related to urbanization and other confounding factors (proportion of omnivorous species, proportion of
large species, median sexual dichromatism). Sampling effort was controlled by using the number of checklists
per grid cell. Abbreviations: ind = individual, urban = urbanization (proportion of urban cells in a radius of
250 m), prop. = proportion, omni = omnivorous species, sex.dic. = sexual dichromatism, pres. = presence, md.
= median, samp.effort = sampling effort, LociUVS = number of color loci in an avian UV-sensitive tetrahedral
color space. Interaction between variables = *.

Response variable Explanatory variable Statistical model

urban  urban* urban*  urban* number of GLMM GLM

omni. large- md.sex. checklists (biO"(]eS &
4 q ranaom
bodied dic. effect)

Functional trait models

Proportion of X X Brazil ind.
omnivorous biomes
Proportion of X X Brazil ind.
large species biomes
Median sexual X X Brazil ind.
dichromatism biomes

Colorfulness models

Median X X X X X Brazil ind.
LociUVS biomes
Presence of X X X X X Brazil ind.

megacolorfuls biomes




Table S3. Proportion of omnivores in relation to urbanization. Coefficient values of the best fitted model
estimating the relationship between the proportion of omnivore species in the cell assemblages and
urbanization (urban) and sampling effort (number of checklists). Significance levels: p <0.001 = *** p<
0.01=** p<0.05=*,p>0.05=ns.

Brazil Atlantic Cerrado Pampa Amazon Caatinga
Forest
Coef. p Coef. p Coef. p Coef. p Coef. p Coef. p
urban 020 *** (055 *** 041  *** - 0.68 *** 016 n.s.
samp.effort -0.07 *** -0.02 *** -001 *** -0.02 ns. -0.03 -
Variance of 0.012 - - - - -
random
effects
(intercept)
Deviance 18107.6 - - - - -
d.f=5954
Null - 4394.3 1017.13 186.84 =244 394.13 yf=268 -
deviance d.f=4231 d.f.=827
Residual - 3915.8 971.93 g=s25 184.02 45=043 344.33 gi=266 339.89 =374
deviance d.£.=4229
AIC 18115.6 12752 2599.9 712.17 930.31 1066.8




Table S4. Proportion of large-bodied species in relation to urbanization. Best fitting model for the relationship
between the proportion of large-bodied species in the cell assemblages and urbanization (urban) and sampling
effort (number of checklists). Significance levels: p<0.001 = *** p<0.01= **,p<0.05= *,p>0.05=
n.s.

Brazil Atlantic Cerrado Pampa Amazon Caatinga
Forest

Coef. p Coef. p Coef. p Coef. p Coef. p Coef. p

urban 022 *** 059 ** 0.60 *** - 047  *** -

samp.effort -0.02 *** -0.00 ** -0.01 ** -002 ns -0.02 *** -

Variance of 0.02 - - - - -
random

effects

(intercept)

Deviance 21091.6 = = - - -
d.f=5954

Null - 5588.2 1282.5 gs=g27 198.32 gr=2aa 292.83 gr=268 414.16 gs-=375

deviance d.f.=4231

Residual - 4963.6 1171.4 gs=s25 194.76 gf=243 266.95 =066 414.16 g=375

deviance d.f.=4229

AlIC 21099.6 14949 3068.1 813.94 923.12 1249.4




Table S5. Median of sexual dichromatism in relation to urbanization. Coefficient values of the best fitted
model estimating the relationship between the median of sexual dichromatism in the cell assemblages and
urbanization (urban) and sampling effort (number of checklists). Significance levels: p < 0.001 = *** p <
0.01=** p<005=*,p>0.05=n.s.

Brazil Atlantic Cerrado Pampa Amazon Caatinga
Forest

Coef. t Coef p Coef. p Coef. p Coef. p Coef. p
urban 0.08 13.66 022 *** (027 *** (035 @ *** - -
samp.effort  -0.01 -1.45 - - - - -
Variance of 0.02 - - - - -
random
effects
(intercept)
R? - 0.032 0.039 0.096 - -
AlC - -6083.10 -1128.78 -371.57 -395.94 -564.42




Table S6. Best fitting model for the relationship between urbanization and the median of LociUVS in grid
cell assemblages. Abbreviations: urban = urbanization, prop. = proportion, omni = omnivorous species,
sex.dic. = sexual dichromatism, pres. = presence, md. = median, samp.effort = sampling effort (number of
checklists). Significance levels: p<0.001 = *** /p<0.01= ** ,p<0.05= *,p>0.05=n.s.

Brazil Atlantic Cerrado Pampa Amazon Caatinga
Forest

Coef. p Coef. p Coef. p Coef. p Coef. p Coef. p

urban -0.01 ns. -0.01 *x 0.00 ns. -001 ns. 0.00 n.s. 0.01 n.s.
prop. omni. -0.02 *** 002 *** -000 ns 004 ** 0.05  *** -
prop. large- -002 *>** -0.03 *** -001 ns. -005 *** 0.02 ns. -
bodied

md.sex.dic. 0.05 *** 005 *** 006 *** 010 *** 001 ns. -
urban* 0.01 *** 001 wx 0.01 * -0.02 ns. - -
prop.omni.

urban* -0.01 **  .0.01 * 0.02 * - - -
prop. large-

bodied

urban* -0.00 n.s. - - -0.04  ** 0.04 * -
md.sex.dic.

samp.effort 0.00 n.s. - - - - -
Variance of 0.001 - - - - -
random

effects

(intercept)

REML -3446.1 - - - - -
criterion

R? - 0.12 0.11 0.27 0.11 0.00

AIC - -14629.92 -2764.58 -909.6 -864.14 -1378.12




Table S7. Best fitting model for the relationship between urbanization and the presence of Megacolorful
species in grid cell assemblages. Abbreviations: urban = urbanization, prop. = proportion, omni = omnivorous
species, sex.dic. = sexual dichromatism, pres. = presence, md. = median, samp.effort = sampling effort
(number of checklists). Significance levels: p<0.001 = *** p<0.01= ** p<005= *,p>0.05=ns.

Brazil Atlantic Cerrado Pampa Amazon Caatinga
Forest

Coef. p Coef. p Coef. p Coef. p Coef. p Coef. p

urban -026 *>* -040 *** 001 ns. -002 ns. -051 ns. -089 F**
prop. omni. -0.11  **  -0.10 * 018 ns. -006 ns. -038 ns. 049 **
prop. large- -042 *** 035 *** 042 *>** 060 *** -032 ns. -022 ns.
bodied

md.sex.dic. 040 *** 036 *** 027 *** (041 ns. 058 *** 0.36 *
urban* -0.00 ns. - - -0.29 ns. - 0.33 ns.
prop.omni.

urban* -0.18 *** 019 *** 041 *** - - -0.73  **
prop. large-

bodied

urban* 0.12 * 0.10 ns. - - - 0.56 **
md.sex.dic.

samp.effort 020 *** 022 ** 034 *** 020 ** 0.20 ** 0.39  ***

Variance of 0.07 - - - - -
random

effects

(intercept)

Deviance 5608.2 - - - - -
df=5948
Null deviance - 5179.5 985.98 338.95 246.12 454,53
d.f=4231 d.f. =827 d.f=244 d.f.=268 d.f.=375
Residual - 4485.9 853.15 299.11 203.62 386.73
deviance d.f. = 4225 d.f. =822 d.f.=238 d.f.=264 d.f.=367

AlC 5628.2 4501.9 867.15 313.11 215.62 404.73
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Figure S5. The presence of megacolorful bird species along urbanization gradients is analyzed across
different thresholds for defining megacolorful species. Each row represents a distinct threshold ranging from
the 95th percentile down to the 75th percentile of the LociUVS frequency distribution in Brazil and for each
biome individually (columns). Black lines illustrate the estimated relationships between urbanization and the
presence-absence of megacolorful species in bird assemblages, with the 95% confidence intervals derived
from standard errors. We did not find any direct relationship between the presence of megacolorful birds and
urbanization in Cerrado, Amazon and Pampa biomes.
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Figure S6. We analyzed the median LociUVS of assemblages (a,d) and the presence of megacolorful bird
species (b, e) along urbanization gradients in Brazil, investigating how the presence of these species is
influenced by the interaction between urbanization and the proportion of large-bodied species within the
assemblages (c, ). This was tested using cell sizes of 60m x 60m (upper) and 90m x 90m (lower). The results
were virtually identical to those obtained in the main analysis, which used cell sizes of 30m x 30m (see Figures
5-6).
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Figure S7. Structural equation model (SEM) summarizing direct and indirect effects of urbanization on
passerine assemblages across Brazil. We fitted a piecewise SEM to evaluate how urbanization relates to
multiple dimensions of passerine functional traits and coloration, and ultimately, to the presence of
megacolorful passerine species in the bird assemblages. We used generalized and linear mixed-effects models
with “biome” as a random effect and included scaled logit-transformed proportions of omnivorous and large-
bodied species, as well as log-transformed median values of body mass, sexual dichromatism, and UV-
sensitive coloration (LociUVS). Only statistically significant relationships (p < 0.05) are displayed in the
diagram, with blue and red arrows representing positive and negative effects, respectively. Arrow thickness is
proportional to standardized path coefficients. The SEM revealed that urbanization has a direct negative effect
on the presence of megacolorful species, but also exerts indirect effects through changes in functional trait
composition. Urbanization was positively associated with the proportion of omnivorous and large-bodied
species, which in turn influenced median dichromatism and coloration. Notably, the proportion of large-bodied
and omnivorous species negatively affected the occurrence of megacolorful birds. Conversely, greater sexual
dichromatism and LociUVS were positively associated with the presence of megacolorful birds. Sampling
effort (number of checklists) also played a strong positive role in detecting megacolorful species.



Table S8. Megacolorful species, their respective families, and the biomes where they are present (marked with
"X").

Species name Family Atlantic Forest Cerrado Pampa Amazon  Caatinga
Cotinga cotinga Cotingidae X
Chlorophonia cyanea Fringillidae X
Chlorophonia cyanocephala  Fringillidae X X X
Euphonia finschi Fringillidae X
Euphonia violacea Fringillidae X X X
Euphonia xanthogaster Fringillidae X X
Icterus jamacaii Icteridae X X X
Ilicura militaris Pipridae X X
Lepidothrix iris Pipridae X
Machaeropterus pyrocephalus Pipridae X
Machaeropterus regulus Pipridae X
Pipra fasciicauda Pipridae X X X X
Pipra filicauda Pipridae X
Cyanerpes caeruleus Thraupidae X
Cyanerpes cyaneus Thraupidae X X X
Cyanerpes nitidus Thraupidae X
Dacnis cayana Thraupidae X
Hemithraupis ruficapilla Thraupidae X X
Ixothraupis punctata Thraupidae X
Ixothraupis varia Thraupidae X
Pipraeidea melanonota Thraupidae X
Ramphocelus bresilius Thraupidae X X
Rauenia bonariensis Thraupidae X X X
Sicalis flaveola Thraupidae X
Stilpnia cayana Thraupidae X X X X
Stilpnia cyanicollis Thraupidae X X
Stilpnia nigrocincta Thraupidae X
Stilpnia preciosa Thraupidae X X
Tangara chilensis Thraupidae X
Tangara cyanocephala Thraupidae X X
Tangara cyanoventris Thraupidae X X
Tangara desmaresti Thraupidae X
Tangara gyrola Thraupidae X
Tangara mexicana Thraupidae X
Tangara seledon Thraupidae X
Tangara velia Thraupidae X X
Pyrocephalus rubinus Tyrannidae X

Tachuris rubrigastra Tyrannidae X




Table S9. The fifth most frequently recorded species (based on the number of times they appear in checklists)
in the very high urban assemblages per biome in the year 2021. The "very high urban assemblages" are those
with a proportion of urban cells equal or greater than 75%.

Counts per biome

Species name Family Atlantic Forest Cerrado Pampa Amazon Caatinga
Pitangus sulphuratus Tyrannidae 12726 1333 712 198 275
Thraupis sayaca Thraupidae 10248 587 540 0 203
Coereba flaveola Thraupidae 9139 1043 435 52 179
Passer domesticus Passeridae 8019 1343 211 63 289
Turdus rufiventris Turdidae 5632 887 558 0 15
Furnarius rufus Furnariidae 5304 1049 635 0 142
Pygochelidon cyanoleuca Hirundinidae 5159 512 450 0 111
Troglodytes aedon Troglodytidae 5133 750 187 146 225
Turdus leucomelas Turdidae 4287 900 66 114 148
Tyrannus melancholicus Tyrannidae 4192 451 288 205 246
Thraupis palmarum Thraupidae 4069 507 4 185 142
Sicalis flaveola Thraupidae 3104 882 54 74 146
Mimus saturninus Mimidae 2840 424 16 0 158
Myiozetetes similis Tyrannidae 1490 62 0 0 198
Megarynchus pitangua Tyrannidae 1483 185 5 24 4
Euphonia chlorotica Fringillidae 1446 152 231 0 13
Hirundinea ferruginea Tyrannidae 1287 0 0 41
Elaenia flavogaster Tyrannidae 1195 299 5 36
Cyclarhis gujanensis Vireonidae 1100 284 16 51
Sporophila caerulescens Thraupidae 958 63 0 0
Molothrus bonariensis Icteridae 929 670 87 69 11
Estrilda astrild Estrildidae 824 26 5 0 163
Empidonomus varius Tyrannidae 768 0 3 0 0
Dacnis cayana Thraupidae 729 228 0 0 0
Stilpnia cayana Thraupidae 703 419 0 0 110
Progne chalybea Hirundinidae 687 159 33 85 60
Todirostrum cinereum Tyrannidae 686 247 0 0 247
Tyrannus savana Tyrannidae 684 39 28 0 92
Campylorhynchus turdinus Troglodytidae 501 0 0 23 0
Turdus amaurochalinus Turdidae 459 433 30 0 0
Icterus pyrrhopterus Icteridae 430 216 92 0 8
Camptostoma obsoletum Tyrannidae 424 61 136 0 7
Serpophaga subcristata Tyrannidae 390 0 7 0 0
Machetornis rixosa Tyrannidae 351 21 8 0 36
Volatinia jacarina Thraupidae 265 203 0 64 110
Cacicus haemorrhous Icteridae 262 0 0 0 0



Tachyphonus coronatus
Todirostrum poliocephalum
Myiodynastes maculatus
Progne tapera
Zonotrichia capensis
Thamnophilus palliatus
Rauenia bonariensis
Spinus magellanicus
Chrysomus ruficapillus
Ramphocelus bresilius
Tersina viridis
Cyanocorax cristatellus
Euphonia violacea
Synallaxis spixi
Sporophila nigricollis
Gnorimopsar chopi
Thlypopsis sordida
Tachyphonus rufus
Ramphocelus carbo
Polioptila dumicola
Saltatricula atricollis
Thamnophilus doliatus
Lepidocolaptes angustirostris
Nengetus cinereus

Icterus jamacaii
Coryphospingus pileatus
Tolmomyias flaviventris
Myiarchus ferox
Agelaioides badius
Paroaria coronata
Saltator similis

Elaenia parvirostris
Basileuterus culicivorus
Coryphospingus cucullatus
Geothlypis aequinoctialis
Piranga flava
Thamnophilus caerulescens
Ammodramus humeralis
Embernagra platensis
Chlorophonia cyanocephala
Satrapa icterophrys
Tachycineta leucorrhoa

Thraupidae
Tyrannidae
Tyrannidae
Hirundinidae
Passerellidae
Thamnophilidae
Thraupidae
Fringillidae
Icteridae
Thraupidae
Thraupidae
Corvidae
Fringillidae
Furnariidae
Thraupidae
Icteridae
Thraupidae
Thraupidae
Thraupidae
Polioptilidae
Thraupidae
Thamnophilidae
Furnariidae
Tyrannidae
Icteridae
Thraupidae
Tyrannidae
Tyrannidae
Icteridae
Thraupidae
Thraupidae
Tyrannidae
Parulidae
Thraupidae
Parulidae
Cardinalidae
Thamnophilidae
Passerellidae
Thraupidae
Fringillidae
Tyrannidae
Hirundinidae

249
237
235
224
187
165
153
149
148
145
136
134
126
125
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Xolmis irupero
Thraupis episcopus
Saltator coerulescens
Myiozetetes cayanensis
Psarocolius decumanus
Leistes militaris
Stelgidopteryx ruficollis
Cacicus cela
Donacobius atricapilla
Arundinicola leucocephala
Molothrus oryzivorus
Synallaxis albescens
Pitangus lictor

Saltator maximus
Sporophila castaneiventris
Berlepschia rikeri
Tyrannulus elatus
Phaeomyias murina
Turdus ignobilis
Ammodramus aurifrons
Poecilotriccus sylvia
Attila spadiceus
Sporophila americana
Synallaxis gujanensis
Tachycineta albiventer
Paroaria gularis
Pheugopedius coraya
Certhiaxis cinnamomeus
Fluvicola albiventer
Polioptila plumbea
Anthus lutescens
Cantorchilus longirostris
Myiarchus tyrannulus
Sporophila bouvreuil
Taraba major

Tyrannidae
Thraupidae
Thraupidae
Tyrannidae
Icteridae
Icteridae
Hirundinidae
Icteridae
Donacobiidae
Tyrannidae
Icteridae
Furnariidae
Tyrannidae
Thraupidae
Thraupidae
Furnariidae
Tyrannidae
Tyrannidae
Turdidae
Passerellidae
Tyrannidae
Tyrannidae
Thraupidae
Furnariidae
Hirundinidae
Thraupidae
Troglodytidae
Furnariidae
Tyrannidae
Polioptilidae
Motacillidae
Troglodytidae
Tyrannidae
Thraupidae
Thamnophilidae
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