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Supplementary Figure 1. Differences in enhanced vegetation index (EVI) variation
within and among years and weeks of snow in the breeding site of resident birds at high
(N=50), mid (N=326) and low (N=459) latitudes (a-c). Phylogenetic PCA (PPCA) with
the three variables (d) and their co-variation with latitude (e-f). In all the bar plots the
mean+SEM of the corresponding environmental factor is shown. Residents from higher,
mid and low latitudes are represented by black, dark-grey and light-grey bars,
respectively.
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Supplementary Figure 2. Relative brain size (Mean + SEM) in resident species as a
function of latitude of the region where they occur. Residents from Higher latitude have
larger brains than residents from lower latitudes (PGLS: p = 0.015, N=855, See
Supplementary Table 1). Residents from higher (N=53), mid (N=335) and low (N=467)
latitudes are represented by black, dark-grey and light-grey bars, respectively.
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Supplementary Figure 3. Distribution of slopes (blue histograms) and p-values (red
histograms) of PGLS models using 100 different phylogenetic trees linking brain size
with PPC1 (a-b) and PPC2 (c-d), while controlling for log(body size).
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Supplementary Figure 4. Variation in productivity (Mean = SEM), measured by the
coefficient of variation of enhanced vegetation index (EVI) across 15 years during
breeding season in the breeding distribution range (light grey) and during non-breeding
season in the non-breeding distribution range (dark grey) of bird species exposed to
different degree of environmental variation.
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Supplementary Figure 5. Relationship between relative brain size and migratory
distance within avian orders. The lines are fitted on raw data, with a SEM interval; p-
values and R? are derived from PGLS models. Only orders with at least 10 species are
presented.



Supplementary Figure 6. Distribution of the species used in the study exposed to
different degrees of seasonality, divided in those residing the entire year at higher
(yellow circles), medium (orange circles) and low latitudes (red circles). An alternative
strategy to avoid seasonal changes is to migrate every year to avoid harsh winters,
exhibiting long-distance migrations (dark-blue triangles) or short-distance travels (light-
blue triangles). Each dot is plotted in the breeding centroid of the distribution area using
the worldHires map from 'mapdata’ R-package.

3e—-04 -

2e—04 -

1e-04 -

Frequency

0e+00 A

0 3000 6000 9000 12000
Migratory distance (Km)

Supplementary Figure 7. Histogram of migratory distance in migratory birds (N=362
species).
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Supplementary Figure 8. Resource similarity representation used to calculate diet
breadth index: (a) nutrient contents estimated for each food item (PT: Proteins; CH:
Carbohydrates; LP: Lipids; W: Water content; O: Other), and (b) cluster diagram to
assess similarity between diet types.
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Supplementary Figure 9. Phylogenetic regression between body and brain size (a),
used to take into account allometric effects in brain size and obtain a relative measure

based on the residuals (b).



Supplementary Tables

Supplementary Table 1. PGLS modelling variation in brain size (log-transformed) as a
function of body size and latitude (with Low latitudes taken as reference for

comparisons) for resident species.

Factor (N=855, p-value<0.001) | Estimate SE tvalue Pr(>ft)) R? A
Intercept -2.62 0.17 -15.07 <0.001 0.86(0.02) 0.90
Log(body size) 0.59 0.01 73.05 <0.001

Resident mid-latitude 0.00 0.01 0.12 0.901

Resident high-latitude 0.06 0.03 244 0.015

Supplementary Table 2. Correlation matrix for the environmental variables in resident

birds (N=835). Values represent the Pearson's correlation coefficients, with the R? of the
corresponding PGLS models with the two variables in parenthesis. The R” were used to

calculate the variance inflator factor of the three variables (VIF=6.6).

| EVI among EVI within
Snow 051 (0.25) 0.89 (0.74)
Evi within 0.53 (0.27)

Supplementary Table 3. PGLS modelling variation in brain size (log-transformed) as a
function of body size, two environmental axis from a PPCA and including ecological
categories such as fruit consumption, insect consumption and forest dwelling for

resident birds.

Factor (N=827, p-value<0.001) | Estimate SE  tvalue Pr(>Jt)) R? £
Intercept -2.52 0.13 -19.99 <0.001 0.87(0.05) 0.91
Log(body size) 0.59 0.01 72.18 <0.001

Environmental variation (PPC1) 0.04 0.01 5.03 <0.001

Environmental variation (PPC2) 0.02 0.01 210 0.036

Fruit consumer 0.01 0.02 0.69 0.492

Insect consumer 0.02 0.02 0.96 0.336

Forest dwelling 0.04 0.01 279 0.005




Supplementary Table 4. PGLS modelling variation in brain size (log-transformed) as a
function of body size, two environmental axes from a PPCA and diet breadth in resident

birds.

Factor (N=827, p-value<0.001) | Estimate SE  tvalue Pr(c|t) R’ £
Intercept -2.49 0.13 -19.75 <0.001 0.87(0.05) 0.92
Log(body size) 0.59 0.01 7282  <0.001

Environmental variation (PPC1) 0.04 0.01 5.03 <0.001

Environmental variation (PPC2) 0.02 0.01 3.32 0.001

Diet breadth 0.20 0.10 210 0.035

Supplementary Table 5. PGLS modelling variation in brain size (log-transformed) as a
function of body size, two environmental axis from a PPCA and including
developmental periods (Model 1) and developmental modes (Model 2) as confound

factors in resident birds.

Factor Estimate SE  tvalue Pr(cJf) R? £
Model 1 (N=468, p-value<0.001)

Intercept -2.75 0.23 -12.06 <0.001 0.88(0.12) 0.95
Log(body size) 0.58 0.01 4260 <0.001

Environmental variation (PPC1) 0.04 0.01 494 <0.001

Environmental variation (PPC2) 0.04 001 411 <0.001

Log (Incubation) 0.07 0.03 255 0.022

Log (Fledging) 0.02 001 178 0.492

Model 2 (N=835, p-value<0.001)

Intercept -2.29 0.14 -16.97 <0.001 0.87(0.07) 0.90
Log(body size) 0.59 0.01 74.01 <0.001

Environmental variation (PPC1) 0.04 0.01 576 <0.001

Environmental variation (PPC2) 0.02 0.01 3.19 0.001

Dev.mode (Precocial) -0.37 0.11 -3.45 0.001

Dev.mode (Semialtricial) 0.23 0.09 203 0.008

Dev.mode (Semiprecocial) -0.15 0.12 -1.88 0.206



Supplementary Table 6. PGLS modelling variation in brain size (log-transformed) as a
function of body size, two environmental axis from a PPCA and including the social
mating system (Model 1), degree of colonial breeding (Model 2) and social foraging
(Model 3) as confound factors in resident birds. Monogamy is taken as the reference
level in social mating system and solitary is taken as reference level in the case of

colonial breeding and social foraging.

Factor Estimate SE tvalue Pr(cjt) R? £
Model 1 (p-value<0.001, N=590)

Intercept -2.25 0.15 -14.96 <0.001 0.87(0.03) 0.91
Log(body size) 0.59 0.01 60.75 <0.001

Environmental variation (PPC1) 0.04 0.01 4.62 <0.001

Environmental variation (PPC2) 0.03 0.01 3.16 0.002

Mating system (Facultative) 0.03 0.06 0.48 0.626

Mating system (Polygamous) -0.04 0.04 -1.17 0.242

Model 2 (N=443, p-value<0.001)

Intercept -2.29 0.16 -14.50 <0.001  0.87(0.02) 0.97
Log(body size) 0.60 0.01 54.46 <0.001

Environmental variation (PPC1) 0.03 0.01 3.61 <0.001

Environmental variation (PPC2) 0.02 0.01 2.31 0.002

Colonial Breeding (Colonial) 0.00 0.04 0.04 0.969

Colonial Breeding (Semi-colonial) | 0.00 0.03 0.12 0.904

Model 3 (N=302, p-value<0.001)

Intercept -2.36 0.18 -13.00 <0.001 0.89(0.04) 0.95
Log(body size) 0.59 0.01 45.18 <0.001

Environmental variation (PPC1) 0.05 0.01 4.18 0.002

Environmental variation (PPC2) 0.04 0.01 3.12 0.001

Social Foraging (Pairs) 0.04 0.04 0.88 0.378

Social Foraging (Bonded Groups) | 0.01 0.04 0.35 0.730

Social Foraging (Aggregations) 0.01 0.04 0.19 0.846
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Supplementary Table 7. PGLS modelling variation in brain size (log-transformed) as a
function of body size, two environmental axis from a PPCA and including ecological
categories, diet breadth, developmental periods, mating system, degree of colonial
breeding and social foraging as confound factors in resident birds. Monogamy is taken
as the reference level in social mating system and solitary is taken as reference level in
the case of colonial breeding and social foraging.

Factor (N=242, p-value <0.001) Estimate SE tvalue Pr(clt) R? A
Intercept -2.90 032 -9.14 <0.001 0.87(0.43) 1.0
Log(body size) 0.58 0.02 33.01 <0.001

Environmental variation (PPC1) 0.03 0.01 239 0.018

Environmental variation (PPC2) 0.05 0.02 331 0.001

Fruit consumer -0.05 0.03 -1.69 0.092

Insect consumer -0.02 0.03 -0.61 0.541

Forest dwelling 0.03 0.03 0.95 0.342

Diet breadth 0.48 0.16 3.31 0.003

Log (Incubation) 0.23 0.09 247 0.014

Log (Fledging) -0.01 0.01 -181 0.072

Mating system (Facultative) 0.00 0.07 0.00 0.998

Mating system (Polygamous) 0.02 0.05 0.36 0.718

Colonial Breeding (Semi-colonial) 0.07 0.02 3.05 0.003

Colonial Breeding (Colonial) 0.07 0.07 1.06 0.291

Social Foraging (Pair) 0.04 0.05 0.88 0.378

Social Foraging (Bonded group) 0.05 0.04 1.26 0.211

Social Foraging (Aggregation) 0.03 0.04 0.84 0.406
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Supplementary Table 8. Model selection table including the beta estimate for each predictor included in the best models (increase in AlCc<2)
of Log(Brain size) as a response of body size, two environmental axis from a PPCA and all confound factors (N=242) with the importance in

terms of AICc weight of each factor below. social mating system, colonial breeding and social foraging do not appear in the table because they
do not enter in any of the best models.

Intercept Body Env.var. Env.var. Diet Incubation Fledging  Forest Fruit Insect df AICc delta weight
size (PPC1) (PPC2) Breadth Dweller Consumer Consumer
-2.744 0.594 0.009 0.021 0.263 0.1508 - - - - 6 -97.8 0.00 0.105
-2.703 0.597 0.008 0.021 - 0.1377 - - - - 5 978 0.00 0.105
-2.345 0.611 0.009 0.022 - - - - - - 4 975 027 0.092
-2.376 0.613 0.007 0.019 - - - 0.040 - - 5 975 0.32 0.09
-2.690 0.601 0.007 0.018 - 0.1226 - 0.035 - - 6 -97.2 058 0.079
-2.352 0.609 0.009 0.022 0.234 - - - - - 5 971 072 0.073
-2.729 0.598 0.007 0.019 0.254 0.1356 - 0.033 - - 7 971 073 0.073
-2.381 0.612 0.007 0.019 0.227 - - 0.039 - - 6 -969 086 0.068
-2.787 0.595 0.008 0.020 0.272 0.1685 -0.009 - - - 7 -966 122  0.057
-2.739 0.598 0.008 0.020 - 0.1524 -0.009 - - - 6 -964 136  0.053
-2.728 0.602 0.007 0.017 - 0.1379 -0.010 0.037 - - 7 960 178 0.043
-2.775 0.599 0.007 0.018 0.263 0.1538 -0.010 0.035 - - 8 -960 179 0.043
-2.375 0.616 0.007 0.018 - - -0.007 0.042 - - 6 -959 193 0.040
-2.715 0.598 0.009 0.021 - 0.1377 - - - 0.011 6 -958 198 0.039
-2.741 0.594 0.009 0.021 0.291 0.1492 - - -0.012 - 7 958 199 0.039
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Supplementary Table 9. PGLS modelling the EVI amplitude (difference between
summer and winter in the breeding regions) as a function of latitude and migratory
distance categories (with low latitudes residents as reference level to compare them with
residents from other regions and with migratory birds moving short and long distances).

Factor (N=1159) Estimate SE  tvalue Pr(cJt)) R® £
Intercept -0.03 0.02 -1.72 0.085 0.25 0.35
Resident mid-latitude 0.01 <0.01 161 0.107

Resident high-latitude -0.07 0.01 -7.65 <0.001

Migrant short-distance -0.08 0.01 -15.93 <0.001

Migrant long-distance -0.08 0.01 -9.82 <0.001

Supplementary Table 10. PGLS modelling variation in brain size (log-transformed) as
a function of body size and coefficient of variation of EVI along the year (Model 1) or
body size and coefficient of variation of EVI between years (Model 2) in migratory
birds.

Factor Estimate SE  tvalue Pr(cft) R? £

Model 1 (N=317, p-value<0.001)

Intercept -2.39 0.12 -20.47 <0.001 0.90(0.00) 0.88
Log(body size) 0.61 0.01 52.85 <0.001
CV (EVI along the year) -0.05 0.20 -0.24 0.809

Model (N=317, p-value<0.001)

Intercept -2.38 0.12 -19.32 <0.001 0.90(0.00) 0.89
Log(body size) 0.61 0.01 52.64 <0.001
CV (EVI among years) -1.46 334 -043 0.666
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Supplementary Table 11. PGLS modelling variation in brain size (log-transformed) as
a function of body size, latitude and migratory distance categories (with middle latitudes
residents as reference level to compare them with residents from other regions and with

migratory birds moving short and long distances).

Factor (N=1217, p-value<0.001) | Estimate SE tvalue Pr(>lt) R® A
Intercept -2.48 0.12 -20.66 <0.001 0.86(0.02) 0.90
Log(body size) 0.59 0.01 86.38 <0.001

Resident low-latitude 0.01 0.01 2.30 0.527

Resident high-latitude 0.06 0.02 251 0.022

Migrant short-distance -0.03 0.01 -181 0.023

Migrant long-distance -0.06 0.02 -2.29 0.020

Supplementary Table 12. PGLS modelling variation in brain size (log-transformed) as
a function of body size, migratory distance and including developmental periods (Model
1) and developmental modes (Model 2) as confound factors in migratory birds.

Factor Estimate SE  tvalue Pr(>Jtf) R? £
Model 1 (N=314, p-value<0.001)

Intercept -2.32 0.12 -18.79 <0.001  0.90(0.13) 0.90
Log(body size) 0.59 0.01 4293 <0.001

Log(Migratory distance) -0.03 0.01 -2.55 0.011

Log (Incubation) 0.19 0.08 241 0.017

Log (Fledging) 0.02 0.01 178 0.085

Model 2 (N=362, p-value<0.001)

Intercept -2.27 0.12 -1991 <0.001 0.91(0.08) 0.85
Log(body size) 0.61 0.01 56.64 <0.001

Log(Migratory distance) -0.03 0.01 -2.68 0.008

Dev.mode (Precocial) -0.32 0.09 -3.49 0.001

Dev.mode (Semialtricial) 0.18 0.09 203 0.043

Dev.mode (Semiprecocial) -0.20 0.11 -1.88 0.061
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Supplementary Table 13. PGLS modelling variation in brain size (log-transformed) as
a function of body size, migratory distance and including the social mating system
(Model 1), degree of colonial breeding (Model 2) and social foraging (Model 3) as
confound factors in migratory birds. Monogamy is taken as the reference level in social
mating system and solitary is taken as reference level in the case of colonial breeding

and social foraging.

Factor Estimate SE t value Prclt) R? £
Model 1 (N=311, p-value<0.001)

Intercept -2.13 0.16 -12.96 <0.001  0.90(0.02) 0.89
Log(body size) 0.61 0.01 50.38 <0.001

Log(Migratory distance) -0.03 0.01 -2.28 0.023

Mating system (Facultative) 0.02 0.03 0.74 0.460

Mating system (Polygamous) -0.01 0.04 -0.13 0.897

Model 2 (N=296, p-value<0.001)

Intercept -2.08 0.17 -12.14 <0.001 0.90(0.03) 0.89
Log(body size) 0.61 0.01 50.59 <0.001

Log(Migratory distance) -0.04 0.01 -2.55 0.001

Colonial Breeding (Colonial) -0.02 0.03 -0.50 0.618

Colonial Breeding (Semi-colonial) | -0.04 0.02 -1.85 0.065

Model 3 (N=228, p-value<0.001)

Intercept -2.24 0.19 -11.82 <0.001  0.91(0.01) 0.90
Log(body size) 0.60 0.01 45.76 <0.001

Log(Migratory distance) -0.02 0.02 -0.94 0.344

Social Foraging (Pairs) 0.04 0.06 0.69 0.490

Social Foraging (Bonded Groups) | -0.01 0.05 -0.17 0.862

Social Foraging (Aggregations) -0.03 0.03 -1.17 0.245
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Supplementary Table 14. Support for alternative models of brain size evolution (i.e.

two Brownian-motion models and five Orstein-Uhlebeck models) using the mean
absolute value of Akaike information criteria (AlCc) and the mean Bayesian
Information Criterion (BIC) to identify the best model. Models are based on 100
randomly selected phylogenies from the stochastic character mapping of different
selective regimes.

BM1 BMS Ou1l OUM OUMV

AlCc 9.12 -161.26  -160.52 -166.87 -247.41

BIC 19.31 -130.71 -145.23 -131.24 -191.50
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Supplementary Table 15. Mean estimates and confidence intervals (2.5 and 97.5%) for the parameters (optimum, strength of selection and
variation around the optimum) of the OUMV model for different selective regimes of environmental variability integrated over 100 character

stochastic map trees. In the last two columns, we report in how many of the 100 trees residents from higher latitudes have higher values than
other residents and long distance migrants have lower values than short distance migrants.

OUMV Model

Res High Res Res Low Short-distance Long-distance Models with Models with
(N=100) Latitudes Medium Latitudes migrant migrants Resident High lat. Long-dist. migrant
Latitudes
> Other residents < Short-dist. migrant

Brain optima (0) 0.68 0.19 0.19 0.06 -0.07 100 % 96 %

(0.43/0.99)  (0.12/0.30) (0.09/0.33) (-0.09/0.26) (-0.21/0.06)
Variation 0.07 0.05 0.04 0.03 0.02 76 % 1%
around optima (¢°) | (0.00/1.35)  (0.01/0.84) (0.01/0.83) (0.00/0.32) (0.02/0.47)
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Supplementary Table 16. Mean estimates and confidence intervals (2.5 and 97.5%) for the parameters (optimum, strength of selection and
variation around the optimum) of the OUMVA model for different selective regimes of environmental variability integrated over 100 character
stochastic map trees. In the last two columns, we report in how many of the 100 trees residents from higher latitudes have higher values than
other residents and long distance migrants have lower values than short distance migrants.

OUMVA Model Res High Res Res Low  Short-distance Long-distance Models with Models with
(N=100) Latitudes Medium Latitudes migrant migrants Resident High lat. Long-dist. migrant
Latitudes
> Other residents < Short-dist. migrant
Brain optima (0) 0.42 0.10 0.19 0.05 0.00 81 % 70 %
(0.00/0.75)  (-0.36/0.29)  (-0.32/0.28)  (-0.31/0.20) (-0.12/0.14)
Strength of 0.03 0.01 0.02 0.02 0.02 79 % 33%
selection (o) (0.00/2.51)  (0.00/2.81) (0.01/3.19) (0.00/2.89) (0.00/1.95)
Variation <0.01 <0.01 <0.01 <0.01 <0.01 17 % 30 %
around optima (¢°) | (0.00/1.21)  (0.00/0.98) (0.00/0.76) (0.00/0.49) (0.00/0.45)
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Supplementary Methods

Geographical range and migratory behaviour. For each species, we extracted the
information of the geographical range from BirdLife International Maps®. In our analysis,
only distribution areas (e.g. polygons) coded as extant or probably extant were included.
Non-native distribution areas (i.e. places where species have been introduced species)
were excluded. Based on geographic information, we distinguished migratory from
resident species on the basis of the existence of distinct breeding and non-breeding
regions 2. Therefore we use migratory category in a broader sense, partial migrants being
included in this category as well®. However, we further refined it by estimating migratory
distance, measured as the distance on the Earth surface from the breeding centroid to the
non-breeding centroid. This two points (P1 and P2) on the earth surface are determined
by a latitude and longitude in radiant measures: P1(Latl,Lonl), P2(Lat2,Lon2). In
Cartesian coordinates we have P1(x1,yl,z1) and P2(x2,y2,z2), where x, y and z are
determined by the spherical coordinates (where R is the earth radius; R=6378 Km).
Accordingly, x= R * cos(Lat) * cos(Lon); y =R * cos(Lat) * sin(Lon); z =R * sin(Lat)
and we can calculate then the Euclidean distance d between P1 and P2 by the three-

dimensional Pythagorean theorem: d = /(x1 — x2)2 + (y1 — y2)2+(z1 — z2)2. This
Euclidean distance was used as a proxy of the migratory distance travelled in kilometres.
For partial migrants, if both breeding and wintering areas were available, the distance
was calculated between these two areas. If not, the distance was calculated as the distance
between resident centroid and non-breeding centroid or resident centroid and breeding
centroid. We then plotted the migratory distance frequencies and we identified two
clearly defined groups: birds migrating less than 5000 km and birds migrating more than
5000 km (Supplementary Fig. 7). This threshold was used to classify short and long-
distance migrants. Finally, we also divided resident species into low latitudes (between 0°
and 20° of latitude centroid of breeding regions), medium latitudes (between 20° and 40°)
and high latitudes (above 40° of latitude). Therefore, we ended up with five categories
(short-distance migrants, long-distance migrants, high latitude residents, medium latitude

residents and low latitude residents) representing different selective regimes for
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environmental variation (either characterized by degree of seasonality due to latitude
differences or by mobility among regions). We then classified each of the 1,217 species
for which we had information for brain size in one of these categories (See
Supplementary Fig. 6, drawn using 'maps and 'mapdata® R-packages.). Altitudinal
movements and nomadic movements were not considered, so species following these
movement patterns were pooled together within the category of resident species. Finally,
birds that spent an important part of their life in open sea (e.g. pelagic birds) were neither
considered because their migratory routes are largely unknown and the seasonality in

their resources cannot be estimated using EVI information, as is the case for land species.

Environmental data. To characterise environmental variability, we used data from
MODIS sensor, which was processed to generate the enhanced vegetation index (EVI)°.
EVI is a measure derived from the normalized difference vegetation index (NDVI). Both
indices use chlorophyll radiation to estimate active leave density, which is a good proxy
of primary production’. However, EVI has improved sensitivity in high biomass regions
and improved vegetation monitoring through a decoupling of the canopy background
signal and a reduction in atmosphere influences. EVI index is therefore a good proxy for
primary productivity over time®°. We used EVI time series from the available years
(2000 to 2014) at 16 days of temporal resolution and 0.05° of spatial resolution®. We

estimated EVI of each breeding and non-breeding area using ‘sp’*®*, ‘raster’*? and

I3, ‘rgeos’® R-packages'®. This was done by intersecting the raster of

‘rgda
environmental data with the polygons of the corresponding distribution areas of species
in each period of the year. Using the 16 day product, we calculated inter-year Mean and
SD for each of the 23 Julian days provided for the product along the 15 year of the
temporal series. With this data, we obtained EVI annual mean, the EVI mean for
breeding and non-breeding periods and the coefficient of variation (CV) of EVI among
years and within years. For CV of EVI among years, we first calculated the CV for each
day of the year and then computed the mean of the values. For the CV of EVI within the
year, we used the mean values of EVI for each day of the year to calculate the CV. For
migratory birds, we only used information from the breeding areas in the breeding season

and the wintering areas in the non-breeding season, thus avoiding the period for which



migratory birds are moving. For the northern hemisphere, December-February is
considered the non-breeding season and May-July is the breeding season. In the southern
hemisphere we considered December-February (Julian days 337, 353, 1, 17, 33 & 49) to
be the breeding period and May-July is the non-breeding season (Julian days 129, 145,
161, 177, 193 & 209). To measure the variation we used the coefficient of variation (CV
hereafter) instead of the standard deviation (SD) to avoid the higher influence of the
mean on the SD. When calculating the CV, we added to all values of the mean EVI the
minimum value plus 1 to make sure the minimum value of the data did not included O or
any negative value. For resident species, it was also possible to quantify the average
weeks of snow cover per year over their distribution areas. For this purpose, we used
MODIS snow cover series *® from 2000 to 2014 at 1 week of temporal resolution and
0.05° of spatial resolution.

Diet breadth and other ecological factors. Birds could be affected differently by the
seasonality of the environment depending on a number of factors, and these were taken
into account in the analyses. First, we estimated diet breadth of each species. Each
species was scored along a scale for every one of the seven different food categories:
vertebrates, carrions, plants, fruits, seeds, pollen/nectar and invertebrates. The scale
considered four possibilities: almost exclusively consumed (1), frequently consumed
(0.5), rarely consumed (0.1) and not consumed (0). Categories described as ‘chiefly’,
‘primarily’, ‘exclusively’ or ‘mainly’ consumed, were given a score of 1; categories
described as ‘usual’ or included in food items’ enumerations (e.g. ‘variety of foods
including [enumeration of foods]’, ‘diet includes [enumeration of foods]’) were given a
score of 0.5; and categories reported as ‘occasionally’, ‘opportunistically’ or ‘rarely’
consumed were given a score of 0.1. We considered information at the species level, and
therefore gave to each food category the maximum value reported in any of the
populations of the species (e.g. if one population only eats fruits but another population
of the same species eats fruits and insects, “fruits” was given a score of 1 and insect a
score of 0.5). Note however that for the great majority of species, details on diet
composition at the population level were not available. We then estimated diet breadth

using Rao’s quadratic entropy as implemented in the r-package ‘indicspecies™’*®. This



approach estimates diet breadth as the number of categories consumed taking into
account that different food items have different degrees of similarity among each other.
The approach thus uses the frequency of use of each food category as well as a distance
matrix of similarity between categories. Two species including two food categories in
their diet might have different diet breadths, depending on how similar these categories
are. For example, according to our index of diet breadth, a species that consumes two
distant food categories (e.g. fruit and vertebrates) is considered as having a broader diet
than another that consumes two more closely related categories (e.g. grass and seeds).
The distance matrix used was calculated as a Euclidean distance (Supplementary Fig. 8)
using published information on water and nutrient content (percentage of sugars, lipids,
protein) of each food category: Fruits **?%; Plants #%%; Seeds **?°; Nectar/Pollen %%
Vertebrates 22°; Invertebrates ****. In addition to this continuous index of diet breadth,
we included in our dataset two categorical factors describing the consumption of two
highly seasonal resources: fruits and insects®®. We classified each bird species as a fruit
consumer (1 = consumer / 0 = not a consumer) or insect consumer (1/0). We consider a
species a fruit or insect consumer if that species frequently or only eats the specific food
source (1 and 0.5 scores in the diet data detailed before), but not if they consume it
occasionally (0.1 score). Third, we took into account whether birds were forest dwellers
or not (1/0) because this habitat might buffer seasonal changes *°. A species was
classified as a forest dweller if it regularly uses forest habitats for breeding. We
considered as forest any landscape covered with trees or woody vegetation above three
meters. All the information on diet and habitat uses was obtained from the Handbook of
Birds of the World Alive®’.

Developmental factors. Length of the incubation and fledging periods were obtained as
the number of days between laying to hatching and from hatching to fledging,

respectively, and was obtained from various published sources ¥

. Developmental
mode was obtained from Iwaniuk's database®® considering four categories (precocial,
semiprecocial, altricial and semialtricial). Superprecocial species were considered

precocial to reduce the number of categories. For a few species for which information



was available, we used the family value as at this taxonomic level, we found no
discrepancies among species in developmental mode.

Social factors. Social mating system was obtained from published sources *"°3%
categorizing species as monogamous or polygamous. We considered a species as socially
monogamous if it raises offspring with a single mate, even if there are some levels of
extra-pair paternity. Other forms of mating systems (e.g., polygyny, polyandry), were
therefore considered polygamous. A third category — facultative mating system — was
subsequently added for species in which both monogamy and polygamy are reported (e.g.
the Boreal Owl (Aegolius funereus) is monogamous but there are some cases of polygyny
and polyandry reported that coincide with peak periods of voles’ abundance). We then
defined the Colonial breeding as the degree of nest aggregation during the breeding
season: we considered as colonial a species that breeds in a site with multiple nests of the
same species close to each other, with no territorial defense; solitary breeders consisted in
species that breed within a territory that defend from competing conspesifics. A third
category, semi-colonial species, included species that breed in loose colonies (sparse
aggregations of nests) or may shift between colonial and territorial breeding (e.g. the
White-faced Heron (Egretta novaehollandiae) normally breeds solitary but sometimes
breeds in colonies). All information for colonial breeding was obtained from the
Handbook of the Birds of the World Alive*’. Social foraging was defined by the degree
of gregarious foraging behaviour outside of the breeding season. Solitary species were
defined as those where birds forage alone. Pairs were defined as those where two
reproductively mature adults continue to forage together in the non-breeding period,
sometimes with other family parties. Bonded foraging groups were defined by small
(<30) and stable group membership, where individuals always forage with the group.
Aggregations were defined as species foraging in large numbers (>30) or by cases of
highly variable social foraging, where both solitary and group foraging occur. Data for
social foraging was obtained from Shultz & Dunbar® and completed with information
from the Handbook of the Birds of the World Alive®’.
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