
SUPPLEMENTARY MATERIAL 

1. DATA DISTRIBUTION COLLECTION PROTOCOL  
1.1. Data corresponding to 11120 bird species was downloaded from Birdlife International 

(BirdLife International 2020).  
1.2. To reduce the process overhead, 4185 listed species from The Cornell Lab of Ornithology 

was selected, (from now called list (A)) and assigned a unique number (any) as identifier 
for the next step.  

1.3. A “Joint function” between the list (A) and bird species from Birdlife was made in ArcGis 
10.1 (ESRI 2014). The resulting “Joint function” match the scientific name from BirdLife List 
and (A) list, adding identifier number in a new field in the attribute table. Then only those 
with the identifier number was selected and exported. 

1.4. Once exported, every shape was projected in to Cylindrical Equal Area, to avoid 
miscalculation in distribution area.  

1.5. Distributions maps contains Origin, Presence and Seasonal information categories with five 
codes for each specie 

1.5.1.  A “Merge Function” on Origin category was made, adding only Native and Vagrant 
codes.  

1.5.2.  A “Merge Function” on Presence category was made, adding only Extant and Probably 
Extant codes.  

1.5.3.  A “Merge Function” on Seasonal category was made, adding Resident, Breeding 
Season, Non-breeding Season and Passage codes. 

1.5.4.  Note: Probably Extant code is no longer in use for reasons of ambiguity (BirdLife 
International 2020) and for those species that possess it was not considered. 

1.6. The Neotropical Realm according to Olson (Olson et al. 2001) was downloaded and 
projected to Cylindrical Equal Area.  

1.7. A “Clip function” between species shape and Neotropical Realm was made.  
1.8. The differences between Total Area and Clip Area was obtained to establish the 

Neotropical Area and Non-Neotropical Area percentages.  
1.9. Only those species with more than 80% of Neotropical Area was chosen. 

 
2. INTRINSIC DATA COLLECTION PROTOCOL 

2.1. With 2485 species defined previously, data for Body Size, Maximum Clutch Size, Diet 
Breadth, Habitat Breadth and Foraging Strategies Breadth was searched.  

2.2. Body Size data was extracted one by one from the Birds of the World (HBW) series 
(Billerman et al. 2020), previous annual subscription. 

2.3. Maximum Clutch Size was extracted the same as the previous point.  
2.4. Diet and Foraging Strategies was extracted from EltonTraits 1.0 database (Wilman et al. 

2014). This dataset provides semi-qualitative estimates (in 10% intervals) of the 
percentage of each species diet represented by items in each of 10 diet categories (Diet-
Inv, Diet-Vend, Diet-Vect, Diet-Vfish, Diet-Vunk, Diet-Scav, Diet-Fruit, Diet-Nect, Diet-Seed, 
Diet-Plant), of the prevalence of each of several types of foraging strategies (ForStrat-
watbelowsurf, ForStrat-wataroundsurf, ForStrat-ground, ForStrat-understory, ForStrat-
midhigh, ForStrat-canopy, ForStrat-aerial). These percentages were used for pi in equation 
1 below. Specific details on how qualitative and quantitative data from the published 



literature were used to generate the species-level estimates in EltonTraits 1.0 are available 
in the metadata files of that publication (Wilman et al. 2014) available in 
https://figshare.com/collections/EltonTraits_1_0_Species-
level_foraging_attributes_of_the_world_s_birds_and_mammals/3306933  

2.5. Habitat Breath The habitat was extracted by calculating the percentage of overlap of each 
of the 14 biomes defined by Olson et al (2001), Tropical & Subtropical Moist Broadleaf 
Forest, Tropical & Subtropical Dry Broadleaf Forests, Tropical & Subtropical Coniferous 
Forests, Temperate Broadleaf & Mixed Forests, Temperate Conifer Forests, Boreal Forests 
/ Taiga, Tropical & Subtropical Grasslands, Savannas & Shrublands, Temperate Grasslands, 
Savannas & Shrublands, Flooded Grasslands & Savannas, Montane Grasslands & 
Shrublands, Tundra, Mediterranean Forests, Woodlands & Scrub and Deserts & Xeric 
Shrublands, Mangroves, with the range of distribution of each species. 
 

2.5.1.  Levin’s index (Levins 1968) for each variable was calculated as follows:  
 
 

! =	 !
∑ #!"#
!$%

			                  Eq. 1 

 
Where $ is the number of resources (Food, Habitat and Foraging Strategies 
categories) and % is the fraction of item in the categories that are resources 
categories. 
 

2.5.2.  Levin’s standardized index for each variable was calculated as follows:  

!$ = ! − 1
$ − 1 

Eq. 2 

2.5.3.  Diet Breadth, Habitat Breadth and Foraging Strategies Breadth variables was 
incorporated to the main database using Merge function from package “reshape2” 
(Wickham 2007) in R (R Development Core Team 2016). 
 

3. EXTRINSIC DATA COLLECTION PROTOCOL  
3.1. Using the neotropical bird distribution shape defined in 1.9.  
3.2. Night Light raster file was downloaded from 

https://ngdc.noaa.gov/eog/data/web_data/v4composites/F182013.v4.tar  (NOAA 2017).  
3.2.1.  The raster file was rescalated to the defined the author's values (0-63).  
3.2.2.  This procedure is strictly necessary, because the downloaded raster become like image 

file, with values of 8 bits (0-255). The rescaleted procedure was made using the Raster 
Calculator tool in ArcGis 10.1 as follows: 

 

()*+,-,./ 0(2 − 3%&') ∗ (6%()−6%&')(3%()−3%&')
7 + 6%&' 

Eq. 3 



Where	2 is the raster file selected in Raster Calculator tool, 3%&' is the minimum 
value from grid,  3%() the maximum value from grid, 6%&'the minimum scale value 
and 6%() the maximum scale value. Scale value from 0 to 63. Grid value from 0 to 
255 (8 bits).  

3.2.3.  Human Population Density raster file was downloaded from 
https://neo.sci.gsfc.nasa.gov/view.php?datasetId=SEDAC_POP  

3.2.3.1. Same prosedure descried in 3.2.1 and 3.2.2 was made. Sacale value from 0 to 
10000.  

3.2.4.  Human Footprint raster file was donwloaded from 
http://sedac.ciesin.columbia.edu/data/set/wildareas-v2-human-footprint-
geographic/data-download  

3.2.5.  Rescalated procedure not necessary.  
3.3. All raster files were projected to Cylindrical Equal Area projection.  
3.4. To obtain the Arithmetic Mean from the raster file from each specie distribution area, a 

Zonal Statistic Plugin was used, through QGIS 2.2 (Quantum GIS Development Team 2017).  
3.4.1.  As a raster layer Night Light, Human Population and Human Footprint was used, while 

as Polygon layer containing zones the bird distribution area was used.  
3.5. Anthromes data (Ellis and Ramankutty 2008) was downloaded from 

http://ecotope.org/files/anthromes/anthromes_v1.zip and projected to Cylindrical Equal 
Area. 

3.5.1.  A “Clip function” between species shape and Anthromes file was made.  
3.5.2.  A “Merge Function” on Anthromes for each specie was made and the final area 

calculated.  
3.5.3.  Natural Area Variable, is the sum of Wild Forest, Spare Tree and Barren areas.   
3.5.4.  Natural Area Proportion is the quotient between Natural Area (3.5.3) and Neotropical 

Area (1.9).  
3.5.5.  All previous data was added to main database using Merge function from package 

“reshape2” (Wickham 2007) in R (R Development Core Team 2016). 
 

4. FINAL TRANSFORMATION 
4.1. The variables transformed to log10 were those with biased distributions.  
4.1.1.  log10 (Body Size) 
4.1.2.  log10 (Maximum Clutch Size) 
4.1.3.  log10 (Neotropical Area) 
4.1.4.  log10 (Night Light+1) (avoid Indeterminate log (0)) 
4.1.5.  log10 (Human Population+1) (avoid Indeterminate log (0)) 
4.1.6.  log10 (Human Footprint+1) (avoid Indeterminate log (0)) 

4.2. All data were escalated through “scale” function on R (R Development Core Team 2016). 
4.2.1.  “scale” function, calculate the mean and standard deviation of the entire vector, then 

"scale" each element by those values by subtracting the mean and dividing by the 
standard deviation. 

 

 



 

 

 

 

 

Table S1. Number of species and percentage of threatened (VU-EN-CR) for each family and order.  

Order Family Species  Threatened% 
Rheiformes Rheidae 2 0.00 

Tinamiformes Tinamidae 47 12.77 
Anseriformes Anatidae 22 4.55 
Anseriformes Anhimidae 3 0.00 

Galliformes Cracidae 38 42.11 
 Odontophoridae 21 19.05 
 Phasianidae 1 0.00 

Podicipediformes Podicipedidae 2 50.00 
Phoenicopteriformes Phoenicopteridae 4 25.00 

Ciconiiformes Burhinidae 2 0.00 
Pelecaniformes Ardeidae 6 0.00 

 Threskiornithidae 1 0.00 
Accipitriformes Accipitridae 32 18.75 

 Cathartidae 4 75.00 
Euripygyformes Eurypygidae 1 0.00 

Gruiformes Aramidae 1 0.00 
 Cariamidae 1 0.00 
 Heliornithidae 1 0.00 
 Psophiidae 3 33.33 
 Rallidae 36 19.44 

Charadriiformes Charadriidae 4 0.00 
 Jacanidae 2 0.00 
 Laridae 4 0.00 
 Pluvianellidae 1 0.00 
 Rostratulidae 1 0.00 
 Scolopacidae 6 0.00 

Columbiformes Columbidae 32 9.38 
Opisthocomiformes Opisthocomidae 1 0.00 

Strigiformes Strigidae 40 7.50 
Apodiformes Apodidae 16 0.00 

 Trochilidae 300 10.67 
Caprimulgiformes Caprimulgidae 22 0.00 

 Nyctibiidae 7 0.00 
 Steatornithidae 1 0.00 

Table A1.



Order Family Species  Threatened% 
Trogoniformes Trogonidae 5 0.00 
Coraciiformes Alcedinidae 4 0.00 

 Momotidae 8 12.50 
Galbuliformes Bucconidae 24 0.00 

Piciformes Capitonidae 6 0.00 
 Galbulidae 13 15.38 
 Picidae 59 5.08 
 Ramphastidae 24 16.67 

Falconiformes Falconidae 16 12.50 
Psitaciformes Psittacidae 97 27.84 

Passeriformes Cardinalidae 22 18.18 
 Carduelidae 22 13.64 
 Conopophagidae 5 0.00 
 Corvidae 12 0.00 
 Cotingidae 33 33.33 
 Cuculidae 17 5.88 
 Emberizidae 109 11.01 
 Eurylaimidae 1 0.00 
 Formicariidae 33 15.15 
 Furnariidae 170 8.24 
 Hirundinidae 17 23.53 
 Icteridae 48 14.58 
 Mimidae 6 0.00 
 Motacillidae 7 14.29 
 Parulidae 25 20.00 
 Pipridae 38 10.53 
 Polioptilidae 9 0.00 
 Ptilogonatidae 1 0.00 
 Rhinocryptidae 31 19.35 
 Thamnophilidae 126 19.84 
 Thraupidae 159 8.81 
 Tityridae 21 14.29 
 Troglodytidae 61 8.20 
 Turdidae 42 2.38 
 Tyrannidae 304 8.55 
 Vireonidae 28 7.14 

 Total 2268 12.17 
 

 

 

 



 

 

 

 

 

Figure A1. Pairwise Spearman’s r correlation values among tested predictors. Significant 
correlations (p <0.05) are in coloured squares, with reds indicating negative correlations and blue 
positive associations.  

 

 

Figure A1.1.



 

Figure A2. Posterior distribution of the coefficient parameters (β) for tested intrinsic and extrinsic 
(represented by Human footprint here) variables associated with extinction risk (Red List status). 
Results for three fitted models: a) excluding maximum clutch size and using all species with data 
on remaining predictors (dataset C); b) full model (dataset B); c) model excluding maximum clutch 
size but using dataset B (to test for collinearity issues). Numbers within panels indicate the 
proportion of estimates (p) with sign equal from that of the median value 0 (p < 0.1 indicates 
support for an effect). 

Figure A1.2



 

Figure A3: Model results showing the effects (posterior distribution of the regression slope, β) of 
different predictors in the response variable extinction risk (Red List status). Results represent 
three models fitting for: a) full model; b) excluding maximum clutch size and using all species with 
data on remaining predictors and c) model excluding maximum clutch size but using dataset B. 
Model fit described by estimated R2 is provided for each model. Small numbers between 0 and 1 
within panels represent the support of each effect quantified by the proportion of estimates with 
sign equal from that of the median value. We considered p < 0.1 (distributions shown with a red 
fill) indicates strong support for an effect. * log10-transformed variables. †variables described as 
the arithmetic mean. 

 

 

 

 

 

Figure A1.3



 

Figure A4 Model results showing the effects (posterior distribution of the regression slope, β) of 
extrinsic predictors in the response variable extinction risk (Red List status). Results represent 
three models fitting with data from 2268, 1959 and 1248 species respectively for: a) all species; b) 
excluding maximum clutch size and using all species with data on remaining predictors and c) 
species with data for all intrinsic and extrinsic variables. Model fit described by estimated R2 is 
provided for each model. Small numbers between 0 and 1 within panels represent the support of 
each effect quantified by the proportion of estimates with sign equal from that of the median 
value. We considered p < 0.1 (distributions shown with a red fill) indicates strong support for an 
effect. * log10-transformed variables. †variables described as the arithmetic mean. 

 

 

Figure A1.4



 

Figure A5. Model results showing the effects (posterior distribution of the regression slope, β) of 
Human footprint predictor in the response variable extinction risk (Red List status). Results 
represent three models fitting with data from 2268, 1959 and 1248 species respectively for: a) all 
species; b) excluding maximum clutch size and using all species with data on remaining predictors 
and c) species with data for all intrinsic and extrinsic variables. Model fit described by estimated 
R2 is provided for each model. Small numbers between 0 and 1 within panels represent the 
support of each effect quantified by the proportion of estimates with sign equal from that of the 
median value. We considered p < 0.1 (distributions shown with a red fill) indicates strong support 
for an effect. * log10-transformed variables. †variables described as the arithmetic mean.  

 

 

 

 

 

Figure A1.5



 

Figure A6. Model results showing the effects (posterior distribution of the regression slope, β) of 
intrinsic predictors in the response variable extinction risk (Red List status). Results represent 
three models fitting for: a) all species; b) excluding maximum clutch size and using all species with 
data on remaining predictors and c) species with data for all intrinsic and extrinsic variables. Model 
fit described by estimated R2 is provided for each model. Small numbers between 0 and 1 within 
panels represent the support of each effect quantified by the proportion of estimates with sign 
equal from that of the median value. We considered p < 0.1 (distributions shown with a red fill) 
indicates strong support for an effect. * log10-transformed variables. †variables described as the 
arithmetic mean.

Figure A1.6



 

Figure A7. Percentage of species of each order included (Right bars) and excluded (Left bars) within the complete model and each of the IUCN 
Red List Categories. LC=Least Concern, NT= Near Threatened, VU= Vulnerable, EN=Endangered, CR=Critically Endangered. Grey circle indicates 
total numbers of species excluded and included.  
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Figure A1.7



 

 

 

 

 

5.  
6. Figure A8. Correlation matrix plot using Spearman Correlation test with pairwise complete 

observations among beta parameters from Intrinsic Model (Fig 2a) using “cor” function  in R (R 
Development Core Team 2016).  

7.  
8.  
9.  
10.  
11.  

 

 

 

Figure A1.8.



12.  

13.  
14. Figure A9. Correlation matrix plot using Spearman Correlation test with pairwise complete 

observations among beta parameters from Intrinsic Model (Fig 2b) using “cor” function  in R (R 
Development Core Team 2016).  

15.  
16.  

 

 

Figure A1.9.



17.  
18. Figure A10. Correlation matrix plot using Spearman Correlation test with pairwise complete 

observations among beta parameters from Intrinsic Model (Fig 2c) using “cor” function  in R (R 
Development Core Team 2016). MI3 

19.  
20.  

 

 

 

 

 

 

 

 

 

 

 

Figure A1.10.
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