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Figure S1
Distribution of the compiled data for analyzing pathogenic microbial taxa in bats.
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Figure S2
Distribution of the compiled data for analyzing pathogenic bacterial taxa in birds.
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Figure S3
Distribution of the compiled data for analyzing pathogenic eukaryote taxa in birds.
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Figure S4
Distribution of the compiled data for analyzing pathogenic viral taxa in birds.
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Figure S5
Host phylogeny control. We plot the model estimates for the GLMM1 fitted with different combinations of host taxonomic levels as a nested random effect. These different models showed similar results, and we finally selected the Family-Species model (c) that showed the best performance (Table S4). We mark the estimated coefficients that are significant at a 0.05, 0.01, and 0.001 level with “*”, “**”, and “***”, respectively. Error bars show 95% confidence intervals.
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Figure S6
Spatial correlograms for testing spatial autocorrelation in the observations. The unit of the distance in x-axis is degree (∼ 111 kilometers).
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Response curve (best models) and original data points of temperature. The boxplot illustrates the spred of original data points.
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Figure S8 
Response curve (best models) and original data points of precipitation. The boxplot illustrates the spred of original data points.
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Figure S9
Sensitivity analysis accounting the sampling biases across years. For comparison, we plot (a) the model estimates for the GLMM1 presented in Table 1. There are variations in the estimated prevalence across years (b), but these variations from sampling biases across years did not affect the estimated climatic effects according to the outputs of the subset model with the data from 2000-2020 (c) and the same subset model but accounting the average sampling year as an additional variable (d). Positive effects are in red while negative ones are in blue. We mark the estimated coefficients that are significant at a 0.05, 0.01, and 0.001 level with “*”, “**”, and “***”, respectively. Error bars show 95% confidence intervals.

Table S1
A list of the compiled pathogenic microbial taxa. We excluded the taxa either with one single observation or sampled in one single location from the analyses.
	
Pathogenic taxon
	Disease potential
	Host taxa
	

	
	
	Zoonotic 
	Wildlife 
	Class
	Species
	Individual
	Prevalence (%)
	Sample size

	Bacteria
	Gardnerella
	Yes
	No
	Bird
	1
	22
	4.55
	1

	
	Corynebacterium
	Yes
	Yes
	Bird
	2
	419
	0.48
	2

	
	Mycobacterium
	Yes
	Yes
	Bird
	61
	968
	4.03
	70

	
	Micrococcus
	Yes
	No
	Bird
	1
	12
	8.33
	1

	
	Elizabethkingia
	Yes
	Yes
	Bird
	5
	115
	0.87
	5

	
	Chlamydia
	Yes
	Yes
	Bat
	4
	288
	55.21
	10

	
	
	Yes
	Yes
	Bird
	119
	6885
	15.99
	221

	
	Bacillus
	Yes
	Yes
	Bird
	9
	491
	23.42
	9

	
	Listeria
	Yes
	Yes
	Bird
	9
	799
	10.14
	11

	
	Paenibacillus
	Yes
	No
	Bird
	1
	20
	10.00
	1

	
	Macrococcus
	No
	Yes
	Bird
	1
	20
	5.00
	1

	
	Staphylococcus
	Yes
	Yes
	Bat
	4
	43
	16.28
	4

	
	
	Yes
	Yes
	Bird
	44
	1208
	18.21
	52

	
	Carnobacterium
	No
	Yes
	Bat
	3
	38
	15.79
	3

	
	Enterococcus
	Yes
	No
	Bat
	4
	43
	2.33
	4

	
	
	Yes
	No
	Bird
	18
	1228
	27.85
	22

	
	Weissella
	Yes
	Yes
	Bat
	1
	5
	0.00
	1

	
	Streptococcus
	Yes
	Yes
	Bird
	9
	658
	15.65
	9

	
	Clostridium
	Yes
	Yes
	Bird
	15
	266
	63.91
	22

	
	Clostridioides
	Yes
	Yes
	Bird
	8
	377
	2.65
	8

	
	Peptoniphilus
	Yes
	Yes
	Bird
	1
	23
	100.00
	1

	
	Bartonella
	Yes
	Yes
	Bat
	13
	530
	40.75
	25

	
	
	Yes
	Yes
	Bird
	19
	797
	0.25
	19

	
	Roseomonas
	Yes
	Yes
	Bird
	1
	20
	5.00
	1

	
	Haematospirillum
	Yes
	No
	Bird
	1
	77
	1.30
	1

	
	Anaplasma
	Yes
	Yes
	Bat
	7
	375
	17.33
	7

	
	
	Yes
	Yes
	Bird
	143
	8211
	1.67
	291

	
	Neoehrlichia
	Yes
	Yes
	Bird
	20
	2995
	0.23
	28

	
	Ehrlichia
	Yes
	Yes
	Bat
	5
	41
	24.39
	5

	
	
	Yes
	Yes
	Bird
	27
	7659
	0.24
	50

	
	Rickettsia
	Yes
	Yes
	Bat
	2
	91
	8.79
	2

	
	
	Yes
	Yes
	Bird
	153
	26714
	1.96
	365

	
	Paenalcaligenes
	Yes
	No
	Bat
	1
	5
	0.00
	1

	
	Campylobacter
	Yes
	Yes
	Bird
	182
	13023
	20.67
	460

	
	Helicobacter
	Yes
	Yes
	Bird
	1
	116
	15.52
	1

	
	Aeromonas
	Yes
	Yes
	Bird
	43
	535
	10.84
	45

	
	Citrobacter
	Yes
	Yes
	Bird
	41
	1111
	4.05
	44

	
	Enterobacter
	Yes
	Yes
	Bat
	3
	38
	13.16
	3

	
	
	Yes
	Yes
	Bird
	43
	1565
	11.18
	51

	
	Escherichia
	Yes
	Yes
	Bird
	100
	11647
	29.52
	241

	
	
	Yes
	Yes
	Bird
	16
	1194
	8.63
	17

	
	Klebsiella
	Yes
	Yes
	Bird
	46
	834
	8.27
	50

	
	Kluyvera
	Yes
	Yes
	Bird
	1
	61
	1.64
	1

	
	Leclercia
	Yes
	Yes
	Bird
	2
	236
	3.81
	2

	
	Raoultella
	Yes
	Yes
	Bird
	1
	175
	8.57
	1

	
	Salmonella
	Yes
	Yes
	Bird
	119
	18486
	6.92
	302

	
	Shigella
	Yes
	Yes
	Bird
	1
	15
	0.00
	1

	
	Pantoea
	Yes
	Yes
	Bird
	7
	441
	26.30
	7

	
	
	Yes
	Yes
	Bird
	1
	175
	2.86
	1

	
	Hafnia
	Yes
	Yes
	Bird
	3
	465
	6.02
	3

	
	Proteus
	Yes
	Yes
	Bird
	10
	296
	3.72
	10

	
	Providencia
	Yes
	Yes
	Bat
	2
	28
	3.57
	2

	
	
	Yes
	Yes
	Bird
	4
	96
	5.21
	4

	
	Rahnella
	Yes
	Yes
	Bird
	6
	290
	2.07
	6

	
	Serratia
	Yes
	Yes
	Bat
	2
	20
	0.00
	2

	
	
	Yes
	Yes
	Bird
	10
	685
	11.82
	10

	
	Yersinia
	Yes
	Yes
	Bat
	1
	10
	10.00
	1

	
	
	Yes
	Yes
	Bird
	55
	3062
	11.99
	65

	
	Plesiomonas
	Yes
	Yes
	Bird
	5
	115
	27.83
	5

	
	Coxiella
	Yes
	Yes
	Bat
	1
	32
	0.00
	1

	
	Coxiella
	Yes
	Yes
	Bird
	111
	1748
	5.09
	130

	
	Acinetobacter
	Yes
	Yes
	Bat
	2
	15
	6.67
	2

	
	
	Yes
	Yes
	Bird
	6
	150
	3.33
	6

	
	Psychrobacter
	Yes
	Yes
	Bat
	1
	5
	0.00
	1

	
	Pasteurella
	Yes
	Yes
	Bird
	48
	1645
	2.74
	49

	
	Pseudomonas
	Yes
	Yes
	Bat
	4
	43
	13.95
	4

	
	
	Yes
	Yes
	Bird
	24
	1465
	14.27
	28

	
	Francisella
	Yes
	Yes
	Bat
	5
	41
	9.76
	5

	
	
	Yes
	Yes
	Bird
	19
	345
	0.29
	19

	
	Vibrio
	Yes
	Yes
	Bird
	11
	487
	6.98
	19

	
	Stenotrophomonas
	Yes
	Yes
	Bird
	2
	158
	6.96
	2

	
	Ignatzschineria
	Yes
	Yes
	Bat
	2
	23
	4.35
	2

	
	Wohlfahrtiimonas
	Yes
	Yes
	Bat
	1
	5
	0.00
	1

	
	Borrelia
	Yes
	Yes
	Bat
	16
	223
	29.15
	17

	
	
	Yes
	Yes
	Bird
	152
	22262
	5.20
	663

	
	Mycoplasma
	Yes
	Yes
	Bird
	27
	895
	10.73
	27

	Eukaryota



	Haemoproteus
	Yes
	Yes
	Bird
	189
	22617
	24.16
	670

	
	Leucocytozoon
	No
	Yes
	Bird
	178
	15312
	22.29
	541

	
	Plasmodium
	Yes
	Yes
	Bird
	188
	28240
	23.08
	711

	
	Babesia
	Yes
	Yes
	Bat
	24
	462
	4.11
	42

	
	
	Yes
	Yes
	Bird
	48
	2358
	0.51
	74

	
	Atoxoplasma
	No
	Yes
	Bird
	1
	376
	30.05
	1

	
	Eimeria
	Yes
	Yes
	Bird
	1
	139
	71.94
	1

	
	Toxoplasma
	Yes
	Yes
	Bird
	1
	142
	9.15
	1

	
	Cladosporium
	Yes
	Yes
	Bird
	3
	135
	27.41
	3

	
	Aureobasidium
	Yes
	Yes
	Bird
	1
	75
	1.33
	1

	
	Chrysosporium
	Yes
	Yes
	Bird
	1
	20
	10.00
	1

	
	Aspergillus
	Yes
	Yes
	Bird
	43
	2605
	6.45
	54

	
	Penicillium
	Yes
	Yes
	Bird
	1
	75
	74.67
	1

	
	Microsporum
	Yes
	Yes
	Bird
	1
	20
	5.00
	1

	
	Candida
	Yes
	Yes
	Bird
	3
	425
	1.18
	3

	
	Macrorhabdus
	No
	Yes
	Bird
	1
	8
	75.00
	1

	
	Beauveria
	Yes
	Yes
	Bird
	1
	75
	6.67
	1

	
	Stachybotrys
	Yes
	Yes
	Bird
	1
	75
	1.33
	1

	
	Arthrinium
	Yes
	Yes
	Bird
	2
	95
	30.53
	2

	
	Trypanosoma
	Yes
	Yes
	Bat
	1
	35
	37.14
	3

	
	
	Yes
	Yes
	Bird
	16
	2622
	16.86
	38

	
	Mucor
	Yes
	Yes
	Bird
	1
	20
	100.00
	1

	
	Ascaridia
	No
	Yes
	Bird
	1
	139
	4.32
	1

	
	Serratospiculum
	No
	Yes
	Bird
	1
	1
	100.00
	1

	
	Capillaria
	Yes
	Yes
	Bird
	2
	140
	27.14
	2

	
	Trichomonas
	Yes
	Yes
	Bird
	113
	7538
	31.41
	280

	Virus
	Gammaretrovirus
	Yes
	Yes
	Bat
	1
	2
	100.00
	2

	
	Tribec virus
	Yes
	Yes
	Bird
	20
	78
	6.41
	20

	
	Orthoreovirus
	Yes
	Yes
	Bat
	2
	109
	12.84
	2

	
	Rotavirus
	Yes
	Yes
	Bat
	1
	2
	100.00
	2

	
	Sindbis virus
	Yes
	Yes
	Bird
	63
	3052
	9.44
	253

	
	Japanese encephalitis virus 
	Yes
	Yes
	Bird
	1
	65
	0.00
	1

	
	Meaban virus
	No
	Yes
	Bird
	1
	1652
	7.57
	36

	
	Tick-borne encephalitis virus 
	Yes
	No
	Bat
	4
	29
	0.00
	4

	
	
	Yes
	No
	Bird
	118
	10374
	0.35
	375

	
	Usutu virus
	Yes
	Yes
	Bat
	1
	2
	100.00
	2

	
	
	Yes
	Yes
	Bird
	139
	9317
	10.44
	499

	
	West Nile virus
	Yes
	Yes
	Bat
	3
	26
	0.00
	3

	
	
	Yes
	Yes
	Bird
	162
	12723
	4.72
	534

	
	Orthohantavirus
	Yes
	Yes
	Bat
	1
	3
	0.00
	1

	
	Crimean-Congo hemorrhagic fever virus 
	Yes
	Yes
	Bat
	5
	48
	8.33
	5

	
	
	Yes
	Yes
	Bird
	38
	578
	0.00
	38

	
	Issyk-Kul virus
	ND
	Yes
	Bat
	3
	14
	78.57
	3

	
	Batai virus
	Yes
	Yes
	Bat
	2
	9
	0.00
	2

	
	
	Yes
	Yes
	Bird
	13
	146
	6.85
	13

	
	Calovo virus
	Yes
	Yes
	Bird
	3
	516
	1.55
	9

	
	Tahyna orthobunyavirus
	Yes
	Yes
	Bird
	17
	694
	11.38
	23

	
	Phlebovirus
	Yes
	No
	Bat
	8
	430
	5.35
	20

	
	Influenza A virus
	Yes
	Yes
	Bat
	4
	601
	5.49
	4

	
	
	Yes
	Yes
	Bird
	193
	154132
	6.03
	950

	
	Borna disease virus 
	Yes
	Yes
	Bat
	3
	7
	100.00
	3

	
	Cuevavirus
	Yes
	No
	Bat
	1
	30
	16.67
	2

	
	Newcastle disease virus
	Yes
	Yes
	Bird
	48
	13715
	30.44
	75

	
	Avian metapneumovirus
	No
	Yes
	Bird
	1
	62
	8.06
	1

	
	Lyssavirus
	Yes
	Yes
	Bat
	20
	2112
	19.79
	89

	
	Avipoxvirus
	No
	Yes
	Bird
	27
	8952
	3.56
	37

	
	Anatid alphaherpesvirus 1
	No
	Yes
	Bird
	13
	712
	1.69
	13

	
	Bat betaherpesvirus
	ND
	ND
	Bat
	24
	327
	53.21
	27

	
	Bat gammaherpesvirus
	ND
	Yes
	Bat
	8
	332
	25.30
	23

	
	Gallid herpesvirus
	No
	Yes
	Bird
	1
	62
	0.00
	1

	
	Picobirnavirus
	Yes
	Yes
	Bat
	3
	7
	71.43
	3

	
	Alphacoronavirus
	Yes
	Yes
	Bat
	14
	799
	16.40
	31

	
	Betacoronavirus
	Yes
	Yes
	Bat
	9
	318
	24.84
	13

	
	Gammacoronavirus
	Yes
	Yes
	Bird
	2
	4068
	5.43
	3

	
	Tremovirus
	Yes
	Yes
	Bird
	1
	62
	0.00
	1

	
	Mastadenovirus
	Yes
	Yes
	Bat
	7
	119
	14.29
	8

	
	Siadenovirus
	Yes
	Yes
	Bird
	1
	62
	1.61
	1

	
	Infectious bursal disease virus 
	No
	Yes
	Bird
	1
	62
	0.00
	1




Table S2
Model outputs for different pathogenic microbial taxa in birds (GLMM2, single-pathogenic-taxon models). We show degree of freedom (df) and the performance of the models by AIC values, conditional and marginal pseudo-R-squared (Rc² and Rm²), and regression coefficients of predictors included in the pathogen-specific models. We mark the estimated coefficients that are significant at a 0.05 level with “*”.
	Group
	Model
	Coefficient
	Standard Error
	z-value
	p-value

	Bacteria
	Borrelia (df = 626, AIC = 1336.1, Rc² = 0.492, Rm² = 0.081)

	
	    (Intercept)
	-3.64   
	0.250
	-14.541
	<0.001*

	
	    Standardized temperature
	-0.002         
	0.116
	-0.022  
	0.982

	
	    Standardized precipitation
	-0.312    
	0.095
	-3.299
	0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	1.589   
	0.339
	4.681
	<0.001*

	
	       Winter
	-0.268   
	1.184
	-0.225
	0.822

	
	       Multi-season
	-0.036       
	0.244
	-0.146
	0.884

	
	       Unknown
	0.687   
	0.353
	1.945
	0.0518

	
	Anaplasma (df = 267, AIC = 338.0, Rc² = 0.648, Rm² = 0.551)

	
	    (Intercept)
	-5.857
	0.497
	-11.782
	<0.001*

	
	    Standardized temperature
	1.340
	0.844
	1.589
	0.112

	
	    Standardized precipitation
	0.620     
	0.288   
	2.153
	0.031 *  

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	2.056      
	0.550
	3.738
	<0.001*

	
	       Multi-season
	2.798      
	1.926
	1.453
	0.146

	
	       Unknown
	1.995     
	0.766   
	2.605
	0.009 *

	
	Rickettsia (df = 339, AIC = 592.5, Rc² = 0.356, Rm² = 0.254)

	
	    (Intercept)
	-4.485      
	0.282
	-15.909
	<0.001*

	
	    Standardized temperature
	0.556           
	0.228
	2.440
	0.015 *

	
	    Standardized precipitation
	0.147        
	0.219
	0.672   
	0.5018

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	2.284        
	0.427
	5.354
	<0.001*

	
	       Winter
	0.359           
	2.602
	0.138
	0.890

	
	       Multi-season
	0.602        
	0.419
	1.437   
	0.151

	
	       Unknown
	3.188        
	0.486
	6.558
	<0.001*

	
	Coxiella (df = 123, AIC = 176.8, Rc² = 0.551, Rm² = 0.551)

	
	    (Intercept)
	-5.385       
	0.664
	-8.108
	<0.001*

	
	    Standardized temperature
	1.692     
	0.448
	3.775
	<0.001*

	
	    Standardized precipitation
	0.118
	0.373
	0.317
	0.751

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Multi-season
	2.350        
	0.749
	3.140
	0.002*

	
	       Unknown
	4.051        
	0.815
	4.971
	<0.001*

	
	Escherichia (df = 229, AIC = 1138.5, Rc² = 0.098, Rm² = 0.098)

	
	    (Intercept)
	-0.952      
	0.271
	-3.514
	<0.001*

	
	    Standardized temperature
	-0.131       
	0.085
	-1.550
	0.121

	
	    Standardized precipitation
	-0.308       
	0.08810
	-3.490
	<0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.245    
	0.346   
	0.709
	0.479

	
	       Winter
	-0.615    
	0.383
	-1.609
	0.108

	
	       Multi-season
	-0.104      
	0.295
	-0.354
	0.724   

	
	       Unknown
	-1.092      
	0.346
	-3.159
	0.002*

	
	Salmonella (df = 292, AIC = 743.1, Rc² = 0.303, Rm² = 0.115)

	
	    (Intercept)
	-3.330       
	0.484
	-6.878
	<0.001*

	
	    Standardized temperature
	0.614           
	0.190
	3.238
	0.001*

	
	    Standardized precipitation
	0.300           
	0.137
	2.191
	0.029*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.408
	0.595  
	0.686
	0.493

	
	       Winter
	-0.313     
	0.500  
	-0.626   
	0.531

	
	       Multi-season
	-0.532      
	0.473
	-1.124   
	0.261

	
	       Unknown
	0.213        
	0.553   
	0.385
	0.7004   

	
	Campylobacter (df = 450, AIC = 1304.1, Rc² = 0.296, Rm² = 0.045)

	
	    (Intercept)
	-2.378       
	0.193
	-12.314
	<0.001*

	
	    Standardized temperature
	0.125 
	0.125
	1.004
	0.315

	
	    Standardized precipitation
	-0.257      
	0.126
	-2.045
	0.041*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.447    
	0.428
	1.042
	0.297

	
	       Winter
	-0.989    
	0.389
	-2.539
	0.011*

	
	       Multi-season
	0.037    
	0.257
	0.144
	0.886

	
	       Unknown
	1.647    
	0.867
	1.899
	0.058

	
	Chlamydia (df = 216, AIC = 779.6, Rc² = 0.289, Rm² = 0.111)

	
	    (Intercept)
	-2.309
	0.320
	-7.213
	<0.001*

	
	    Standardized temperature
	0.279     
	0.126
	2.223
	0.026 *

	
	    Standardized precipitation
	0.174     
	0.113
	1.541
	0.123

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	-0.067       
	0.528
	-0.126
	0.900

	
	       Winter
	-2.318     
	1.110  
	-2.088   
	0.037*

	
	       Multi-season
	-0.132       
	0.414
	-0.319
	0.750

	
	       Unknown
	0.737  
	0.359
	2.057
	0.040*

	Protozoa
	Haemoproteus (df = 656, AIC = 2985.0, Rc² = 0.321, Rm² = 0.020)

	
	    (Intercept)
	-1.857      
	0.195
	-9.534
	<0.001*

	
	    Standardized temperature
	-0.191      
	0.047
	-4.074
	<0.001*

	
	    Standardized precipitation
	-0.057          
	0.049
	-1.177
	0.239

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.169           
	0.191
	0.885
	0.376

	
	       Winter
	-1.145      
	1.120
	-1.022    
	0.307

	
	       Multi-season
	0.024           
	0.199
	0.122
	0.903

	
	       Unknown
	0.895           
	0.581
	1.542
	0.123

	
	Leucocytozoon (df = 521, AIC = 1861.1, Rc² = 0.389, Rm² = 0.013)

	
	    (Intercept)
	-2.586      
	0.315
	-8.208
	<0.001*

	
	    Standardized temperature
	-0.094          
	0.085
	-1.106
	0.269

	
	    Standardized precipitation
	-0.127          
	0.097
	-1.310
	0.190

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.231           
	0.308
	0.750
	0.453

	
	       Winter
	-0.650          
	0.691
	-0.941
	0.347

	
	       Multi-season
	0.617           
	0.376
	1.644
	0.100

	
	       Unknown
	0.737    
	0.719   
	1.026    
	0.305

	
	Plasmodium (df = 696, AIC = 2630.9, Rc² = 0.263, Rm² = 0.016)

	
	    (Intercept)
	-2.615    
	0.204
	-12.831
	<0.001*

	
	    Standardized temperature
	0.151    
	0.063   
	2.403   
	0.016*

	
	    Standardized precipitation
	0.053    
	0.059   
	0.889   
	0.374    

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.259    
	0.205   
	1.260   
	0.208    

	
	       Winter
	0.305    
	0.341   
	0.894   
	0.3711

	
	       Multi-season
	0.433    
	0.212   
	2.043   
	0.041*

	
	       Unknown
	-0.998    
	0.814  
	-1.227   
	0.220   

	
	Trichomonas (df = 269, AIC = 1040.8, Rc² = 0.455, Rm² = 0.074)

	
	    (Intercept)
	-3.028   
	0.933 
	-3.246  
	0.001*

	
	    Standardized temperature
	0.023   
	0.132   
	0.176
	0.860

	
	    Standardized precipitation
	-0.010    
	0.150
	-0.065  
	0.948

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.827     
	0.946   
	0.874
	0.382

	
	       Winter
	1.152   
	1.450   
	0.795  
	0.427

	
	       Multi-season
	-0.168      
	0.884
	-0.190
	0.849

	
	       Unknown
	1.034
	0.857  
	1.207  
	0.228 

	Viruses
	Influenza A virus (df = 921, AIC = 3196.1, Rc² = 0.279, Rm² = 0.077)

	
	    (Intercept)
	-2.660
	0.211
	-12.612
	<0.001*

	
	    Standardized temperature
	0.359    
	0.077
	4.678
	<0.001*

	
	    Standardized precipitation
	0.425    
	0.076
	5.567
	<0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.123      
	0.314
	0.392
	0.695

	
	       Winter
	-0.360    
	0.278
	-1.296
	0.195

	
	       Multi-season
	-0.453      
	0.216
	-2.101
	0.036*

	
	       Unknown
	-0.434       
	0.323
	-1.345
	0.179

	
	Sindbis virus (df = 245, AIC = 571.1, Rc² = 0.261, Rm² = 0.192)

	
	    (Intercept)
	-5.017      
	0.691
	-7.258
	<0.001*

	
	    Standardized temperature
	-0.219        
	0.170
	-1.291
	0.197

	
	    Standardized precipitation
	0.373        
	0.149
	2.498
	0.012*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	2.648
	0.701
	3.777
	<0.001*

	
	       Winter
	2.823         
	1.213
	2.326
	0.020*

	
	       Unknown
	3.402     
	1.594   
	2.134
	0.033*

	
	Tick-borne encephalitis virus (df = 369, AIC = 201.5, Rc² = 0.981, Rm² = 0.124)

	
	    (Intercept)
	-8.766    
	2.401
	-3.651
	<0.001*

	
	    Standardized temperature
	-0.026       
	0.717
	-0.037
	0.971

	
	    Standardized precipitation
	-0.792       
	0.444
	-1.786
	0.074

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	-0.708
	1.522  
	-0.465
	0.642

	
	       Winter
	0.145        
	1.792
	0.081
	0.935

	
	       Multi-season
	-3.807        
	2.330
	-1.634
	0.102

	
	       Unknown
	-10.045   
	341.879  
	-0.029
	0.977

	
	Usutu virus (df = 492, AIC = 1099.5, Rc²  = 0.439, Rm² = 0.244)

	
	    (Intercept)
	-3.721    
	0.381
	-9.756
	<0.001*

	
	    Standardized temperature
	-0.045    
	0.202  
	-0.221  
	0.825    

	
	    Standardized precipitation
	0.787      
	0.136   
	5.779
	<0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	1.028    
	0.478   
	2.150  
	0.032*

	
	       Multi-season
	1.388    
	0.521   
	2.665  
	0.008*

	
	       Unknown
	1.069    
	0.421   
	2.542  
	0.011*  

	
	West Nile virus (df = 527, AIC = 1144.1, Rc² = 0.247, Rm² = 0.134)

	
	    (Intercept)
	-3.829   
	0.215
	-17.773
	<0.001*

	
	    Standardized temperature
	-0.099    
	0.131  
	-0.754  
	0.451

	
	    Standardized precipitation
	-0.074    
	0.087  
	-0.855  
	0.393

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.931  
	0.347   
	2.680  
	0.007*

	
	       Winter
	1.029    
	0.643   
	1.599  
	0.110

	
	       Multi-season
	1.340    
	0.279   
	4.806
	<0.001*

	
	       Unknown
	1.450
	0.306   
	4.743
	<0.001*




Table S3
Quadratic model outputs for single-pathogenic-taxon models (GLMM2). We show degree of freedom (df) and the performance of the best models by AIC values, conditional and marginal pseudo-R-squared (Rc² and Rm²), and regression coefficients of predictors included in the pathogen-specific models. We mark the estimated coefficients that are significant at a 0.05 level with “*”.
	Group
	Model
	Coefficient
	Standard Error
	z-value
	p-value

	Bacteria
	Borrelia (df = 652, AIC = 1467.9, Rc² = 0.504, Rm² = 0.078)

	
	    (Intercept)
	-3.353
	0.323
	-10.384  
	<0.001*

	
	    Precipitation2
	0.089    
	0.046  
	1.920
	0.055

	
	    Precipitation
	-0.657  
	0.201  
	-3.275  
	0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	1.500
	0.329  
	4.553
	<0.001*

	
	       Winter
	-1.002   
	1.116 
	-0.898  
	0.369

	
	       Multi-season
	-0.036       
	0.244
	-0.146
	0.884

	
	       Unknown
	0.454   
	0.341
	1.330  
	0.183

	
	Anaplasma (df = 266, AIC = 330.6, Rc² = 0.768, Rm² = 0.629)

	
	    (Intercept)
	-7.263
	0.538
	-13.504
	<0.001*

	
	    Temperature2
	1.897
	0.590
	3.217
	0.001*

	
	    Precipitation
	0.498     
	0.239   
	2.088
	0.037 *  

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	2.345 
	0.542
	4.324
	<0.001*

	
	       Multi-season
	-0.046 
	0.236  
	-0.197  
	0.844

	
	       Unknown
	2.977
	0.608
	4.896
	<0.001*

	
	Rickettsia (df = 337, AIC = 584.1, Rc² = 0.412, Rm² = 0.291)

	
	    (Intercept)
	-4.265    
	0.354
	-12.039
	<0.001*

	
	    Temperature2
	-0.641     
	0.220  
	-2.919  
	0.004*

	
	    Temperature
	1.578    
	0.429  
	3.683  
	<0.001*

	
	    Precipitation
	0.359    
	0.208   
	1.723  
	0.085

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	2.374
	0.414
	5.732
	<0.001*

	
	       Winter
	3.739 
	2.804  
	1.333  
	0.182

	
	       Multi-season
	0.679   
	0.428 
	1.586  
	0.113

	
	       Unknown
	3.038
	0.469   
	6.480
	<0.001*

	
	Coxiella (df = 122, AIC = 174.9, Rc² = 0.714, Rm² = 0.556)

	
	    (Intercept)
	-7.798    
	0.770
	-10.127
	<0.001*

	
	    Temperature
	1.840    
	0.432   
	4.261
	<0.001*

	
	    Precipitation2
	-0.344  
	0.201
	-1.711
	0.087

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Multi-season
	2.826   
	0.653 
	4.326
	<0.001*

	
	       Unknown
	4.174   
	0.794
	5.258
	<0.001*

	
	Escherichia (df = 246, AIC = 1238.4, Rc² = 0.110, Rm² = 0.102)

	
	    (Intercept)
	-1.319   
	0.234 
	-5.637
	<0.001*

	
	    Precipitation
	-0.207 
	0.102
	-2.040  
	0.041*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.448   
	0.323 
	1.385  
	0.166

	
	       Winter
	-0.414   
	0.346 
	-1.197  
	0.231

	
	       Multi-season
	0.184    
	0.256  
	0.718  
	0.473

	
	       Unknown
	-0.909    
	0.343 
	-2.652  
	0.008*

	
	Salmonella (df = 294, AIC = 739.4, Rc² = 0.364, Rm² = 0.171)

	
	    (Intercept)
	-3.575   
	0.238
	-15.012
	<0.001*

	
	    Temperature2
	-0.174   
	0.094  
	-1.851  
	0.064

	
	    Temperature
	0.628    
	0.202
	3.118  
	0.002*

	
	    Precipitation2
	0.106   
	0.046
	2.334  
	0.020*

	
	Campylobacter (df = 448, AIC = 1233.1, Rc² = 0.428, Rm² = 0.127)

	
	    (Intercept)
	-2.378       
	0.193
	-12.314
	<0.001*

	
	    Temperature
	0.242 
	0.126
	1.922
	0.055

	
	    Precipitation2
	-0.520
	0.095
	-5.463
	<0.001*

	
	    Precipitation
	0.569      
	0.177
	3.216   
	0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.143  
	0.372 
	0.385
	0.700

	
	       Winter
	-1.519
	0.383
	-3.964
	<0.001*

	
	       Multi-season
	-0.695
	0.272
	-2.554
	0.011*

	
	       Unknown
	0.426
	0.758 
	0.563   
	0.574

	
	Chlamydia (df = 214, AIC = 754.0, Rc² = 0.326, Rm² = 0.171)

	
	    (Intercept)
	-2.01317   
	0.34111  
	-5.902
	<0.001*

	
	    Temperature2
	-0.30815    
	0.08344  
	-3.693
	<0.001*

	
	    Temperature
	0.47186    
	0.13361   
	3.532
	<0.001*

	
	    Precipitation
	0.12944    
	0.06185   
	2.093
	0.036*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	-0.238  
	0.491  
	-0.484
	0.628

	
	       Winter
	-2.478
	1.080
	-2.294
	0.022*

	
	       Multi-season
	0.518  
	0.396  
	-1.306
	0.191

	
	       Unknown
	0.678  
	0.347 
	1.953
	0.051

	Parasite
	Haemoproteus (df = 659, AIC = 2967.6, Rc² = 0.471, Rm² = 0.017)

	
	    (Intercept)
	-1.971 
	0.205
	-9.617
	<0.001*

	
	    Temperature
	-0.177
	0.039
	-4.580
	<0.001*

	
	    Precipitation2
	-0.054 
	0.028
	-1.914   
	0.056

	
	Trichomonas (df = 266, AIC = 977.1, Rc² = 0.419, Rm² = 0.227)

	
	    (Intercept)
	-4.087    
	0.883
	-4.627      
	<0.001*

	
	    Temperature2
	1.707    
	0.331   
	5.149
	<0.001*

	
	    Temperature
	-1.200    
	0.288 
	-4.159
	<0.001*

	
	    Precipitation2
	0.223  
	0.081  
	2.771  
	0.006

	
	    Precipitation
	-0.849   
	0.211 
	-4.026
	<0.001*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.758  
	0.876   
	0.865  
	0.387

	
	       Winter
	-1.580    
	1.527
	-1.035  
	0.301

	
	       Multi-season
	-0.329   
	0.831 
	-0.395  
	0.693

	
	       Unknown
	1.094  
	0.791  
	1.384  
	0.166 

	
	Plasmodium (df = 700, AIC = 2603.8, Rc² = 0.378, Rm² = 0.005)

	
	    (Intercept)
	-2.765 
	0.226
	-12.255
	<0.001*

	
	    Temperature
	0.117  
	0.050   
	2.368   
	0.018*

	
	Leucocytozoon (df = 519, AIC = 1816.0, Rc² = 0.484, Rm² = 0.029)

	
	    (Intercept)
	-3.012 
	0.356
	-8.451
	<0.001*

	
	    Temperature
	-0.097    
	0.065
	-1.491
	0.136

	
	    Precipitation2
	0.177
	0.070 
	2.519   
	0.012*

	
	    Precipitation
	-0.231
	0.104 
	-2.221   
	0.026*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.434  
	0.251   
	1.727   
	0.084

	
	       Winter
	-1.341   
	0.646 
	-2.078   
	0.038*

	
	       Multi-season
	0.133   
	0.362
	0.368   
	0.713

	
	       Unknown
	0.837
	0.679 
	1.234   
	0.217

	Virus
	Influenza A virus (df = 923, AIC = 3181.3, Rc² = 0.405, Rm² = 0.063)

	
	    (Intercept)
	-3.008
	0.240
	-12.555
	<0.001*

	
	    Temperature2
	0.098  
	0.048  
	2.056   
	0.040*

	
	    Temperature
	0.377  
	0.084
	4.495
	<0.001*

	
	    Precipitation
	0.327
	0.061  
	5.381
	<0.001*

	
	Sindbis virus (df = 243, AIC = 536.3, Rc² = 0.408, Rm² = 0.333)

	
	    (Intercept)
	-8.510 
	1.175  
	-7.241
	<0.001*

	
	    Temperature2
	-5.775     
	1.166  
	-4.952
	<0.001*

	
	    Temperature
	-12.526     
	2.483  
	-5.044
	<0.001*

	
	    Precipitation2
	-3.010     
	1.265  
	-2.380  
	0.017*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	0.214     
	0.846   
	0.253  
	0.800

	
	       Winter
	2.018     
	1.099   
	1.836  
	0.066

	
	       Unknown
	4.758     
	1.497   
	3.178  
	0.001*

	
	Tick-borne encephalitis virus (df = 372, AIC = 182.9, Rc² = 0.523, Rm² = 0.289)

	
	    (Intercept)
	-5.221   
	0.735  
	-7.106
	<0.001*

	
	    Precipitation2
	-2.127
	0.517 
	-4.112
	<0.001*

	
	    Precipitation
	0.970    
	0.589   
	1.646   
	0.100

	
	Usutu virus (df = 489, AIC = 1087.7, Rc²  = 0.469, Rm² = 0.312)

	
	    (Intercept)
	-3.773     
	0.390 
	-9.686
	<0.001*

	
	    Temperature2
	-0.782      
	0.201
	-3.893
	<0.001*

	
	    Temperature
	0.373   
	0.250 
	1.495  
	0.135

	
	    Precipitation2
	0.407    
	0.157
	2.599  
	0.009*

	
	    Precipitation
	0.665   
	0.223
	2.985  
	0.003*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	1.413    
	0.484
	2.923  
	0.003*

	
	       Multi-season
	1.427   
	0.489
	2.921  
	0.003*

	
	       Unknown
	1.022     
	0.409
	2.501  
	0.012*  

	
	West Nile virus (df = 525, AIC = 1122.3, Rc² = 0.247, Rm² = 0.134)

	
	    (Intercept)
	-3.683    
	0.269
	-13.679
	<0.001*

	
	    Temperature2
	-0.598    
	0.163
	-3.669
	<0.001*

	
	    Temperature
	0.529   
	0.235   
	2.254
	0.024*

	
	    Precipitation2
	0.295     
	0.122  
	2.425
	0.015*

	
	    Season (Baseline: Migration)
	
	
	
	

	
	       Summer
	1.334   
	0.346  
	3.851
	<0.001*

	
	       Winter
	1.057    
	0.613   
	1.725
	0.085

	
	       Multi-season
	1.249    
	0.269 
	4.648
	<0.001*

	
	       Unknown
	1.521    
	0.328   
	4.640
	<0.001*




Table S4
Model comparisons. We list all the models for phylogeny control of host species and sensitivity analyses for different distribution families. AIC values were quantified for each model for comparing their performances. The final presented models are grey shaded.
	Model
	AIC

	Host Phylogeny (Fig. S7)
	

	    GLMM1 Species
	26826.7

	    GLMM1 Species-Genus
	26800.7

	    GLMM1 Species-Family
	26785.8

	    GLMM1 Species-Order
	26817.5

	    GLMM1 Species-Genus-Family
	26786.4

	    GLMM1 Species-Genus-Order
	26793.6

	    GLMM1 Species-Family-Order
	26786.6

	    GLMM1 Species-Genus-Family-Order
	Non- converge

	Distribution Family Sensitivity (Table S4)
	

	    GLMM1 with Negative Binomial
	26785.8

	    GLMM1 with Poisson
	62247.9

	    GLMM1 with Binomial
	75015.6

	Host diversity (Table S4)
	

	    GLMM1 without host diversity (birds and birds, N = 8822)
	26785.8

	    GLMM1 with diversity (subset model for birds only, N = 7881)
	23293.9




Table S5
Sensitivity analysis controlling the geographic patterns of host diversity and sensitivity analysis accounting different distribution families. For comparison, we show the model estimates for the presented GLMM1 and the GLMM1 controlled for host diversity patterns by adding species richness as an additional explanatory factor. We also show model estimates for the GLMM1 fitted with a negative binomial distribution family (the presented model), a binomial distribution family, and a Poisson distribution family. No model average was performed for the host-diversity-controlled model, because its top models only contained the best model that is also the full model. We performed this host-diversity model with a subset prevalence dataset (i.e., bird samples within Europe, 7881 of the 8822 observations) to fit with the available host diversity data. Positive effects are in red while negative ones are in blue. We mark the estimated coefficients that are significant at a 0.05 level with “*”. The significant factors that have an opposite direction of the effect on pathogen prevalence, compared to the presented model, are marked red.
	Predictors
	Model estimates (standard errors) with significance marked by *

	
	Presented model
(AIC = 26785.8)
	Host diversity
(AIC = 23293.9)
	Binomial
(AIC = 75015.6)
	Poisson
(AIC = 62247.9)

	Temperature
	0.179 (0.087) *
	0.202 (0.050) *
	0.145 (0.073) *
	0.061 (0.067)

	Precipitation
	-0.128 (0.065) *
	-0.139 (0.042) *
	-0.101 (0.045) *
	-0.096 (0.026) *

	Host taxa (Baseline: Bat)
	
	
	
	

	Bird
	-1.970 (0.383) *
	N.A.
	-2.610 (0.223) *
	-1.937 (0.180) *

	Pathogenic taxa (Baseline: Bacteria)

	Eukaryota
	0.540 (0.386)
	0.715 (0.431)
	0.494 (0.462)
	0.478 (0.371)

	Virus
	-0.333 (0.307)
	0.097 (0.398)
	-0.915 (0.362) *
	-0.691 (0.290) *

	Season (Baseline: Migration)

	Summer
	0.680 (0.076) *
	0.687 (0.085) *
	0.442 (0.022) *
	0.372 (0.019) *

	Winter
	-0.082 (0.122)
	0.037 (0.134)
	-0.363 (0.031) *
	-0.277 (0.029) *

	Multi-season
	0.386 (0.069) *
	0.397 (0.073) *
	-0.006 (0.020)
	0.018 (0.018)

	Unknown
	0.680 (0.076) *
	0.606 (0.092) *
	0.671 (0.025) *
	0.556 (0.022) *

	Pathogenic taxa×Temperature (Baseline: Bacteria×Temperature)

	Eukaryota ×Temperature
	-0.210 (0.056) *
	-0.175 (0.066) *
	0.007 (0.018)
	0.011 (0.016)

	Virus×Temperature
	-0.208 (0.064) *
	-0.400 (0.079) *
	0.150 (0.020) *
	0.138 (0.018) *

	Pathogenic taxa×Precipitation (Baseline: Bacteria×Precipitation)

	Eukaryota ×Precipitation
	0.161 (0.052) *
	0.123 (0.055) *
	0.160 (0.017) *
	0.129 (0.015) *

	Virus×Precipitation
	0.445 (0.056) *
	0.453 (0.072) *
	0.513 (0.016) *
	0.441 (0.015) *

	Host taxa×Temperature (Baseline: Bat×Temperature)

	Bird×Temperature
	0.018 (0.079)
	N.A.
	-0.159 (0.073) *
	-0.071 (0.067)

	Host taxa×Precipitation (Baseline: Bat× Precipitation)

	Bird×Precipitation
	-0.007 (0.057)
	N.A.
	-0.053 (0.063)
	-0.005 (0.024)

	Species richness
	N.A.
	-0.068 (0.030) *
	N.A.
	N.A.
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