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Supplementary Figure S1. Principal component analysis (PCA) biplot showing the relationship between climatic variables and occurrence records of Ixodes persulcatus. Black points represent tick occurrence locations projected into the environmental space defined by the first two principal components (PC1 and PC2). Red arrows indicate the loadings of the original bioclimatic variables, with arrow length representing the strength of their contribution to the principal components and arrow direction indicating the gradient of increasing values for each variable. Variables pointing in similar directions are positively correlated, whereas variables pointing in opposite directions are negatively correlated. The clustering of occurrence points near the center of the plot suggests that I. persulcatus occupies a relatively constrained region of the climatic space defined by these environmental gradients.









	Predictors
	Model contributions (%)

	
	Model 487
	Model 488
	Model 489
	Model 492
	Model 494

	I(PC1^2)
	10.10%
	10.00%
	10.10%
	10.20%
	10.00%

	I(PC2^2)
	12.00%
	11.90%
	12.10%
	12.10%
	11.90%

	I(PC3^2)
	19.60%
	19.30%
	19.60%
	19.70%
	19.30%

	I(PC4^2)
	1.00%
	1.00%
	1.20%
	1.20%
	1.00%

	PC1
	6.20%
	6.20%
	6.10%
	6.10%
	6.20%

	PC1:PC2
	15.70%
	15.60%
	15.60%
	15.70%
	15.60%

	PC1:PC3
	8.80%
	8.90%
	8.70%
	8.70%
	8.90%

	PC1:PC4
	7.10%
	7.30%
	6.90%
	7.00%
	7.30%

	PC2
	0.20%
	0.30%
	0.80%
	0.40%
	0.20%

	PC2:PC3
	0.20%
	0.60%
	7.30%
	7.40%
	0.50%

	PC2:PC4
	7.30%
	7.30%
	10.10%
	9.80%
	7.30%

	PC3
	9.60%
	9.50%
	1.50%
	0.10%
	9.50%

	PC3:PC4
	0.30%
	0.50%
	 
	1.60%
	0.50%

	PC4
	1.80%
	1.80%
	 
	 
	1.80%











Supplementary Table S1. Relative contribution of environmental predictors included in the selected models for Ixodes persulcatus. Predictor variables include the first four principle components (PC1 – PC4) derived from the bioclimatic variables, along with their quadratic term and pairwise interaction terms. The percentage of contribution of each predictor to the selected models. 




	Variable
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12
	PC13
	PC14
	PC15

	Standard deviation
	2.649
	1.632
	1.591
	1.448
	0.723
	0.308
	0.162
	0.138
	0.120
	0.077
	0.065
	0.059
	0.041
	0.022
	0.000

	Proportion of Variance
	0.468
	0.178
	0.169
	0.140
	0.035
	0.006
	0.002
	0.001
	0.001
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Cumulative Proportion
	0.468
	0.645
	0.814
	0.954
	0.989
	0.995
	0.997
	0.998
	0.999
	0.999
	1.000
	1.000
	1.000
	1.000
	1.000



 Supplementary Table S2. Summary of the principal component analysis (PCA) of the bioclimatic variables used in the study. 









	Variable
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8
	PC9
	PC10
	PC11
	PC12
	PC13
	PC14
	PC15

	Bio1
	-0.25240
	-0.42350
	0.07229
	0.15984
	-0.06468
	-0.01156
	-0.03768
	0.37564
	-0.45328
	0.08204
	-0.19775
	-0.09476
	0.56262
	0.04999
	0.00000

	Bio2
	0.33307
	-0.09236
	0.02195
	0.18098
	0.48676
	-0.08063
	0.14904
	-0.08675
	-0.39899
	-0.15846
	0.60895
	-0.10545
	0.03870
	0.07986
	0.00000

	Bio3
	0.06716
	-0.00892
	0.06225
	0.61434
	0.55950
	0.04419
	-0.19602
	0.14707
	0.32225
	0.08168
	-0.34122
	0.09026
	-0.06069
	-0.01733
	0.00000

	Bio4
	0.32094
	-0.13872
	-0.00065
	-0.32063
	0.06675
	-0.00251
	-0.39941
	0.35834
	0.28297
	-0.06949
	0.21499
	-0.01722
	0.23160
	-0.54543
	0.00000

	Bio5
	0.03415
	-0.55467
	0.12626
	-0.22073
	0.20206
	0.03182
	0.29871
	-0.49727
	0.31490
	0.03417
	-0.14128
	-0.02297
	0.21834
	-0.03333
	-0.28031

	Bio6
	-0.34912
	-0.13732
	0.07560
	0.18507
	-0.09550
	0.05456
	-0.04509
	-0.15131
	0.38182
	-0.13540
	0.36656
	-0.05103
	0.20540
	0.09094
	0.65629

	Bio7
	0.34074
	-0.09330
	-0.02030
	-0.26171
	0.17033
	-0.03839
	0.16177
	-0.05723
	-0.23171
	0.14053
	-0.39995
	0.03862
	-0.10507
	-0.09853
	0.70051

	Bio10
	-0.04327
	-0.59107
	0.08223
	-0.12945
	-0.03468
	-0.04867
	-0.21219
	0.28341
	0.02332
	-0.05190
	0.09754
	0.11014
	-0.59741
	0.33844
	0.00000

	Bio11
	-0.33049
	-0.18307
	0.05449
	0.25141
	-0.06602
	0.02005
	0.14866
	-0.12486
	-0.22535
	0.01529
	0.06198
	0.03953
	-0.36736
	-0.74650
	0.00000

	Bio12
	-0.21940
	0.00940
	-0.47796
	-0.14611
	0.22827
	0.11555
	0.48794
	0.37592
	0.15510
	0.20959
	0.17135
	0.39735
	0.04349
	-0.00073
	0.00000

	Bio13
	0.06762
	-0.16666
	-0.58001
	0.11461
	-0.08227
	0.04782
	-0.48600
	-0.40789
	-0.15384
	0.33339
	0.07803
	0.24451
	0.07202
	0.02445
	0.00000

	Bio14
	-0.33626
	0.09289
	-0.06686
	-0.21799
	0.28955
	-0.51955
	-0.19541
	-0.12169
	-0.10713
	-0.50458
	-0.14702
	0.35423
	0.07738
	-0.01986
	0.00000

	Bio15
	0.29557
	-0.11788
	-0.12178
	0.30484
	-0.34752
	-0.74418
	0.24537
	0.08124
	0.19067
	0.09829
	0.02257
	0.02960
	0.03486
	-0.03141
	0.00000

	Bio16
	0.02879
	-0.12528
	-0.60815
	0.07307
	-0.01641
	0.12003
	0.08267
	0.05290
	0.06117
	-0.50881
	-0.19351
	-0.52569
	-0.08444
	-0.02075
	0.00000

	Bio17
	-0.33709
	0.09278
	-0.06795
	-0.22311
	0.30513
	-0.35971
	-0.11984
	0.00867
	0.04643
	0.48607
	0.06897
	-0.57686
	-0.10230
	0.00587
	0.00000


Supplementary Table S3. Loadings of the original bioclimatic variables on the principal components obtained from PCA. Each value represents the contribution of a given climatic variable to a particular principal component. Variables with larger absolute loading values have stronger influence on the corresponding PCA axis. Examination of these loadings allows identification of the climatic gradients represented by each principal component and helps evaluate whether individual variables disproportionately influence specific axes.
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PCA biplot of climatic variables and tick occurrences
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