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Supplementary materials S4
Modeling species distribution

To estimate the historical distribution range of the SFM during the Last Glacial Maximum, we employed environmental niche modelling (ENM), using the
maximum entropy method implemented in MaxEnt software ver. 3.4 [1]. MaxEnt reconstructs the distribution of a species based on presence data used as
georeferenced point occurrences, and on annexed environmental condition data used as variables determining the species’ occurrence. We obtained current
verified SFM records from the Eurasia, which we used to fit a species distribution model (SDM) from various sources: the GBIF database; published data [2—
8]; and unpublished data via personal communication. Environmental data regarding actual and historical bioclimatic conditions were retrieved from the
World Bioclim database, ver. 1.4. (http://www.worldclim.org), with a resolution of 2.5’[9]. Topographic layers during the Last Glacial Maximum (LGM) have
been reconstructed on the basis of SRTM30 PLUS Global Bathymetry layers [10,11], available from published data on sea level changes during the
Pleistocene [12,13].

To avoid problems with collinearity among 21 bioclimatic variables, we eliminated highly correlated variables. To detect these, we estimated Pearson’s
correlation coefficients using the SDMtoolbox in ArcGIS (Table S12). When a pair of variables was as strongly correlated, with the correlation coefficients at
least 0.9, the tool removes one of the paired variables. The final set of variables to be used in modelling niches, obtained after this procedure, included twelve
bioclimatic and three topographic variables (Table S13).

To reduce occurrence data to single points within the specified 50 km distance, we prepared the georeferenced records of the species using the “spatially
rarefy occurrence data” tool of the SDMtoolbox tool in ArcGIS 10.1. Spatially independent localities should be used to improve the model performance, and
to avoid model overfitting due to environmental bias [14—16]. In order to do so, MaxEnt randomly partitions the species’ occurrences and, using the cross-
validation resampling method, evaluates the accuracy of the model’s fit to those partitions. A model’s accuracy is presented as the Area Under Curve (AUC)
value of the Receiver Operating Characteristic (ROC), giving an estimated value, representing the model’s accuracy, ranging from 0 to 1 [17] (Table S14). An
AUC of 0.5 represents random probability, which means that the species’ occurrences are random. Values below 0.5 suggests that the model performs worse
than a model with random partition. AUC values above 0.5 indicates the model is well-fitted, and values close or equal to 1 indicate a perfect fit, which means
the model perfectly represents the spatial distribution of the species. Models with an AUC above 0.75 are considered good models, and those with an AUC
over 0.90 excellent [18,19]. The estimated areas of the species’ distribution during the LGM can be interpreted, especially in the temperate climate zone, as
the refugia that members of the species would most likely use under the most unfavorable climatic conditions. All of the analyses were performed to



reconstruct the historical distributions and distinct populations (potentially capable of showing distinct habitat/climate preferences) of the SFMs along the
whole Eurasia, with the confirmed strong signal of a recent expansion during the Last (Weichselian) glaciation modeled separately.
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Table S12. Correlation coefficient between the climatic variables used in Maxent analysis.

BIO1 | BIO2 | BIO3 | BIO4 | BIOS | BIO6 | BIO7 | BIO8 | BIO9 | BIO10 | BIO11 | BIO12 | BIO13 | BIO14 | BIOIS | BIO16 | BIO17 | BIO18 | BIO19

BIO1

BIO2 0,42

BIO3 0,82 0,39

BIO4 -0,86 | -0,14 | -0,86

BIOS 0,89 0,62 0,61 -0,54

BIO6 | 097 | 025 | 085 | -095 | 0,77

BIO7 -0,78 0,06 -0,79 0.98 -0,41 -0.9

BIOS8 0,74 0,38 0,59 -0,51 0,74 0,65 -0,43

BIO9 | 094 | 036 | 077 | 085 | 081 | 094 | -0,79 | 0,52

BIO10 0.93 0,53 0,65 -0,62 0,99 0,83 -0,52 0,77 0,85

BIOIl | 098 | 033 | 086 | -094 | 0,79 1 | -088 | 067 | 094 | 085
BIOI2 | 026 | 039 | 041 | -043 0 036 | -0,51 | 021 | 021 0,09 | 033
BIOI3 | 033 | -0,19 | 042 | 043 | 012 | 038 | -046 | 033 | 025 0.2 037 | 089

BIO14 | -0,04 | -0,53 0,11 -0,16 | -0,24 | 0,08 -0,28 | -0,08 | -0,02 -0,17 0,03 0,61 0,27

BIO15 0,41 0,64 0,39 -0,26 0,47 0,31 -0,12 0,5 0,3 0,44 0,37 -0,12 0,18 -0,51

BIO16 0,31 -0,22 0,4 -0,43 0,1 0,37 | -0,46 0,3 0,23 0,17 0,36 0,92 0,99 0,31 0,13

BIO17 | -0,01 -0,54 0,15 -0,19 | -0,22 0,12 -0,32 | -0,06 0,01 -0,15 0,06 0,66 0,32 0,99 -0,5 0,36

BIO18 0 -0,38 0,1 -0,13 | -0,19 | 0,06 | -0,21 0,15 -0,1 -0,11 0,04 0,79 0,71 0,48 -0,09 0,74 0,51

BIO19 0,22 -0,28 0,41 -0,38 0,02 0,32 -0,44 0,05 0,25 0,08 0,29 0,66 0,49 0,56 -0,22 0,51 0,59 0,28




Table S13. Variables used in reconstruction an past environmental niche models of A. agrarius in Maxent and percent contribution of variables used

in model building.

Code Variable Percent contribution

C1 C2 C3 C4 C5s
BIO1 Annual Mean Temperature 16.4 6.9 1.7 17.9
BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp)) 0.2 0.1 02 03 0.1
BIO3 Isothermality (BIO2/BIO7) (* 100) 1.3 1 0.2 1.2 1.3
BI04 Temperature Seasonality (standard deviation *100) 43 2.1 18.5 19.3 14.8
BIOS Max Temperature of Warmest Month 1.2 0.2 0.9 12.2 2.3
BIOS Mean Temperature of Wettest Quarter 13.6 0.7 2.8 1.7 1.2
BIO12 Annual Precipitation 3 0.1 0.3 0.1 0
BIO13 | Precipitation of Wettest Month 0.3 3.5 15.3 10.8 7.1
BIO14 | Precipitation of Driest Month 14.4 0.4 0.3 0.3 0.1
BIO15 | Precipitation Seasonality (Coefficient of Variation) 1.2 10.9 53 0.6 3.2
BIO18 Precipitation of Warmest Quarter 7.4
BIO19 | Precipitation of Coldest Quarter 0.2 43 0 0.4 13.4
alt Altitude 4.9 1.9 6.9 1.8 0.2
tpi Topographic Position Index 0.3 0 0.6 0 0.1
topo_het | Topographic Heterogenity 0.3 0.9 0.3 0.4 14

Table S14. Measurement the accuracy of Maxent models of reconstructed predicted present and past distribution range of A. agrarius clades.

AUC statistic — results Cl C2 C3 C4 C5
Training AUC 0.9306 0.9874 0.9912 0.9850 0.9897
Test AUC 0.9239 0.9813 0.9880 0.9820 0.9863
AUC Standard Deviation 0.0149 0.0073 0.0054 0.0060 0.0049




30°0'0"N

20°0'0"N

10°0'0"N

60°0'0"N

50°0'0"N

40°0'0"N

30°0'0"N

50°0'0"N

40°0'0"N

30°0'0"N

Range of Weichselian glacials
[from Ehlers, Gibbard and Hughes (eds.) 2011]

| Early Weichselian Glaciation (ca. 90-80 ka, MIS5)
! Early/Middle Weichselian Glaciation (ca. 60-50 ka, MIS3)
8 Late Weichselian Glaciation (ca. 20 ka, LGM, MIS2)

* sampled locations used in model

B genetic samples

Environmental Niche Model
Probability of presence
B 0-0,1

B 01-02

[ Jo2-03

[ ]o03-04

[ Jo4-05

[ 1o05-06

[ 1o06-07

B 07-0.8

[ ]o08-09

1 89-1

40°0'0"E 50°0'0"E 60°0'0"E 70°0'0"E 80°0'0"E 90°0'0"E 100°0'0"E 110°0'0"E 120°0'0"E 130°0'0"E 140°0'0"E

50°0'0"N

40°0'0"N

30°0'0"N

Clade 3 - LGM

100°0'0"E 110°00"E 120°0'0"E 130°0'0"E ' 100°0'0"E 110°0'0"E 120°0'0"E 130°0'0"E

50°0'0"N

40°0'0"N

30°0'0"N

CLQe4-LGM

Gladt\a‘ 5-LGM

80°00"E 100°0'0"E 110°0'0"E 120°0'0"E 130°0'0"E 90°0'0"E 100°0'0"E 110°0'0"E 120°0'0"E 130°0'0"E

Figure S3: Predicted current Environmental Niche Models (ENM’s) of distinct clades (C1-C5).
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Figure S4: Predicted LGM Environmental Niche Models (ENM’s) of distinct clades (C1-C5).
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