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Appendix 2 Spatial distribution of red deer records and results of spatial and environmental analyses in the six studied time periods.
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Figure S1 Spatial distribution of red deer (Cervus elaphus) samples, the northern limits of their ranges, and reconstructed biomes in locations where they were found in the six studied periods in the Late Pleistocene and the Holocene in Europe and the Urals. Question marks indicate uncertainty in the distribution of red deer in eastern parts of Europe due to scarce sampling (less materials available) in that region. Maps in Mercator projection.
Table S4. The differences in mean latitudes of the northernmost red deer localities (≥ 0.9 quantile) between the surveyed periods. Results of Generalized Linear Model (GLM). Reference levels for the analyzed factor are presented in parentheses. Time periods in ka cal BP as in Figure 2: 1 (54 – 34 ka cal BP), 2 (34 – 26), 3 (26 – 18), 4 (18 -11), 5 (11 – 4), 6 (4 – 0). 

	Variable
	Estimate ± SE
	t-value
	P-value

	Period 2 (Period1)
	-0.08 ± 0.02
	-4.35
	<0.001

	Period 3 (Period1)
	-0.09 ± 0.02
	-4.48
	<0.001

	Period 4 (Period1)
	-0.02 ± 0.02
	-1.19
	0.24

	Period 5 (Period1)
	0.02 ± 0.02
	1.38
	0.17

	Period 6 (Period1)
	0.01 ± 0.02
	0.63
	0.53

	Period 3 (Period2)
	-0.01 ± 0.02
	-0.60
	0.55

	Period 4 (Period2)
	0.05 ± 0.02
	2.62
	0.01

	Period 5 (Period2)
	0.10 ± 0.02
	5.59
	<0.001

	Period 6 (Period2)
	0.10 ± 0.02
	4.73
	<0.001

	Period 4 (Period3)
	0.07 ± 0.02
	2.94
	  0.005

	Period 5 (Period3)
	0.12 ± 0.02
	5.60
	<0.001

	Period 6 (Period3)
	0.10 ± 0.02
	4.84
	<0.001

	Period 5 (Period4)
	0.05 ± 0.02
	2.38
	0.02

	Period 6 (Period4)
	0.04 ± 0.02
	1.69
	0.10

	Period 6 (Period5)
	-0.01 ± 0.02
	-0.69
	0.49
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Figure S2 Mean annual precipitation (upper panel) and mean annual temperatures (lower panel) among six study periods in the locations of the red deer (Cervus elaphus) data points for corresponding time intervals identified by the median calibrated date of the sample in Europe and the Urals. Level of statistically significant differences (Kruskal-Wallis test): * p < 0.05, ** p < 0.01,*** p < 0.001, **** p < 0.0001. 
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Figure S3 Distribution of red deer (Cervus elaphus) records assigned to different types of biomes in various time intervals in Europe and the Urals. Biome categories as displayed in Fig 2: Tun – Tundra, For – Forest (coniferus, mixed, deciduous taiga/montane),  Scl wood – Sclerophyl woodland, Xer shr – Xerophytic shrub, Grass Des – Grassland and Desert; N – number of analysed samples. In dark grey – forest habitats.
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[bookmark: _GoBack]Figure S4 The results of environmental niche modelling for red deer performed using Maxent software based on mean January temperature for the six time periods studied. Maps in Mercator projection.
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Climatic and environmental analyses
Climatic (mean annual, mean January, mean July temperatures, and mean annual precipitation) and biome data were taken from the FAMOUS database (FAst Met. Office and UK Universities Simulator) (Smith & Gregory 2012, for data used in analyses see Appendix 1: Table S.2). FAMOUS is an atmosphere–ocean general circulation model with relatively low spatial resolution (5.00° × 7.50°) providing climate simulation for the last 120 ky period with 1 ky temporal resolution. Because coarse resolution of the model output limits its usage for environmental analyses, we statistically downscaled each variable using a delta method described by Ramirez-Villegas & Jarvis (2010). The delta method provides an easy to use approach for changing the GCM resolution to a finer scale and it is based on two general assumptions: (1) climates vary only over large distances, and (2) relationships between variables in the current climates are likely to be maintained towards the future or past (Ramirez-Villegas & Jarvis, 2010).
For all analysed red deer data points we extracted climatic factors for the corresponding time intervals identified by median calibrated date of the sample using Extract Multi Values to Point tool from Spatial Analyst, ArcGIS 10.3.1 software (ESRI, 2015, for the extracted data see Table S.2). Based on the FAMOUS model output (Hoogakker et al., 2016) for each data point we also determined the Net Primary Production (NPP) level and the type of biome, which had occurred in a given locality in a year determined by the median calibrated year of the sample (with accuracy ± 500 years). The biome and NPP data were created with the spatial resolution of  5.00° × 7.50°. In order to obtain a continuous surface (Appendix 2 Fig. S.1), we decided to interpolate the NPP datasets using centroids of FAMOUS database cells. For the interpolation we used an Ordinary Kriging method from Geostatistical Analyst, ArcGIS 10.3.1 with default parameters.


Environmental niche models
To determine potential distribution of red deer in all six time periods we created environmental niche models using Maxent software (Phillips, Anderson, & Schapire, 2006). Maxent is widely used tool, which uses a maximum entropy algorithm to predict potential geographic distribution of species based on a set of environmental variables. We created six models, one for every time period. For every model we used samples from the corresponding time period as occurrence data and a mean temperature of January as an environmental variable. To create one temperature layer for selected time period, we calculated a mean value from all the available datasets for the period. We split occurrence data into a training (70%) and test (30%) data (Araújo, Pearson, Thuiller, & Erhard, 2005). For every model a maximum number of background points was 1000 and a logistic was selected as an output method. All the models were evaluated using area under curve receiver operator (AUC). AUC ranges in value from 0 to 1. A model whose predictions are 100% wrong has an AUC of 0.0; one whose predictions are 100% correct has an AUC of 1.0.
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