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6.3. Mobility modelling  

6.3.1. Database update 

The Sr isotope database by Bataille et al. (2020) was amended with newly generated (n = 36) 

and published data using plants from Portugal, Spain and Tunisia (see Supplementary Material 

2). Published data came from Díaz-del-Río et al. (2022) (n = 98), James et al. (2022) (n = 173), 

Nikita et al. (2023) (n = 34) and Frank et al. (2022) (n = 24). The animal database was 

implemented with data from 85 animals from the Iberian Peninsula, compiled by Díaz-del-Río 

et al. (2022). Only wild fauna was extracted from this compilation consisting of Cervus elaphus 

(deer), Erinaceus europaeus (hedgehog), snail (Helix aspera, Helix sp., Otala lactea), Lagarto 

(reptile), Lepus sp. (hare), Rodentia sp. (rodents) and Vulpes vulpes (fox). 29 samples from 

Tunisia (Nikita et al., 2023) were also included. Finally, strontium isotope data of 9 European 

rock and 566 agricultural soil samples (ApN and ApS) were removed from the database of 

Bataille et al. (2020) to include only soil leachates but exclude anthropogenic contaminants 

affecting the Sr isotope values of agricultural soils. The soil database was then amended with 

24 samples from Spain (Frank et al., 2022).  

 

6.3.2. Mapping Sr isotope signatures of Europe and Portugal 

The above-mentioned updated database was used to update the bioavailable Sr isoscapes 

published by Bataille et al. (2020). Geospatial modelling of Sr isotopes was completed using 

the machine learning approach (an R script) of Bataille et al. (2018, 2020). Three sets of data 

were trained: 1) a combination of Sr isotope values from plants, soils and fauna from western 

Europe; 2) plant data of Europe; and 3) plant data of Portugal. These datasets were trained 

together with 23 geological, environmental, climatic and anthropogenic predictors 

(Supplementary Material 3) in the form of georeferenced rasters. At each projected sample 

location, raster values were extracted. VSURF (Genuer et al., 2019) was then applied to select 

the most important predictors, which were then used to train the random forest (RF) models 

(Caret package, Kuhn, 2008) with the full datasets and a 10-fold repeated cross-validation with 

5 repetitions. The Root Mean Squared Error (RMSE) and R2 informed about the accuracy of 

the models, while variables were sorted according to their importance in the model 

construction. Predictions from the RF models were saved as rasters. The latter were used for 

mapping provenance probability (see below). This also required, for each raster, the calculation 

of the spatial uncertainty of predicted Sr isotope values for each raster, based on the mean 

absolute residual value between predicted and measured 87Sr/86Sr, as a function of predicted 

87Sr/86Sr values (Bataille et al., 2020). 
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