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Supp. File 1 – Prospective campaign 

In order to select the sites visited during the prospective campaign, we proceeded in four steps: 
1. Based on the already available ticks occurrences (data from the Swiss army field 

campaign and data from the smartphone application for 2015 to 2017), we run a 
MAXENT model to obtain a first map of suitability for ticks. 

2. We performed a PCA on the environmental predictors extracted in the pixels predicted 
as potentially suitable for ticks (suitability from step 1 greater than 0.2). 

3. We computed a k-means classification on the components of the PCA. This allowed us 
to define 5 environmental clusters on the Swiss territory (Figure 1).  

4. We manually selected the sampling sites: 
o in areas defined as potentially suitable for ticks (suitability predicted at step 1 

greater than 0.2), 
o such as to sample sites in each environmental cluster defined at step 2, 
o such as to maximise the number of sites that can be visited during one day (i.e. 

the sites can be link together by roads or paths), 
o so as to complete the dataset already available regarding the presence of 

Chlamydiales bacteria (data from the Swiss army field campaign). 

As a result, 96 sites were visited and ticks were found in 81 of them, corresponding to 228 ticks. 
In addition, some relatives of the authors provided ticks they had collected. By this way, 28 
additional ticks were received, from 14 new sites. In total, the prospective campaign therefore 
provided 256 ticks from 95 sites. 

 
Figure 1: Map of the environmental clusters defined with the k-means performed on the PCA-components 
of the environmental predictors, and location of the sites visited during the prospective campaign.
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Supp. File 2 – Method 
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Supp. File 3 – Environmental data 

Morphometry 

Initial data 
• SRTM Digital Elevation Model 
• Spatial resolution: 90 m 
• Source: NASA Shuttle Radar Topography Mission (https://www2.jpl.nasa.gov/srtm/), 

with hole-filled version processed by the CIAT Agroecosystems Resilience project 
(Jarvis, 2008)  

• URL: http://srtm.csi.cgiar.org/ 

Pre-processing 
• The two tiles covering Switzerland were downloaded and merged using the QGIS 2.14.7 

software (function merge from GDAL). 
• The merged dataset was then resampled at a 100-m resolution and cropped to the 

Swiss extent using the SAGA “resampling” tool accessed from QGIS 2.14.7 and using 
the interpolation method: mean value (cell-area weighted).  

• Null values were assigned for all pixels outside the Swiss borders. 

Slope, Aspect, General Curvature (GC) 
• Method: These indicators were computed in SAGA GIS 2.3. using the tool “Terrain 

Analysis > Morphometry > Slope, Aspect, Curvature”, with the method “9 parameter 2nd 
order polynom” (Thorne et al., 1987) and the units defined in degrees. 

Morphometric Protection Index (MPI) 
• Definition: This indicator provides a dimensionless index expressing how well an area is 

protected from the surrounding relief, based on the analysis of the environment 
surrounding each pixel up to a given distance. It is equivalent to the positive openness 
described by Yokoyama et al. (2002). 

• Method: This indicator was computed in SAGA GIS 2.3.2 using the tool “Terrain 
Analysis > Morphometry > Morphometric Protection Index and the default parameters 
(the relief in the surrounding 2km of each pixel is taken into account). 

Terrain Ruggedness Index (RI) 
• Definition: This indicator compares the elevation of one pixel with the elevation of the 

neighbouring pixels to provide a measure of terrain heterogeneity (Riley et al., 1999). 
• Method: This indicator was computed in SAGA GIS 2.3.2 using the tool “Terrain 

Analysis > Morphometry > Terrain Ruggedness Index" with the default parameters 
(Radius (Cells)=1 indicating that one neighbour cell is considered in each direction). 

Sky-view factor (SVF) 
• Definition: This indicator provides an indication of the portion of sky that is obstructed 

by the surrounding relief: 0 = completely obstructed, 1=completely visible (Böhner and 
Antonić, 2009, p. 8) 

• Method: This indicator was computed in SAGA GIS 2.3.2 using the tool “Terrain 
Analysis > Lighting, Visibility > Sky view factor” with the default parameters (Maximum 
search radius = 10 km). 
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Topographic Wetness Index (TWI) 
• Definition: This indicator is defined from the ratio of the catchment area (area draining 

water to a given cell) to the local slope (indicator of the capacity to evacuate the water 
received) and is used as a proxy of soil moisture (Kopecký and Čížková, 2010). 

• Method: First we computed the specific catchment area in SAGA GIS 2.3.2 using the 
tool “Terrain Analysis > Hydrology > Flow Width and Specific Catchment Area” with the 
default parameters (Aspect method). The TWI was then computed in SAGA GIS 2.3.2 
using the tool “Terrain Analysis > Hydrology > Topographic Wetness Index” with the 
default parameters (Standard method). 

Land Cover 

Land cover classification 
• Land cover classification in 6 classes : artificial areas, grass and herb vegetation, brush 

vegetation, tree vegetation, bare land and watery areas  
• Spatial resolution : 100 m 
• Source: Swiss Federal Statistical Office (OFS, 2017) 
• URL: https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-

environnement/nomenclatures/arealstatistik/nolc2004.html 
• Processing: the only processing was to rasterise the data using the function rasterise in 

QGIS 2.14.7 (the initial data was available as a .csv file) 

Percentage of coniferous in forest 
Initial Data 

• Raster file classifying the forests of Switzerland into four classes: pure coniferous, mixed 
coniferous, mixed broadleaved and pure broadleaved. 

• Spatial resolution: 25 m, but with a grid translated by 12.5m as compared to the other 
data. 

• Source: Swiss Federal Statistical Office (OFS, 2013) 
• URL: https://www.bfs.admin.ch/bfs/fr/home/services/geostat/geodonnees-statistique-

federale/sol-utilisation-couverture/donnees-derivees-autres-donnees/mixite-forets.html 
Processing 

• First, the raster with a spatial resolution of 25m was resampled in QGIS 2.14.7 to a 
raster with a spatial resolution of 12.5 m using the function “resample” with the nearest 
neighbour method.  

• A percentage of conifers was then assigned to each 12.5m pixel according to the 
classification proposed by OFS:  

0 = no-forest => 0 % coniferous 
1 = coniferous forest => considered 100% coniferous 
2 = mixed forest predominantly coniferous => considered 70% coniferous 
3 = mixed forest predominantly broadleaved => considered 30% coniferous 
4 = broadleaved forest => considered 0% coniferous 
9 = unclassified => considered no forest => 0% coniferous 

• The 12.5 m raster was aggregated to a 100 m target grid, by computing for each target 
cell the average percentage of coniferous using the tool “zonal statistics” in QGIS 2.14.7. 

• The resulting grid was rasterised using the “rasterise” function in QGIS 2.14.7. 
  

https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-environnement/nomenclatures/arealstatistik/nolc2004.html
https://www.bfs.admin.ch/bfs/fr/home/statistiques/espace-environnement/nomenclatures/arealstatistik/nolc2004.html
https://www.bfs.admin.ch/bfs/fr/home/services/geostat/geodonnees-statistique-federale/sol-utilisation-couverture/donnees-derivees-autres-donnees/mixite-forets.html
https://www.bfs.admin.ch/bfs/fr/home/services/geostat/geodonnees-statistique-federale/sol-utilisation-couverture/donnees-derivees-autres-donnees/mixite-forets.html
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Distances to water areas 
Initial Data 

• Vector landscape model SwissTLM3D from 2016  
• Source: Swiss Federal Office of Topography (O’Sullivan et al., 2008) 
• URL: https://shop.swisstopo.admin.ch/en/products/landscape/tlm3D 

Processing 
• All the elements characterising watery areas were extracted from the landscape model 

o For running water: the lines “Fliessgewaesser” and the polygons 
“Fliessgewaesser” extracted from the LandCover (Bodenbedeckung) polygons 

o For stagnant water: the lines “Stehendes Gewasser” and the polygons “ 
“Stehendes Gewasser” extracted from the land cover (Bodenbedeckung) 
polygons 

o For the wetlands: the polygons “Feuchtgebiet” extracted from the land cover 
(Bodenbedeckung) polygons 

• The vector layers were rasterised using the “rasterise” function in QGIS 2.14.7. 
• For each pixel, the minimal Euclidean distance to each water category was then 

computed using the function “Raster > Analysis > Proximity” in QGIS 2.14.7. This 
resulted in three raster layers, representing the minimum distance to running water 
elements, stagnant water and wetlands, respectively. 

• Finally, the minimum of the three raster files was used as the minimal distance to any 
watery element. 

Vegetation Indexes 
Initial Data 

• MODIS Terra 16-days composite NDVI 
• Definition: The 16-day composite NDVI is produced on 16-day intervals and provide an 

indicator of the greenness of the vegetation during these 16 days. NDVI is derived from 
the reflectance in the red and near-infrared (NIR) bands obtained from the images of the 
MODIS satellite.  

 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑁𝑁𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑁𝑁𝑅𝑅𝑅𝑅

 

 
A large amount of red wavelengths are absorbed by the vegetation during photosynthesis, while 
the near infrared is reflected, in a proportion that depends in particular on the leaf area index. 
Land covered by vegetation will therefore show a large difference between NIR and red 
reflectance, resulting in high NDVI values.  

• Units: The valid range of value is -2000 to 10’000 with a scale factor of 0.0001 (i.e. a 
value of -2000 correspond to a NDVI of -0.2, whereas a value of 10’000 indicates a 
NDVI equals to 1.0) 

• Spatial resolution: 250 m 
• Source: NASA Moderate Resolution Imaging Spectoradiometer (MODIS) (Huete et al., 

1999) 
• URL: https://modis.gsfc.nasa.gov/data/dataprod/mod13.php 
• Download: https://search.earthdata.nasa.gov/ 

Processing 
• We downloaded all images for the years 2006 to 2019. 
• The hdf4 files were converted to .tif format using the “gdal_translate” function in R (R 

Development Core Team, 2008) 
• The MODIS data being in sinusoidal projection, rasters were reprojected in the 

CH1903/LV03 projection system using the “projectRaster” function of the “raster” 
package in R 

https://modis.gsfc.nasa.gov/data/dataprod/mod13.php
https://search.earthdata.nasa.gov/


 

6 

• The files were cropped and resampled to a 100m resolution using the “crop” and 
“resample” function from the “raster” package in R 

• For each pixel, the monthly mean values were then computed in R.  
• Finally, remaining null values were replaced by the average value of the neighbouring 

pixels using the “focal” function from the “raster” package in R. 
Derived variables 
Four indicators were derived for the period of interest (1, 3, 12, 24 or 36 months before the 
sampling date). 

1. Average of monthly mean NDVI (meanNDVIm) 
2. Minimum of monthly mean NDVI (minNDVIm) 
3. Maximum of monthly mean NDVI (maxNDVIm) 
4. Range of monthly mean NDVI (RgeNDVIm) 

Climate 

Temperature and precipitation 
Initial Data 

• Monthly mean, maximum and minimum temperature and monthly sum of precipitation 
• Spatial resolution: 100 m 
• Source: grids computed by the Swiss Federal Institute for Forest, Snow and Landscape 

Research (WSL), based on data from MeteoSwiss weather stations and a 100 m 
resolution digital elevation model aggregated from the DHM25 of SwissTopo. The 
computation was performed using Daymet software (Thornton et al., 1997) and the 
reported mean absolute error (crossvalidation) is ~1°C for temperature and ~10-15% for 
precipitation (personal communication from WSL). 

• URL: https://www.wsl.ch/de/projekte/climate-data-portal.html 
DHM25 Swisstopo: https://shop.swisstopo.admin.ch/fr/products/height_models/dhm25 
MeteoSwiss: https://www.meteoswiss.admin.ch/home/measurement-values.html 

Derived variables 
First, 15 indicators were derived for the period of interest (1, 3, 12, 24 or 36 months before the 
sampling date). Some of these indicators are very close to the worldclim bioclimatic variables 
(https://worldclim.org/data/bioclim.html). They were computed in R using two custom R functions 
(one defined for the treatment of data frame and the other for raster layers). The two functions 
are available in: https://github.com/estellerochat/SDM-Chlamydiales. 
 

1. Average of the monthly mean temperatures over the period of interest (meantmean) 
2. Maximum of the monthly maximal temperatures over the period of interest (maxtmax) 
3. Minimum of the monthly maximal temperatures over the period of interest (mintmax) 
4. Maximum of the monthly minimal temperature over the period of interest (maxtmin) 
5. Minimum of the monthly minimal temperatures over the period of interest (mintmin) 
6. Average of the monthly range of temperatures (meanMoRge) 
7. Global range of temperature (maxtmax-mintmin) (tRge) 
8. Isothermality (100*meanMoRge / tRge) (isotherm) 
9. Temperature seasonality (standard deviation*100) (tseason) 
10. Mean temperature of the coldest month (mintmean) 
11. Mean temperature of the warmest month (maxtmean) 
12. Total sum of precipitation (sumprec) 
13. Maximum of the monthly sums of precipitation over the period of interest (maxprec) 
14. Minimum of the monthly sums of precipitation over the period of interest (minprec) 
15. Precipitation seasonality (Coefficient of Variation CV = sd/mean*100) (pseason) 

 

https://www.wsl.ch/de/projekte/climate-data-portal.html
https://shop.swisstopo.admin.ch/fr/products/height_models/dhm25
https://www.meteoswiss.admin.ch/home/measurement-values.html?param=messwerte-lufttemperatur-10min
https://worldclim.org/data/bioclim.html
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Secondly, 16 additional indicators were derived when the period of interest was exceeding 3 
months (i.e. 6, 12, 24 or 36 months) (CM=”consecutive months”) 
 

1. Average of the monthly mean temperature of the 3 coldest CM (meantmean3cold) 
2. Average of the monthly minimal temperature of the 3 coldest CM (meantmin3cold) 
3. Average of the monthly maximal temperature of the 3 coldest CM (meantmax3cold) 
4. Sum of precipitation of the 3 coldest CM (prec3cold) 
5. Average of the monthly mean temperature of the 3 warmest CM (meantmean3warm) 
6. Average of the monthly minimal temperature of the 3 warmest CM (meantmin3warm) 
7. Average of the monthly maximal temperature of the 3 warmest CM (meantmax3warm) 
8. Sum of precipitation of the 3 warmest CM (prec3warm) 
9. Average of the monthly mean temperature of the 3 wettest CM (meantmean3wet) 
10. Average of the monthly minimal temperature of the 3 wettest CM (meantmin3wet) 
11. Average of the monthly maximal temperature of the 3 wettest CM (meantmax3warm) 
12. Sum of precipitation of the 3 wettest CM (prec3wet) 
13. Average of the monthly mean temperature of the 3 driest CM (meantmean3dry) 
14. Average of the monthly minimal temperature of the 3 driest CM (meantmin3dry) 
15. Average of the monthly maximal temperature of the 3 driest CM (meantmax3dry) 
16. Sum of precipitation of the 3 driest CM (meantmean3dry) 

Humidity variables 
Initial Data 

• Daily mean, maximum and minimum temperature 
• Spatial resolution: 1 km 
• Source: MeteoSwiss 
• URL: https://www.meteoswiss.admin.ch/home/climate/swiss-climate-in-

detail/raeumliche-klimaanalysen.html 
Processing 

• The daily grids were imported in R  
• The daily relative humidity was computed using the same procedure as in Zimmermann 

et al. (2001) 
o Compute the average daytime temperature following Running et al. (1987) 

𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑 = 0.394 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 + 0.606 𝑡𝑡𝑚𝑚𝑑𝑑𝑚𝑚 
o Compute ambient vapour pressure using the Tetens equation for temperatures 

above 0°C (Murray, 1966) and minimum temperature as an approximation of dew 
point temperature (Running et al., 1987) 

𝑁𝑁𝑉𝑉𝑑𝑑𝑚𝑚𝑎𝑎 = 610.78 exp �
17.269 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚

237.3 +  𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚
� 

o Compute the potential vapour pressure of saturated air for daytime temperature 
using the Tetens equation for temperatures above 0°C (Murray, 1966) and the 
previously computed average daytime temperature: 

𝑁𝑁𝑉𝑉𝑠𝑠𝑑𝑑𝑠𝑠 = 610.78 𝑅𝑅𝑒𝑒𝑒𝑒 �
17.269 𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑

237.3 +  𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑
� 

o Compute the relative Humidity (in %) 

𝑁𝑁𝑅𝑅 =
𝑁𝑁𝑉𝑉𝑑𝑑𝑚𝑚𝑎𝑎
𝑁𝑁𝑉𝑉𝑠𝑠𝑑𝑑𝑠𝑠

∗ 100 

• The daily relative humidity grids were then aggregated to compute four monthly grids: 

https://www.meteoswiss.admin.ch/home/climate/swiss-climate-in-detail/raeumliche-klimaanalysen.html
https://www.meteoswiss.admin.ch/home/climate/swiss-climate-in-detail/raeumliche-klimaanalysen.html
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1. Monthly mean of RH 
2. Monthly median of RH 
3. Monthly quantile 0.25 of RH 
4. Monthly quantile 0.75 of RH 

Derived variables 
22 indicators were derived for the period of interest (1, 3, 12, 24 or 36 months before sampling 
date). They were computed in R using two custom R functions (one defined for the treatment of 
data frame and the other for raster layers). The two functions are available in: 
https://github.com/estellerochat/SDM-Chlamydiales. 
 

1. Average of monthly mean RH (meanRHmean) 
2. Average of monthly median RH (meanRHq050) 
3. Minimum of monthly mean RH (minRHmean) 
4. Maximum of monthly mean RH (maxRHmean) 
5. Minimum of monthly 0.25 quantile of RH (minRHq025) 
6. Minimum of monthly 0.75 quantile of RH (minRHq075) 
7. Maximum of monthly 0.75 quantile of RH (maxRHq075) 
8. Range of monthly RH (RHrge) 
9. Average of the monthly ranges of RH (RHMoRge) 
10. Mean daily RH (meanRHD) 
11. Median daily RH (medRHD) 
12. Minimum daily RH (minRHD) 
13. Maximum daily RH (maxRHD) 
14. Range of daily RH (rangeRHD) 
15. Quantile 0.25 of daily RH (q025RHD) 
16. Quantile 0.75 of daily RH(q075RHD) 
17. Number of days with RH<70% (ndRHDinf70) 
18. Number of days with RH<80% (ndRHDinf80) 
19. Number of days with RH>90% (ndRHDsup90) 
20. Maximum number of consecutive days with RH< 70% (ncdRHDinf70) 
21. Maximum number of consecutive days with RH< 80% (ncdRHDinf80) 
22. Maximum number of consecutive days with RH>90% (ncdRHDsup90) 
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Supp. File 4 - Background datasets 

Ixodes ricinus 

Sampling date 

Distribution of sampling dates (month and year) of the occurrence dataset (presences, 2293 
points) and selected background points below 1500 m (6050 points). 

 

Altitude 

Distribution of altitude values of the occurrence dataset (presences, 2293 points) selected 
background points below 1500 m (6050 points). 
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Chlamydiales 

Sampling date 

Distribution of sampling dates (month and year) of the occurrence dataset (presences, 186 points) 
and background points (1029 points). 

 

Altitude 

Distribution of altitude values of the occurrence dataset (presences, 186 points) and background 
points (1029 points). 
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Supp. File 5 – Ixodes ricinus models 
This tab provides the list of all models tested for the distribution of Ixodes ricinus. The mean and standard 
deviation (sd) values over the 20 runs are given for each of the evaluation parameters. reg is the value of 
the regularization multiplier. features indicate the features used (l=linear, lp=linear and product, lq = linear 
and quadratic, lpq=linear product and quadratic). OE_test is the omission error on the testing dataset and 
OE_indep on the independent dataset. # coeff is the number of non-zeros coefficients estimated by the 
model. The ranks (1-4) correspond to the ranking procedure defined in the method section. The final rank 
gives the final ranking of the models (1=best model, parameters selected for the final modelling). 
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Supp. File 6 – Ixodes ricinus suitability maps 

Maps of suitability predicted based on the “best” model presented in the paper.  
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Supp. File 7 – Chlamydiales models 
This tab provides the list of all models tested for the distribution of Chlamydiales. The mean and standard 
deviation (sd) values over the 20 runs are given for each of the evaluation parameters. reg. Is the value of 
the regularization parameter. feat. indicates the features used (l=linear, lp=linear and product, lq = linear 
and quadratic, lpq=linear product and quadratic). med suit. P 2009 (resp. 2018) is the median of the 
suitability predicted on presences points from 2009 (resp. 2018). med suit. "A" 2009 (resp. 2018) is the 
median of the suitability predicted at sites where no Chlamydiales were found ("absences") in 2009 (resp. 
2018). # coeff is the number of non-zeros coefficients estimated by the model. The ranks (1-4) correspond 
to the ranking procedure defined in the method section. The final rank givse the final ranking of the models 
(1=best model, parameters selected for the final modelling). 
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Supp. File 8 - Chlamydiales : T-test and selection of variables 

For the signification of the acronym names, please refer to Supp. File A2.3. 

T-test 

For each variable and buffer radius, the heatmap below shows the results of the T-test. Only 
results that were significant according to the p-value of the T-test are shown (grey area = no 
significant results). The numbers on the cells indicate the time period considered before sampling 
date (in number of months) which resulted in the highest T-value for the given combination of 
variable and buffer radius. Numerical values are available in the following table. 
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variable buffer time period 
(months) mean1 sd1 mean0 sd0 P-value T-

value 
SS10 B100m  7.76 11.79 16.76 25.282 6.49E-14 7.70 
maxNDVIm P 36 8335.76 530.03 8052.00 883.681 5.65E-09 -5.96 
SS40 B100m  62.72 21.58 53.03 32.526 4.12E-07 -5.16 
MFpr P  39.37 30.52 27.86 31.863 4.21E-06 -4.70 
meantmin3warm B1500m 36 12.87 0.95 13.21 1.040 1.52E-05 4.40 
ndRHDsup90 B200m 24 21.11 12.51 25.24 10.579 3.29E-05 4.23 
ncdRHDsup90 B100m 36 3.12 1.35 3.57 1.328 4.44E-05 4.16 
meanNDVIm P 1 7296.71 940.89 6985.76 1156.039 8.18E-05 -3.99 
RgeNDVIm P 12 6378.89 1537.42 5883.24 1788.431 1.02E-04 -3.94 
mintmin B1500m 12 -4.82 1.25 -4.43 1.277 1.31E-04 3.88 
prec3cold B1500m 24 24.16 11.73 20.70 7.944 1.44E-04 -3.87 
prec3cold B1500m 36 24.16 11.73 20.70 7.944 1.44E-04 -3.87 
RHrge B100m 12 31.09 4.69 32.52 4.758 1.62E-04 3.83 
minprec B1500m 6 2.80 0.97 2.50 1.022 1.62E-04 -3.83 
mintmean B1500m 12 -2.23 1.07 -1.90 1.114 1.87E-04 3.79 
prec3dry B1500m 36 13.99 3.25 13.00 3.443 2.00E-04 -3.77 
meantmean B1500m 12 9.14 1.13 9.47 1.200 2.60E-04 3.70 
rangeRHD B1500m 6 44.68 4.29 45.95 4.292 2.62E-04 3.70 
maxtmin B1500m 36 15.26 1.19 15.61 1.083 2.81E-04 3.69 
maxtmean B1500m 24 18.01 1.21 18.37 1.300 2.90E-04 3.67 
meantmean3warm B1500m 36 18.08 1.19 18.43 1.293 2.90E-04 3.67 
meantmax3cold B1500m 12 2.57 1.04 2.89 1.264 2.97E-04 3.66 
meantmean3cold B1500m 12 -0.36 1.09 -0.03 1.259 3.48E-04 3.62 
meantmax3wet B1500m 36 18.00 6.71 19.84 4.413 3.78E-04 3.61 
meantmin3wet B1500m 36 9.03 5.41 10.51 3.595 3.84E-04 3.61 
meantmean3wet B1500m 36 13.29 5.98 14.93 3.945 3.85E-04 3.61 
meantmin3cold B1500m 12 -3.12 1.20 -2.77 1.354 4.18E-04 3.57 
maxtmax B1500m 24 23.61 1.45 24.02 1.518 4.49E-04 3.55 
mintmax B1500m 12 0.59 1.00 0.88 1.133 4.54E-04 3.55 
ncdRHDinf80 P 3 29.71 9.04 27.14 9.929 5.31E-04 -3.51 
pseason B500m 12 47.02 10.59 44.24 8.316 8.06E-04 -3.40 
maxRHq075 P 24 87.44 3.05 88.22 2.569 1.15E-03 3.29 
maxRHD B1500m 24 94.83 1.67 95.24 1.330 1.68E-03 3.18 
meantmax3warm B1500m 36 23.81 1.42 24.16 1.498 1.89E-03 3.14 
DistWL B1000m  2554.14 2311.95 3163.80 3062.125 1.89E-03 3.13 
meantmean3dry B1500m 36 4.37 3.72 5.27 3.591 2.44E-03 3.06 
meantmin3dry B1500m 24 7.54 4.17 8.55 4.132 2.53E-03 3.05 
minRHq075 B1500m 6 67.80 2.81 67.12 3.235 3.19E-03 -2.97 
ncdRHDinf70 P 6 16.00 6.65 14.44 6.435 3.37E-03 -2.96 
meantmax3dry B1500m 36 0.90 3.47 1.71 3.268 3.59E-03 2.94 
minNDVIm B1000m 12 1562.21 1297.28 1866.53 1461.392 4.22E-03 2.89 
minRHq025 B1500m 12 56.33 3.66 55.49 3.983 4.66E-03 -2.85 
GC B1500m  0.00 0.00 0.00 0.000 4.76E-03 2.85 
RHMoRge B1500m 36 11.81 1.62 12.17 1.544 5.11E-03 2.83 
maxprec B1500m 6 16.33 6.61 14.89 4.944 5.19E-03 -2.82 
minRHD B1500m 6 49.55 3.37 48.82 3.792 7.75E-03 -2.68 

 

mean1 is the mean of the values for occurrences points, mean0 the mean of the values for background 
points, sd1 the standard deviation of the values for occurrences points and sd0 the standard deviation of 
the values for background points. 
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Uncorrelated variables used in the model 

1. MFpr_P 
2. ncdRHDinf80_P_3 
3. ncdRHDinf70_P_6 
4. maxRHq075_P_24 
5. SS10_B100m 
6. SS40_B100m 
7. ncdRHDsup90_B100m_36 
8. ndRHDsup90_B200m_24 
9. DistWL_B1000m 
10. GC_B1500m 
11. minRHq075_B1500m_6 
12. rangeRHD_B1500m_6 
13. prec3cold_B1500m_24 
14. maxRHD_B1500m_24 
15. prec3dry_B1500m_36 
16. meantmax3wet_B1500m_36 
17. meantmean3dry_B1500m_36 

Supp. File 9 - Infection rates 

Infection rate prospective campaign: spatial distribution 

The infection rate indicates no spatial clustering. 
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CT value as a function of sampling date 

Results indicate no concentration of positive values for a given sampling date or a succession of 
dates. Negative results are also obtained for each sampling date. 
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CT value vs Plate 

Results indicate no concentration of positive values for some plates. Negative results are also 
obtained on each plate. 
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CT value vs DNA Extraction Date 

Results indicate no concentration of positive values for a given DNA-extraction date. Negative 
results are obtained for each extraction date. 

 

 
  



 

22 

References 
Böhner J, Antonić O (2009). Chapter 8 Land-Surface Parameters Specific to Topo-Climatology. 

In: Hengl T,  Reuter HI (eds) Developments in Soil Science, Geomorphometry. Elsevier 
Vol 33, pp 195–226. 

Huete A, Justice C, Van Leeuwen W (1999). MODIS vegetation index (MOD13). Algorithm 
theoretical basis document. 3. 

Jarvis A (2008). Hole-field seamless SRTM data, International Centre for Tropical Agriculture 
(CIAT). http://srtm csi cgiar org. 

Kopecký M, Čížková Š (2010). Using topographic wetness index in vegetation ecology: Does the 
algorithm matter? Applied Vegetation Science 13: 450–459. 

Murray FW (1966). ON THE COMPUTATION OF SATURATION VAPOR PRESSURE. RAND 
CORP SANTA MONICA CALIF. 

OFS (2013). Waldmischungsgrad, Auflösung 100m: Geodaten | Publication. Federal Statistical 
Office. 

OFS (2017). Statistique de la superficie selon nomenclature 2004 - Occupation du sol, 
description: métainformations sur les géodonnées | Publication. Office fédéral de la 
statistique. 

O’Sullivan L, Bovet S, Streilein A (2008). TLM—the swiss 3D topographic landscape model. 
ISPRS Proceeding 37: 1715–1719. 

R Development Core Team (2008). R: A language and environment for statistical computing. R 
Foundation for Statistical Computing. 

Riley SJ, DeGloria SD, Elliot R (1999). Index that quantifies topographic heterogeneity. 
intermountain Journal of sciences 5: 23–27. 

Running SW, Nemani RR, Hungerford RD (1987). Extrapolation of synoptic meteorological data 
in mountainous terrain and its use for simulating forest evapotranspiration and 
photosynthesis. Canadian Journal of Forest Research 17: 472–483. 

Thorne CR, Zevenbergen LW, Burt TP, Butcher DP (1987). Terrain analysis for quantitative 
description of zero-order basins. IAHS-AISH publication: 121–130. 

Thornton PE, Running SW, White MA (1997). Generating surfaces of daily meteorological 
variables over large regions of complex terrain. Journal of hydrology 190: 214–251. 

Yokoyama R, Shirasawa M, Pike RJ (2002). Visualizing topography by openness: a new 
application of image processing to digital elevation models. Photogrammetric engineering 
and remote sensing 68: 257–266. 

Zimmermann NE, Roberts DW (2001). Final report of the MLP climate and biophysical mapping 
project. Birmensdorf: Swiss Federal Research Institute. 

 


	Supplemental Material
	Supp. File 1 – Prospective campaign
	Supp. File 2 – Method
	Supp. File 3 – Environmental data
	Supp. File 4 - Background datasets
	Supp. File 5 – Ixodes ricinus models
	Supp. File 6 – Ixodes ricinus suitability maps
	Supp. File 7 – Chlamydiales models
	Supp. File 8 - Chlamydiales : T-test and selection of variables
	References


