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S1 Land-use maps of the seven landscape windows 

 

As a basis for our landscape analysis, we created digital land-use maps for all landscape windows 

including a 2 km buffer based on the most up-to-date aerial photographs as well as cloud-free Sentinel-

2 satellite images and relevant national or regional additional data: 

 
North France 

 Orthophotos from 2013; source: Institut national de l’information géographique et forestière 

 SPOT 6 satellite images from 2017; source: Institut national de l’information géographique et 
forestière 

 Sentinel-2 scenes from 2017/05/26, 2017/07/05 and 2017/10/18 
 

Belgium 

 Orthophotos from 2015; source: Nationaal Geografisch Instituut (https://www.ngi.be/website/) 

 Vegetation and land-cover map; source: Nationaal Geografisch Instituut 
(https://www.ngi.be/website/) 

 Sentinel-2 scenes from 2017/05/06, 2017/05/26, 2017/10/15 and 2017/10/18 
 

West Germany  

 Color-infrared-orthophotos from 2018; source: Bundesamt für Kartographie und Geodäsie 

 Environmental maps for Lower Saxony (conservation areas, habitat type maps, etc. ); source:  
Niedersächsisches Ministerium für Umwelt, Energie, Bauen und Klimaschutz 
(https://www.umwelt.niedersachsen.de/startseite/service/umweltkarten) 

 

East Germany 

 Color-infrared-orthophotos from 2009 and 2016; source: Landesvermessung und Geobasisinformation 
Brandenburg  

 Sentinel-2 scenes from 2017/05/27, 2017/07/09, 2017/08/15 and 2017/10/19 

 Brandenburger Biotoptypen- und Landnutzungskartierung 2009 (Habitat type and land-use map); 
source: Landesamt für Umwelt Brandenburg  

 Geschützte Biotope 2016 (Preserved habitats) 2016; source: Landesamt für Umwelt Brandenburg  

 Referenzierte Moorkarte für das Land Brandenburg 2013 (Referenced Peatland Map for Brandenburg); 
source: Landesamt für Bergbau, Geologie und Rohstoffe Brandenburg 

 Karte potenziell schutzwürdiger Moorböden in Brandenburg 2017 (Map of peatland soil of potential 
conservation value); source: Landesamt für Umwelt Brandenburg 

 Conservation areas; source: Landesamt für Umwelt Brandenburg 

 IACS data 2010-2017; source: Landesamt für Umwelt Brandenburg 
 

South Sweden  

 Color-infrared-orthophotos from 2016; source: Lantmäteriet  

 Sentinel-2 scenes from 2017/05/27, 2017/06/09, 2017/08/08, 2017/08/15, 2017/09/24 and 
2017/10/09 

 

Central Sweden 

 Color-infrared-orthophotos from 2017; source: Lantmäteriet  

 Sentinel-2 scenes from 2017/05/04, 2017/05/27, 2017/07/06 and 2017/10/19 
 

Estonia  

 Orthophotos from 2016; source: Maa amet (https://geoportaal.maaamet.ee/) 

 Sentinel-2 scenes from 2017/05/02, 2017/06/14, 2017/07/31, 2017/08/30 and 2017/09/29 

 Environmental maps with information on peatland sites 2016; source: Maa amet 
(https://geoportaal.maaamet.ee/)  

 Digital surface model 2016; source: Maa amet (https://geoportaal.maaamet.ee/)  

https://geoportaal.maaamet.ee/
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Besides the land-use types commonly used in other studies, such as forest, grassland and arable land, 

we also mapped some land-use types that we considered important as foraging habitat for 

pollinators, i.e. traditional grassland orchards, semi-natural grassland and unsealed green settlement 

areas (incl. gardens) (Table S1). As linear landscape elements, we mapped hedgerows, tree lines, 

water courses, roads as well as broad herbaceous fringes (width > 3 m), which might serve as 

foraging or nesting habitat for pollinators. The following mapping standards were used: 

 

 Minimum size for polygons: 0.2-0.5 ha; minimum width: 15 m 

 Minimum length for lines: 50 m; maximum width: 15 m 
 

The mapping of green areas was based on structural and color differences, as well as the context in 

comparison with the surrounding areas. Arable land is characterized by a very homogeneous and 

evenly cultivated growth. In particular, a specific width of lanes and the often large surface area 

indicate this type of use. The growth can appear comparatively high. Flower-rich areas show higher 

heterogeneity in color and texture, which indicates a less intensive management. Sometimes small 

patch size, as well as slight woody growth can indicate an extensive management. In contrast, 

intensively managed grassland is often characterized by narrow lanes, a homogeneous structure 

and/or animal tracks. These areas are usually easily accessible and located within intensively used 

agricultural areas. They are often very large in comparison with extensive grasslands. Grasslands were 

indicated as "not definable" if they neither appeared to be intensively managed, nor showed a high 

structural diversity or floweriness. Wet meadows are often located near rivers or lakes and have a 

darker color, as well as a high structural diversity. Also numerous ditches can indicate high moisture 

content. 

 

 

 
Table S1 Distinguished landscape elements 

Area-based land-use types Linear landscape elements 

 Forest 
o Deciduous 
o Coniferous 

 Arable land 

 Grassland 
o semi-natural (rich in flowers) 
o Intensively managed (poor in flowers) 
o not definable 

 Other semi-natural vegetation (heathland, fens, 
ruderal vegetation) 

 Traditional grassland orchards 

 Settlement area 
o Sealed or built-up area 
o Unsealed, green area (gardens, parks) 

 Water bodies 

 Others 

 Hedgerows and tree lines 

 Herbaceous fringes (> 3 m width) 

 Roads 

 Water courses and draining ditches 
 

 

 

 
 

The following land-use maps each comprise the 5 × 5 km² landscape window plus a 2 km buffer. 

 



4 
 

North France 
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  Belgium 
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 West Germany 
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 East Germany 
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 South Sweden 
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 Central Sweden 



10 
 

 Estonia 
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S2 Descriptive statistics of population attributes 

Table S2 Minimum (Min.), median and maximum (Max.) of basic population genetic determinants (population 

size, connectivity and geographic distance among pairs of populations), within-population genetic diversity 

(allelic richness (Ar), expected (He) and observed heterozygosity (Ho) and inbreeding coefficient (F)) and among-

population genetic differentiation (G’’ST and DPS) 

  Anemone nemorosa Oxalis acetosella Polygonatum multiflorum 

  Min. Median Max. Min. Median Max. Min. Median Max. 

Population size 865 426853 12758494 70 75011 12820444 15 451 63204 

Connectivity 12.2 605 7314 7.5 437 10360 0.6 30.1 79.7 

Geogr. dist. (m) 306 1995 5263 424 2225 5518 214 2234 5518 

Ar 3.8 7.5 9.7 1.1 2.5 3.2 4.3 7.9 10.5 

He 0.56 0.72 0.77 0.04 0.39 0.54 0.56 0.74 0.79 

Ho 0.37 0.51 0.66 0.04 0.30 0.56 0.56 0.78 0.88 

F 0.13 0.29 0.40 -0.14 0.20 0.60 -0.25 -0.07 0.16 

G‘‘ST 0.00 0.11 0.51 -0.03 0.17 0.84 0.07 0.25 0.50 

DPS 0.16 0.27 0.52 0.08 0.22 0.59 0.34 0.47 0.64 
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S3 Microsatellite markers used for genotyping and PCR protocols 

Anemone nemorosa 

Table S3.1 Microsatellite markers used to genotype samples of A. nemorosa. The markers were developed for 
A. amurensis by Sun et al. (2012) 
 

Locus Primer sequences (5'-3') Repeat Size (bp) Ta (°C) Na 

BH84 F: TTGCCATGGACCAATACTCG (TG)9 161-203 48 22 

 R: GTCAGTGCAAGAAAGTAGCTGC     
BH206 F: TGTTGTTTCCCTTACTTGCC (GT)22A(TG)14 113-167 48 27 

 R: CATCTTATGTCACACTTGGG     
BH235 F: CATGGCCATTGGTATCAAAC (GT)5A(TG)16 144-190 48 22 

 R: TTGGTGGAACAACTTAGCCC     
HS27 F: GGAAGCATCATCTCACCTAC (AC)7 173-183 50 4 

 R: TTCTAGTTTTGACTGGGAGG     
HS177 F: GAAAATGTGACCGTCCCTAC (AC)7 192-210 48 8 

 R: TGTCATTGGCTCACCACCTT     
HS256 F: CTGTTCCTCCGATGGCGTTT (TG)7 214-254 50 19 

 R: ACCTTACCCTTCCCCTCTTC      

    Mean 17.0 

    Sum 102 
            

 

Multiplex PCRs were performed in a final reaction volume of 15 µl, containing 0.5 µl of DNA (ca. 10-30 

ng/µl), 7.5 µl of QIAGEN Multiplex PCR Plus Kit (100), 5.5 µl of H2O and 1.5 of µl primer mix. Singleplex 

PCRs were performed in a final reaction volume of 10 µl, containing 0.5 µl of DNA (ca. 10-30 ng/µl), 

5 µl of QIAGEN Multiplex PCR Plus Kit (100), 3.5 µl of H2O and 1 µl primer mix. The primer mix for both 

singleplex and multiplex PCR contained 1 μl of each forward primer (labelled with fluorescent dye; 

stock solution concentration 100 pmol), 1 μl of each reverse primer and 98 μl of H2O per 100 µl. A 

double PCR with the same primer set was done for samples with a low quality of DNA (A260/A230 < 

1.5 and A260/A280 < 1.75) that did not result in countable banding patterns after a single PCR. Here, 

we conducted the first PCR as described above and a second PCR with the same conditions but with 

0.5 µl of the PCR product of the first run as template. 

For all loci, we applied the following standard PCR program: 

Step Initial 
denaturation 

Denaturation Annealing Primer 
extension 

final 
extension 

Time (min) 5:00 0:30 1:30 0:30 10:00 

T (°C) 95 95 Ta 72 68 

  35 cycles    
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Oxalis acetosella 

Table S3.2 Microsatellite markers used to genotype samples of O. acetosella. The markers were developed by 

AllGenetics & Biology SL (www.allgenetics.eu) based on eight of our samples 

Locus Primer sequences (5'-3') Repeat Size (bp) Ta (°C) Na 

Oac111 F: CGTCATCTACACTCGTCGGA (AG)7 172-178 57/53* 7 

 R: GGCTAGGAGAGGTCGGAGTC     
Oac113 F: TCCATCATCTCACACGCTTC (AG)6 218-224 57/53 3 

 R: TTTGCTGGTGAAATGACGAC     
Oac114 F: TGGCACCATGTCATCATCTT (AG)8 112-118 57/53 3 

 R: TTGTATTGTCGTGGACGGAG     
Oac159 F: CCCTGGTATCACGCATTTCT (AG)10 124-164 57/53 13 

 R: AGGTGGTGTCTGTGGAGGAT     
Oac167 F: CCAAGAAATTCGGGTTGTTG (AAG)6 166-181 57/53 6 

 R: CTTACACGTTGCTCCTCCGT     
Oac181 F: CCTTAGCAAGCTCCATCACC (AG)8 130-134 57/53 3 

 R: GTTCTGTGCTTAATGCGACG     
Oac306 F: GTCAGTGCCACATCAGCTTG (AC)8 201-225 57/53 2 

 R: CCGTAAGAAACGGATCCAAC     
Oac450 F: TCGCTAATGCGCAGATTTC (AAG)9 150-265 57/53 22 

 R: CATGCGCCTTTGCATTATTA     
Oac466 F: CGATCAATCTGCGACAAGAA (AG)6 112-123 57/53 2 

 R: GGAGAGTCGGTGGGAGTTC      

    Mean 6.8 

    Sum 61 
            

*See PCR protocol below for applied annealing temperatures. 

For all loci, PCRs were performed in a final reaction volume of 12.5 µl, containing 1 µl of DNA (ca. 50-

100 ng/µl), 6.25 µl QIAGEN Multiplex PCR Plus Kit (100), 4 µl of H2O and 1.25 µl of primer mix. The 

primer mix for a singleplex PCR contained 2 μl of forward primer (stock solution concentration 100 

pmol), 0.2 μl of reverse primer (with an oligonucleotide tail at its 5’ end), 2 µl of fluorescent-labelled 

oligonucleotide (identical to the 5’ tail of the reverse primer) and 95.8 μl of H2O per 100 µl. 

The oligonucleotide tails used were the universal sequences M13 (GGA AAC AGC TAT GAC CAT), CAG 

(CAG TCG GGC GTC ATC), and T3 (AAT TAA CCC TCA CTA AAG GG). The three oligonucleotides were 

labelled with the HEX dye, the FAM dye, and the TAMRA dye, respectively. During the first cycles of 

the PCR, the reverse primer with the tail is incorporated into the accumulating PCR products. When 

this primer is used up, the annealing temperature is lowered, so the fluorescently labelled M13, CAG, 

or T3 oligonucleotide can anneal and start acting as a primer. 

For all loci, we applied the following standard PCR program: 

Step Initial 
denaturation 

Denaturation Annealing Primer 
extension 

Denaturation Annealing Primer 
extension 

final 
extension 

Time 
(min) 

5:00 0:30 1:30 0:30 0:30 1:30 0:30 15:00 

T (°C) 95 95 57 72 95 53 72 68 

  35 cycles   8 cycles    

 

  

http://www.allgenetics.eu/
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Polygonatum multiflorum 

Table S3.3 Microsatellite markers used to genotype samples of P. multiflorum. The markers were developed for 
P. cyrtonema by Cheng et al. (2010) and for P. filipes by Liu et al. (2010) 
Locus Primer sequences (5'-3') Repeat Size (bp) Ta (°C) Na Source 

Pc1 F: CTCTCCTATCGGCAGCAACT G8(GA)32 184-198 54 6 Cheng et al. 2010 

 R: ACTTCCTCCATCCTTACACCAT      
Pc17 F: GGACACCCGAAGAAATACAAG (AG)40 146-242 52 44 Cheng et al. 2010 

 R: CCAATTGCCTCCTTCACATC      
Pc25 F: CTCCCTTTCCCAATCCCGT (CT)8CC(CT)18(TA)5 210-262 52 24 Cheng et al. 2010 

 R: CCCAACATCTCGTAGTCGCAA      
Pc33 F: CGCACCCAGACCGAGAAA (GA)34 228-280 54 25 Cheng et al. 2010 

 R: GTAGGCAAGGAACACCCACAC      
Pt9 F: ATGATGAGACCATAGGCGACT (GA)39 126-216 54 45 Liu et al. 2010 

 R: GACGACTACGATGTCACCG      
Pt11 F: GGGGCTGCTGCTAGGGTAT (GA)26 135-187 54 5 Liu et al. 2010 

 R: TCGCCTGTCACTGGATTGC       

    Mean 24.8  
    Sum 149  
              

 

For all loci, PCRs were performed in a final reaction volume of 15 µl, containing 1 µl of DNA (ca. 10-30 

ng/µl), 7.5 µl of QIAGEN Multiplex PCR Plus Kit (100), 5 µl of H2O and 1.5 of µl primer mix. The primer 

mix for a singleplex PCR contained 1μl of forward primer (labelled with fluorescent dye; stock solution 

concentration 100 pmol), 1 μl of reverse primer and 98 μl of H2O per 100 µl. 

For all loci except Pc17 and Pt9, we applied the following standard PCR program: 

Step Initial 
denaturation 

Denaturation Annealing Primer 
extension 

final 
extension 

Time (min) 5:00 0:30 1:30 0:30 15:00 

T (°C) 95 95 Ta 72 68 

  35 cycles    

 

For Pc17 and Pt9, the annealing and extension time were extended to avoid large allele dropout: 

Step Initial 
denaturation 

Denaturation Annealing Primer 
extension 

final 
extension 

Time (min) 5:00 0:30 1:45 0:45 15:00 

T (°C) 95 95 Ta 72 68 

  35 cycles    

 

References 

Cheng WJ, Liu TT, Wu HL, Zhou SB, Xuan SQ, Zhu GP (2010) Isolation and characterization of twelve 
polymorphic microsatellite loci in Polygonatum cyrtonema and cross-species amplification. 
Conserv Genet Resour 2:105-107. https://doi.org/10.1007/s12686-010-9218-1 

Liu TT, Cheng WJ, Zhou SB, Shao JW, Wu HL, Zhu GP (2010) Eleven polymorphic microsatellite loci in 
Polygonatum filipes and cross-amplification in other congeneric species. Conserv Genet Resour 
2:77-79. https://doi.org/10.1007/s12686-010-9179-4 

Sun MZ, Yin X, Shi FX et al (2012) Development of eighteen microsatellite markers in Anemone 
amurensis (Ranunculaceae) and cross-amplification in congeneric species. Int J Mol Sci 
13(4):4889-4895. https://doi.org/10.3390/ijms13044889 

  

https://doi.org/10.1007/s12686-010-9218-1
https://doi.org/10.1007/s12686-010-9179-4
https://doi.org/10.3390/ijms13044889
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S4 Crop dominance 

 

For all land-use parcels mapped as arable field, we determined the dominance of three different crop 

types over the preceding decade (2008 – 2017): oilseed rape, maize and other cereals. This distinction 

was based on land-use data generated within the European Integrated Administration and Control 

System (IACS) (European Commission 2020) and made available by the respective co-authors in each 

region. These data provide vector geometries of all agricultural land-use parcels and information on 

the grown crop types for each year. To aggregate the data across years, we converted them to aligned 

raster data with a cell size of 10 m. For each cell and crop type, we calculated a dominance value 

between 0 (crop type present in none of the years) and 1 (crop type present in each year). In some 

regions, data for the years 2008 (West Germany, Central Sweden) and 2009 (Estonia) were not 

available. Also, some datasets did not cover all arable fields. In general, a dominance value was 

calculated for a cell, when ≥ 6 layers were available for that cell. To calculate the area of a crop type in 

a given buffer zone or landscape strip, we multiplied the dominance value of each cell with its cell size 

(10 × 10 m²). The area of raster cells, for which no dominance value could be calculated, were 

subtracted from the total buffer zone or landscape strip area in order to not bias the calculation of 

percent cover values. 



16 
 

 

 



17 
 

 

 

  



18 
 

S5 Additional information on the expected landscape effects shown in 

Table 1 in the main text 

 

Table S5.1 References for Table 1 in the main text 
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14(3):335-347. https://doi.org/10.1111/icad.12455 

2 Amici A, Serrani F, Rossi CM, Primi R (2012) Increase in crop damage caused by wild boar (Sus 
scrofa L.): the "refuge effect". Agron Sustain Dev 32(3):683-692. 
https://doi.org/10.1007/s13593-011-0057-6 
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Table S5.2 Potential mechanisms how landscape composition and configuration might affect gene flow among spatially isolated populations of the three temperate forest herbs 

Anemone nemorosa, Oxalis acetosella and Polygonatum multiflorum via pollen- or seed-dispersal vectors according to literature (cf. references in Table 1 in the main text). The 

direction of the corresponding effect is indicated by - (negative), + (positive) or -+ (negative or positive depending on conditions). Effects of limited importance are written in 

parentheses 

Landscape metric Potential mechanism 

 Species:       Anemone nemorosa 

Oxalis acetosella 

Oxalis acetosella Polygonatum multiflorum Polygonatum multiflorum 

 Vector:     hoverflies, bees wild boar or deer species bumblebees birds or mammals 

Area-based metrics     

 Percent cover of …         

 deciduous forest - high resistance, + foraging habitat, + 

resting habitat,  

+ foraging habitat, + shelter habitat - high resistance + foraging habitat, + nesting habitat, 

+ resting or shelter habitat 

 grassland in general (+ foraging habitat), (+ nesting habitat) + foraging habitat (+ foraging habitat), (+ nesting habitat) (+ foraging habitat) 

 semi-natural grassland + foraging habitat, + nesting habitat, 

+ spillover to other habitats due to high 

abundance 

+ foraging habitat - dilution of pollinators and/or distraction 

from forest herb populations, + foraging 

habitat, + nesting habitat, + spillover to other 

habitats due to high abundance 

+ foraging habitat 

 other semi-natural vegetation + foraging habitat, + nesting habitat, 

+ spillover to other habitats due to high 

abundance 

  - dilution of pollinators and/or distraction 

from forest herb populations, + foraging 

habitat, + nesting habitat, + spillover to other 

habitats due to high abundance 

+ foraging habitat 

 arable land in general - no habitat, (- high resistance), 

(+ foraging habitat for aphidophagous 

hoverfly larvae), 

(+ foraging habitat)   - no habitat 

 arable land cultivated with oilseed rape - dilution of pollinators and/or 

distraction from forest herb populations, 

+ temporal foraging habitat, + spillover 

to other habitats due to high abundance  

  - dilution of pollinators and/or distraction 

from forest herb populations, + temporal 

foraging habitat, + spillover to other habitats 

due to high abundance  

- no habitat 

 arable land cultivated with maize - no habitat + foraging habitat, + shelter habitat - no habitat - no habitat 

 arable land cultivated with other cereals - no habitat for bees and adult hoverflies, 

(- high resistance), + foraging habitat for 

aphidophagous hoverfly larvae, 

(+ foraging habitat)   - no habitat 

 traditional grassland orchards - dilution of pollinators and/or 

distraction from forest herb populations, 

+ temporal foraging habitat, + spillover 

to other habitats due to high abundance  

  - dilution of pollinators and/or distraction 

from forest herb populations, + temporal 

foraging habitat 

  

 settlement area   - avoided land-use type, - no habitat - dilution of pollinators and/or distraction 

from forest herb populations, (- no habitat), + 

foraging habitat, (+ nesting habitat), 

(+ spillover to other habitats due to high 

abundance) 

- avoided land-use type, - no habitat 
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Landscape metric Potential mechanism 

 Species:       Anemone nemorosa 

Oxalis acetosella 

Oxalis acetosella Polygonatum multiflorum Polygonatum multiflorum 

 Vector:     hoverflies, bees wild boar or deer species bumblebees birds or mammals 

Linear landscape elements     

 Relative length [m ha-1] of …         

 hedgerows and tree lines -+ guidance of movements, + foraging 

habitat, + resting habitat, + spillover to 

other habitats due to high abundance, 

-+ guidance of movements -+ guidance of movements, + foraging 

habitat, + nesting habitat 

-+ guidance of movements, 

+ foraging habitat, + nesting habitat, 

+ resting or shelter habitat 

 water courses (incl. draining ditches) -+ guidance of movements, (+ foraging 

habitat) 

-+ guidance of movements -+ guidance of movements, + foraging 

habitat, + nesting habitat 

  

 broad herbaceous fringes -+ guidance of movements, + foraging 

habitat, + nesting habitat, + spillover to 

other habitats due to high abundance 

-+ guidance of movements -+ guidance of movements, + foraging 

habitat, + nesting habitat, + spillover to other 

habitats due to high abundance  

+ foraging habitat 

 roads - avoided land-use type, -+ guidance of 

movements 

avoided land-use type, 

-+ guidance of movements 

-+ guidance of movements - avoided land-use type, 

-+ guidance of movements 

Index metrics     

 Shannon diversity of land-use types + diversity effect a   + diversity effect a + diversity effect a 

 Edge density +- edge density effect b +- edge density effect b +- edge density effect b +- edge density effect b 

 

a Diversity effect: high diversity of land-use types increases chance to find suitable habitats. 

b Edge density effect: high density of edges (due to small land-use patch sizes or complex shapes) increases richness and abundance of pollinators and birds (nesting and 

foraging habitat), but also restricts animal movements across the landscape (barrier effect) 
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S6 Complete modelling results 

 
Table S6.1 Effects of landscape metrics on genetic diversity variables as resulting from linear mixed models 

(LMM) at the node level. Besides landscape metrics, the basic population genetic determinants population size 

(PopSize) and connectivity were included as fixed effects in all models (see main text). Results refer either to an 

average model (resulting from full averaging across all candidate models with a ΔAICc < 2 or to the single best 

model (if all other candidate models had a ΔAICc ≥ 2. Given are the (averaged) standardized regression coefficient 

(Estimate), the (averaged) standard error (Std. Error), the degrees of freedom (DF; only in single best models), 

either the z-value (average models) or the t-value (single best models), the p-value of the test against zero, the 

importance value and the number of candidate models in which the terms were included (#Models). See Table 

1 in the main text for the definition of landscape metrics 

 
Anemone nemorosa       
(a) Ar ~ PopSize + Connectivity + landscape metrics     

Number of observations: 42      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.209 0.214 0.965 0.335 NA NA 
PopSize 0.247 0.097 2.463 0.014 1.00 6 
Connectivity 0.381 0.113 3.229 0.001 1.00 6 
ARABLE_2000 0.575 0.267 2.131 0.033 1.00 6 
LFRINGE_500 -0.157 0.115 1.329 0.184 0.78 4 
LWOOD_2000 0.166 0.174 0.950 0.342 0.52 3 
LWOOD_2000^2 -0.192 0.207 0.922 0.357 0.52 3 

GRASS_1000 0.238 0.268 0.882 0.378 0.48 3 
LROAD_125 0.040 0.077 0.514 0.607 0.29 2 
GRASS_1000^2 -0.022 0.068 0.322 0.747 0.13 1 

       
(b) He ~ PopSize + Connectivity + landscape metrics     

Number of observations: 42      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.032 0.212 0.149 0.882 NA NA 
PopSize 0.135 0.149 0.877 0.380 1.00 12 
Connectivity 0.701 0.210 3.211 0.001 1.00 12 
MAIZE_1000 0.551 0.218 2.426 0.015 1.00 12 
pcSETTLE_500 * 0.495 0.220 2.190 0.029 0.95 11 

FOREST_2000 -0.104 0.159 0.644 0.520 0.42 6 
SEMNATGRASS_500 0.091 0.145 0.613 0.540 0.41 4 
SEMNATVEG_125 -0.031 0.096 0.321 0.748 0.18 3 
SEMNATGRASS_500^2 0.043 0.109 0.392 0.695 0.17 1 
ORCHARD_1000 0.042 0.129 0.323 0.747 0.12 2 
SHANNON_500 0.023 0.088 0.256 0.798 0.10 2 
LWOOD_2000^2 -0.010 0.061 0.161 0.872 0.04 1 
LWOOD_2000 0.005 0.045 0.119 0.905 0.04 1 

* Principal component from SETTLE_500 (r>0), LROAD_500 (r>0) and EDGEDEN_500 (r<0)  
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(c) Ho ~ PopSize + Connectivity + landscape metrics     
Number of observations: 39      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.525 0.248 2.065 0.039 NA NA 
PopSize 0.111 0.119 0.894 0.372 1.00 6 
Connectivity 0.030 0.180 0.160 0.873 1.00 6 
pcSETTLE_250 * 0.448 0.146 2.967 0.003 1.00 6 
pcSETTLE_250^2 0.485 0.158 2.940 0.003 1.00 6 
FOREST_2000 -0.209 0.158 1.300 0.193 0.74 4 

CEREAL_250 -0.093 0.154 0.602 0.547 0.31 1 
GRASS_2000 0.107 0.189 0.562 0.574 0.28 2 
RAPE_2000 -0.052 0._125 0.413 0.680 0.17 1 
ORCHARD_2000 -0.001 0.043 0.024 0.981 0.13 1 
ORCHARD_2000^2 0.054 0.146 0.369 0.712 0.13 1 
MAIZE_250 0.040 0.118 0.338 0.735 0.13 1 
SHANNON_125 -0.035 0.107 0.320 0.749 0.11 1 

* Principal component from SETTLE_250 (r>0) and LROAD_250 (r>0)   
   
(d) F ~ PopSize + Connectivity + landscape metrics     

Number of observations: 37      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.486 0.275 1.717 0.086 NA NA 
PopSize -0.106 0.141 0.716 0.474 1.00 7 
Connectivity 0.036 0.192 0.183 0.855 1.00 7 
LROAD_250 -0.477 0.149 3.089 0.002 1.00 7 
RAPE_500 0.333 0.245 1.339 0.181 0.76 5 
RAPE_500^2 -0.219 0.239 0.905 0.365 0.55 3 
LROAD_250^2 -0.228 0.268 0.839 0.402 0.51 4 

LFRINGE_500 -0.070 0.148 0.470 0.639 0.23 1 
CEREAL_125 0.033 0.102 0.323 0.747 0.12 1 
ORCHARD_2000 0.009 0.054 0.152 0.879 0.12 1 
ORCHARD_2000^2 -0.045 0.131 0.340 0.734 0.12 1 
O:P_LROAD_250 0.026 0.092 0.284 0.777 0.09 1 
O:P_LROAD : LROAD_250 -0.031 0.117 0.260 0.795 0.09 1 

       
Oxalis acetosella       
(e) Ar ~ PopSize + Connectivity + landscape metrics     

Number of observations: 30      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.220 0.437 0.474 0.636 NA NA 
PopSize 0.647 0.132 4.700 0.000 1.00 10 
Connectivity 0.025 0.295 0.081 0.936 1.00 10 
LROAD_500 0.126 0.122 1.001 0.317 0.70 7 
LROAD_500^2 -0.311 0.258 1.196 0.232 0.62 6 

LWATER_125 0.102 0.128 0.780 0.435 0.47 4 
SETTLE_250 -0.117 0.147 0.785 0.432 0.46 5 
MAIZE_250 -0.179 0._250 0.708 0.479 0.38 4 
MAIZE_250^2 -0.127 0.182 0.686 0.493 0.38 4 
SEMNATVEG_500 0.040 0.092 0.425 0.671 0.21 2 
ORCHARD_2000 0.019 0.072 0.266 0.790 0.09 1 
SHANNON_2000 -0.012 0.051 0.237 0.813 0.08 1 
EDGEDEN_500 -0.003 0.039 0.078 0.938 0.08 1 
EDGEDEN_500^2 0.018 0.065 0.278 0.781 0.08 1 
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(f) He ~ PopSize + Connectivity + landscape metrics     
Number of observations: 30      
Single best model of all candidate models (all other candidate models had a ΔAICC > 2  

  Estimate Std. Error DF t-value p-value  
(Intercept) 0.615 0.301 18 2.043 0.056  
PopSize 0.613 0.079 18 7.755 0.000  
Connectivity -0.084 0.132 18 -0.640 0.531  
MAIZE_250 -0.156 0.111 18 -1.403 0.178  
MAIZE_250^2 -0.501 0.099 18 -5.040 0.000  
SEMNATVEG_500 0.243 0.082 18 2.958 0.008  
SEMNATVEG_500^2 -0.223 0.067 18 -3.326 0.004  
       
(g) Ho ~ PopSize + Connectivity + landscape metrics     

Number of observations: 34      
Single best model of all candidate models (all other candidate models had a ΔAICC > 2  

  Estimate Std. Error DF t-value p-value  
(Intercept) -0.335 0.288 22 -1.163 0.257  
PopSize 0.527 0.107 22 4.940 0.000  
Connectivity -0.219 0.169 22 -1.299 0.207  
SEMNATGRASS_1000 0.068 0.119 22 0.569 0.575  
SEMNATGRASS_1000^2 0.324 0.090 22 3.609 0.002  
SEMNATVEG_500 0.399 0.101 22 3.954 0.001  
EDGEDEN_125 -0.304 0.088 22 -3.459 0.002  
       
(h) F ~ PopSize + Connectivity + landscape metrics     

Number of observations: 34      
Single best model of all candidate models (all other candidate models had a ΔAICC > 2  

  Estimate Std. Error DF t-value p-value  
(Intercept) 0.585 0.216 22 2.714 0.013  
PopSize -0.020 0.156 22 -0.129 0.898  
Connectivity 1.082 0.309 22 3.501 0.002  
MAIZE_1000 0.270 0.166 22 1.631 0.117  
MAIZE_1000^2 -0.603 0.176 22 -3.417 0.002  
pcLWOODGRASS_1000 * 0.741 0.303 22 2.447 0.023  
LFRINGE_2000 -0.429 0.138 22 -3.107 0.005  
* Principal component from GRASS_1000 (r>0) and LWOOD_1000 (r>0)   
   
Polygonatum multiflorum      
(i) Ar ~ PopSize + Connectivity + landscape metrics     

Number of observations: 36      
Single best model over all candidate models (all other candidate models had a ΔAICC > 2 

  Estimate Std. Error DF t-value p-value  
(Intercept) 0.000 0.084 24 0.000 1.000  
PopSize 0.704 0.115 24 6.116 0.000  
Connectivity 0.056 0.107 24 0.518 0.609  
LWATER_2000 0.313 0.098 24 3.206 0.004  
pcARABvsGRASS_2000 * -0.653 0.101 24 -6.475 0.000  
SETTLE_1000 -0.311 0.124 24 -2.505 0.019  
SHANNON_250 0.634 0.119 24 5.327 0.000  
* Principal component from GRASS_2000 (r<0), CEREAL_2000 (r>0) and RAPE_2000 (r>0)  
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(j) He ~ PopSize + Connectivity + landscape metrics     
Number of observations: 36      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.208 0.552 0.373 0.709 NA NA 
PopSize 0.030 0.219 0.131 0.896 1.00 5 
Connectivity 0.420 0.192 2.119 0.034 1.00 5 
pcARABvsGRASS_2000 * -0.311 0.192 1.575 0.115 0.85 4 
SEMNATGRASS_250 0.139 0.168 0.798 0.425 0.70 3 
SEMNATGRASS_250^2 -0.426 0.326 1.291 0.197 0.70 3 
SETTLE_1000 -0.277 0.272 1.003 0.316 0.62 3 

SEMNATVEG_2000 -0.019 0.091 0.203 0.839 0.23 2 
SEMNATVEG_2000^2 0.080 0.162 0.490 0.624 0.23 2 
LROAD_250 -0.037 0.108 0.330 0.741 0.22 1 
LROAD_250^2 0.133 0.271 0.486 0.627 0.22 1 

* Principal component from GRASS_2000 (r<0), CEREAL_2000 (r>0) and RAPE_2000 (r>0)  
  
(k) Ho ~ PopSize + Connectivity + landscape metrics     

Number of observations: 36      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.013 0.321 0.039 0.969 NA NA 
PopSize -0.274 0.163 1.631 0.103 1.00 4 
Connectivity 0.309 0.157 1.892 0.059 1.00 4 
pcSETTLE_1000 * -0.409 0.287 1.409 0.159 0.75 3 
LWATER_1000 0.080 0.139 0.558 0.577 0.53 2 
O:P_LWATER -0.205 0.221 0.917 0.359 0.53 2 
O:P_LWATER : LWATER_1000 -0.245 0.256 0.951 0.342 0.53 2 

FOREST_2000 -0.142 0.209 0.676 0.499 0.41 2 

* Principal component from SETTLE_1000 (r>0) and LROAD_1000 (r>0)   
   
(l) F ~ PopSize + Connectivity + landscape metrics     

Number of observations: 36      
Average model over all candidate models with ΔAICC ≤ 2     

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.051 0.270 0.184 0.854 NA NA 
PopSize 0.368 0.144 2.429 0.015 1.00 6 
Connectivity -0.282 0.137 1.959 0.050 1.00 6 
FOREST_2000 0.270 0.208 1.270 0.204 0.76 4 
SETTLE_250 -0.334 0.281 1.173 0.241 0.67 5 
LROAD_2000 0.385 0.309 1.233 0.218 0.67 5 

LWOOD_1000 0.086 0.179 0.466 0.641 0.33 1 
O:P_LWOOD_1000 0.130 0.226 0.563 0.573 0.33 1 
O:P_LWOOD : LWOOD_1000 0.165 0.252 0.652 0.514 0.33 1 
SETTLE_250^2 0.074 0.174 0.421 0.674 0.21 2 
PROPGURB_250 -0.042 0.124 0.335 0.738 0.14 1 
SETTLE_250 : PROPGURB 0.039 0.129 0.294 0.769 0.14 1 
SEMNATVEG_500 0.024 0.078 0.297 0.767 0.13 1 
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Table S6.2 Effects of landscape metrics on pairwise genetic differentiation variables as resulting from MLPE 

models at the link level. Besides landscape metrics, all models include geographic distance (GeoDist) and 

potentially its interactions with landscape metrics as fixed effects (see main text). Results refer to an average 

model resulting from full averaging across all candidate models with a ΔAICc < 2. Given are the averaged 

standardized regression coefficient (Estimate), the averaged standard error (Std. Error), the z- and p-value of the 

test against zero, the importance value and the number of candidate models in which the terms were included 

(#Models). See Table 1 in the main text for the definition of landscape metrics 

Anemone nemorosa       
(a) G''ST ~ Geographic distance*landscape metrics     

Number of observations: 103       
Average model over all candidate models with ΔAICC ≤ 2      

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.198 0.298 0.654 0.513 NA NA 
GeoDist -0.090 0.061 1.449 0.147 1.00 11 
pcARABvsGRASS_1:3 * -0.251 0._125 1.974 0.048 1.00 11 
pcARABvsGRASS_1:3^2 0.248 0.083 2.943 0.003 1.00 11 
GeoDist : pcARABvsGRASS_1:3 -0.260 0.060 4.276 0.000 1.00 11 
LFRINGE_1:3 0.192 0.075 2.540 0.011 1.00 11 
FOREST_1:3 0.040 0.069 0.571 0.568 0.54 6 

GeoDist : FOREST_1:3 0.034 0.062 0.540 0.589 0.30 3 
FOREST_1:3^2 -0.012 0.030 0.382 0.703 0.24 3 
SETTLE_1:7 0.014 0.043 0.319 0.750 0.17 2 
GeoDist : FOREST_1:3^2 0.006 0.024 0.241 0.810 0.08 1 
SHANNON_1:5 0.005 0.029 0.191 0.849 0.08 1 
LWATER_2:3 0.004 0.023 0.178 0.859 0.07 1 
LWOOD_2:3 0.010 0.054 0.185 0.853 0.07 1 

* Principal component from CEREAL_1:3 (r>0), RAPE_1:3 (r>0) and GRASS_1:3 (r<0)  
  
(b) DPS ~ Geographic distance*landscape metrics     

Number of observations: 104       
Average model over all candidate models with ΔAICC ≤ 2      

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.174 0.280 0.614 0.539 NA NA 
GeoDist -0.089 0.073 1.207 0.227 1.00 8 
pcARABvsGRASS_1:2 * -0.333 0.152 2.163 0.031 1.00 8 
pcARABvsGRASS_1:2^2 0.284 0.091 3.076 0.002 1.00 8 
GeoDist : pcARABvsGRASS_1:2 -0.239 0.060 3.953 0.000 1.00 8 
FOREST_1:3 0.045 0.074 0.598 0.550 1.00 8 
FOREST_1:3^2 -0.083 0.050 1.627 0.104 1.00 8 
LFRINGE_1:3 0.208 0.086 2.404 0.016 1.00 8 

GeoDist : FOREST_1:3^2 0.037 0.056 0.658 0.511 0.42 3 
LROAD_1:7 0.038 0.063 0.602 0.547 0.40 3 
SEMNATVEG_1:5 -0.022 0.055 0.402 0.687 0.21 2 
LWOOD_2:3 0.035 0.102 0.340 0.734 0.17 2 

* Principal component from CEREAL_1:2 (r>0), RAPE_1:2 (r>0) and GRASS_1:2 (r<0)  
  
Oxalis acetosella       
(c) G''ST ~ Geographic distance*landscape metrics     

Number of observations: 78       
Single best model of all candidate models (all other candidate models had a ΔAICC > 2  

  Estimate Std. Error DF t-value p-value  
(Intercept) 0.482 0.468 63 1.031 0.306  
GeoDist 0.277 0.094 63 2.967 0.004  
FOREST_1:3 0.136 0.067 63 2.047 0.045  
GeoDist : FOREST_1:3 0.193 0.059 63 3.273 0.002  
RAPE_1:2 0.203 0._125 63 1.629 0.108  
RAPE_1:2^2 -0.230 0.072 63 -3.189 0.002  
GeoDist : RAPE_1:2 0.056 0.054 63 1.032 0.306  
GeoDist : RAPE_1:2^2 -0.264 0.064 63 -4.144 0.000  
LWATER_1:3 -0.218 0.063 63 -3.472 0.001  
LROAD_1:5 -0._125 0.060 63 -2.099 0.040  
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(d) DPS ~ Geographic distance*landscape metrics     
Number of observations: 80       
Average model over all candidate models with ΔAICC ≤ 2      

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.134 0.337 0.390 0.696 NA NA 
GeoDist 0.082 0.103 0.787 0.432 1.00 3 
FOREST_1:3 0.345 0.103 3.305 0.001 1.00 3 
LWOOD_1:7 0.270 0.154 1.728 0.084 1.00 3 
O:P_LWOOD -0.070 0.056 1.220 0.222 1.00 3 
O:P_LWOOD : LWOOD_1:7 0.216 0.067 3.152 0.002 1.00 3 
ARABLE_1:3 0.188 0.143 1.300 0.194 0.80 2 
SHANNON_2:3 -0.167 0.138 1.202 0.229 0.70 2 
GeoDist : FOREST_1:3 0.100 0.085 1.168 0.243 0.70 2 

ARABLE_1:3^2 -0.012 0.044 0.270 0.787 0.30 1 
GeoDist : ARABLE_1:3 -0.047 0.082 0.573 0.567 0.30 1 
GeoDist : ARABLE_1:3^2 -0.069 0.114 0.608 0.543 0.30 1 

       
Polygonatum multiflorum       
(e) G''ST ~ Geographic distance*landscape metrics     

Number of observations: 90       
Average model over all candidate models with ΔAICC ≤ 2      

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) -0.294 0.336 0.863 0.388 NA NA 
GeoDist 0.158 0.106 1.469 0.142 1.00 17 
SEMNATGRASS_1:3 0.265 0.131 1.992 0.046 1.00 17 
SEMNATGRASS_1:3^2 0.267 0.099 2.670 0.008 1.00 17 
FOREST_1:2 -0.262 0.160 1.623 0.105 0.87 14 
LROAD_1:7 -0.037 0.134 0.275 0.783 0.71 12 
GeoDist : FOREST_1:2 -0.101 0.097 1.036 0.300 0.66 10 
O:P_LROAD 0.027 0.059 0.455 0.649 0.50 8 
O:P_LROAD : LROAD_1:7 0.126 0.144 0.873 0.383 0.50 8 

ORCHARD_2:3 0.074 0.118 0.620 0.535 0.41 8 
LWATER_2:3 -0.064 0.103 0.611 0.541 0.39 7 
ARABLE_1:2 0.000 0.027 0.011 0.992 0.04 1 
ARABLE_1:2^2 0.009 0.048 0.192 0.848 0.04 1 

       

(f) DPS ~ Geographic distance*landscape metrics     
Number of observations: 87       
Average model over all candidate models with ΔAICC ≤ 2      

  Estimate Std. Error z-value p-value Importance #Models 

(Intercept) 0.064 0.221 0.285 0.775 NA NA 
GeoDist 0.124 0.133 0.923 0.356 1.00 8 
SEMNATGRASS_1:3 0.318 0.131 2.401 0.016 1.00 8 
ORCHARD_2:3 0.441 0.160 2.714 0.007 1.00 8 
LWOOD_1:5 -0.303 0.141 2.108 0.035 1.00 8 
LROAD_1:2 -0.383 0.153 2.463 0.014 1.00 8 

O:P_LROAD 0.085 0.110 0.768 0.442 0.44 3 
O:P_LROAD : LROAD_1:2 -0.009 0.063 0.140 0.888 0.44 3 
MAIZE_1:7 0.062 0.120 0.512 0.609 0.44 4 
MAIZE_1:7^2 -0.129 0.171 0.749 0.454 0.44 4 
SEMNATGRASS_1:3^2 0.064 0.114 0.560 0.575 0.31 3 
LWATER_2:3 -0.023 0.075 0.312 0.755 0.12 1 
LFRINGE_1:2 0.013 0.056 0.227 0.821 0.09 1 
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Fig. S6.1 Visualizations of landscape effects on population genetic variables for Anemone nemorosa (cf. Tables 

S6.1 and S6.2, which are not presented in the main text. Shown are the partial slopes and residuals as well as the 

95% confidence band. All variables are scaled in standard deviation units. Colors represent the different 

landscape windows: France (Fra),  Belgium (Be), West Germany (GeW), East Germany (GeE), South Sweden (SwS), 

Central Sweden (SwC), and Estonia (Est). Population genetic variables are allelic richness (Ar), observed 

heterozygosity (Ho), inbreeding index (F), and genetic differentiation (G’’ST and DPS). The landscape metric FOREST 

refers to the percent cover of deciduous forest.  LFRINGE and LROAD refer to the relative length of herbaceous 

fringes and roads, respectively. Numbers or ratios added to the variable names correspond to the most influential 

buffer distance in meters or the most influential width-to-length radio of the landscape strips, respectively 
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Fig. S6.2 Visualizations of landscape effects on population genetic variables for Oxalis acetosella (cf. Tables S6.1 

and S6.2, which are not presented in the main text. Shown are the partial slopes and residuals as well as the 95% 

confidence band. All variables are scaled in standard deviation units. Colors represent the different landscape 

windows: France (Fra),  West Germany (GeW), East Germany (GeE), South Sweden (SwS), Central Sweden (SwC), 

and Estonia (Est). Population genetic variables are allelic richness (Ar), expected (He) and observed heterozygosity 

(Ho), inbreeding index (F), and genetic differentiation (G’’ST and DPS). The landscape metrics SEMNATGRASS and 

SEMNATVEG refer to the percent cover of semi-natural grassland and other semi-natural vegetation, 

respectively. LFRINGE, LROAD, and LWATER refer to the relative length of herbaceous fringes, roads and water 

courses, respectively. EDGEDEN is the land-use parcel edge density. SHANNON is the diversity of land-use types. 

pcLWOODGRASS is a principal component reflecting the percent cover of grassland and the relative length of 

hedgerows/treelines (cf. Table 2 in the main text). Numbers or ratios added to the variable names correspond to 

the most influential buffer distance in meters or the most influential width-to-length radio of the landscape 

strips, respectively 
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Fig. S7.3 Visualizations of landscape effects on population genetic variables for Polygonatum multiflorum (cf. 

Tables S7.1 and S7.2, which are not presented in the main text. Shown are the partial slopes and residuals as well 

as the 95% confidence band. All variables are scaled in standard deviation units. Colors represent the different 

landscape windows: France (Fra),  Belgium (Bel), West Germany (GeW), East Germany (GeE), South Sweden 

(SwS), and Estonia (Est). Population genetic variables are allelic richness (Ar), expected heterozygosity (He), 

inbreeding index (F), and genetic differentiation (G’’ST and DPS). The landscape metrics FOREST, ORCHARD, and 

SEMNATGRASS refer to the percent cover of deciduous forest, traditional grassland orchards, and semi-natural 

grassland, respectively. LROAD, LWATER, and LWOOD refer to the relative length of roads, water courses, and 

hedgerows/treelines, respectively. SHANNON is the diversity of land-use types. pcARABvsGRASS is a principal 

component reflecting the trade-off between arable land (cereals and oilseed rape) on the one hand and grassland 

on the other hand (cf. Table 2). Numbers or ratios added to the variable names correspond to the most influential 

buffer distance in meters or the most influential width-to-length radio of the landscape strips, respectively 

 

 


