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Appendix 1 
Information on the 241 study species used in the analyses 
The five species marked with an asterisk (*) were present under several names in the Biodiversity Exploratories vegetation records. The upper name in 

the row is the accepted name, according to The Plant List, and the lower name is a synonym name. Some of those species had initially been included as 

separate species in the root-morphology and rooting-depth experiments, and these were later merged (resulting in more than 14 and 5 replicates, 

respectively). The seedling cultivation time is the time between sowing and transplanting of seedlings in the root-morphology experiment. For the 

rooting-depth experiment, one more week of was added to reduce seedlings mortality after transplanting. Abbreviations used for “Traits imputed” 

column: BB = bud-bank size, FRD = fine roots diameter, MRD = maximum rooting depth, RTD = root tissue density, RWR = root weight ratio, SLA = 

specific leaf area, SRL = specific root length. 
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Achillea millefolium Asteraceae Rieger-Hofmann 3W No 6 7 5   2.04 2.47 100 683 2991 60 137 

Agrimonia eupatoria Rosaceae Rieger-Hofmann 3W Yes 1 1 3   0.83 1.60 60 266 2647 21 21 

Agrostis capillaris Poaceae Rieger-Hofmann 2W No 7 6 4   0.89 6.11 36 151 2974 50 131 

Agrostis stolonifera Poaceae Konstanz ; Goettingen 2W No 7 6 5 Height 1.66 12.31 43 199 2979 74 228 

Alchemilla monticola Rosaceae Bormio Rezia. I 3W Yes 7 5 3 BB 0.21 0.95 27 94 1256 3 16 

Alchemilla vulgaris agg. Rosaceae Rostock 3W Yes 4 5 0 MRD 0.12 NA 31 NA 2421 36 3 

Allium schoenoprasum Amaryllidaceae Rieger-Hofmann 2W No 7 7 5   0.05 NA 10 NA 1035 32 22 
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Allium scorodoprasum Amaryllidaceae Halle (Matthias Stolle) 2W No 7 6 0 MRD 0.06 NA 1 NA 970 26 6 

Alopecurus geniculatus Poaceae Rieger-Hofmann 2W No 5 4 4   2.50 10.68 7 14 2599 45 107 

Alopecurus pratensis Poaceae Rieger-Hofmann 2W No 6 6 5   9.48 8.29 95 494 2965 55 104 

Anchusa officinalis Boraginaceae Rieger-Hofmann 2W No 6 7 1   0.01 NA 1 NA 1260 42 39 
Anthoxanthum 

odoratum Poaceae Rieger-Hofmann 2W No 6 7 5   3.07 2.18 35 131 2937 71 197 

Anthyllis vulneraria Fabaceae Rieger-Hofmann 3W Yes 7 4 0 MRD 0.93 3.83 2 19 2119 61 24 

Aphanes arvensis Rosaceae Nantes 3W Yes 6 6 2   0.08 0.56 8 3 2519 4 32 

Arabidopsis arenosa Brassicaceae Konstanz 2W No 7 6 5   0.54 0.39 4 10 1741 31 15 

Arabidopsis thaliana Brassicaceae Rieger-Hofmann 2W No 6 6 1   0.02 0.38 5 2 2807 60 84 

Arabis sagittata Brassicaceae Eötvös Uni Budapest 3W Yes 5 7 4 BB 0.02 NA 2 NA 133 34 0 

Arctium lappa Asteraceae RH ; Konstanz 2W No 7 7 5   0.35 3.01 1 45 2535 59 76 

Arctium minus Asteraceae Konstanz 2W No 7 7 5   1.03 2.30 24 70 2725 67 98 

Arctium nemorosum Asteraceae RH ; Konstanz 3W No 7 7 5 SLA 0.01 5.02 1 2 1464 39 0 

Arctium tomentosum Asteraceae RH ; Konstanz 2W No 7 7 0 MRD 0.06 1.47 11 43 2031 44 39 

Arenaria serpyllifolia Caryophyllaceae Rieger-Hofmann 2W No 6 6 5   0.06 0.61 9 16 2932 64 111 

Arrhenatherum elatius Poaceae Rieger-Hofmann 2W No 6 6 5   5.97 12.72 98 577 2967 80 149 

Asperula cynanchica Rubiaceae Rieger-Hofmann 3W Yes 6 2 1   0.42 0.65 7 37 862 44 1 

Barbarea vulgaris Brassicaceae Rieger-Hofmann 2W No 7 7 0 MRD 0.06 0.66 1 2 2737 53 74 

Bellis perennis Asteraceae Rieger-Hofmann 2W No 6 7 5   0.69 1.55 59 209 2984 72 110 

Berula erecta Apiaceae Konstanz 3W No 4 3 0 MRD 0.13 1.44 1 2 2338 70 38 

Brachypodium pinnatum Poaceae RH ; Konstanz 3W No 7 7 5   7.16 10.95 19 104 1956 66 11 

Brassica rapa Brassicaceae Rieger-Hofmann 2W No 7 6 2 BB 0.02 NA 1 NA 612 33 345 

Briza media Poaceae Rieger-Hofmann 3W No 6 7 0 MRD 2.05 4.20 19 119 2611 55 24 

Bromus erectus Poaceae Rieger-Hofmann 2W No 7 5 5   13.06 15.90 23 121 1822 48 48 

Bromus hordeaceus Poaceae Rieger-Hofmann 2W No 6 7 5   2.34 3.37 96 377 2928 85 191 

Bromus inermis Poaceae Mattias Stolle 2W No 7 6 5   7.14 8.71 6 18 2815 38 120 

Bromus sterilis Poaceae Konstanz 2W No 7 6 5   0.08 7.14 1 19 2651 60 88 

Calamagrostis canescens Poaceae Hohenheim 3W No 7 7 5   1.84 2.84 1 2 2077 40 0 
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Campanula glomerata Campanulaceae Rieger-Hofmann 3W No 6 7 0 MRD 0.03 0.43 4 4 1380 49 25 

Campanula patula Campanulaceae Rieger-Hofmann 3W No 6 5 0 MRD 0.21 0.36 9 22 2117 42 13 

Campanula persicifolia Campanulaceae Rieger-Hofmann 3W No 6 5 2   0.41 NA 1 NA 1894 50 22 
Campanula 

rapunculoides Campanulaceae Rieger-Hofmann 3W No 7 7 4   0.04 1.24 3 15 2580 47 81 

Campanula rotundifolia Campanulaceae Rieger-Hofmann 3W No 6 4 4   0.26 0.50 15 80 2914 51 6 

Capsella bursa-pastoris Brassicaceae Konstanz 2W No 6 6 5   0.23 NA 53 NA 2981 63 348 

Cardamine pratensis Brassicaceae Rieger-Hofmann 3W No 3 1 0 MRD 0.62 0.93 13 41 2923 52 7 

Carduus acanthoides Asteraceae Köln 3W Yes 4 1 0 MRD 0.06 0.45 1 8 1270 41 85 

Carex acutiformis Cyperaceae Rieger-Hofmann 3W No 3 3 0 MRD 5.20 17.16 4 67 2724 55 25 

Carex flacca Cyperaceae RH ; Cry d'Er 3W No 3 4 0 MRD 3.05 3.10 13 74 2326 71 15 

Carex leporina * 
Carex ovalis Cyperaceae Rieger-Hofmann 3W No 11 11 9 

 
0.15 NA 4 NA 2748 55 31 

Carex muricata Cyperaceae Rieger-Hofmann 3W No 7 7 2   0.28 1.90 10 13 2682 65 21 

Carex ornithopoda Cyperaceae Alpino Rezia 3W No 5 4 0 BB MRD 0.09 NA 2 NA 668 34 0 

Carex praecox Cyperaceae Regensbourg 3W No 7 6 5   0.07 NA 1 NA 703 40 0 

Carex vulpina Cyperaceae RH ; Hohenheim 3W No 6 7 4 Height 0.08 2.29 2 6 2060 42 0 

Carlina acaulis Asteraceae Klaipeda ; Salzburg ; Rezia 2W No 6 7 0 MRD 0.37 0.73 9 49 749 31 3 

Carlina vulgaris Asteraceae Rieger-Hofmann 3W No 7 7 4   0.14 0.45 10 35 2089 52 3 

Carum carvi Apiaceae Rieger-Hofmann 3W No 6 3 0 MRD 0.98 1.43 50 175 2093 53 72 

Centaurea jacea Asteraceae Rieger-Hofmann 3W Yes 5 4 3   1.35 1.33 23 82 2892 55 65 

Centaurium erythraea Gentianaceae Rieger-Hofmann 3W Yes 6 4 1   0.12 0.56 2 15 2367 64 101 

Cerastium arvense Caryophyllaceae Rieger-Hofmann 3W Yes 5 5 1   0.32 0.47 14 35 2814 35 66 

Cerastium glomeratum Caryophyllaceae .002906 Uni KN (Angers. F) 3W Yes 6 6 2   0.01 NA 8 NA 2516 63 196 

Cerastium nutans Caryophyllaceae Rieger-Hofmann 3W Yes 7 4 0 

SLA BB 
MRD 

Height 0.01 0.31 1 3 NA NA 0 

Cerastium pumilum Caryophyllaceae Siena 3W Yes 6 7 0 MRD 0.01 NA 5 NA 1324 49 44 
Cerastium 

semidecandrum Caryophyllaceae Göttingen 3W Yes 5 5 1   0.15 0.43 2 1 2124 53 63 

Chaerophyllum aureum Apiaceae Rieger-Hofmann 3W No NA NA 1 
RTD RWR 

FRD SRL 0.18 1.43 13 27 1032 37 14 

Chenopodium album Amaranthaceae Rieger-Hofmann 3W No 7 6 4   0.08 0.56 17 18 2974 15 416 

Cichorium intybus Asteraceae Rieger-Hofmann 3W Yes 7 7 5   0.70 1.32 45 35 2611 64 221 
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Cirsium acaule Asteraceae Rieger-Hofmann 3W Yes 7 6 2   1.54 1.95 18 93 15 25 0 

Cirsium eriophorum Asteraceae Rieger-Hofmann 3W Yes 3 6 0 MRD 0.12 0.64 6 27 561 30 0 

Clinopodium acinos Lamiaceae UfA 2W No 7 7 5   0.05 0.78 3 8 1815 41 28 

Convolvulus arvensis Convolvulaceae Aigues Vives 2W No 6 7 5   0.78 2.36 53 268 2887 86 249 

Cota tinctoria Asteraceae Rieger-Hofmann 2W No 6 7 5   0.28 0.43 1 3 1863 55 64 

Crepis biennis Asteraceae Rieger-Hofmann 3W Yes 1 NA 0 MRD 1.16 2.17 69 325 2527 43 10 

Cruciata laevipes Rubiaceae Stuttgart-Hohenheim 3W Yes NA NA 1 
RTD RWR 

FRD SRL 1.39 2.41 5 16 1651 44 14 

Cynosurus cristatus Poaceae Rieger-Hofmann 2W No 7 6 5   1.52 4.12 45 241 2710 55 75 

Dactylis glomerata Poaceae Rieger-Hofmann 2W No 6 7 5   6.34 10.10 138 1088 2990 83 285 

Daucus carota Apiaceae Rieger-Hofmann 2W No 7 6 5   0.34 1.25 56 206 2942 88 200 

Deschampsia cespitosa * 
Deschampsia littoralis Poaceae Rieger-Hofmann 2W No 8 8 5 

 
3.12 6.19 27 195 2955 54 25 

Dianthus 
carthusianorum Caryophyllaceae Rieger-Hofmann 2W No 6 7 5   0.01 1.72 1 9 1656 28 6 

Dipsacus fullonum Dipsacaceae Rieger-Hofmann 2W No 7 7 5   0.04 0.76 2 11 2236 44 80 

Elymus repens Poaceae Rezia ; Kew 3W No 7 6 2   3.69 8.11 91 369 2975 70 129 

Epilobium hirsutum Onagraceae Rieger-Hofmann 2W No 7 7 4   0.11 0.48 1 5 2914 81 32 

Epilobium parviflorum Onagraceae Rieger-Hofmann 2W No 7 7 5   0.28 0.73 2 7 2794 79 16 

Erigeron acris Asteraceae Konstanz ; Oldersburg 2W No 7 4 0 
SLA MRD 

Height 0.05 0.76 1 5 2441 63 3 

Erigeron canadensis Asteraceae Konstanz 3W No 3 3 5   0.03 0.79 2 7 2898 0 370 

Erophila verna Brassicaceae Rieger-Hofmann 3W Yes 7 6 0 MRD 0.14 0.44 32 15 2826 62 81 

Eryngium campestre Apiaceae Rieger-Hofmann 3W Yes 5 3 0 MRD 0.10 3.24 2 14 592 61 12 

Euphorbia cyparissias Euphorbiaceae Rieger-Hofmann 3W Yes 7 6 0 MRD 1.39 1.82 18 136 2590 31 79 

Euphorbia helioscopia Euphorbiaceae Nantes. F (011944) 3W Yes 3 1 0 MRD 0.09 NA 1 NA 2881 51 143 

Euphrasia officinalis Orobanchaceae Rieger-Hofmann 3W Yes 1 NA 0 BB MRD 0.10 NA 11 NA 1675 18 0 

Falcaria vulgaris Apiaceae Rieger-Hofmann 3W Yes 2 1 0 MRD 1.79 0.61 4 13 1324 46 29 

Fallopia convolvulus Polygonaceae Münster. D 3W Yes 1 2 0 MRD 0.04 0.46 1 4 2950 1 184 

Festuca arundinacea Poaceae Rieger-Hofmann 2W No 7 7 5   0.50 9.18 7 37 2726 70 120 

Festuca guestfalica Poaceae Rieger-Hofmann 2W No 7 7 5 SLA BB 1.75 7.58 24 86 684 14 0 

Festuca nigrescens Poaceae Rieger-Hofmann 2W No 7 7 5 SLA BB 1.18 5.29 5 14 523 26 10 
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Festuca ovina Poaceae Rieger-Hofmann 3W No 1 1 1 BB 2.38 12.37 31 29 2951 43 23 

Festuca pratensis Poaceae Rieger-Hofmann 2W No 7 7 5   4.39 5.67 115 638 2961 62 98 

Festuca rubra Poaceae Rieger-Hofmann 2W No 6 7 5   5.65 8.48 97 446 2983 56 136 

Fragaria vesca Rosaceae Rieger-Hofmann 2W No 6 6 5   0.22 0.57 2 9 2744 24 70 

Fragaria viridis Rosaceae Konstanz ; Budapest 2W No 7 6 5   1.09 3.67 3 16 1183 50 0 

Galium album Rubiaceae Rieger-Hofmann 2W No 7 7 4 BB 0.38 NA 68 NA 2463 51 3 

Galium aparine Rubiaceae Rieger-Hofmann 3W No 7 6 5   0.35 4.70 19 87 2967 61 142 

Galium pumilum Rubiaceae Konstanz ; Angers 3W No 6 7 4   0.17 0.56 11 35 1270 30 5 

Galium verum Rubiaceae Rieger-Hofmann 3W No 6 6 5   1.25 1.56 17 108 2621 58 58 

Genista sagittalis Fabaceae Göttingen 3W Yes NA NA 2 

RTD BB 
RWR FRD 

SRL 3.42 2.59 3 14 580 17 3 

Genista tinctoria Fabaceae Rieger-Hofmann 3W Yes 4 4 5 BB 0.71 0.86 2 4 2118 39 29 

Geranium columbinum Geraniaceae Caen. F 3W Yes 7 6 3   0.04 0.38 32 9 1982 60 26 

Geranium dissectum Geraniaceae Altenburg 3W Yes NA NA 2 
RTD RWR 

FRD SRL 0.20 0.74 47 135 2451 79 97 

Geranium molle Geraniaceae Nantes. F 3W Yes 7 2 0 BB MRD 0.20 1.30 28 48 2534 83 124 

Geranium pratense Geraniaceae Rieger-Hofmann 3W Yes 2 NA 2   0.74 2.97 22 50 1840 42 33 

Geranium pusillum Geraniaceae .977408 Uni KN (Osnabrück. D) 3W Yes 4 2 0 MRD 0.13 1.01 40 65 2839 58 71 

Geum rivale Rosaceae Rieger-Hofmann 3W No 3 1 3   0.20 4.86 1 3 2231 7 2 

Geum urbanum Rosaceae Rieger-Hofmann 2W No 6 6 1   0.06 1.20 27 58 2930 12 22 

Glechoma hederacea Lamiaceae Rieger-Hofmann 2W No 7 6 4   0.38 2.32 68 299 2960 38 84 

Glyceria fluitans Poaceae Konstanz 2W No 6 6 5   1.34 10.11 5 7 2956 62 46 
Helianthemum 
nummularium Cistaceae Rieger-Hofmann 3W No 5 3 1   2.73 3.94 2 14 1427 70 0 

Helictotrichon pratense Poaceae RH ; Regensburg 3W No 7 6 5   1.21 3.10 24 72 1377 24 0 

Helictotrichon pubescens Poaceae RH ; Konstanz 2W No 6 7 1   3.17 3.60 44 95 2362 47 12 

Holcus lanatus Poaceae Rieger-Hofmann 2W No 7 7 4   2.61 7.88 66 372 2975 79 226 

Hypericum hirsutum Hypericaceae RH ; UfA 3W No 3 2 1   0.08 1.26 2 7 1578 45 0 

Hypericum perforatum Hypericaceae Rieger-Hofmann 3W No 7 7 4   0.23 0.64 22 121 2975 71 117 

Hypochaeris radicata Asteraceae Rieger-Hofmann 2W No 7 5 5 
SLA 

Height 0.82 1.54 18 29 2917 66 231 

Juncus effusus Juncaceae Rieger-Hofmann 3W Yes NA NA 1 
RTD RWR 

FRD SRL 2.10 3.18 5 23 2966 53 46 
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Juncus inflexus Juncaceae Rieger-Hofmann 3W Yes NA NA 1 
RTD RWR 

FRD SRL 0.14 2.96 4 24 2355 50 13 

Knautia arvensis Caprifoliaceae Rieger-Hofmann 3W No 6 5 2   0.44 1.28 17 87 2855 48 38 

Koeleria macrantha Poaceae Rieger-Hofmann 3W No 7 7 1   0.26 0.45 5 16 856 45 20 

Koeleria pyramidata Poaceae Rieger-Hofmann 3W No 7 5 5   0.75 1.42 12 70 1617 34 4 

Lactuca serriola Asteraceae Rieger-Hofmann 2W No 7 6 5   0.04 2.96 1 4 2552 75 259 

Lamium album Lamiaceae Muenster ; Regensburg 3W No 6 3 0 MRD 1.42 1.87 9 48 2920 34 37 

Lamium purpureum Lamiaceae Rieger-Hofmann 3W No 1 1 2   0.11 1.11 22 17 2960 49 104 

Lathyrus nissolia Fabaceae UfA 3W No 7 6 2 BB 0.10 NA 1 NA 298 42 11 

Lathyrus pratensis Fabaceae Rieger-Hofmann 2W No 7 5 5   0.26 1.90 26 143 2955 58 33 

Lathyrus tuberosus Fabaceae Rieger-Hofmann 3W No 5 7 5   0.52 0.58 4 12 1742 39 46 

Leontodon hispidus Asteraceae Rieger-Hofmann 3W No 7 6 5   1.97 1.60 32 99 2446 58 11 

Lepidium campestre Brassicaceae Konstanz 2W No 7 6 5   0.10 NA 1 NA 1928 40 98 
Leucanthemum vulgare 

agg. (L. vulgare and 
L.ircutianum) Asteraceae Rieger-Hofmann 2W No 12 12 6   0.45 1.04 43 120 2946 40 205 

Linaria vulgaris Lamiaceae Rieger-Hofmann 3W Yes 6 5 3   1.87 1.04 1 11 2923 46 107 

Linum catharticum Linaceae Münster. D 3W Yes 1 NA 1   0.19 0.50 23 94 2410 62 21 

Lolium multiflorum Poaceae Rieger-Hofmann 2W No 7 6 5   1.60 12.60 40 59 2639 66 260 

Lolium perenne Poaceae Rieger-Hofmann 2W No 7 7 5   6.95 13.45 114 777 2981 74 365 

Lotus corniculatus Fabaceae Rieger-Hofmann 2W No 7 7 5   1.29 1.46 49 218 2944 1 140 

Luzula campestris Juncaceae Rieger-Hofmann 3W No 3 5 1   0.99 1.00 24 57 2927 38 19 

Matricaria chamomilla * 
Matricaria recutita Asteraceae Rieger-Hofmann 3W Yes 5 4 1 

 
0.02 0.78 10 4 2829 65 127 

Matricaria discoidea Asteraceae Münster. D 3W Yes 7 6 5   0.04 0.64 5 1 2968 0 91 

Medicago falcata Fabaceae Rieger-Hofmann 2W No 6 7 5 Height 0.30 1.66 2 10 1732 54 15 

Medicago lupulina Fabaceae Rieger-Hofmann 2W No 7 7 1   0.81 1.87 65 286 2969 68 242 

Medicago varia Fabaceae Konstanz ; RH 2W No 7 7 5 
SLA BB 
Height 0.96 6.47 10 26 NA NA 25 

Myosotis arvensis Boraginaceae Konstanz 2W No 6 6 5   0.22 0.52 45 117 2959 61 81 

Myosotis discolor Boraginaceae Konstanz 2W No 6 6 1   0.05 NA 4 NA 1603 60 81 

Myosotis ramosissima Boraginaceae La Rochelle 2W No 6 7 3   0.05 0.37 5 21 1949 66 6 

Myosurus minimus Ranunculaceae Hohenheim ; Goettingen 2W No 7 7 3   0.05 0.68 1 1 1742 66 18 
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Ononis spinosa * 
Ononis repens Fabaceae UfA ; RH 2W No 12 14 6   1.26 2.14 11 62 2552 62 10 

Origanum vulgare Lamiaceae BNT ; RH 2W No 6 6 5   0.43 2.36 5 35 2029 51 47 

Persicaria lapathifolia Polygonaceae Konstanz, Osnabrück. D 3W Yes NA NA 1 
RTD RWR 

FRD SRL 0.01 0.58 1 1 2926 84 151 

Phalaris arundinacea Poaceae Rieger-Hofmann 2W No 6 7 5   5.20 9.45 18 138 2969 55 94 

Phleum bertolonii Poaceae Goettingen 3W No 4 3 5 
SLA 

Height 0.11 2.72 3 33 NA 34 1 

Phleum pratense Poaceae Rieger-Hofmann 2W No 7 7 4   1.09 3.12 87 470 2978 63 158 

Phragmites australis Poaceae Rieger-Hofmann 3W No 5 6 4   0.60 11.35 1 46 2887 81 98 

Picris hieracioides Asteraceae Rieger-Hofmann 3W Yes 6 6 0 MRD 1.87 6.24 14 32 2073 62 31 

Pilosella officinarum Asteraceae Rieger-Hofmann 2W No 4 7 5   2.64 3.46 17 97 2954 56 45 

Plantago lanceolata Plantaginaceae Rieger-Hofmann 3W No 5 7 3   1.86 2.27 122 754 2986 66 331 

Plantago major Plantaginaceae Rieger-Hofmann 2W No 7 7 5   0.43 1.32 78 299 2988 70 364 

Plantago media Plantaginaceae Rieger-Hofmann 2W No 7 5 3   1.35 2.15 55 263 2327 47 22 

Poa angustifolia Poaceae Rieger-Hofmann 2W No 7 7 5 BB 1.58 4.03 123 141 2050 56 11 

Poa annua Poaceae Rieger-Hofmann 2W No 6 7 5   0.29 1.03 10 22 2982 91 370 

Poa pratensis Poaceae Rieger-Hofmann 2W No 7 6 5   4.89 8.35 144 769 2980 64 237 

Poa trivialis Poaceae Rieger-Hofmann 2W No 4 7 5 Height 8.42 15.37 131 953 2968 82 127 

Polygala vulgaris Polygalaceae Tübingen 3W Yes 6 4 0 MRD 0.15 0.43 3 4 2241 56 9 

Potentilla anserina Rosaceae Mailand. I 3W Yes 4 4 2   1.78 4.45 17 129 2959 55 35 

Potentilla argentea Rosaceae Rieger-Hofmann 3W Yes 6 7 3   0.18 1.57 2 8 2403 18 50 

Potentilla collina Rosaceae Göttingen. D 3W Yes 5 6 3 
SLA BB 
Height 0.01 NA 1 NA 126 4 2 

Potentilla erecta Rosaceae Rieger-Hofmann 3W Yes 5 1 1   0.28 0.98 1 16 2849 66 5 

Potentilla heptaphylla Rosaceae Göttingen. D 3W Yes 5 5 2   0.44 0.60 14 53 888 10 0 

Potentilla recta Rosaceae Rieger-Hofmann 3W Yes 6 7 5   0.04 NA 2 NA 1558 40 91 
Potentilla 

tabernaemontani Rosaceae Rieger-Hofmann 3W Yes 4 4 2   0.47 1.35 13 76 NA 9 0 

Primula veris Primulaceae Rieger-Hofmann 3W Yes 3 3 0 MRD 0.60 2.73 7 27 2037 49 15 

Prunella grandiflora Lamiaceae Rieger-Hofmann 2W No 6 6 5   1.26 6.47 14 41 935 29 3 

Prunella vulgaris Lamiaceae Rieger-Hofmann 3W No 6 7 5   0.32 1.42 42 186 2974 55 169 

Ranunculus acris Ranunculaceae Rieger-Hofmann 3W Yes 4 2 4   2.80 2.76 76 524 2985 57 74 
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Ranunculus bulbosus Ranunculaceae Rieger-Hofmann 3W Yes 7 4 5   0.74 1.40 80 219 2495 71 51 

Ranunculus repens Ranunculaceae Rieger-Hofmann 3W Yes 5 3 4   2.72 5.50 88 531 2989 71 124 

Rumex acetosa Polygonaceae Rieger-Hofmann 2W No 6 7 5   1.41 1.15 66 312 2981 13 41 

Rumex acetosella Polygonaceae Rieger-Hofmann 3W No 7 5 4   0.66 0.57 5 13 2915 33 245 

Rumex obtusifolius Polygonaceae Colisses 3W No 6 6 1   1.27 2.42 21 147 2980 26 225 

Rumex thyrsiflorus Polygonaceae Goettingen 2W No 7 6 0 MRD 0.23 1.54 3 12 1380 5 15 

Salvia pratensis Lamiaceae Rieger-Hofmann 3W No 7 6 0 MRD 0.64 1.45 5 36 1694 28 32 

Sanguisorba minor Rosaceae Rieger-Hofmann 3W No 6 5 5   1.35 1.94 23 112 2366 45 73 

Sanguisorba officinalis Rosaceae Rieger-Hofmann 3W No 5 4 0 MRD 0.35 NA 1 NA 1998 30 5 

Saxifraga granulata Saxifragaceae Rieger-Hofmann 3W Yes 6 5 0 MRD 0.51 NA 1 NA 2147 39 3 

Saxifraga tridactylites Saxifragaceae Salzburg. A 3W Yes 6 6 0 MRD 0.07 NA 2 NA 1703 64 4 

Scabiosa columbaria Dipsacaceae Rieger-Hofmann 3W No 3 NA 1   0.73 0.86 15 61 1749 46 6 
Scorzoneroides 

autumnalis Asteraceae Rieger-Hofmann 2W No 7 6 5   0.73 1.17 66 128 2964 53 49 

Sedum spurium Crassulaceae Rieger-Hofmann 2W No 6 7 3 BB 0.01 NA 1 NA 1625 3 70 

Sedum telephium Crassulaceae Rieger-Hofmann 2W No 7 7 5 Height 0.02 NA 1 NA 2801 37 47 

Senecio erucifolius Asteraceae Munster 3W No 5 1 0 BB MRD 0.16 0.63 13 15 1659 54 4 

Sesleria albicans Poaceae Goettingen 3W No 1 NA 5 BB 0.06 0.45 1 2 NA 3 1 

Sherardia arvensis Rubiaceae Konstanz 2W No 7 5 5   0.07 NA 3 NA 1786 55 148 

Silene dioica Caryophyllaceae Rieger-Hofmann 2W No 6 6 5   0.18 1.18 8 21 2601 32 50 

Silene flos-cuculi Caryophyllaceae Rieger-Hofmann 2W No 5 5 3   0.02 NA 4 NA 2901 43 31 

Silene vulgaris Caryophyllaceae Rieger-Hofmann 2W No 6 7 5   0.64 0.51 1 5 2754 62 111 

Sinapis alba Brassicaceae Konstanz 2W No 7 7 5 BB 0.06 NA 3 NA 1156 81 113 

Sinapis arvensis Brassicaceae Rieger-Hofmann 2W No 7 6 5   0.06 0.27 3 1 2835 52 205 

Sisymbrium officinale Brassicaceae Krefeld 3W Yes 7 6 1   0.11 0.45 1 4 2877 56 242 

Spergula arvensis Caryophyllaceae Rieger-Hofmann 3W Yes 5 6 0 MRD 0.00 NA 0 NA 2741 51 271 

Stachys arvensis Lamiaceae Paris 2W No 7 6 5 BB 0.02 NA 3 NA 1293 32 131 

Stachys officinalis * 
Betonica officinalis Lamiaceae Rieger-Hofmann 3W Yes 7 7 0   0.15 1.97 1 6 1974 37 5 

Stellaria graminea Caryophyllaceae Rieger-Hofmann 3W No 7 6 1   0.25 0.69 28 94 2951 41 73 
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Stellaria media Caryophyllaceae Rieger-Hofmann 2W No 7 6 5   0.24 1.31 52 108 2984 66 404 

Symphytum officinale Boraginaceae Rieger-Hofmann 3W Yes 3 2 5   3.26 4.50 11 123 2799 45 84 

Taraxacum campylodes Asteraceae RH ; Stolle 2W No 7 7 2 BB Height 0.00 NA 0 NA NA 2 300 
Taraxacum 

erythrospermum Asteraceae Paris ; Nantes 2W No 7 6 0 
SLA BB 

MRD 0.10 0.43 5 1 119 4 69 

Teucrium montanum Lamiaceae Mailand. I 3W Yes 5 6 1   1.49 2.44 4 20 324 27 0 

Thlaspi arvense Brassicaceae Rieger-Hofmann 3W No 2 NA 5   0.04 0.43 13 3 2848 42 135 

Thlaspi perfoliatum Brassicaceae Paris 2W No 7 7 5 SLA 0.10 0.42 29 20 1094 55 27 

Thymus pulegioides Lamiaceae UfA ; RH 3W No 6 7 5   4.02 5.44 18 108 2674 34 39 

Tragopogon pratensis Asteraceae Rieger-Hofmann 3W No 7 7 5   0.39 0.69 64 131 2851 51 64 

Trifolium alpestre Fabaceae Konstanz ; Goettingen 2W No 7 7 5   0.82 1.71 1 2 1091 35 0 

Trifolium arvense Fabaceae Rieger-Hofmann 2W No 7 6 4   0.08 3.31 2 14 2635 73 152 

Trifolium campestre Fabaceae Rieger-Hofmann 2W No 6 6 5   0.29 1.25 41 85 2782 76 173 

Trifolium dubium Fabaceae Rieger-Hofmann 2W No 7 6 5   0.81 2.53 63 137 2920 49 200 

Trifolium medium Fabaceae Rieger-Hofmann 2W No 6 7 5   0.02 1.14 5 8 2663 49 30 

Trifolium montanum Fabaceae Rieger-Hofmann 2W No 6 6 5   0.06 0.62 5 16 1257 36 6 

Trifolium pratense Fabaceae Rieger-Hofmann 2W No 7 7 5   2.82 4.20 123 630 2989 34 221 

Trifolium repens Fabaceae Rieger-Hofmann 2W No 5 7 4   5.92 7.63 135 931 2991 69 367 
Tripleurospermum 

inodorum Asteraceae Rieger-Hofmann 2W No 6 6 4 Height 0.33 0.46 36 18 2783 56 54 

Trisetum flavescens Poaceae Konstanz ; RH 2W No 6 6 5   4.64 7.96 83 500 2303 55 41 

Urtica dioica Urticaceae Rieger-Hofmann 3W Yes 6 6 5   1.51 6.19 39 237 2991 30 93 

Valeriana officinalis Caprifoliaceae Rieger-Hofmann 3W No 6 4 0 MRD 0.08 1.06 3 9 2890 61 36 

Valerianella locusta Caprifoliaceae Rieger-Hofmann 2W No 5 5 2   0.13 0.57 49 24 2197 66 60 

Veronica arvensis Plantaginaceae Konstanz ; RH 2W No 6 7 4   0.27 0.44 116 340 2954 68 192 

Veronica austriaca Plantaginaceae Rieger-Hofmann 3W No 6 5 1   0.34 0.81 9 24 1135 38 26 

Veronica chamaedrys Plantaginaceae Konstanz 2W No 6 5 5   0.95 1.30 106 524 2937 49 48 

Veronica hederifolia Plantaginaceae Aigues Vive ; BondT747 3W No 3 3 0 MRD 0.14 0.39 11 8 2822 61 66 

Veronica officinalis Plantaginaceae Rieger-Hofmann 3W No 6 5 2   0.01 1.36 1 5 2827 61 54 

Veronica persica Plantaginaceae Konstanz 2W No 5 5 5   0.10 0.38 20 13 2863 33 314 
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Veronica serpyllifolia Plantaginaceae Salzburg ; Hohenheim 3W No 6 5 4   0.14 0.50 71 128 2789 65 129 

Veronica spicata Plantaginaceae Rieger-Hofmann 3W No 7 7 3   0.07 2.28 5 19 551 42 4 

Vicia cracca Fabaceae Rieger-Hofmann 2W No 6 7 4   0.40 1.14 37 132 2980 55 70 

Vicia hirsuta Fabaceae Goettingen 2W No 7 6 5   0.68 4.85 19 65 2900 61 147 

Vicia lathyroides Fabaceae Paris (MNHN) 3W No 7 7 4   0.10 0.43 4 2 1105 58 21 

Vicia sativa Fabaceae Salzburg ; RH 2W No 6 7 5   0.20 0.96 48 95 2882 67 246 

Vicia sepium Fabaceae Rieger-Hofmann 3W No 3 5 4   0.51 0.85 69 313 2859 47 19 

Vicia tenuifolia Fabaceae Budapest 3W No 6 7 5   0.02 NA 3 NA 894 53 9 

Vicia tetrasperma Fabaceae Halle (Matthias Stolle) 3W No 6 6 5   0.39 2.92 29 96 2673 53 96 

Viola arvensis Violaceae Rieger-Hofmann 3W No 2 NA 1   0.04 0.45 9 4 2926 67 99 

 



Appendix 2 
Modified Hoagland solution 
For the modified Hoagland solution used in the root-morphology experiment, we prepared six stock 

solutions: 

1. 1 M potassium nitrate (KNO3) 

2. 1 M calcium nitrate (Ca(NO3)2) 

3. 1 M monopotassium phosphate ( KH2PO4) 

4. 1 M magnesium sulfate (MgSO4) 

5. Micronutrients stock solution (see recipe below) 

6. Iron solution from iron chelate (Fe-EDTA) (see recipe below) 

Micronutrients stock: 

2.86 g boric acid 

1.81 g manganese chloride – 4 hydrate  

0.22 g zinc sulfate – 7 hydrate 

0.08 g copper sulfate – 5 hydrate 

0.02 g 85% molybdic acid 
We added these chemicals one by one to 500 mL distilled water while stirring. Then we added more 
distilled water until we had a final volume of 1 L. 
 
Iron stock:  
To make up the iron stock, we took 26.1 g EDTA and dissolved it in 286 ml distilled water that has 
~19 g KOH in it. Then we dissolved 24.9 g FeSO4.7H2O in 500 ml distilled water. After that we 
slowly added the iron sulfate solution to the potassium EDTA solution and aerated this solution 
overnight by stirring. The pH rose to about 7.1 while the solution turned wine red and stirring was 
continued until no precipitation occurred. Distilled water was added to get a final volume of 1 L. 
The solution was stored in a bottle covered with aluminum foil.  
We used the following volumes (mL) of stock solutions to make 1L of the intermediate and high 
fertilizer solutions. We added deionized water to get a total of 1L. 

Stock solution Intermediate High 

KNO3 1.5 12 

Ca(NO3)2 1 8 

KH2PO4 0.25 2 

MgSO4 0.5 4 

Micronutrients 0.25 2 

Iron 0.25 2 

  



Appendix 3 

Trait relationships 

Correlation matrix of (a) raw trait means for the 241 species of the study and (b) phylogenetically 

independent contrasts. Spearman’s correlation coefficients are displayed. Negative correlations are 

in red, positive correlations are in blue and non-significant correlations are indicated with a cross. 

  



Appendix 4 
Methods for the phylogenetically informed analysis 
Phylogenetic imputation of trait data 

For the phylogenetically informed imputation of missing trait data (4.6% of total trait data), we used 

PhyloPars (Bruggeman et al. 2009). The phylogeny was derived by pruning Daphne, a dated 

phylogeny of the European flora (Durka and Michalski 2012) to our set of study species using the 

picante package (Kembel et al. 2010). Imputation was done for root tissue density (8 species, error 

= 0.211, bias = -0.00685), specific leaf area (11 species. error = 6.29 mm²/mg. bias = 0.269), bud-

bank size (11 species. error = 5.64 buds. bias = 0.00535), root weight ratio (8 species. error = 

0.0431. bias = -0.000939), maximum rooting depth (45 species. error = 20.2 cm. bias = -0.234), fine 

roots diameter (8 species. error = 0.0535. bias = 0.000193), specific root length (8 species. error = 

0.171. bias = 0.00413) and height (13 species. error = 0.205 m. bias = -0.00243).   

 

Phylogenetic signal metrics 

We computed the phylogenetic signal statistics Blomberg's K and K*, Abouheif's Cmean, Moran's 

I, and Pagel's Lambda (Appendix 7) using the phylosignal package in R (Keck et al. 2016). 

 

Phylogenetically informed models of species success explained by traits 

To build the phylogenetic distance covariance matrix, we used the tree pruned from Daphne (Durka 

and Michalski 2012). Bayesian models were fitted using the brms package (Bürkner 2017) using the 

traits as predictors and the phylogenetic tree as covariance matrix. We estimated the trait 

coefficients using the posterior median and 89% credible intervals (highest density intervals). 

Negative binomial distributions of errors were used for Euro+Med and FloraWeb occurrence as the 

‘quasibinomial’ method is not available in brms. For the other spatial scales, the same distributions 

of errors were used as in the frequentist models. Priors were specified conservatively, drawn from a 

normal distribution with a mean of zero and standard deviation of 0.5, both for the coefficients and 

their standard deviations. Intercept priors were also drawn from a normal distribution, with the 

mean being the rounded estimate from the frequentist models and a standard deviation of 2. Two 

chains were run with 20 000 iterations each and the delta was set to 0.98 to achieve model 

convergence (R̂ = 1). Bayesian R² values were calculated in brms, defined as the variance of the 

predicted values divided by the variance of predicted values plus the expected variance of the 

errors, according to Gelman et al. (2019). The estimates for the phylogenetically informed models 

are displayed in Appendix 8.  



Appendix 5 
Phylogenetic tree of the study species 
Circular representation of a phylogenetic tree of the 241 study species derived by pruning the 

Daphne meta tree (Durka and Michalski 2012) using the ape package (Paradis et al. 2004). 

 



Appendix 6 
Trait means distribution across the phylogeny 
Barplots with standardized mean trait values (centered and scaled) for the 241 species and the 10 traits used in the study. The black bars 

represent trait means obtained during the experiments or extracted from databases and the grey bars represent imputed values. Seed weight, 

height and specific leaf area where log10 transformed before standardization. The colours of the species names correspond to their mycorrhizal 

status. Red = obligately arbuscular mycorrhizal; Pink = facultatively arbuscular mycorrhizal; Blue = non-mycorrhizal; Black = obligately 

ectomycorrhizal. In the analyses, Helianthemum nummularium, the only ectomycorrhizal species is combined with obligately arbuscular-

mycorrhizal species to form the obligately mycorrhizal group. 





Appendix 7 
Phylogenetic signal for trait means 
Phylogenetic signal tests for the 10 traits used as predictors in the models.  The indices were 

calculated using the measured traits only (i.e. without imputed data). All the indices are 

significant (p<0.05). 

    Cmean I K K* Lambda Number of species 
Seed weight 0.54 0.10 0.36 0.38 0.99 241 
Specific leaf area 0.26 0.03 0.19 0.16 0.57 230 
Height 0.15 0.06 0.11 0.12 0.25 228 
Bud-bank size 0.20 0.05 0.14 0.15 0.30 230 
Root weight ratio 0.18 0.02 0.13 0.13 0.63 233 
Maximum rooting depth 0.42 0.1 0.25 0.24 0.82 196 
Specific root length 0.22 0.05 0.12 0.12 0.38 233 
Root tissue density 0.21 0.05 0.14 0.14 0.44 233 
Fine roots diameter 0.64 0.20 0.26 0.28 0.83 233 
Obligate-mycorrhizal 0.80 0.14 2.35 2.48 1.00 241 
Facultative-AM 0.74 0.15 1.15 1.15 1.00 241 
 

  



Appendix 8 
Estimates of trait effects on different success metrics from phylogenetically-

informed generalized linear models 
Estimates of trait effects on different success metrics of German grassland species from 

phylogenetic generalized linear models. On the y-axis are the 10 traits used as predictors with 

a linear term (white rows) and a quadratic (non-linear) term (grey rows) for each trait. The 

error bars around the estimates are 89% credible intervals. Red points indicate significant 

(89% credible interval do not overlap with zero) negative model estimates. Blue points 

indicate significant (89% credible interval do not overlap with zero) positive estimates and 

grey points indicate non-significant estimates (89% credible interval overlaps with zero). 

Bayesian R² and their standard errors are presented under the spatial scale label. The spatial 

scale of the success metric decreases from left to right. GloNAF: number of regions in which 

a species is naturalized (number of species. n=241); Euro+Med: number of regions in Europe 

and the Mediterranean basin in which a species is native (n=237); FloraWeb: number of grid 

cells in Germany in which a species is present (n=235); GPs Frequency: number of grassland 

grid plots in which a species is present (n=213); EPs Frequency: number of grassland 

experimental plots in which a species is present (n=239); GPs Abundance: mean species 

cover in grassland grid plots in which the species is present (n=213); EPs Abundance: mean 

species cover in grassland experimental plots in which a species is present (n=239)



1 



Appendix 9 
Estimates of trait effects on different commonness metrics of German grassland species from generalized linear models for non-imputed trait 

data. On the y-axis are the 10 traits used as predictors, with a linear term (white rows) and a quadratic (non-linear) term (grey rows) for each 

trait. The errors bars around the estimates are standard errors. Significant negative and positive estimates are marked in red and blue, 

respectively. In addition, estimates with p < 0.001 are indicated with ***, estimates with p < 0.01 with **, and estimates with p < 0.05 with *. 

Marginally significant estimates (p < 0. 1) are indicated with †. The spatial scale of the commonness metric decreases from left to right. 

GloNAF: number of regions in which a species is naturalized (number of species, n=170); Euro+Med: number of regions in Europe and the 

Mediterranean basin in which a species is native (n=170); FloraWeb: number of grid cells in Germany in which a species is present (n=170); 

GPs Frequency: number of grassland grid plots in which a species is present (n=150); EPs Frequency: number of grassland experimental plots in 

which a species is present (n=170); GPs Abundance: mean species cover in grassland grid plots in which the species is present (n=150); EPs 

Abundance: mean species cover in grassland experimental plots in which a species is present (n=170). Delta R² were calculated according to 

Nakagawa et al. (2017).  





Appendix 10 
Scatterplots of species success metrics for each trait and modelled relationships 
Displayed are 10 traits predicting species success metrics of different spatial scales in 

generalized linear models. Each point corresponds to a species and the fitted lines for 

continuous variables and the filled white points for mycorrhizal status show the model 

predictions. Units: seed weight in µg, specific leaf area in m² per kg, height in meters, bud-

bank size in number of buds per individual, maximum rooting depth in cm, root weight ratio 

is unitless (ratio of root biomass to total biomass), specific root length in m per g, root tissue 

density in mg per cm3, fine roots diameter in mm. Seed weight was log transformed. For 

mycorrhizal status: NM = non-mycorrhizal; OM = obligately mycorrhizal; NM-AM = 

facultatively mycorrhizal.  GloNAF: number of regions (1029 regions) in which a species is 

naturalized (number of species. n=241); Euro+Med: proportion of regions (117 regions) in 

Europe and the Mediterranean basin in which a species is native (n=237); FloraWeb: 

proportion of grid plots (2995 grid plots) in Germany in which a species is present (n=235); 

GPs Frequency: number of grassland grid plots (1494 plots) in which a species is present 

(n=213); EPs Frequency: number of grassland experimental plots (150 plots) in which a 

species is present (n=239); GPs Abundance: mean species cover in grassland grid plots in 

which a species is present (n=213); EPs Abundance: mean species cover in grassland 

experimental plots in which a species is present (n=239). 
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Appendix 11 
Pictures of the experiment on rooting depth 
The 120 cm tall tubes were filled with a sand-vermiculite mixture up to 115 cm. A single 

seedling was planted into each of them. The tubes were placed outside in the Botanical 

Garden of the University of Konstanz (Germany) and held upright with metal grids fixated on 

top of wooden pallets. 
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