SUPPLEMENTARY INFORMATION
Buffering effects of soil seed banks on plant communities in response to land use and climate
Table S1
Main characteristics of the 41 published and 5 unpublished studies and their datasets used to collate our study’s main herb layer-seed bank community data matrices, which are available as a dataset deposited in an online repository. Land cover: 1 = Open, grassland habitats, 2 = Abandoned grassland and recent forest habitats, characterized by a developing forest canopy, 3 = Mature, old-growth forest habitats with fully developed, closed canopy; numbers indicate the number of land-cover types sampled in a study; n = number of plots per land-cover type; Sample effort = plot surface area of the herb layer (Herb layer, in [m2]) and the amount of surface area within that herb layer plot sampled to assess the corresponding soil seed bank (Seed bank, in [m2])
	
	
	
	
	n
	
	
	Sample effort
	

	Authors
	Year
	Land cover
	Region
	1
	2
	3
	Herb layer [m2]
	Seed bank [m2]

	Auffret & Cousins
	2011
	1, 2
	C-Sweden
	433
	555
	
	1
	0.0064

	Auestad et al.
	2013
	1
	C-Norway
	108
	
	
	0.25
	0.003927

	Basto et al.
	2015
	1
	England
	36
	
	
	4.5
	0.006362

	Bekker et al.
	1999
	1
	Netherlands
	80
	
	
	25
	0.01257

	Bossuyt et al.
	2002
	2, 3
	Belgium
	
	23
	11
	1
	0.01924

	Calcada et al.
	2015
	3
	N-France
	
	
	92
	4
	0.00628

	Decocq et al.
	2004
	3
	N-France
	
	
	10
	400
	0.02512

	Decocq & Calcada
	-
	3
	N-France
	
	
	10
	4
	0.00628

	Devlaeminck et al.
	2005
	3
	Belgium
	
	
	35
	1
	0.05772

	Donelan and Thompson
	1980
	2, 3
	England
	
	3
	1
	300
	0.2308

	Dutoit & Alard
	1995
	1, 2
	N-France
	2
	2
	
	2
	0.07691

	Grandin & Rydin
	1998
	2
	C-Sweden
	
	63
	
	1
	0.00152

	Jacquemyn et al.
	2011
	1, 2
	Belgium
	10
	5
	
	1
	0.009813

	Jakobsson et al.
	2006
	1
	C-Sweden
	100
	
	
	1
	0.005

	Jankowska-Blaszczuk et al.
	1998
	3
	Poland
	
	
	50
	4
	0.0961

	Kalamees & Zobel
	1997
	1, 2
	Estonia
	6
	6
	
	225
	0.0577

	Kalamees et al.
	2012
	1, 2
	Estonia
	4
	4
	
	100
	0.1

	Kalamees & Zobel
	2002
	1
	Estonia
	10
	
	
	10
	0.1556

	Koch et al.
	2011
	1
	N-Germany
	3
	
	
	16
	0.03533

	Lee et al.
	2013
	1
	England
	24
	
	
	1
	0.009817

	Marage et al.
	2006
	2, 3
	S-France
	
	8
	8
	400
	0.01768

	Marrs
	-
	1
	England
	50
	
	
	5
	0.005655

	Marrs
	-
	1
	England
	47
	
	
	5
	0.005655

	Marteinsdottir
	2014
	1
	C-Sweden
	12
	
	
	100
	0.02513

	Milberg & Hanson
	1994
	1, 2
	S-Sweden
	10
	10
	
	1
	0.01282

	Måren & Vandvik
	2007
	1
	Norway
	40
	
	
	1
	0.009815

	Pakeman
	-
	1
	Scotland
	66
	
	
	4
	0.01767

	Pakeman & Hay
	1996
	1
	England
	18
	
	
	1
	0.008482

	Pakeman & Marshall
	1997
	1
	England
	38
	
	
	12.5
	0.175

	Pakeman et al.
	1998
	1
	England
	32
	
	
	0.25
	0.01

	Plue et al.
	2008
	3
	N-France
	
	
	46
	100
	0.01328

	Plue et al.
	2009
	3
	Belgium
	
	
	35
	100
	0.01125

	Plue et al.
	2010
	3
	N-France
	
	
	5
	4.41
	0.1232

	Plue et al.
	2010
	3
	N-Germany
	
	
	119
	100
	0.01306

	Plue & Hermy
	2012
	1
	Belgium
	3
	
	
	4.41
	0.1232

	Plue & Cousins
	2013
	1, 2
	C-Sweden
	48
	86
	
	4
	0.02405

	Plue et al.
	2013
	2, 3
	France - Sweden
	
	26
	118
	4
	0.0481

	Plue & Cousins
	2018
	1
	C-Sweden
	77
	
	
	4
	0.0481

	Thompson
	1986
	1
	England
	1
	
	
	0.6272
	0.6272

	Thompson et al.
	1994
	1
	England
	1
	
	
	0.6272
	0.6272

	Van Calster et al.
	2008
	3
	M-France
	
	
	48
	400
	0.009891

	Vanderhasselt & Plue
	-
	2
	Belgium
	
	93
	
	3
	0.01924

	Vandvik & Goldberg
	2006
	1, 2
	Norway
	12
	6
	
	4
	0.03768

	Vandvik et al.
	2016
	1
	Norway
	26
	
	
	0.41
	0.41

	Wagner et al.
	2003
	1, 2
	Estonia
	2
	2
	
	100
	0.1256

	Warr et al.
	1994
	3
	England
	
	
	20
	180
	0.0491


Table S2
Relationship of plot sampling effort and the plot-based species richness of the herb layer, seed bank and the total (herb layer + seed bank) plant communities and the various compositional herb layer-seed bank similarity metrics, tested using General Linear Models per land-cover type. Sample effort = plot surface area of the herb layer [Herb layer] and the amount of surface area within that herb layer plot sampled to assess the corresponding soil seed bank [Seed bank]); Land cover: T all land-cover types combined, 1 = Open, grassland habitats, 2 = Abandoned grassland and recent forest habitats, characterized by a developing forest canopy, 3 = Old-growth forest habitats with fully developed, closed canopy. For species richness models, sampling effort for the herb layer and/or seed bank are logged. For similarity models, sampling effort is not logged, but for comparison across models (following transformation of Chao and Raup-Crick metrics), the Y axis was zero-mean scaled prior to analysis.
	
	
	
	Sample effort
	
	
	
	
	
	
	
	

	
	
	
	Herb layer
	 
	 
	Seed bank
	 
	 
	Herb layer*Seed bank

	Assemblage
	Variable
	Land cover
	Estimate
	t
	p
	Estimate
	t
	p
	Estimate
	t
	p

	Herb layer
	Species richness
	T
	1.65
	17.10
	<0.001
	-
	-
	-
	-
	-
	-

	
	
	1
	2.50
	12.84
	<0.001
	-
	-
	-
	-
	-
	-

	
	
	2
	4.13
	24.46
	<0.001
	-
	-
	-
	-
	-
	-

	
	
	3
	0.35
	1.97
	0.05
	-
	-
	-
	-
	-
	-

	Seed bank
	Species richness
	T
	-
	-
	-
	3.21
	29.73
	<0.001
	-
	-
	-

	
	
	1
	-
	-
	-
	4.21
	25.55
	<0.001
	-
	-
	-

	
	
	2
	-
	-
	-
	2.46
	14.49
	<0.001
	-
	-
	-

	
	
	3
	-
	-
	-
	3.12
	16.28
	<0.001
	-
	-
	-

	Total
	Species richness
	T
	5.16
	9.29
	<0.001
	3.38
	15.10
	<0.001
	1.06
	8.37
	<0.001

	
	
	1
	6.45
	8.05
	<0.001
	4.61
	14.27
	<0.001
	1.40
	7.59
	<0.001

	
	
	2
	8.30
	10.16
	<0.001
	0.85
	2.36
	0.02
	1.27
	5.47
	<0.001

	
	
	3
	-0.32
	-0.27
	0.79
	2.59
	3.98
	<0.001
	-0.24
	-0.85
	0.4

	
	Jaccard
	T
	-0.002
	-8.15
	<0.001
	4.22
	11.24
	<0.001
	0.008
	1.18
	0.24

	
	
	1
	0.01
	4.98
	<0.001
	2.09
	4.94
	<0.001
	-0.15
	-3.26
	0.001

	
	
	2
	-0.0002
	-0.21
	0.83
	42.58
	16.14
	<0.001
	-0.13
	-10.46
	<0.001

	
	
	3
	-0.0006
	-1.59
	0.11
	17.86
	13.36
	<0.001
	-0.04
	-3.51
	<0.001

	
	Bray-Curtis
	T
	-0.003
	-9.23
	<0.001
	4.25
	11.37
	<0.001
	0.01
	1.88
	0.06

	
	
	1
	0.01
	4.94
	<0.001
	2.22
	5.26
	<0.001
	-0.15
	-3.16
	0.002

	
	
	2
	-0.0004
	-0.46
	0.65
	37.87
	13.95
	<0.001
	-0.11
	-8.64
	<0.001

	
	
	3
	-0.0005
	-1.40
	0.16
	19.01
	14.52
	<0.001
	-0.04
	-3.43
	<0.001

	
	Chao
	T
	-0.002
	-6.60
	<0.001
	4.03
	10.67
	<0.001
	0.01
	1.53
	0.12

	
	
	1
	0.01
	4.71
	<0.001
	2.13
	5.02
	<0.001
	-0.16
	-3.34
	0.001

	
	
	2
	 0.001
	1.32
	0.19
	30.29
	10.75
	<0.001
	-0.09
	-6.67
	<0.001

	
	
	3
	 0.0003
	0.71
	0.48
	22.22
	17.78
	<0.001
	-0.05
	-4.19
	<0.001

	
	Raup-Crick
	T
	-0.002
	-6.44
	<0.001
	3.38
	8.89
	<0.001
	-0.004
	-0.52
	0.6

	
	
	1
	 0.006
	2.19
	0.03
	2.94
	6.94
	<0.001
	-0.15
	3.21
	0.001

	
	
	2
	-0.00001
	0.01
	0.99
	11.80
	3.98
	<0.001
	-0.04
	-3.11
	 0.002

	 
	 
	3
	 0.0001
	0.33
	0.75
	16.92
	12.0
	<0.001
	-0.03
	-2.47
	0.01


Synthesis of key results in Table S2: Both herb layer and seed bank species richness significantly increased with plot sampling effort, both overall (Effect Size for the herb layer = 1.65; t = 17.10; p <0.001 and Effect Size for the seed bank = 3.21; t = 29.73; p <0.001) and in the individual land-cover models. Moreover, overall seed bank species richness increased more rapidly with increasing sampling effort than did the herb layer (steeper slopes: ESSB = 3.21 > SESVG = 1.65). The more rapid increase in seed bank species richness with increased sampling effort compared to the herb layer was equally uncovered in the individual models for open grassland habitats and mature, closed canopy forest habitats. Total species richness increased significantly as the plot sampling effort increased for both the herb layer (Effect size = 5.16; t = 9.29; p <0.001) and the seed bank (Effect size = 3.38; t = 15.10; p <0.001). An additional number of species were uncovered in the total plant community when both the the herb layer and the seed bank were sampled increasingly intensively (significant positive interaction term, Effect sizeVG:SB = 1.06; t = 8.37; p <0.001).
Table S3
Effects of climate and land cover on species richness and the compositional herb layer – seed bank Raup-Crick similarity of plant communities as tested via Gaussian-error based linear mixed effect models which included an offset to correct for plot sampling effort. Standardized effect sizes (SES; with standard error (SE) and confidence intervals (CI)) of the climate and land-cover predictor variables and their interactions on species richness of the herb layer, the seed bank and the total herb layer + seed bank community, as well as the Raup-Crick herb layer-seed bank compositional similarity. For the land cover variable, the intermediate, successional stages with a developing tree canopy are set as the baseline level for statistical comparison with the other land cover types. Predictor variables marked in grey have a significant effect on the dependent variable as 0 falls outside the 95% confidence interval.
	
	
	SES
	SE
	t
	CI
	

	 
	 
	 
	 
	 
	2.5%
	97.5%

	Species richness
	
	
	
	
	
	

	Herb layer
	Land cover - Open
	0.707574
	0.093007
	7.60778
	0.528531
	0.889775

	
	Land cover - Forest
	-0.28875
	0.168396
	-1.71469
	-0.61321
	0.039149

	
	Mean annual temperature
	-0.15719
	0.127316
	-1.23467
	-0.39915
	0.090503

	
	Total annual precipitation
	-0.72581
	0.164253
	-4.41889
	-1.04811
	-0.40966

	
	Annual temperature range
	-0.00598
	0.130353
	-0.04591
	-0.25494
	0.247579

	
	Residual latitude
	0.027589
	0.081805
	0.337247
	-0.12798
	0.183943

	
	Land cover - Open: Mean annual temperature
	0.079125
	0.079126
	0.999982
	-0.07425
	0.23509

	
	Land cover - Forest: Mean annual temperature
	0.1755
	0.183386
	0.956994
	-0.18492
	0.526077

	
	Land cover - Open: Total annual precipitation
	0.68107
	0.146843
	4.638069
	0.398381
	0.97114

	
	Land cover - Forest: Total annual precipitation
	0.265759
	0.207516
	1.28067
	-0.13569
	0.67103

	
	Land cover - Open: Annual temperature range
	0.531746
	0.101966
	5.21493
	0.335028
	0.732321

	
	Land cover - Forest: Annual temperature range
	0.330502
	0.155243
	2.128939
	0.023491
	0.627255

	
	Mean annual temperature: Total annual precipitation
	-0.02677
	0.047669
	-0.56163
	-0.1184
	0.066121

	
	Mean annual temperature: Annual temperature range
	0.142679
	0.063163
	2.258913
	0.02257
	0.266747

	
	Total annual precipitation: Annual temperature range
	0.018207
	0.073352
	0.248211
	-0.12237
	0.160657

	
	
	
	
	
	
	

	Seed bank
	Land cover - Open
	0.394309
	0.090739
	4.345502
	0.226818
	0.582778

	
	Land cover - Forest
	-0.216
	0.16153
	-1.33719
	-0.54118
	0.08332

	
	Mean annual temperature
	-0.10474
	0.115064
	-0.9103
	-0.31819
	0.120371

	
	Total annual precipitation
	-0.16858
	0.161186
	-1.04588
	-0.4957
	0.131738

	
	Annual temperature range
	0.307212
	0.120759
	2.544014
	0.079444
	0.539379

	
	Residual latitude
	0.064184
	0.069045
	0.929595
	-0.0635
	0.194996

	
	Land cover - Open: Mean annual temperature
	-0.02243
	0.080649
	-0.27808
	-0.17816
	0.136538

	
	Land cover - Forest: Mean annual temperature
	0.002667
	0.174191
	0.01531
	-0.33781
	0.328985

	
	Land cover - Open: Total annual precipitation
	-0.07597
	0.146662
	-0.518
	-0.34683
	0.234349

	
	Land cover - Forest: Total annual precipitation
	0.205345
	0.204452
	1.004367
	-0.17144
	0.634046

	
	Land cover - Open: Annual temperature range
	0.083041
	0.101576
	0.817533
	-0.11115
	0.28254

	
	Land cover - Forest: Annual temperature range
	-0.08523
	0.150202
	-0.56743
	-0.39493
	0.191718

	
	Mean annual temperature: Total annual precipitation
	-0.13636
	0.045622
	-2.98894
	-0.22214
	-0.04674

	
	Mean annual temperature: Annual temperature range
	0.005068
	0.058334
	0.086881
	-0.1052
	0.116409

	
	Total annual precipitation: Annual temperature range
	-0.11043
	0.068241
	-1.61823
	-0.23675
	0.024717

	Total community
	Land cover - Open
	0.582492
	0.090495
	6.436733
	0.412436
	0.766663

	
	Land cover - Forest
	-0.37511
	0.162448
	-2.30909
	-0.69604
	-0.06771

	
	Mean annual temperature
	-0.20736
	0.118363
	-1.75187
	-0.43011
	0.023232

	
	Total annual precipitation
	-0.42176
	0.16027
	-2.63155
	-0.74154
	-0.11803

	
	Annual temperature range
	0.134332
	0.123064
	1.09156
	-0.09842
	0.374156

	
	Residual latitude
	0.055211
	0.073276
	0.753471
	-0.08236
	0.194986

	
	Land cover - Open: Mean annual temperature
	0.073111
	0.078833
	0.927416
	-0.08004
	0.227796

	
	Land cover - Forest: Mean annual temperature
	0.206228
	0.176013
	1.171661
	-0.13792
	0.540382

	
	Land cover - Open: Total annual precipitation
	0.216806
	0.144691
	1.498412
	-0.05573
	0.513312

	
	Land cover - Forest: Total annual precipitation
	0.282514
	0.203023
	1.391536
	-0.09897
	0.697529

	
	Land cover - Open: Annual temperature range
	0.370807
	0.100332
	3.695797
	0.176404
	0.56613

	
	Land cover - Forest: Annual temperature range
	0.213525
	0.15043
	1.41943
	-0.09014
	0.496366

	
	Mean annual temperature: Total annual precipitation
	-0.09677
	0.045855
	-2.11032
	-0.18345
	-0.00587

	
	Mean annual temperature: Annual temperature range
	0.125873
	0.059587
	2.112412
	0.013529
	0.242408

	
	Total annual precipitation: Annual temperature range
	-0.05894
	0.069551
	-0.84737
	-0.19012
	0.077449

	Raup-Crick similarity
	Land cover - Open
	0.249324
	0.14375
	1.734426
	-0.04331
	0.52094

	
	Land cover - Forest
	0.174403
	0.259025
	0.673304
	-0.31416
	0.704077

	
	Mean annual temperature
	0.284947
	0.196363
	1.451124
	-0.09001
	0.661245

	
	Total annual precipitation
	0.131483
	0.252777
	0.520155
	-0.36028
	0.620441

	
	Annual temperature range
	0.059309
	0.200857
	0.295278
	-0.32526
	0.44617

	
	Residual latitude
	-0.039
	0.128199
	-0.30419
	-0.2809
	0.207073

	
	Land cover - Open: Mean annual temperature
	-0.00052
	0.121724
	-0.00429
	-0.23276
	0.245908

	
	Land cover - Forest: Mean annual temperature
	-0.02072
	0.282038
	-0.07348
	-0.58145
	0.514087

	
	Land cover - Open: Total annual precipitation
	-0.0705
	0.226103
	-0.31182
	-0.52499
	0.360028

	
	Land cover - Forest: Total annual precipitation
	-0.30303
	0.319003
	-0.94993
	-0.92874
	0.311094

	
	Land cover - Open: Annual temperature range
	-0.05367
	0.157396
	-0.34097
	-0.35207
	0.266264

	
	Land cover - Forest: Annual temperature range
	0.134062
	0.239085
	0.560731
	-0.35602
	0.585047

	
	Mean annual temperature: Total annual precipitation
	0.028993
	0.073289
	0.395596
	-0.11727
	0.167791

	
	Mean annual temperature: Annual temperature range
	-0.11583
	0.098813
	-1.17218
	-0.30194
	0.086215

	
	Total annual precipitation: Annual temperature range
	0.058916
	0.113683
	0.518253
	-0.16494
	0.274564

	
	
	
	
	
	
	


