Supplementary information
Table A1. Total number of sample plots (n=54) with occurrence of woody species and their mean cover % and in the upper (UT) and lower tree (LT) and shrub (S) layers in 1989 and 2021. Species codes in Figure 2 are given in parentheses. Shade cast of adult trees and shade tolerance of juvenile trees are according to Leuschner and Ellenberg (2017). Estimates of shade tolerance of shrubs (in italics) are based on light indicator values in Tyler et al 2021.

	Species
	Shade cast
	Shade tolerance
	Cover % 1989
	Cover % 2021
	No. plots 1989
	No. plots 2021

	Wych elm (ULMUS)
	
	
	 
	 
	 
	 

	Ulmus glabra UT
	High
	High
	27,3
	0,6
	35
	2

	Ulmus glabra LT
	 
	 
	11,4
	5,5
	35
	27

	Ulmus glabra S
	 
	 
	5,2
	6,5
	34
	38

	 
	 
	 
	 
	 
	 
	 

	Ash (FRAXINUS)
	 
	 
	 
	 
	 
	 

	Fraxinus excelsior UT
	Moderate
	High
	28,5
	12,8
	41
	36

	Fraxinus excelsior LT
	 
	 
	2,7
	2,4
	20
	11

	Fraxinus excelsior S
	 
	 
	1,6
	0,5
	20
	21

	 
	 
	 
	 
	 
	 
	 

	High shade species group
	 
	 
	 
	 
	 
	 

	Norway maple (ACER_PL)
	 
	 
	 
	 
	 
	 

	Acer platanoides UT
	High
	High
	2,8
	5,4
	11
	10

	Acer platanoides LT
	 
	 
	3,5
	7,1
	17
	22

	Acer platanoides S
	 
	 
	0,7
	1,5
	21
	21

	 
	 
	 
	 
	 
	 
	 

	Sycamore (ACER_PS)
	 
	 
	 
	 
	 
	 

	Acer pseudoplatanus UT
	High
	High
	0,0
	0,0
	0
	0

	Acer pseudoplatanus LT
	 
	 
	0,0
	2,6
	0
	4

	Acer pseudoplatanus S
	 
	 
	0,0
	0,1
	0
	3

	 
	 
	 
	 
	 
	 
	 

	Hornbeam (CARPINUS)
	 
	 
	 
	 
	 
	 

	Carpinus betulus UT
	Very high
	High
	3,3
	4,2
	8
	9

	Carpinus betulus LT
	 
	 
	2,3
	3,0
	9
	11

	Carpinus betulus S
	 
	 
	0,1
	0,3
	4
	7

	 
	 
	 
	 
	 
	 
	 

	Beech (FAGUS)
	 
	 
	 
	 
	 
	 

	Fagus sylvatica UT
	Very high
	Very high
	5,0
	6,6
	15
	17

	Fagus sylvatica LT
	 
	 
	2,3
	3,5
	13
	20

	Fagus sylvatica S
	 
	 
	1,0
	3,4
	16
	25

	 
	 
	 
	 
	 
	 
	 

	Norway spruce (PICEA)
	 
	 
	 
	 
	 
	 

	Picea abies LT
	High
	Moderate
	0,0
	0,1
	0
	1

	Picea abies S
	 
	 
	0,0
	0,0
	2
	0

	 
	 
	 
	 
	 
	 
	 

	Small-leaved lime (TILIA)
	 
	 
	 
	 
	 
	 

	Tilia cordata UT
	High
	Moderate
	1,9
	2,8
	10
	10

	Tilia cordata LT
	 
	 
	1,7
	2,0
	8
	8

	Tilia cordata S
	 
	 
	0,5
	1,7
	11
	15

	 
	 
	 
	 
	 
	 
	 

	Low shade species group
	 
	 
	 
	 
	 
	 

	Black alder (ALNUS)
	 
	 
	 
	 
	 
	 

	Alnus glutinosa UT
	Moderate
	Moderate
	4,2
	4,9
	12
	13

	Alnus glutinosa LT
	 
	 
	0,3
	0,9
	6
	5

	Alnus glutinosa S
	 
	 
	0,1
	0,1
	4
	3

	 
	 
	 
	 
	 
	 
	 

	Downy birch (BETULA_PU)
	 
	 
	 
	 
	 
	 

	Betula pubescens UT
	Very low
	Very low
	0,1
	0,0
	1
	0

	Betula pubescens LT
	 
	 
	0,1
	0,1
	1
	3

	 
	 
	 
	 
	 
	 
	 

	Silver birch (BETULA_PE)
	 
	 
	 
	 
	 
	 

	Betula pendula UT
	Very low
	Very low
	0,3
	0,3
	1
	1

	 
	 
	 
	 
	 
	 
	 

	Hazel (CORYLUS)
	 
	 
	 
	 
	 
	 

	Corylus avellana LT
	 
	Moderate
	2,5
	2,6
	6
	3

	Corylus avellana S
	 
	 
	4,4
	7,4
	26
	31

	 
	 
	 
	 
	 
	 
	 

	Crataegus laevigata S
	 
	Moderate
	1,6
	1,0
	22
	24

	 
	 
	 
	 
	 
	 
	 

	Wild cherry (PRUNUS_A)
	 
	 
	 
	 
	 
	 

	Prunus avium UT
	Moderate
	High
	0,1
	0,0
	1
	0

	Prunus avium LT
	 
	 
	0,0
	0,1
	0
	2

	Prunus avium S
	 
	 
	0,0
	0,1
	3
	5

	 
	 
	 
	 
	 
	 
	 

	Bird cherry (PRUNUS_P)
	 
	 
	 
	 
	 
	 

	Prunus padus LT
	Moderate
	Moderate
	0,7
	2,4
	5
	9

	Prunus padus S
	 
	 
	5,4
	5,3
	19
	22

	 
	 
	 
	 
	 
	 
	 

	Pedunculate oak (QUERCUS)
	 
	 
	 
	 
	 
	 

	Quercus robur UT
	Low
	Very low
	3,0
	2,8
	11
	10

	Quercus robur LT
	 
	 
	0,0
	0,0
	0
	0

	Quercus robur S
	 
	 
	0,0
	0,0
	0
	0

	 
	 
	 
	 
	 
	 
	 

	Salix caprea LT 
	Low
	Moderate
	0,0
	0,3
	0
	1

	Sambucus nigra S
	 
	Moderate
	0,7
	2,3
	4
	15

	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	Rowan (SORBUS)
	 
	 
	 
	 
	 
	 

	Sorbus aucuparia LT
	Low
	Low
	0,3
	0,4
	2
	3

	Sorbus aucuparia S
	 
	 
	0,4
	0,1
	9
	6

	 
	 
	 
	 
	 
	 
	 

	Viburnum opulus S
	 
	Moderate
	0,3
	0,1
	2
	4





Table A2. Mean P-values and their lower and upper 95% confidence interval limits (CI) for differences in cover between 1989 and 2021 according to Wilcoxon signed-rank tests and Monte Carlo simulations. See Table 2 for mean cover values and Table A1 for composition of High shade and Low shade species groups, respectively. UT = upper tree layer, LT = lower tree layer, S = shrub layer.

	 
	 
	 
	 
	 
	 
	 

	 
	 
	Low elm 1989
	 
	 
	High elm 1989
	 

	Species
	P
	Low CI
	High CI 
	P
	Low CI
	High CI

	Ulmus glabra UT
	0.041
	0.036
	0.046
	<0.001
	0
	<0.001

	Ulmus glabra LT
	0.559
	0.546
	0.571
	0.008
	0.006
	0.010

	Ulmus glabra S
	0.091
	0.084
	0.099
	0.859
	0.850
	0.868

	 
	 
	 
	 
	 
	 
	 

	Fraxinus excelsior UT
	<0.001
	0
	<0.001
	0.005
	0.004
	0.008

	Fraxinus excelsior LT
	0.004
	0.002
	0.006
	0.860
	0.852
	0.870

	Fraxinus excelsior S
	0.087
	0.080
	0.094
	0.337
	0.325
	0.349

	 
	 
	 
	 
	 
	 
	 

	High shade species UT
	0.090
	0.083
	0.097
	0.041
	0.036
	0.046

	High shade species LT
	0.036
	0.032
	0.041
	<0.001
	0
	<0.001

	High shade species S
	0.027
	0.023
	0.031
	<0.001
	<0.001
	<0.001

	
	
	
	
	
	
	

	Low shade species UT
	0.595
	0.582
	0.607
	0.753
	0.741
	0.764

	Low shade species LT
	0.159
	0.150
	0.169
	0.126
	0.118
	0.135

	Low shade species S
	0.222
	0.212
	0.233
	0.018
	0.015
	0.021
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