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Appendix S1. Study site location
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Figure S1. Experimental setup. It is divided into 3 blocks, 18 herbaceous covers mixtures lines, each line divided into 6 quadrats, 54 quadrats in total. Quadrats of 2 x 1 m. Sampling was done inside each quadrat.
Appendix S2. Mean and standard deviation of soil properties and herbaceous covers diversity metrics

	 
	2020
	2021



	 
	Mean
	Standard deviation
	Mean
	Standard deviation

	Distance to the border (m)
	15.00
	8.62
	15.00
	8.62

	Faith’s Phylogenetic diversity (PD)
	868.32
	186.52
	968.84
	214.58

	Mean nearest taxon distance (MNTD)
	115.83
	65.18
	62.63
	25.36

	Mean pairwise distance (MPD)
	115.00
	36.67
	130.27
	42.67

	Phylogenetic species variability (PSV)
	0.82
	0.04
	0.80
	0.05

	Phylogenetic species clustering (PSC)
	0.37
	0.11
	0.34
	0.07

	Phylogenetic species richness (PSR)
	9.30
	2.59
	11.06
	3.11

	Phylogenetic species evenness (PSE)
	0.47
	0.15
	0.52
	0.16

	Species richness (SR)
	11.39
	3.26
	13.83
	3.67

	Functional group richness (FGR)
	2.81
	0.44
	2.98
	0.14

	Functional richness (FRic)
	0.44
	0.15
	0.01
	0.01

	Functional evenness (FEve)
	0.52
	0.11
	0.59
	0.12

	Functional divergence (FDiv)
	0.82
	0.14
	0.72
	0.11

	Functional dispersion (FDis)
	0.20
	0.06
	0.28
	0.06

	Rao’s quadratic entropy (Q) (RaoQ)
	0.05
	0.02
	0.09
	0.02

	Bare soil (%)
	0.20
	0.12
	0.12
	0.08

	Light (%)
	1.97
	1.83
	17.20
	6.42

	Soil temperature (Celsius)
	27.37
	0.49
	26.55
	1.31

	Average Volumetric Water Content (%)
	23.01
	3.33
	16.17
	2.72

	pH
	6.60
	0.62
	6.60
	0.62

	NH4 (ppm)
	2.77
	0.35
	4.71
	0.73

	NO3 (ppm)
	11.56
	1.41
	3.37
	2.21

	Phosphorus (ppm)
	1.69
	0.62
	2.04
	0.93

	Organic matter (%)
	3.85
	1.21
	3.85
	1.21


Table S1. Summary of spatial, soil properties, and herbaceous covers diversity metrics (taxonomical, functional and phylogenetical). MEM’s averages are not present.

Appendix S3. Principal component analysis of multiple mechanisms
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Figure S2. 2020 principal component analysis of functional, phylogenetic, abiotic and spatial mechanisms associated with woody encroachment.
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Figure S3. 2021 principal component analysis of functional, phylogenetic, abiotic and spatial mechanisms associated with woody encroachment.
Appendix S4. Distribution of main variables with standardized values
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Figure S4. 2020 standardized variable values for each of the 54 quadrats used in this study. Quadrats upper each rectangle (e.g.: 1,7 and 49) are next to the forest, while quadrats down each rectangle (e.g.: 6,12, and 54) are farther away from the forest.
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Figure S5. 2021 standardized variable values for each of the 54 quadrats used in this study. Quadrats upper each rectangle (e.g.: 1,7 and 49) are next to the forest, while quadrats down each rectangle (e.g.: 6,12, and 54) are farther away from the forest.
Appendix S5. Pearson correlation of main variables
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Figure S6. Pearson correlations of spatial, abiotic, functional and phylogenetic diversity variables in 2020. Squares represent correlations inside factors, spatial, abiotic, functional and phylogenetic diversity. The square in the upper left corresponds to spatial variables, square in the bottom right corresponds to abiotic condition variables. Squares in the middle center represent the phylogenetic and functional diversity metrics.
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Figure S7. Pearson correlations of spatial, abiotic, functional and phylogenetic diversity variables in 2021. Squares represent correlations inside factors, spatial, abiotic, functional and phylogenetic diversity. The square in the upper left corresponds to spatial variables, square in the bottom right corresponds to abiotic condition variables. Squares in the middle center represent the phylogenetic and functional diversity metrics.
Appendix S6. Climatic patterns over time

[image: image8.png]25

120

20

15

(D) 2aneroduway,

100

j=3
o0

(wrur) woneydroard

40

T normal =T mean 2020 T mean 2021

e==Pp 2021

—1Pp 2020

= Pp Normal




Figure S8. Temperature and precipitation patterns for two growing seasons (2020-2021) at the experimental site. The mean values presented are based on data recorded at the Pointe-aux-Prairies/Montreal meteorological stations, the closest to the experimental site (Environment Canada 2022). Average values from the same station were calculated from 1981-2010.
Appendix S7. Relative mixture cover composition 
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Figure S9. Relative mixture cover (%) of species established in the first and second year of revegetation at the experimental site).
Appendix S8. Mixture effect on woody seedlings encroachment
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Figure S10.  2020 and 2021 mixture effect on woody seedlings encroachment. Acer negundo 2020 (R2=0.060) and 2021 (R2=0.137); Robinia pseudoacacia 2020 (R2=0.392) and 2021 (R2=0.138); Rhamnus cathartica 2020 (R2=0.143) and 2021 (R2=0.426).
Appendix S9. Random abundances models

	Conditional
	*ACNE, 

2020
	*RHCA, 

2020
	**ROPS, 

2020
	**ACNE, 

2021
	*RHCA, 

2021
	*ROPS, 

2021

	SR
	0
	0
	0
	0
	0
	0

	PSR
	0
	0
	0
	0
	0
	0

	PD
	0
	67
	0
	0
	5
	58

	FRic
	21
	66
	13
	0
	0
	1

	FDis
	1
	0
	28
	0
	0
	0

	MPD
	1
	0
	0
	0
	0
	0

	PSE
	25
	0
	28
	0
	0
	64

	RaoQ
	31
	0
	0
	25
	0
	0

	FGR
	21
	0
	19
	0
	0
	0

	Border distance
	0
	0
	0
	0
	1
	0

	MEM2
	26
	61
	23
	0
	0
	0

	PSC
	0
	0
	11
	26
	0
	0

	pH
	0
	0
	23
	15
	0
	0

	MNTD
	23
	0
	17
	28
	0
	0

	Phosphate
	24
	0
	19
	0
	0
	0

	Soil temperature
	0
	0
	22
	0
	0
	0

	MEM1
	0
	0
	29
	17
	0
	0

	MEM8
	35
	0
	20
	0
	0
	0

	OM
	26
	0
	25
	0
	0
	0

	FEve
	23
	0
	13
	20
	0
	0

	FDiv
	25
	0
	20
	0
	0
	0

	PSV
	0
	0
	0
	19
	0
	0

	NH4ppm
	0
	0
	0
	20
	0
	0

	Light
	0
	0
	0
	19
	0
	0

	Bare soil
	0
	0
	0
	20
	0
	0

	Zero inflated
	 
	 
	 
	 
	 
	 

	SR
	19
	0
	 
	 
	0
	16

	PSR
	0
	0
	 
	 
	0
	0

	PD
	0
	17
	 
	 
	16
	0

	FRic
	22
	11
	 
	 
	0
	0

	FDis
	20
	0
	 
	 
	0
	0

	MPD
	18
	17
	 
	 
	0
	0

	PSE
	0
	0
	 
	 
	0
	0

	RaoQ
	0
	10
	 
	 
	0
	22

	FGR
	10
	0
	 
	 
	0
	0

	Border distance
	0
	0
	 
	 
	12
	0

	MEM2
	0
	13
	 
	 
	0
	0

	PSC
	0
	0
	 
	 
	12
	18

	pH
	0
	16
	 
	 
	0
	14

	MNTD
	13
	0
	 
	 
	19
	20

	Phosphate
	11
	0
	 
	 
	0
	0

	Soil temperature
	17
	0
	 
	 
	0
	19

	MEM1
	16
	10
	 
	 
	14
	0

	MEM8
	0
	0
	 
	 
	0
	0

	OM
	0
	0
	 
	 
	0
	0

	FEve
	15
	12
	 
	 
	18
	0

	FDiv
	21
	11
	 
	 
	0
	0

	PSV
	0
	0
	 
	 
	19
	0

	NH4
	0
	0
	 
	 
	14
	8

	Light
	0
	0
	 
	 
	11
	10

	Bare soil
	0
	0
	 
	 
	17
	13


Table S2. Frequency of terms retained after setting tree abundances as random. Terms with significance < 0.1, * Hurdle model and ** generalized linear model with negative binomial distribution. Terms in grey are predictors retained with the original tree abundances. Terms inside the rectangles are predictors retained with a bootstrapping of 95% from the original abundances. ACNE: Acer negundo, ROPS: Robinia pseudoacacia, and RHCA: Rhamnus cathartica.

Appendix S10. R2 of the original tree abundances distribution, bootstrapping, and tree random abundances.

	R2
	Original abundance
	Bootstrapping
	Random abundance

	*ACNE, 2020
	0.55
	0.59
	0.34±0.12

	*RHCA, 2020
	0.40
	0.35
	0.44±0.19

	**ROPS, 2020
	0.61
	0.62
	0.16±0.09

	**ACNE, 2021
	0.18
	0.21
	0.15±0.09

	*RHCA, 2021
	0.31
	0.28
	0.13±0.10

	*ROPS, 2021
	0.44
	0.44
	0.33±0.15


Table S3. Coefficient of determination (R2) of the original tree abundances distribution, bootstrapping, and tree random abundances. * Hurdle model and ** generalized linear model with negative binomial distribution. ACNE: Acer negundo, ROPS: Robinia pseudoacacia, and RHCA: Rhamnus cathartica.
Appendix S11. Count model trends of multiple mechanisms on woody seedling encroachment
[image: image11.png]Seedling number, 2020

Seedling number, 2021

5 10 15

0

Acer negundo
Negative relationship

10 15

5

[

2 012 3 4

positive relationship

NA

NA



 [image: image12.png]Seedling number, 2020

Seedling number, 2021

10 20 30

0

15

Robinia pseudoacacia

Negative relationship

-4 -2 0 2 4

Standarized values

10 20 30

0

15

Positive relationship

4 2 0 2 4

4 2 0 2 4

Standarized values




[image: image13.png]Seedling number, 2020

Seedling number, 2021

15

1.0 2.0

0.0

Rhamnus cathartica

Tp)
Te)
o
2 0 2 4 -4
o
oi
NA e
o
S
2 0 2 4 -4

Standarized values

NA

2 0 2
NA

2 0 2

Standarized values

4



        [image: image14.png]MEM1
MEM2
MEMS8
PD
MPD
PSE
PSC
MNTD

Legend

FEve

FDiv

RaoQ

NH4
Phosphorus

Soil temperature
oM

pH




Figure S11. Effect of multiple mechanisms on woody seedling encroachment. Count model trends for Acer-Rhamnus 2020 and Robinia-Rhamnus 2021. Acer negundo 2020 (R2=0.55) and 2021 (R2=0.0.18); Robinia pseudoacacia 2020 (R2=0.61) and 2021 (R2=0.44); Rhamnus cathartica 2020 (R2=0.40) and 2021 (R2=0.31).
Appendix S12. Spatial patterns associated to MEM’s
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Figure S12. Spatial patterns associated to MEMs retained as the best predicting undesirable woody abundances.
References
Environment Canada (2022) Canadian Climate Normal 1981-2010.

1

