Land-use change and propagule pressure promote plant invasions in tropical rainforest remnants
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Supporting Information

Appendix S1: Partial least square path modelling methodology and model evaluation
Structural equation modelling (SEM) allows a conceptual framework to be developed to test causality through multiple regressions of latent variables modelled in a pathway which reflects ecological theory (Grace and Pugesek 1997). Partial least square path modelling (PLS-PM) is a variance-based SEM technique for testing and estimating causality amongst latent variables. PLS-PM differs from the traditional covariance-based SEM techniques in many ways (see Esposito Vinzi et al., 2010), including the ability to use smaller datasets and include both formative and reflective latent variables. Latent variables (also called unobserved variables, constructs or factors) are those of conceptual interest in the model, which cannot be observed or directly measured. Instead, latent variables are indicated by their associated measured variables (also called observed or manifest variables or indicators), which are at least two highly correlated observable/measurable variables. The relationships between the latent variables is known as the structural model, and this combined with the outer measurement model is known as the path diagram. Within path diagrams latent variables are represented by an ellipsis, measured variables by a rectangle and straight arrows represent the relationships between variables, and directionality. Exogenous latent variables act only as predictors for other latent variables (i.e. Fragmentation and Disturbance latent variables in this study), and endogenous latent variables are dependent variables (i.e. Soil characteristics, Native community and Invasion in this study). 
We measured the degree of ‘Fragmentation’ as the amount of forest and forest edge to area ratio (‘edge density’) within the surrounding landscape and time since the forest was converted to oil palm. This incorporates increased edge effects (e.g. amount of poorer quality edge habitat), the dispersal potential for native species (e.g. amount of forest nearby, (Haddad et al. 2015)) and time for the plant community to respond to the effects of fragmenting the landscape. The abundance and richness of exotic species found in the oil palm planted areas represent the exotic population in the surrounding landscape and were used as a measure of ‘Propagule pressure’. The number of large dipterocarps and mean wood density of adult trees are measures of local forest community structure and recovery since disturbance (e.g. logging (ITTO, 1997) and current succession stage (Slik et al. 2008; Feeley et al. 2011; Qie et al. 2017)). For ‘Soil characteristics’, pH and available phosphorus were included as both are known to influence exotic species occurrence (Davis et al. 2000; Teo et al. 2003). Our latent variables were characterised as the following (main text Fig. 2): greater ‘Fragmentation’ represents landscapes with less forest, higher edge-to-forest area ratio, which was fragmented longer ago; greater “’Propagule pressure’ represents sites with higher exotic species richness and abundance within oil palm planted areas; greater ‘Disturbance’ represents plots with fewer large dipterocarp trees and lower mean wood density across adult trees; higher values of the ‘Soil characteristics’ latent variable represent plots with higher pH and higher levels of available P; greater ‘Native community’ represents high genera richness, stem density (i.e. abundance) and phylogenetic diversity; and greater ‘Invasion’ represents high exotic genera richness and abundance. 
Model assessment of PLS-PM is a two-step process, firstly the reliability and validity of the measurement model is assessed by evaluating all measured variables meet the commonly suggested criteria (Chin 1998; Sanchez 2013). The convergent validity (or unidimensionality) of the measurement model means that each indicator loads significantly on the latent variables they were intended to represent, this is checked by having an average variance extracted (AVE) score which is above 0.50. The measured variables are considered reliability if they have standardised loadings above 0.70 (all measured variables were considered reliable in all models with the exception of ‘native abundance’ for the total native community and ground vegetation community models). Internal consistency is considered satisfactory if the Cronbach’s alpha and composite reliability (or Dillon-Goldstein’s rho) are over 0.70 for each latent variable. The discriminant validity assesses whether measured variables load more strongly with a different latent variable than they were intended to represent, this is done by firstly checking the cross-loading of indicators (i.e. loadings should be highest on the associated latent variable). Secondly, the square root of each latent variable’s AVE has to be greater than its correlation with each of the remaining latent variables (Fornell and Larcker 1981). Our measurement model meets the criteria outlined above (Tables S3-5) which gives strong evidence for the reliability and validity (both convergent and discriminant) of the latent variables. 
The second step in model evaluation is the assessment of the structural model, this is checked by firstly looking at the coefficient of determination (R2) of endogenous latent variables, which is the amount of variance in the endogenous variable explained by its exogenous latent variables. Values of R<0.30, 0.30<R<0.60 and R>0.60 (although some consider: R<0.20, 0.20<R<0.50 and R>0.50) are considered weak, moderate and substantial respectively (Sanchez 2013). The Goodness of Fit index (GoF), this is calculated from the geometric mean of the average communality index and the average R2 value. There is no threshold for GoF but high values are considered better (Sanchez 2013). The GoF indices from our results ranged from 0.62 to 0.68 across all models (Figs 3, 4, S1 and S2), with the total community have a GoF of 0.67. 
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Table S1: Summary of the 17 study sites in Sabah, Malaysian Borneo where floristic surveys were carried out to determine the relative influence of fragmentation, propagule pressure, disturbance, soil and native community on invasion. Abbreviations are: DVCA = Danum Valley Conservation Area and OP = oil palm. Average % area that is forest in buffer  = average percentage of 2km radius buffer that is forest area across plots, Average edge = average amount of forest edge within 2 km buffer, Average age = Average number of years since fragmentation, based on year on first planting of oil palm surrounding current forest area (accessed from Wilmar Ltd maps). Exotic richness and abundance in oil palm = number of species and abundance of exotic plants across two 100m transects within oil palm matrix.

	Site
	District
	Matrix around site
	Logging history
	Average % area that is forest in buffer
	Average edge
	Average age
	Exotic richness in oil palm
	Exotic abundance in oil palm

	F1
	DVCA
	-
	Pristine
	99.6
	1130
	0
	0
	0

	F2
	Lahad Datu
	OP
	Heavily logged 
	10.3
	7293
	20
	12
	529

	F3
	Lahad Datu
	OP
	Heavily logged 
	10
	8936
	24
	15
	500

	F4
	DVCA
	-
	Pristine
	99.8
	621
	0
	0
	0

	F5
	Beluran
	OP
	Heavily logged 
	9.6
	9444
	27
	11
	518

	F6
	Beluran
	OP
	Heavily logged 
	0.9
	5577
	25.3
	12
	777

	F7
	Beluran
	OP
	Heavily logged 
	6
	12,751
	26
	10
	496

	F8
	Beluran
	OP
	Heavily logged 
	34
	16,047
	22
	10
	198

	F10
	Sugut
	Forest & OP
	Heavily logged 
	62.9
	17,907
	9
	6
	105

	F11
	Sugut
	Forest & OP
	Heavily logged 
	62.2
	14,085
	9
	12
	529

	F12
	Sugut
	Forest & OP
	Heavily logged 
	27
	15,736
	14
	9
	361

	F13
	Sugut
	OP
	Heavily logged 
	6.3
	11,989
	15
	11
	487

	F14
	Sugut
	OP
	Heavily logged 
	55
	19,101
	18
	9
	405

	F15
	Lahad Datu
	OP
	Heavily logged 
	5
	9884
	22
	13
	467

	F16
	Lahad Datu
	Forest & OP
	Heavily logged 
	46.3
	4152
	13.3
	14
	694

	F17
	DVCA
	-
	Once logged
	100
	0
	0
	0
	0

	F18
	DVCA
	-
	Twice logged
	100
	0
	0
	0
	0







Table S2: Summary of the 47 plots in Sabah, Malaysian Borneo where floristic surveys were carried out to determine drivers of invasion. Column names left to right are: Site number (see Table S1 for details on each site); plot number; number of large dipterocarp individuals (>25 cm DBH); mean wood density for trees >10 cm DBH; mean soil pH; mean soil available phosphorus; species richness for: exotics, adult trees (>10cm DBH), tree saplings (2-10 cm DBH), tree seedlings (<2 cm DBH) and ground vegetation; and abundance of: exotics, adult trees, tree saplings, tree seedlings and ground vegetation.

	Site no.
	Plot no.
	No. of dipter.
	Mean wood density
	Soil pH
	Soil available P
	Richness
	Abundance

	
	
	
	
	
	
	Exotics
	Adult trees
	Saplings
	Seedlings
	Ground veg.
	Exotics
	Adult trees
	Saplings
	Seedlings
	Ground veg.

	1
	1
	6
	0.55
	4.19
	0.47
	0
	13
	17
	16
	13
	0
	23
	25
	42
	51

	1
	2
	9
	0.55
	4.18
	0.56
	0
	23
	15
	25
	7
	0
	37
	32
	64
	17

	1
	3
	21
	0.54
	4.11
	0.52
	1
	20
	16
	17
	18
	2
	69
	32
	56
	72

	2
	1
	0
	0.46
	5.86
	1.08
	1
	4
	7
	5
	5
	2
	28
	17
	8
	39

	2
	2
	0
	0.48
	5.84
	0.69
	7
	8
	6
	7
	13
	83
	19
	10
	8
	44

	2
	3
	10
	0.56
	5.82
	0.56
	1
	21
	12
	7
	1
	1
	50
	28
	7
	2

	3
	1
	0
	0.42
	6.45
	1.32
	6
	9
	4
	4
	10
	44
	77
	11
	19
	208

	3
	2
	1
	0.42
	6.39
	3.43
	5
	5
	4
	9
	6
	18
	41
	16
	18
	57

	3
	3
	2
	0.42
	6.47
	3.14
	1
	9
	3
	4
	5
	2
	46
	5
	7
	15

	4
	1
	10
	0.56
	4.89
	1.1
	0
	31
	10
	15
	13
	0
	60
	15
	45
	53

	4
	2
	11
	0.56
	4.7
	0.9
	1
	27
	11
	14
	5
	1
	49
	16
	31
	10

	4
	3
	5
	0.55
	4.35
	0.5
	1
	22
	9
	14
	6
	1
	54
	16
	49
	35

	5
	1
	44
	0.51
	4.32
	0.69
	0
	15
	14
	17
	8
	0
	90
	18
	108
	13

	5
	2
	13
	0.49
	4.32
	0.78
	1
	16
	11
	7
	13
	4
	77
	15
	55
	24

	5
	3
	33
	0.55
	4.68
	0.67
	1
	19
	11
	10
	11
	7
	58
	20
	21
	40

	6
	1
	9
	0.54
	4.9
	1.1
	1
	21
	9
	8
	6
	6
	50
	11
	12
	8

	6
	2
	1
	0.45
	4.78
	1.02
	1
	13
	6
	3
	12
	9
	38
	11
	5
	25

	7
	1
	36
	0.59
	4.16
	0.69
	1
	34
	15
	7
	16
	2
	87
	23
	12
	21

	7
	2
	27
	0.54
	4.23
	0.72
	1
	24
	10
	12
	11
	1
	75
	29
	16
	27

	8
	1
	13
	0.57
	6.01
	0.93
	0
	31
	12
	11
	14
	0
	75
	19
	23
	23

	8
	2
	14
	0.59
	5.14
	2.11
	1
	24
	14
	8
	13
	1
	63
	27
	15
	92

	8
	3
	7
	0.55
	5.15
	3.16
	0
	20
	11
	6
	11
	0
	53
	16
	11
	55

	10
	1
	20
	0.60
	4.16
	0.57
	0
	30
	12
	11
	9
	0
	80
	27
	20
	49

	10
	2
	17
	0.53
	4.42
	0.47
	0
	23
	14
	11
	13
	0
	50
	15
	14
	21

	10
	3
	15
	0.58
	4.31
	0.59
	1
	39
	15
	16
	8
	2
	80
	25
	20
	20

	11
	1
	12
	0.52
	4.54
	0.78
	1
	30
	13
	10
	13
	32
	59
	13
	13
	24

	11
	2
	20
	0.52
	4.38
	0.63
	1
	34
	17
	13
	18
	22
	76
	20
	16
	41

	11
	3
	5
	0.53
	4.19
	0.63
	1
	38
	11
	13
	19
	13
	68
	18
	32
	43

	12
	1
	5
	0.49
	4.86
	0.65
	0
	27
	12
	5
	14
	0
	56
	16
	11
	34

	12
	2
	9
	0.52
	4.68
	0.35
	0
	36
	8
	9
	17
	0
	69
	16
	11
	32

	12
	3
	22
	0.54
	4.52
	0.91
	0
	32
	9
	13
	11
	0
	80
	11
	16
	17

	13
	1
	32
	0.56
	4.29
	1.24
	1
	33
	13
	13
	5
	18
	91
	22
	17
	36

	13
	2
	25
	0.57
	4.42
	0.53
	1
	30
	11
	11
	7
	9
	69
	22
	21
	19

	14
	1
	15
	0.52
	4.33
	0.31
	1
	28
	7
	7
	8
	7
	90
	8
	10
	14

	14
	2
	19
	0.56
	4.42
	0.47
	1
	32
	7
	4
	6
	15
	81
	12
	4
	17

	14
	3
	8
	0.52
	4.63
	0.65
	1
	24
	12
	5
	12
	32
	52
	19
	7
	51

	15
	1
	1
	0.43
	6.52
	3.7
	2
	5
	8
	3
	10
	3
	43
	10
	4
	69

	15
	2
	5
	0.48
	6.63
	1.58
	1
	13
	8
	9
	4
	7
	52
	18
	13
	33

	16
	1
	27
	0.60
	5.35
	0.83
	0
	29
	11
	6
	2
	0
	75
	19
	8
	3

	16
	2
	16
	0.57
	5.47
	0.39
	3
	26
	9
	7
	10
	10
	52
	14
	9
	16

	16
	3
	19
	0.58
	5.25
	0.47
	2
	26
	9
	4
	5
	2
	57
	14
	4
	5

	17
	1
	23
	0.54
	4.36
	0.46
	1
	23
	7
	12
	10
	13
	53
	13
	39
	20

	17
	2
	23
	0.57
	4.25
	0.4
	0
	24
	12
	8
	13
	0
	65
	19
	21
	135

	17
	3
	28
	0.56
	4.33
	0.38
	1
	29
	13
	8
	12
	2
	69
	18
	27
	118

	18
	1
	24
	0.53
	4.12
	0.56
	0
	35
	14
	11
	6
	0
	86
	32
	17
	33

	18
	2
	10
	0.47
	4.27
	0.58
	1
	20
	10
	10
	17
	2
	48
	21
	18
	37

	18
	3
	13
	0.50
	4.1
	0.85
	0
	25
	19
	21
	9
	0
	77
	29
	28
	16


Table S3: List of eight exotic species surveyed in 13 forest fragments and four continuous sites in Sabah, Malaysian Borneo. Plots = the total number of the 47 plots that that species was present in; Sites = the total number of the 17 sites that that species was present in; and Individuals = the total number of individuals of that species across all 17 sites.


	Species
	Family
	Growth form
	Plots
	Sites
	Individuals

	Clidemia hirta 
	Melastomataceae
	Shrub
	29
	14
	276

	Chromolaena odorata 
	Asteraceae
	Shrub
	3
	3
	42

	Hyptis capitata 
	Lamiaceae
	Forb
	3
	2
	16

	Asystasia gangetica 
	Acanthaceae
	Creeping forb
	3
	2
	14

	Paspalum conjugatum 
	Poaceae
	Graminoid
	7
	5
	10

	Ageratum conyzoides 
	Asteraceae
	Forb
	1
	1
	6

	Calopogonium mucunoides 
	Fabaceae
	Climber
	2
	2
	5

	Mikania micrantha 
	Asteraceae
	Climber
	3
	2
	4













Table S4: Partial least squares path modelling model evaluation for the total native community. Model evaluation statistics represent validity and reliability of the measurement model if Dillon-Goldstein’s rho and Cronbach’s alpha are >0.7 and Average variance extracted is >0.5. 
	Model evaluation statistic
	
	Latent variable

	
	Fragmentation
	Disturbance
	Soil characteristics
	Propagule pressure
	Native community
	Invasion

	Average variance extracted
	0.839
	0.861
	0.816
	0.956
	0.987
	0.897

	Dillon-Goldstein’s rho
	0.940
	0.926
	0.900
	0.978
	0.994
	0.946

	Cronbach’s alpha
	0.904
	0.839
	0.778
	0.954
	0.987
	0.885








Table S5: Correlations between latent variables in the total native community model and square-root of each latent variables’ AVE. Correlations between latent variables should be lower than the square-root of AVE for each latent variable, which are in parenthesis.
	Latent variable
	Fragmentation
	Disturbance
	Soil characteristics
	Propagule pressure
	Native community
	Invasion

	Fragmentation
	(0.915)
	
	
	
	
	

	Disturbance
	0.26
	(0.928)
	
	
	
	

	Soil characteristics
	0.544
	0.629
	(0.903)
	
	
	

	Propagule pressure
	0.859
	0.272
	0.493
	(0.978)
	
	

	Native community
	-0.375
	-0.620
	-0.647
	-0.38
	(0.993)
	

	Invasion
	0.344
	0.437
	0.313
	0.494
	-0.404
	(0.947)









Table S6: Loadings and cross-loadings of all measured variables in the total native community model showing how well they associate with their latent variable. The loadings of measured variables should load higher on their associated latent (indicated by bold) than any other latent variable. Latent variable abbreviations: Frag. = Fragmentation, Dist. = Disturbance, Soil = Soil characteristics, Native = Native community and Prop = Propagule pressure.
	Measured variable
	Latent variable
	Cross-loadings

	
	
	Frag.
	Dist.
	Soil
	Native
	Prop.
	Invasion

	Area of non-forest
	Frag.
	0.982
	0.303
	0.554
	-0.417
	0.859
	0.354

	Edge density
	Frag.
	0.822
	0.222
	0.428
	-0.329
	0.536
	0.246

	Age
	Frag.
	0.937
	0.19
	0.502
	-0.288
	0.907
	0.331

	Number of large dipterocarps
	Dist.
	0.165
	0.928
	0.605
	-0.543
	0.202
	0.386

	Wood density
	Dist.
	0.318
	0.928
	0.562
	-0.608
	0.303
	0.425

	Soil pH
	Soil
	0.518
	0.613
	0.927
	-0.678
	0.536
	0.38

	Available phosphorus
	Soil 
	0.461
	0.514
	0.879
	-0.449
	0.333
	0.161

	Native genera richness
	Native 
	-0.387
	-0.619
	-0.648
	0.994
	-0.374
	-0.389

	Native phylogenetic diversity
	Native 
	-0.357
	-0.614
	-0.617
	0.993
	-0.382
	-0.414

	Exotic richness outside
	Prop.
	0.876
	0.308
	0.585
	-0.38
	0.979
	0.478

	Exotic abundance outside
	Prop.
	0.803
	0.222
	0.373
	-0.364
	0.977
	0.488

	Exotic genera richness
	Invasion
	0.301
	0.345
	0.179
	-0.26
	0.481
	0.94

	Exotic abundance
	Invasion
	0.347
	0.475
	0.401
	-0.491
	0.457
	0.954







Table S7: Total effects of fragmentation, disturbance, soil characteristics and native community on invasions within fragmented lowland tropical rainforests. Direct effects are the standardised path coefficients (displayed in Figs 3, 4, S1 and S2). Indirect effects are the influence of one latent variable on another by taking an indirect path, they are obtained by multiplying the path coefficients in the indirect pathway. Total effect is the sum of the direct and indirect effects. The strongest effect on invasion is highlighted in bold for each community, and the strongest effect on native community is highlighted with an underscore. Abbreviations: Frag = Fragmentation, Dist = Disturbance, Prop = Propagule pressure, Soil = Soil characteristics, Native = Native community and Invas. = Invasion.
	Path
	total
	adult trees
	saplings
	seedlings
	understorey

	
	direct
	indirect
	total
	direct
	indirect
	total
	direct
	indirect
	total
	direct
	indirect
	total
	direct
	indirect
	total

	Frag. → Soil
	0.408
	0
	0.408
	0.408
	0
	0.408
	0.407
	0
	0.407
	0.408
	0
	0.408
	0.408
	0
	0.408

	Frag. → Native
	0
	-0.26
	-0.26
	0
	0
	0
	0
	0
	0
	-0.509
	0
	-0.509
	0
	-0.129
	-0.129

	Frag. → Prop.
	0.893
	0
	0.893
	0.859
	0
	0.859
	0.859
	0
	0.859
	0.861
	0
	0.861
	0.859
	0
	0.859

	Frag. → Invas.
	0
	0.329
	0.329
	0
	0.348
	0.348
	0
	0.348
	0.348
	0
	0.349
	0.349
	0
	0.348
	0.348

	Dist. → Soil
	0.523
	0
	0.523
	0.521
	0
	0.521
	0.52
	0
	0.52
	0.521
	0
	0.521
	0.523
	0
	0.523

	Dist. → Native
	0
	-0.33
	-0.33
	-0.724
	0
	-0.724
	-0.558
	0
	-0.558
	0
	0
	0
	0
	-0.166
	-0.166

	Dist. → Invas.
	0.344
	0
	0.344
	0.327
	0
	0.327
	0.327
	0
	0.327
	0.327
	0
	0.327
	0.327
	0
	0.327

	Prop. → Invas.
	0.369
	0
	0.37
	0.405
	0
	0.405
	0.405
	0
	0.405
	0.405
	0
	0.405
	0.405
	0
	0.405

	Soil → Native
	-0.6
	0
	-0.64
	0
	0
	0
	0
	0
	0
	0
	0
	0
	-0.317
	0
	-0.317

	Frag. → Soil
	0.408
	0
	0.408
	0.408
	0
	0.408
	0.407
	0
	0.407
	0.408
	0
	0.408
	0.408
	0
	0.408

	Frag. → Native
	0
	-0.26
	-0.26
	0
	0
	0
	0
	-0.114
	-0.114
	-0.422
	-0.087
	-0.508
	0
	-0.129
	-0.129

	Frag. → Prop.
	0.859
	0
	0.859
	0.859
	0
	0.859
	0.859
	0
	0.859
	0.861
	0
	0.861
	0.859
	0
	0.859

	Frag. → Invas.
	0
	0.348
	0.348
	0
	0.348
	0.348
	0
	0.347
	0.347
	0
	0.348
	0.349
	0
	0.348
	0.348

	Dist. → Soil
	0.523
	0
	0.523
	0.521
	0
	0.521
	0.52
	0
	0.52
	0.521
	0
	0.521
	0.523
	0
	0.523

	Dist. → Native
	0
	-0.33
	-0.33
	-0.724
	0
	-0.724
	-0.413
	-0.108
	-0.521
	0
	-0.081
	-0.081
	0
	-0.166
	-0.166

	Dist. → Invas.
	0.327
	0
	0.327
	0.327
	0
	0.327
	0.328
	0
	0.328
	0.327
	0
	0.327
	0.327
	0
	0.327

	Prop. → Invas.
	0.405
	0
	0.405
	0.405
	0
	0.405
	0.404
	0
	0.404
	0.405
	0
	0.405
	0.405
	0
	0.405

	Soil → Native
	-0.64
	0
	-0.64
	0
	0
	0
	0
	0
	0
	0
	0
	0
	-0.317
	0
	-0.317

	Prop → Native
	0
	0
	0
	0
	0
	0
	0
	-0.133
	-0.133
	0
	-0.101
	-0.101
	0
	0
	0

	Invas. → Native
	0
	0
	0
	0
	0
	0
	-0.329
	0
	-0.329
	-0.249
	0
	-0.248
	0
	0
	0




Fig. S1 Partial least squares path model showing the relationships between landscape-scale fragmentation (F), local forest disturbance (D), propagule pressure (P), soil characteristics (S) and native plant diversity (N) on invasion (I) for four different native floristic communities. The model was simplified from the specification in Fig. 2 by removing non-significant effects. The goodness-of-fit index (GoF) for each model and R2 values for the endogenous latent variables are displayed. Standardised path coefficients and P-values were estimated by 10,000 bootstrap estimations. Standardised path coefficients are shown next to arrows, red indicates a negative correlation and blue a positive correlation. They denote the extent of standard deviation change of one latent variable attributed to one standard deviation change to another latent variable. P-values based on 10,000 bootstrap estimations: * = P<0.05; ** = P<0.01; *** = P<0.001. Abbreviations: F = Fragmentation, D = Disturbance, P = Propagule pressure, S = Soil characteristics, N = Native community and I = Invasion.

Fig. S2 Partial least squares path model showing the relationships between landscape-scale fragmentation (F), local forest disturbance (D), propagule pressure (P), soil characteristics (S) and invasion (I) on native plant diversity (N) for three different native floristic communities. The model was simplified from the specification in Fig. 2 by removing non-significant effects. The goodness-of-fit index (GoF) for each model and R2 values for the endogenous latent variables are displayed. Standardised path coefficients and P-values were estimated by 10,000 bootstrap estimations. Standardised path coefficients are shown next to arrows, red indicates a negative correlation and blue a positive correlation. They denote the extent of standard deviation change of one latent variable attributed to one standard deviation change to another latent variable. P-values based on 10,000 bootstrap estimations: * = P<0.05; ** = P<0.01; *** = P<0.001. Abbreviations: F = Fragmentation, D = Disturbance, P = Propagule pressure, S = Soil characteristics, N = Native community and I = Invasion.
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