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The study area is reported in Fig. S1.
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Figure S1. Study area localisation in Italy (A) and Tuscany (B) showing sampled and unsampled sites, and protection status (C). Contour lines are for 25 m (thinner lines) and 100 m (thicker lines).


1 Results of model selection

[bookmark: _Hlk91854387]The results of model selection conducted on each response variable for fern community indices and the ten fern species analyzed are reported in Tables S1-S11.


Table S1. Result of model selection conducted on each response variable for Asplenium onopteris. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	×
	
	
	5
	234.6
	0
	1


	Abundance of G ramets
	×
	×
	×
	
	
	7
	112.0
	0
	0.597

	
	×
	×
	
	
	
	5
	112.8
	0.79
	0.403


	Species presence
	×
	
	×
	
	
	4
	116.3
	0
	1


	Species abundance
	×
	
	×
	
	
	5
	272.8
	0
	1




Table S2. Result of model selection conducted on each response variable for Asplenium trichomanes. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	
	
	
	3
	47.8
	0
	1


	Abundance of G ramets
	×
	
	×
	
	
	5
	152.8
	0
	1


	Species presence
	×
	×
	×
	
	
	6
	98.5
	0
	1


	Species abundance
	×
	
	×
	
	
	5
	169.0
	0
	1





Table S3. Result of model selection conducted on each response variable for Athyrium filix-femina. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	
	
	
	3
	321.4
	0
	1


	Abundance of G ramets
	×
	
	
	
	×
	4
	248.6
	0
	0.662

	
	×
	
	
	
	
	3
	250.0
	1.34
	0.338


	Species presence
	×
	
	×
	
	×
	5
	124.1
	0
	0.426

	
	×
	
	
	×
	×
	4
	124.8
	0.71
	0.299

	
	×
	
	
	
	×
	3
	125
	0.89
	0.275

	
	
	
	
	
	
	
	
	
	

	Species abundance
	×
	
	
	×
	×
	5
	402.6
	0
	0.352

	
	×
	
	
	×
	
	4
	402.7
	0.16
	0.326

	
	×
	
	
	
	
	3
	402.8
	0.19
	0.322





Table S4. Result of model selection conducted on each response variable for Dryopteris affinis. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	×
	×
	
	
	7
	200.4
	0
	0.689

	
	×
	×
	
	×
	
	6
	202.0
	1.59
	0.311


	Abundance of G ramets
	×
	
	
	
	×
	4
	135.4
	0
	1


	Species presence
	×
	×
	×
	
	
	6
	100.2
	0
	0.660

	
	×
	
	×
	
	
	4
	101.6
	1.33
	0.340


	Species abundance
	×
	×
	×
	×
	
	8
	240.9
	0
	0.523

	
	×
	×
	×
	
	
	7
	241.1
	0.19
	0.477





Table S5. Result of model selection conducted on each response variable for Dryopteris borreri. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	×
	
	
	5
	102.2
	0
	1


	Abundance of G ramets
	×
	
	
	
	
	3
	77.1
	0
	1


	Species presence
	×
	
	
	
	
	2
	80.7
	0
	1


	Species abundance
	×
	
	×
	
	
	5
	126.7
	0
	1

	
	×
	
	
	
	
	3
	127.8
	1.04
	1





Table S6. Result of model selection conducted on each response variable for Osmunda regalis. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	
	
	
	3
	192.5
	0
	1


	Abundance of G ramets
	×
	
	
	
	
	3
	113.3
	0
	1


	Species presence
	×
	
	
	
	
	2
	91.3
	0
	1


	Species abundance
	×
	
	
	
	
	3
	213.3
	0
	1





Table S7. Result of model selection conducted on each response variable for Polypodium interjectum. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	×
	
	×
	
	6
	208.1
	0
	0.373

	
	×
	
	
	×
	
	4
	208.5
	0.34
	0.315

	
	×
	×
	
	
	
	5
	208.5
	0.36
	0.312


	Abundance of G ramets
	×
	
	×
	×
	
	6
	264.1
	0
	0.505

	
	×
	×
	×
	
	
	7
	265.4
	1.25
	0.270

	
	×
	×
	
	
	
	5
	265.7
	1.61
	0.225


	Species presence
	×
	×
	
	×
	
	5
	135.7
	0
	1


	Species abundance
	×
	×
	
	
	
	5
	321.3
	0
	0.723

	
	×
	
	×
	×
	
	6
	323.3
	1.93
	0.277





Table S8. Result of model selection conducted on each response variable for Polystichum setiferum. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	×
	
	×
	6
	346.0
	0
	1


	Abundance of G ramets
	×
	
	
	
	×
	4
	265.1
	0
	0.611

	
	×
	
	
	
	
	3
	266.0
	0.90
	0.389


	Species presence
	×
	
	
	
	×
	3
	125.8
	0
	0.719

	
	×
	
	
	
	
	2
	127.7
	1.89
	0.281


	Species abundance
	×
	
	×
	
	×
	6
	422.9
	0
	1





Table S9. Result of model selection conducted on each response variable for Pteridium aquilinum. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	
	
	×
	4
	295.4
	0
	0.641

	
	×
	
	
	
	
	3
	296.6
	1.17
	0.359


	Species abundance
	×
	
	
	
	×
	4
	298.7
	0
	0.703

	
	×
	
	
	
	
	3
	300.5
	1.72
	0.297


	Species presence
	×
	
	
	
	×
	3
	145.7
	0
	0.523

	
	×
	
	
	
	
	2
	145.8
	0.19
	0.477


























Table S10. Result of model selection conducted on each response variable for Struthiopteris spicant. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight. V: vegetative; G: generative.

	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Abundance of V ramets
	×
	
	
	
	
	3
	298.0
	0
	1


	Abundance of G ramets
	×
	
	
	
	
	3
	187.4
	0
	1


	Species presence
	×
	×
	
	
	
	4
	128.0
	0
	1


	Species abundance
	×
	
	
	
	
	3
	349.9
	0
	1





Table S11. Result of model selection conducted on each response variable for fern community indices. The selected, non-nested models within ΔAICc<2 are shown, with relevant K, AICc, ΔAICc and standardised weight.


	Response variable
	Intercept
	Orientation
	Soil granulometry
	Tree cover
	Moss cover
	K
	AICc
	ΔAICc
	Weight

	Richness (No. species)


	×
	
	×
	
	×
	6
	426.2
	0
	0.521

	
	×
	
	×
	
	
	5
	426.4
	0.20
	0.479

	Chao-1 index

	×
	
	×
	
	×
	6
	477.0
	0
	1

	Shannon Index (H)


	×
	
	×
	
	×
	6
	151.00
	0
	0.503

	
	×
	
	×
	
	
	5
	151.03
	0.03
	0.497

	Simpson index (D)
	×
	
	×
	
	×
	6
	-861.4
	0
	1



1

2 Results of top-ranked GLMMs

The results for top-ranked GLMMs for the ten fern species and fern community indices analyzed are reported in Tables S12-S22. 

Table S12. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Asplenium onopteris. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 1.392


	Intercept
	-1.379
	-2.516; -0.242*

	
	Soil granulometry (fine)
	-2.625
	-4.983; -0.266*

	
	Soil granulometry (large)
	0.998
	-0.119; 2.115

	Abundance of V ramets
σTRANSECT = 1.053


	Intercept
	-1.473
	-2.534; -0.413*

	
	Soil granulometry (fine)
	-0.952
	-2.532; 0.627

	
	Soil granulometry (large)
	1.583
	0.468; 2.699*

	Abundance of G ramets
σTRANSECT < 0.001




	Intercept
	-0.881
	-1.703; -0.059*

	
	Orientation (North)
	-27.650
	-624549.183; 624493.883

	
	Orientation (South)
	-0.328
	-1.573; 0.917

	
	Soil granulometry (fine)
	-23.262
	-105816.536; 105770.012

	
	Soil granulometry (large)
	-0.217
	-1.448; 1.0144

	Species abundance σTRANSECT = 0.911

	Intercept
	-0.800
	-1.663; 0.063

	
	Soil granulometry (fine)
	-1.468
	-2.933; -0.004*

	
	Soil granulometry (large)
	1.065
	0.070; 2.059*





Table S13. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Asplenium trichomanes. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT < 0.001




	Intercept
	-2.997
	-4.414; -1.579*

	
	Soil granulometry (fine)
	-1.451
	-3.643; 0.741

	
	Soil granulometry (large)
	1.052
	-0.115; 2.218

	
	Orientation (North)
	0.882
	-0.759; 2.523

	
	Orientation (South)
	1.698
	0.291; 3.105*

	Abundance of V ramets
σTRANSECT = 5.476

	Intercept
	-7.992
	-14.719; -1.264*

	Abundance of G ramets
σTRANSECT < 0.001


	Intercept
	-1.668
	-2.547; -0.789*

	
	Soil granulometry (fine)
	-1.664
	-3.977; 0.648

	
	Soil granulometry (large)
	1.336
	0.137; 2.535*

	Species abundance σTRANSECT = 0.550

	Intercept
	-1.601
	-2.618; -0.583*

	
	Soil granulometry (fine)
	1.350
	-3.300; 0.600

	
	Soil granulometry (large)
	1.369
	0.056; 2.682*





Table S14. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Athyrium filix-femina. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 3.158



	Intercept
	0.588
	-1.526; 2.701

	
	Soil granulometry (fine)
	-1.833
	-3.834; 0.169

	
	Soil granulometry (large)
	-1.211
	-2.856; 0.434

	
	Moss cover 
	0.616
	0.015; 1.218*

	Abundance of V ramets
σTRANSECT = 1.642

	Intercept
	-0.600
	-1.700; 0.500

	Abundance of G ramets
σTRANSECT = 1.852

	Intercept
	-1.443
	-2.684; -0.202*

	
	Moss cover 
	0.353
	-0.036; 0.742

	Species abundance σTRANSECT = 1.680

	Intercept
	-0.147
	-1.194; 0.900

	
	Tree Cover 
	-0.353
	-0.824; 0.118

	
	Moss cover 
	0.244
	-0.076; 0.564




Table S15. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Dryopteris affinis. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 1.819




	Intercept
	-1.281
	-3.545; 0.982

	
	Orientation (North)
	0.480
	-2.503; 3.463

	
	Orientation (South)
	-3.813
	-7.564; -0.062*

	
	Soil granulometry (fine)
	-2.086
	-4.248; 0.076

	
	Soil granulometry (large)
	0.952
	-0.648; 2.551

	Abundance of V ramets
σTRANSECT = 1.645




	Intercept
	-0.938
	-2.987; 1.111

	
	Orientation (North)
	0.719
	-1.922; 3.360

	
	Orientation (South)
	-22.179
	-21974.604; 21930.246

	
	Soil granulometry (fine)
	-2.365
	-4.347; -0.383*

	
	Soil granulometry (large)
	0.270
	-1.099; 1.639

	Abundance of G ramets
σTRANSECT = 1.586

	Intercept
	-2.523
	-4.012; 1.033

	
	Moss Cover 
	0.729
	0.131; 1.328*

	Species abundance σTRANSECT = 1.548

	Intercept
	-0.359
	-2.201; 1.484

	
	Orientation (North)
	0.108
	-2.395; 2.611

	
	Orientation (South)
	-4.823
	-8.430; -1.217*

	
	Tree Cover 
	-0.598
	-1.348; 0.151

	
	Soil granulometry (fine)
	-1.930
	-3.677; -0.183*

	
	Soil granulometry (large)
	0.580
	-0.574; 1.734





Table S16. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Dryopteris borreri. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 1.557

	Intercept
	-2.912
	-4.562; -1.263*

	Abundance of V ramets
σTRANSECT = 1.178
	Intercept
	-1.897
	-3.571; -0.222*

	
	Soil granulometry (fine)
	-0.242
	-1.888; 1.405

	
	Soil granulometry (large)
	-19.256
	-9698.793; 9660.281


	Abundance of G ramets
σTRANSECT = 1.280

	Intercept
	-3.084
	-5.085; -1.084*

	Species abundance σTRANSECT = 1.831
	Intercept
	-2.037
	-4.169; 0.095

	
	Soil granulometry (fine)
	-0.528
	-2.193; 1.137

	
	Soil granulometry (large)
	-2.709
	-5.258; -0.161*





Table S17. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Osmunda regalis. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 2.381

	Intercept
	-2.750
	-4.741; -0.758*

	Abundance of V ramets
σTRANSECT = 2.485

	Intercept
	-2.479
	-4.568; -0.390*

	Abundance of G ramets
σTRANSECT = 3.481

	Intercept
	-4.762
	-10.508; 0.984

	Species abundance σTRANSECT = 2.689
	Intercept
	-2.363
	-4.606; -0.119*





Table S18. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Polypodium interjectum. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT <0.001



	Intercept
	-0.435
	-1.111; 0.241

	
	Orientation (North)
	-1.870
	-3.088; -0.652*

	
	Orientation (South)
	-0.326
	-1.294; 0.642

	
	Tree Cover 
	0.622
	-0.009; 1.254

	Abundance of V ramets
σTRANSECT <0.001



	Intercept
	-0.239
	-1.160; 0.682

	
	Orientation (North)
	-1.907
	-3.523; -0.291*

	
	Orientation (South)
	-0.405
	-1.613; 0.802

	
	Tree Cover 
	0.687
	-0.154; 1.529

	Abundance of G ramets
σTRANSECT <0.001





	Intercept
	-0.605
	-1.691; 0.481

	
	Orientation (North)
	-1.241
	-2.655; 0.174

	
	Orientation (South)
	-0.203
	-1.232; 0.827

	
	Tree Cover 
	0.465
	-0.175; 1.105

	
	Soil granulometry (fine)
	0.278
	-0.957; 1.514

	
	Soil granulometry (large)
	1.300
	0.196; 2.404*

	Species abundance σTRANSECT <0.001
	Intercept
	1.056
	0.286; 1.826*

	
	Orientation (North)
	-2.347
	-3.573; -1.122*

	
	Orientation (South)
	-0.555
	-1.656; 0.545





Table S19. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Polystichum setiferum. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 2.512

	Intercept
	-0.646
	-2.247; 0.954

	
	Moss cover
	0.580
	-0.027; 1.187

	Abundance of V ramets
σTRANSECT =1.937

	Intercept
	-0.112
	-1.444; 1.219

	
	Soil granulometry (fine)
	-1.692
	-2.884; -0.500*

	
	Soil granulometry (large)
	-0.987
	-1.898; -0.077*

	
	Moss cover 
	0.491
	0.070; 0.911*


	Abundance of G ramets
σTRANSECT = 1.149

	Intercept
	-0.798
	-1.661; 0.064

	
	Moss cover
	0.405
	-0.070; 0.880

	Species abundance σTRANSECT = 1.843
	Intercept
	0.348
	-0.882; 1.578

	
	Moss cover 
	0.535
	0.142; 0.928*

	
	Soil granulometry (fine)
	-1.236
	-2.176; -0.297*

	
	Soil granulometry (large)
	-0.785
	-1.598; 0.028





Table S20. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Pteridium aquilinum. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 1.330

	Intercept
	-0.988
	-1.907; -0.070*

	
	Moss cover 
	-0.349
	-0.820; 0.122

	Abundance of V ramets
σTRANSECT = 1.109

	Intercept
	-0.504
	-1.332; 0.324

	
	Moss cover 
	-0.401
	-0.815; 0.014

	Species abundance σTRANSECT = 1.160
	Intercept
	-0.521
	-1.362; 0.320

	
	Moss cover 
	-0.419
	-0.823; -0.015*



Table S21. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting presence and abundance of ramets in sampling plots for Struthiopteris spicant. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0. V: vegetative; G: generative.

	Response variable
	Predictor
	Coefficient
	95% CI

	Species presence
σTRANSECT = 1.145


	Intercept
	-0.758
	-2.103; 0.586

	
	Orientation (North)
	0.699
	-1.205; 2.603

	
	Orientation (South)
	-2.192
	-4.419; 0.035

	Abundance of V ramets
σTRANSECT = 1.689

	Intercept
	-0.704
	-1.864; 0.457

	Abundance of G ramets
σTRANSECT = 1.300

	Intercept
	-1.414
	-2.552; -0.275*

	Species abundance σTRANSECT =1.769
	Intercept
	-0.339
	-1.522; 0.844




Table S22. Coefficients and 95% confidence intervals (95% CIs) estimated for the top-ranked models predicting fern community indices in sampling plots. Standard deviation of random intercepts (σTRANSECT) is also shown. Asterisks mark the 95% confidence intervals which do not overlap 0.

	Response variable
	Predictor
	Coefficient
	95% CI

	Richness (No. species)
σTRANSECT = 0.212



	Intercept
	1.085
	0.878; 1.292*

	
	Soil granulometry (fine)
	-0.324
	-0.650; 0.001

	
	Soil granulometry (large)
	0.067
	-0.188; 0.322

	
	Moss cover
	0.083
	-0.018; 0.186

	Chao-1 index
σTRANSECT = 0.831



	Intercept
	3.342
	2.678; 4.00*

	
	Soil granulometry (fine)
	-1.091
	-1.969; -0.213*

	
	Soil granulometry (large)
	0.273
	-0.478; 1.024

	
	Moss cover
	0.371
	0.050; 0.691*

	Shannon index (H)
σTRANSECT = 0.265



	Intercept
	0.815
	0.625; 1.005*

	
	Soil granulometry (fine)
	-0.330
	-0.550; -0.109*

	
	Soil granulometry (large)
	-0.018
	-0.206; 0.169

	
	Moss cover
	0.061
	-0.018; 0.141

	Simpson index (D)
σTRANSECT = 0.883

	Intercept
	0.845
	0.217; 1.474*

	
	Soil granulometry (fine)
	1.355
	0.632; 2.078*

	
	Soil granulometry (large)
	0.405
	-0.193; 1.004

	
	Moss cover
	-0.449
	-0.727; -0.171*
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The study area is reported in Fig. S1.
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Contour lines are for 25 m (thinner lines) and 100 m (thicker lines).
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