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FiguresFig. S1: Correlation plot of biweekly throughfall and dissolved nitrogen (N) in throughfall measurements across all forest types (top left, black), and separately for each forest type (coloured, solid). Shaded areas represent the 95% confidence interval around the correlation line. Spearman rank coefficients and significance are provided at the top of each panel, the colour code applies as indicated in the legend. Note that panels are on different scales. Data used is a subset of all study plots for which both throughfall and dissolved N in throughfall data were available. 
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Table S1: Statistical details on the post-hoc tests comparing throughfall, nitrogen fluxes in soil solution (N fluxes), and forest floor vegetation between forest types as shown in Fig. 2A. CWM = community-weighted mean, SLA = specific leaf area. Significant differences (p < 0.05) are marked in bold.
	variable
	post-hoc test
	correction for
multiple testing
	comparison
	beech
	spruce

	throughfall
	pairwise t-test
	holm-bonferroni
	spruce
pine

	0.003
0.054
	-
0.215

	N fluxes
	pairwise Mann-Whitney U test
	holm-bonferroni
	spruce
pine

	< 0.001
0.094
	-
< 0.001


	herb cover
	pairwise Mann-Whitney U test
	holm-bonferroni
	spruce
pine

	0.511
< 0.001
	-
< 0.001


	moss cover
	pairwise Mann-Whitney U test
	holm-bonferroni
	spruce
pine

	< 0.001
< 0.001
	-
0.002


	CWM SLA
	pairwise Mann-Whitney U test
	holm-bonferroni
	spruce
pine

	< 0.001
< 0.001

	-
< 0.001

	CWM plant height
	pairwise Mann-Whitney U test
	holm-bonferroni
	spruce
pine
	< 0.001
0.077
	-
< 0.001




Table S2: Overview of species occurring in each forest type and layer with their respective abbreviations, full names, and growth form. Shaded cells represent species belonging to the moss layer (ML). HL = herbaceous layer. Taxonomy follows World Flora Online (WFO, 2025).
	forest type
	layer
	species abbreviation
	species full name
	family
	growth form

	beech
	HL
	Agr.cap
	Agrostis capillaris L.
	Poaceae
	graminoid

	beech
	HL
	Car.pil
	Carex pilulifera L.
	Cyperaceae
	graminoid

	beech
	HL
	Des.fle
	Deschampsia flexuosa (L.) Trin.
	Poaceae
	graminoid

	beech
	HL
	Fag.syl
	Fagus sylvatica L.
	Fagaceae
	tree

	beech
	HL
	Hed.hel
	Hedera helix L.
	Araliaceae
	forb

	beech
	HL
	Jun.eff
	Juncus effusus L.
	Juncaceae
	graminoid

	beech
	HL
	Luz.luz
	Luzula luzuloides (Lam.) Dandy & Wilmott
	Juncaceae
	graminoid

	beech
	HL
	Poa.nem
	Poa nemoralis L.
	Poaceae
	graminoid

	beech
	HL
	Que.pet
	Quercus petraea (Matt.) Liebl.
	Fagaceae
	tree

	beech
	HL
	Sor.auc
	Sorbus aucuparia L.
	Rosaceae
	tree

	beech
	HL
	Vac.myr
	Vaccinium myrtillus L.
	Ericaceae
	forb

	beech
	ML
	Bra.rut
	Brachythecium rutabulum (Hedw.) Schimp.
	Brachytheciaceae
	bryophyte

	beech
	ML
	Dic.het
	Dicranella heteromalla (Hedw.) Schimp.
	Dicranellaceae
	bryophyte

	beech
	ML
	Dic.sco
	Dicranum scoparium Hedw.
	Dicranaceae
	bryophyte

	beech
	ML
	Hyp.cup
	Hypnum cupressiforme Hedw.
	Hypnaceae
	bryophyte

	beech
	ML
	Iso.ele
	Pseudotaxiphyllum elegans (Brid.) Z.Iwats.
	Hypnaceae
	bryophyte

	beech
	ML
	Lop.het
	Lophocolea heterophylla (Schrad.) Dumort.
	Lophocoleaceae
	bryophyte

	beech
	ML
	Mni.hor
	Mnium hornum Hedw.
	Mniaceae
	bryophyte

	beech
	ML
	Pla.cur
	Plagiothecium curvifolium Schlieph. ex Limpr.
	Plagiotheciaceae
	bryophyte

	beech
	ML
	Poh.nut
	Pohlia nutans (Hedw.) Lindb.
	Mniaceae
	bryophyte

	beech
	ML
	Pol.for
	Polytrichum formosum Hedw.
	Polytrichaceae
	bryophyte

	
	
	
	
	
	

	spruce
	HL
	Atr.bel
	Atropa belladonna L.
	Solanaceae
	forb

	spruce
	HL
	Bet.pen
	Betula pendula Roth
	Betulaceae
	tree

	spruce
	HL
	Des.fle
	Deschampsia flexuosa (L.) Trin.
	Poaceae
	graminoid

	spruce
	HL
	Dig.pur
	Digitalis purpurea L.
	Plantaginaceae
	forb

	spruce
	HL
	Dry.car
	Dryopteris carthusiana (Vill.) H.P.Fuchs
	Dryopteridaceae
	fern

	spruce
	HL
	Dry.fil
	Dryopteris filix-mas (L.) Schott
	Dryopteridaceae
	fern

	spruce
	HL
	Gal.apa
	Galium aparine L.
	Rubiaceae
	forb

	spruce
	HL
	Gal.tet
	Galeopsis tetrahit L.
	Lamiaceae
	forb

	spruce
	HL
	Ger.rob
	Geranium robertianum L.
	Geraniaceae
	forb

	spruce
	HL
	Imp.par
	Impatiens parviflora DC.
	Balsaminaceae
	forb

	spruce
	HL
	Luz.luz
	Luzula luzuloides (Lam.) Dandy & Wilmott
	Juncaceae
	graminoid

	spruce
	HL
	Moe.tri
	Moehringia trinervia (L.) Clairv.
	Caryophyllaceae
	forb

	spruce
	HL
	Myc.mur
	Mycelis muralis Dumort.
	Asteraceae
	forb

	spruce
	HL
	Oxa.ace
	Oxalis acetosella L.
	Oxalidaceae
	forb

	spruce
	HL
	Pic.abi
	Picea abies (L.) H.Karst.
	Pinaceae
	tree

	spruce
	HL
	Pin.syl
	Pinus sylvestris L.
	Pinaceae
	tree

	spruce
	HL
	Poa.ann
	Poa annua L.
	Poaceae
	graminoid

	spruce
	HL
	Poa.nem
	Poa nemoralis L.
	Poaceae
	graminoid

	spruce
	HL
	Poa.tri
	Poa trivialis L.
	Poaceae
	graminoid

	spruce
	HL
	Pse.men
	Pseudotsuga menziesii (Mirb.) Franco
	Pinaceae
	tree

	spruce
	HL
	Rub.pli
	Rubus plicatus Weihe & Nees
	Rosaceae
	forb

	spruce
	HL
	Rub.ida
	Rubus idaeus L.
	Rosaceae
	forb

	spruce
	HL
	Sen.nem
	Senecio nemorensis L.
	Asteraceae
	forb

	spruce
	HL
	Sen.syl
	Senecio sylvaticus L.
	Asteraceae
	herb

	spruce
	HL
	Ste.med
	Stellaria media (L.) Vill.
	Caryophyllaceae
	herb

	spruce
	HL
	Tar.off
	Taraxacum F. H. Wigg. sect. Taraxacum
	Asteraceae
	herb

	spruce
	HL
	Vac.myr
	Vaccinium myrtillus L.
	Ericaceae
	herb

	spruce
	ML
	Bra.rut
	Brachythecium rutabulum (Hedw.) Schimp.
	Brachytheciaceae
	bryophyte

	spruce
	ML
	Dic.het
	Dicranella heteromalla (Hedw.) Schimp.
	Dicranellaceae
	bryophyte

	spruce
	ML
	Dic.sco
	Dicranum scoparium Hedw.
	Dicranaceae
	bryophyte

	spruce
	ML
	Eur.ang
	Eurhynchium angustirete (Broth.) T.J. Kop.
	Brachytheciaceae
	bryophyte

	spruce
	ML
	Eur.str
	Eurhynchium striatum (Schreb. ex Hedw.) Schimp.
	Brachytheciaceae
	bryophyte

	spruce
	ML
	Hyl.spl
	Hylocomium splendens (Hedw.) Schimp.
	Hylocomiaceae
	bryophyte

	spruce
	ML
	Hyp.cup
	Hypnum cupressiforme Hedw.
	Hypnaceae
	bryophyte

	spruce
	ML
	Kin.pra
	Kindbergia praelonga (Hedw.) Ochyra
	Brachytheciaceae
	bryophyte

	spruce
	ML
	Leu.gla
	Leucobryum glaucum (Hedw.)  Ångstr.
	Leucobryaceae
	bryophyte

	spruce
	ML
	Lop.het
	Lophocolea heterophylla (Schrad.) Dumort.
	Lophocoleaceae
	bryophyte

	spruce
	ML
	Mni.hor
	Mnium hornum Hedw.
	Mniaceae
	bryophyte

	spruce
	ML
	Pla.cur
	Plagiothecium curvifolium Schlieph. ex Limpr.
	Plagiotheciaceae
	bryophyte

	spruce
	ML
	Ple.sch
	Pleurozium schreberi (Willd. ex Brid.) Mitt.
	Hylocomiaceae
	bryophyte

	spruce
	ML
	Pol.for
	Polytrichum formosum Hedw.
	Polytrichaceae
	bryophyte

	spruce
	ML
	Pse.pur
	Pseudoscleropodium purum (Hedw.) M. Fleisch.
	Brachytheciaceae
	bryophyte

	spruce
	ML
	Thu.tam
	Thuidium tamariscinum (Hedw.) Schimp.
	Thuidiaceae
	bryophyte

	
	
	
	
	
	

	pine
	HL
	Des.fle
	Deschampsia flexuosa (L.) Trin.
	Poaceae
	graminoid

	pine
	HL
	Dry.car
	Dryopteris carthusiana (Vill.) H.P.Fuchs
	Dryopteridaceae
	fern

	pine
	HL
	Dry.fil
	Dryopteris filix-mas (L.) Schott
	Dryopteridaceae
	fern

	pine
	HL
	Gal.rot
	Galium rotundifolium L.
	Rubiaceae
	herb

	pine
	HL
	Ger.rob
	Geranium robertianum L.
	Geraniaceae
	herb

	pine
	HL
	Myc.mur
	Mycelis muralis Dumort.
	Asteraceae
	herb

	pine
	HL
	Oxa.ace
	Oxalis acetosella L.
	Oxalidaceae
	herb

	pine
	HL
	Pic.abi
	Picea abies (L.) H.Karst.
	Pinaceae
	tree

	pine
	HL
	Pin.syl
	Pinus sylvestris L.
	Pinaceae
	tree

	pine
	HL
	Rub.pli
	Rubus fruticosus L.
	Rosaceae
	herb

	pine
	HL
	Rub.ida
	Rubus idaeus L.
	Rosaceae
	herb

	pine
	HL
	Rum.ace
	Rumex acetosella L.
	Polygonaceae
	herb

	pine
	HL
	Sor.auc
	Sorbus aucuparia L.
	Rosaceae
	tree

	pine
	HL
	Vac.myr
	Vaccinium myrtillus L.
	Ericaceae
	herb

	pine
	ML
	Bra.rut
	Brachythecium rutabulum (Hedw.) Schimp.
	Brachytheciaceae
	bryophyte

	pine
	ML
	Dic.het
	Dicranella heteromalla (Hedw.) Schimp.
	Dicranellaceae
	bryophyte

	pine
	ML
	Dic.pol
	Dicranum polysetum Sw.
	Dicranaceae
	bryophyte

	pine
	ML
	Dic.sco
	Dicranum scoparium Hedw.
	Dicranaceae
	bryophyte

	pine
	ML
	Eur.ang
	Eurhynchium angustirete (Broth.) T.J. Kop.
	Brachytheciaceae
	bryophyte

	pine
	ML
	Hyp.cup
	Hypnum cupressiforme Hedw.
	Hypnaceae
	bryophyte

	pine
	ML
	Leu.gla
	Leucobryum glaucum (Hedw.)  Ångstr.
	Leucobryaceae
	bryophyte

	pine
	ML
	Lop.bid
	Lophocolea bidentata (L.) Dumort.
	Lophocoleaceae
	bryophyte

	pine
	ML
	Ple.sch
	Pleurozium schreberi (Willd. ex Brid.) Mitt.
	Hylocomiaceae
	bryophyte

	pine
	ML
	Pol.for
	Polytrichum formosum Hedw.
	Polytrichaceae
	bryophyte

	pine
	ML
	Pse.pur
	Pseudoscleropodium purum (Hedw.) M. Fleisch.
	Brachytheciaceae
	bryophyte





Table S3: Statistical results based on linear models and ANCOVAs with forest type as interaction term, respectively, showing whether model slopes in Fig. 5 differ from zero. Significant differences (p < 0.05) are marked in bold. N fluxes = nitrogen fluxes in soil solution, CWM = community-weighted mean, SLA = specific leaf area, SE = standard error, CI = confidence interval.
	analysis
	response
	predictor
	forest type
	estimate
	SE
	df
	lower CI
	upper CI
	t ratio
	p value

	Linear model
	N fluxes ~
	throughfall
	-
	-0.008
	0.002
	91
	-0.012
	-0.003
	-3.569
	0.001

	
	
	herb cover
	-
	-0.012
	0.004
	91
	-0.020
	-0.005
	-3.188
	0.002

	
	
	moss cover
	-
	-0.002
	0.003
	91
	-0.008
	0.004
	-0.658
	0.512

	
	
	CWM SLA
	-
	0.030
	0.007 
	91
	0.025
	0.055
	5.275
	< 0.001

	
	
	CWM plant height
	-
	-0.040
	0.007 
	91
	-0.054
	-0.027
	-5.829
	< 0.001

	
	
	
	
	
	
	
	
	
	
	

	ANCOVA
	N fluxes ~
	throughfall
	beech
	0.002
	0.003
	87
	-0.004
	0.009
	0.730
	0.467

	
	
	throughfall
	spruce
	-0.013
	0.003
	87
	-0.019
	-0.008
	-4.641
	< 0.001

	
	
	throughfall
	pine
	-0.003
	0.004
	87
	-0.011
	0.004
	-0.879
	0.382

	
	
	
	
	
	
	
	
	
	
	

	
	
	herb cover
	beech
	-0.025
	0.014
	87
	-0.052
	0.003
	-1.790
	0.077

	
	
	herb cover
	spruce
	0.005
	0.011
	87
	-0.017
	0.026
	0.459
	0.648

	
	
	herb cover
	pine
	-0.007
	0.011
	87
	-0.028
	0.014
	-0.639
	0.525

	
	
	
	
	
	
	
	
	
	
	

	
	
	moss cover
	beech
	-0.001
	0.007
	87
	-0.016
	0.014
	-0.116
	0.908

	
	
	moss cover
	spruce
	-0.026
	0.007
	87
	-0.039
	-0.013
	-3.959
	< 0.001

	
	
	moss cover
	pine
	0.008
	0.010
	87
	-0.013
	0.029
	0.771
	0.443

	
	
	
	
	
	
	
	
	
	
	

	
	
	CWM SLA
	beech
	0.013
	0.040
	87
	-0.067
	0.092
	0.315
	0.753

	
	
	CWM SLA
	spruce
	0.071
	0.019
	87
	0.033
	0.110
	3.710
	< 0.001

	
	
	CWM SLA
	pine
	0.027
	0.025
	87
	-0.022
	0.076
	1.105
	0.272

	
	
	
	
	
	
	
	
	
	
	

	
	
	CWM plant height
	beech
	-0.016
	0.009
	87
	-0.033
	0.002
	-1.803
	0.075

	
	
	CWM plant height
	spruce
	-0.100
	0.022
	87
	-0.144
	-0.055
	-4.459
	< 0.001

	
	
	CWM plant height
	pine
	-0.036
	0.033
	87
	-0.102
	0.030
	-1.082
	0.282





Table S4: Direct and indirect vegetation-mediated effects of throughfall on nitrogen fluxes in soil solution, calculated from standardised path coefficients. CWM = community-weighted mean, SLA = specific leaf area, SPI = stomatal pore area index. Note that effects were summarised from both significant and non-significant coefficients from structural equation models.
	group
	effects/paths
	direct effects
	indirect effects
	total effects

	all
	direct effect of throughfall
	-0.106
	
	

	
	indirect effects through 
     CWM SLA
	
	-0.100
	

	
	     CWM plant height
	
	-0.014
	

	
	     herb cover
	
	-0.001
	

	
	     moss cover
	
	-0.049
	

	
	(in)direct all
	-0.106
	-0.162
	-0.267

	
	
	
	
	

	multigroup analysis
	
	
	

	beech
	direct effect of throughfall
	-0.149
	
	

	
	indirect effects through 
     CWM SLA
	
	-0.062
	

	
	     CWM plant height
	
	0.088
	

	
	     herb cover
	
	0.025
	

	
	     moss cover
	
	-0.071
	

	
	(in)direct all
	-0.149
	-0.019
	-0.167

	
	
	
	
	

	spruce
	direct effect of throughfall
	-0.106
	
	

	
	indirect effects through 
     CWM SLA
	
	-0.171
	

	
	     CWM plant height
	
	-0.060
	

	
	     herb cover
	
	0.039
	

	
	     moss cover
	
	-0.054
	

	
	(in)direct all
	-0.106
	-0.246
	-0.351

	
	
	
	
	

	pine
	direct effect of throughfall
	-0.114
	
	

	
	indirect effects through 
     CWM SLA
	
	-0.054
	

	
	     CWM plant height
	
	-0.029
	

	
	     herb cover
	
	-0.051
	

	
	     moss cover
	
	-0.047
	

	
	(in)direct all
	-0.114
	-0.181
	-0.294




Table S5: Full model outputs from the piecewise structural equation models showing direct and indirect path coefficients. The multigroup analysis tests for each forest type whether each path differs from the global model’s path. Otherwise, the path is constrained to the global model (c) with the same estimates and standard errors (SE). Note that standardised (std.) estimates can still differ because of different within-group variances (Lefcheck, 2021). Significant estimates (p < 0.05) are marked in bold. CWM = community-weighted mean, SLA = specific leaf area, N flux = inorganic nitrogen fluxes in soil solution.
	model
	response
	predictor
	estimate
	SE
	df
	p value
	std. estimate
	

	
	
	
	
	
	
	
	
	

	global model
	
	CWM SLA
	throughfall
	-0.23
	0.05
	93
	< 0.001
	-0.23
	

	
	
	CWM plant height
	throughfall
	0.06
	0.09
	93
	0.526
	0.06
	

	
	
	herb cover
	CWM SLA
	0.25
	0.12
	93
	0.041
	0.25
	

	
	
	herb cover
	CWM plant height
	0.23
	0.07
	93
	0.001
	0.23
	

	
	
	herb cover
	throughfall
	0.04
	0.06
	93
	0.503
	0.04
	

	
	
	moss cover
	herb cover
	-0.09
	0.11
	93
	0.406
	-0.09
	

	
	
	moss cover
	throughfall
	0.18
	0.06
	93
	0.002
	0.18
	

	
	
	N flux
	CWM SLA
	0.43
	0.14
	87
	0.002
	0.43
	

	
	
	N flux
	herb cover
	-0.19
	0.10
	87
	0.067
	-0.19
	

	
	
	N flux
	CWM plant height
	-0.25
	0.11
	87
	0.029
	-0.25
	

	
	
	N flux
	moss cover
	-0.27
	0.11
	87
	0.019
	-0.27
	

	
	
	N flux
	throughfall
	-0.11
	0.10
	87
	0.278
	-0.11
	

	
	
	
	
	
	
	
	
	
	

	multigroup analysis
	beech
	CWM SLA
	throughfall
	-0.10
	0.05
	30
	0.062
	-0.32
	

	
	
	CWM plant height
	throughfall
	-0.25
	0.23
	30
	0.288
	-0.19
	

	
	
	herb cover
	CWM SLA
	0.25
	0.12
	93
	0.041
	0.17
	c

	
	
	herb cover
	CWM plant height
	0.23
	0.07
	93
	0.001
	0.67
	c

	
	
	herb cover
	throughfall
	-0.02
	0.07
	30
	0.822
	-0.03
	

	
	
	moss cover
	herb cover
	-0.09
	0.11
	93
	0.406
	-0.07
	c

	
	
	moss cover
	throughfall
	0.18
	0.06
	93
	0.002
	0.29
	c

	
	
	N flux
	CWM SLA
	0.43
	0.14
	87
	0.002
	0.19
	c

	
	
	N flux
	herb cover
	-0.19
	0.10
	87
	0.067
	-0.12
	c

	
	
	N flux
	CWM plant height
	-0.25
	0.11
	87
	0.029
	-0.46
	c

	
	
	N flux
	moss cover
	-0.27
	0.11
	87
	0.019
	-0.24
	c

	
	
	N flux
	throughfall
	-0.11
	0.10
	87
	0.278
	-0.15
	c

	
	
	
	
	
	
	
	
	
	

	
	spruce
	CWM SLA
	throughfall
	-0.39
	0.08
	30
	0.000
	-0.67
	

	
	
	CWM plant height
	throughfall
	0.24
	0.07
	30
	0.001
	0.52
	

	
	
	herb cover
	CWM SLA
	0.25
	0.12
	93
	0.041
	0.28
	c

	
	
	herb cover
	CWM plant height
	0.23
	0.07
	93
	0.001
	0.21
	c

	
	
	herb cover
	throughfall
	-0.17
	0.12
	30
	0.185
	-0.32
	

	
	
	moss cover
	herb cover
	-0.09
	0.11
	93
	0.406
	-0.08
	c

	
	
	moss cover
	throughfall
	0.18
	0.06
	93
	0.002
	0.29
	c

	
	
	N flux
	CWM SLA
	0.43
	0.14
	87
	0.002
	0.25
	c

	
	
	N flux
	herb cover
	-0.19
	0.10
	87
	0.067
	-0.10
	c

	
	
	N flux
	CWM plant height
	-0.25
	0.11
	87
	0.029
	-0.11
	c

	
	
	N flux
	moss cover
	-0.27
	0.11
	87
	0.019
	-0.17
	c

	
	
	N flux
	throughfall
	-0.11
	0.10
	87
	0.278
	-0.11
	c

	
	
	
	
	
	
	
	
	
	

	
	pine
	CWM SLA
	throughfall
	-0.11
	0.10
	33
	0.252
	-0.20
	

	
	
	CWM plant height
	throughfall
	0.11
	0.07
	33
	0.107
	0.27
	

	
	
	herb cover
	CWM SLA
	0.25
	0.12
	93
	0.041
	0.22
	c

	
	
	herb cover
	CWM plant height
	0.23
	0.07
	93
	0.001
	0.14
	c

	
	
	herb cover
	throughfall
	0.25
	0.11
	33
	0.016
	0.38
	

	
	
	moss cover
	herb cover
	-0.09
	0.11
	93
	0.406
	-0.12
	c

	
	
	moss cover
	throughfall
	0.18
	0.06
	93
	0.002
	0.36
	c

	
	
	N flux
	CWM SLA
	0.43
	0.14
	87
	0.002
	0.27
	c

	
	
	N flux
	herb cover
	-0.19
	0.10
	87
	0.067
	-0.14
	c

	
	
	N flux
	CWM plant height
	-0.25
	0.11
	87
	0.029
	-0.11
	c

	
	
	N flux
	moss cover
	-0.27
	0.11
	87
	0.019
	-0.15
	c

	
	
	N flux
	throughfall
	-0.11
	0.10
	87
	0.278
	-0.11
	c

	
	
	
	
	
	
	
	
	
	


 
Table S6: Herbaceous and moss species richness (S), Shannon diversity (H), and Evenness (J) per forest type. Higher values indicate higher diversity and evenness, respectively. 
	forest type
	 
	herb species
	 
	moss species

	
	 
	S
	H
	J
	 
	S
	H
	J

	beech
	 
	11
	1.64
	0.68
	 
	10
	1.38
	0.6

	spruce
	 
	27
	2.32
	0.7
	 
	16
	2.16
	0.78

	pine
	 
	14
	1.54
	0.58
	 
	11
	1.39
	0.58
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