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Supporting Methods
Beta distribution, parameterisation and regression modelling
Since most plant species and communities are spatially aggregated, plant derived variables such as diversity metrics and cover data typically display U-shaped distributions. By the same logic, less common spatially aggregated plant species commonly display right-skewed, L-shaped empirical distributions. Furthermore, plots allocated across an area of interest are likely to have some species with zero or small abundance recorded, but occasionally a plot will intersect an area that is specifically suited to those species, and large cover values may be recorded. Therefore, the relative effect of the inherent spatial patterns of plant species on diversity and cover metrics can be accommodated by beta regression following parametrisation of the variable of interest to beta distribution (Damgaard & Irvine 2019). 
Since plant derived variables were visually estimated for each quadrat in this study, following the protocol outlined in Pauli et al. (2015), the estimate for quadrat i within the study area j, the response represented by Yij is a continuous proportion that is constrained within the open unit interval (0,1). This type of response is modelled using a beta distribution with the mean parameter μj and shape parameter δ, defined as:
	


where Beta refers to the classical parameterisation of the beta distribution, and mean parameter μj and shape parameter δ are bounded in the open interval of 0 < (μj, δ) < 1 (Smithsen & Verkuilen 2005; Damgaard & Irvine 2019).


Supporting Results
Table S2. Linear regression between Year and 1°C microclimatic variables: Growing Season Length (GSL), Growing Degree Days (GPD) and Growing Season Mean. (MEANS)
	Melt zone
	Variable
	
	ANOVA
	Regression

	
	
	R2
	df
	F
	Model
	Estimate
	SE
	T 
	p
	

	Early
	GSL
	0.001
	1-15
	0.002
	Intercept
	151.838
	10.233
	14.838
	<0.001
	***

	
	
	
	
	
	Slope
	0.047
	0.973
	0.048
	0.962
	

	
	GDD
	0.001
	1-15
	0.002
	Intercept
	1417.394
	113.654
	12.471
	<0.001
	***

	
	
	
	
	
	Slope
	0.420
	10.809
	0.039
	0.970
	

	
	GSM
	0.054
	1-15
	0.800
	Intercept
	9.157
	0.239
	38.389
	<0.001
	***

	
	
	
	
	
	Slope
	0.020
	0.023
	0.894
	0.386
	

	Mid
	GSL
	0.106
	1-15
	1.660
	Intercept
	113.075
	8.531
	13.225
	<0.001
	***

	
	
	
	
	
	Slope
	1.045
	0.811
	1.288
	0.218
	

	
	GDD
	0.149
	1-15
	2.447
	Intercept
	924.455
	121.556
	7.605
	<0.001
	***

	
	
	
	
	
	Slope
	18.084
	11.560
	1.564
	0.140
	

	
	GSM
	0.162
	1-15
	2.714
	Intercept
	8.334
	0.339
	24.584
	<0.001
	***

	
	
	
	
	
	Slope
	0.053
	0.032
	1.648
	0.122
	

	Late
	GSL
	0.262
	1-15
	4.972
	Intercept
	79.982
	10.170
	7.865
	<0.001
	***

	
	
	
	
	
	Slope
	2.156
	0.967
	2.230
	0.043
	*

	
	GDD
	0.267
	1-15
	5.093
	Intercept
	647.722
	118.354
	5.473
	<0.001
	***

	
	
	
	
	
	Slope
	25.402
	11.256
	2.257
	0.041
	*

	
	GSM
	0.254
	1-15
	4.779
	Intercept
	7.663
	0.348
	22.022
	<0.001
	***

	
	
	
	
	
	Slope
	0.072
	0.033
	2.186
	0.046
	*




Table S3. List of species recorded during the 2007, 2013 and 2020 surveys in each melt zone, including growth form, plant strategy and strategy class.
	Species
	Family
	Growth form
	Plant strategy (%) 
	Strategy class
	Early melt
	Mid melt
	Late melt

	
	
	
	C
	S
	R
	
	2007
	2013
	2020
	2007
	2013
	2020
	2007
	2013
	2020

	Aciphylla glacialis
	Apiaceae
	Forb
	60
	40
	0
	CS
	
	
	0.02
	
	
	
	
	
	

	Agrostis muelleriana 
	Poaceae
	Graminoid
	1
	99
	0
	S
	0.56
	1.09
	1.11
	3.11
	1.84
	0.94
	0.19
	1.93
	0.45

	Argyrotegium argentifolius
	Asteraceae
	Forb
	0
	67
	33
	S/SR
	0.05
	0.05
	0.02
	0.04
	0.03
	<0.01
	
	0.01
	0.06

	Argyrotegium fordianus
	Asteraceae
	Forb
	5
	69
	26
	S/SR
	
	
	0.06
	
	
	0.04
	0.08
	
	0.08

	Australopyrum velutinum
	Poaceae
	Graminoid
	10
	89
	1
	S
	
	
	
	
	
	
	
	0.01
	<0.01

	Blechnum penna-marina subsp. alpina
	Blenchhnaceae
	Cryptogam
	
	
	
	
	
	
	
	
	
	
	
	0.01
	0.19

	Brachyscome spathulata
	Asteraceae
	Forb
	3
	82
	15
	S/SR
	
	
	
	
	0.01
	
	0.06
	0.08
	

	Cardamine robusta
	Brassicaceae
	Forb*
	21
	0
	79
	R/CR
	
	
	
	0.81
	0.13
	0.19
	<0.01
	0.02
	<0.01

	Carex breviculmis
	Cyperaceae
	Graminoid
	7
	70
	24
	S/SR
	1.30
	
	
	0.30
	
	
	
	
	

	Carex canescens
	Cyperaceae
	Graminoid
	17
	54
	29
	S/CSR
	
	0.09
	
	
	
	
	
	
	

	Carex cephalotes
	Cyperaceae
	Graminoid*
	9
	62
	30
	S/SR
	0.06
	0.30
	0.56
	3.59
	2.54
	2.07
	0.08
	1.01
	0.15

	Carex hypandra
	Cyperaceae
	Graminoid
	15
	50
	35
	SR/CSR
	0.04
	0.27
	1.64
	0.26
	4.48
	6.81
	
	0.25
	0.04

	Celmisia costiniana
	Asteraceae
	Forb
	38
	62
	0
	CS
	5.49
	4.13
	3.52
	
	0.01
	0.04
	
	
	

	Colobanthus affinis
	Caryophyllaceae
	Forb
	0
	100
	0
	S
	
	
	
	
	
	
	
	0.11
	

	Colobanthus nivicola
	Caryophyllaceae
	Forb*
	0
	74
	26
	S/SR
	0.01
	<0.01
	
	0.05
	0.56
	0.44
	
	
	<0.01

	Coronidium scorpioides
	Asteraceae
	Forb
	5
	80
	15
	S/SR
	0.97
	1.24
	0.82
	
	
	
	
	
	

	Cotula alpina
	Asteraceae
	Forb
	3
	80
	17
	S/SR
	0.01
	
	
	<0.01
	
	
	
	
	

	Craspedia costiniana
	Asteraceae
	Forb
	50
	0
	50
	CR
	
	
	0.01
	
	
	0.09
	
	
	

	Craspedia lamicola
	Asteraceae
	Forb
	44
	0
	56
	CR
	0.03
	0.05
	0.11
	0.08
	0.51
	0.34
	
	0.02
	

	Craspedia maxgrayi
	Asteraceae
	Forb
	37
	0
	63
	R/CR
	
	
	
	
	<0.01
	
	
	
	

	Deyeuxia crassiuscula
	Poaceae
	Graminoid
	20
	0
	80
	R/CR
	
	
	0.02
	0.59
	
	
	0.05
	
	

	Epilobium gunnianum
	Onagraceae
	Forb
	11
	0
	89
	R
	
	0.02
	0.01
	
	
	
	
	
	

	Epilobium tasmanicum
	Onagraceae
	Forb*
	0
	57
	43
	SR
	0.05
	0.03
	0.03
	0.33
	0.87
	0.54
	
	1.51
	0.24

	Erigeron bellidioides
	Asteraceae
	Forb
	8
	0
	92
	R
	<0.01
	
	
	
	
	
	
	
	

	Erigeron nitidus
	Asteraceae
	Forb
	13
	85
	2
	S
	
	
	
	
	
	
	0.08
	
	

	Erigeron setosus
	Asteraceae
	Forb*
	0
	100
	0
	S
	0.02
	<0.01
	
	<0.01
	0.04
	
	
	0.01
	0.01

	Euphrasia collina subsp. diversicolor
	Orobanchaceae
	Forb
	4
	96
	0
	S
	0.23
	0.27
	0.46
	
	0.15
	0.09
	
	0.04
	

	Ewartia nubigena
	Asteraceae
	Forb
	0
	73
	27
	S/SR
	<0.01
	
	
	0.07
	0.07
	0.02
	0.01
	
	

	Gonocarpus montanus
	Haloragaceae
	Forb
	0
	58
	42
	SR
	0.01
	
	
	
	
	
	
	
	

	Grevillea australis
	Proteaceae
	Shrub
	0
	100
	0
	S
	
	
	0.08
	
	
	
	
	
	

	Isolepis subtilissima
	Cyperaceae
	Graminoid*
	2
	64
	34
	S/SR
	
	
	
	
	
	
	0.17
	
	

	Kelleria dieffenbachii
	Thymelaeaceae
	Shrub
	
	
	
	
	
	
	0.06
	
	
	
	
	
	

	Leptorhynchos squamatus
	Asteraceae
	Forb
	5
	90
	5
	S
	0.02
	
	
	
	
	
	
	
	

	Luzula acutifolia 
	Juncaceae
	Graminoid*
	1
	98
	1
	S
	3.12
	0.11
	0.33
	5.85
	2.30
	2.02
	0.08
	1.50
	0.22

	Luzula alpestris
	Juncaceae
	Graminoid
	19
	41
	40
	SR/CSR
	
	
	
	
	0.02
	0.01
	
	
	

	Luzula atrata
	Juncaceae
	Graminoid
	
	
	
	
	
	
	
	
	0.04
	
	
	
	

	Luzula australasica subsp. dura
	Juncaceae
	Graminoid
	2
	98
	0
	S
	
	
	
	0.93
	0.22
	0.08
	0.23
	0.49
	0.53

	Luzula modesta
	Juncaceae
	Graminoid
	16
	47
	37
	SR/CSR
	
	
	
	0.59
	0.20
	0.22
	
	
	

	Lycopodium fastigiatum
	Lycopodiaceae
	Cryptogam
	
	
	
	
	1.27
	0.69
	0.98
	0.37
	
	0.13
	
	
	

	Microseris lanceolata 
	Asteraceae
	Forb
	45
	0
	55
	CR
	
	0.02
	0.02
	
	
	
	
	
	

	Neopaxia australasica
	Montiaceae
	Forb*
	9
	0
	91
	R
	0.27
	
	0.65
	15.82
	4.38
	3.31
	16.61
	9.40
	2.26

	Oreomyrrhis brevipes
	Apiaceae
	Forb
	13
	81
	6
	S
	
	
	
	
	
	
	
	
	0.01

	Oreomyrrhis eriopoda
	Apiaceae
	Forb
	41
	59
	0
	CS
	0.05
	0.03
	0.27
	0.09
	0.01
	0.04
	
	
	

	Oreomyrrhis pulvinifica
	Apiaceae
	Forb
	3
	50
	47
	SR
	
	0.03
	0.12
	0.63
	0.56
	0.59
	
	
	

	Plantago glacialis
	Plantaginaceae
	Forb*
	0
	100
	0
	S
	0.33
	0.02
	0.33
	0.67
	0.33
	0.05
	
	
	

	Poa costiniana
	Poaceae
	Graminoid
	8
	92
	0
	S
	57.85
	79.23
	80.54
	6.46
	24.83
	35.69
	1.18
	5.76
	9.23

	Poa fawcettiae
	Poaceae
	Graminoid
	15
	0
	85
	R
	5.70
	3.67
	3.74
	7.30
	11.63
	11.00
	0.33
	4.40
	8.39

	Poa hiemata
	Poaceae
	Graminoid
	0
	100
	0
	S
	0.62
	0.15
	0.21
	1.11
	0.11
	
	0.42
	0.23
	0.63

	Polystichum proliferum
	Dryopteridaceae
	Cryptogam
	
	
	
	
	
	
	
	
	
	
	
	
	0.06

	Polytrichum juniperinum
	Polytrichaceae
	Cryptogam
	
	
	
	
	4.14
	1.48
	2.81
	16.67
	14.53
	13.51
	5.05
	8.27
	7.83

	Prasophyllum alpestre
	Orchidaceae
	Forb
	50
	0
	50
	CR
	
	0.01
	<0.01
	
	
	
	
	
	

	Prasophyllum tadgellianum
	Orchidaceae
	Forb
	41
	0
	59
	CR
	
	
	<0.01
	
	
	
	
	
	

	Psychrophila introloba
	Ranunculaceae
	Forb*
	13
	0
	87
	R
	
	
	
	
	
	0.31
	
	
	0.49

	Ranunculus acrophilus
	Ranunculaceae
	Forb
	2
	74
	23
	S/SR
	
	
	
	0.02
	
	
	<0.01
	
	

	Ranunculus anemoneus
	Ranunculaceae
	Forb*
	34
	66
	0
	S/CS
	0.01
	0.09
	0.03
	0.02
	0.08
	0.11
	
	
	

	Ranunculus dissectifolius
	Ranunculaceae
	Forb
	45
	55
	0
	CS
	0.05
	
	0.01
	
	
	
	
	
	

	Ranunculus granticola
	Ranunculaceae
	Forb
	28
	0
	72
	R/CR
	
	
	0.01
	
	
	0.01
	
	
	

	Ranunculus muelleri
	Ranunculaceae
	Forb
	40
	60
	0
	CS
	
	
	0.02
	
	
	0.09
	
	
	0.01

	Ranunculus niphophilus
	Ranunculaceae
	Forb*
	17
	75
	8
	S/CS
	
	
	0.03
	0.96
	0.56
	0.13
	
	0.07
	

	Rumex vulgaris
	Polygonaceae
	Forb
	23
	8
	69
	R/CR
	0.30
	0.03
	0.18
	
	
	
	0.09
	0.33
	0.10

	Rytidosperma nudiflorum
	Poaceae
	Graminoid
	9
	0
	91
	R
	15.15
	1.48
	2.40
	5.04
	
	
	0.54
	0.42
	

	Senecio gunnii
	Asteraceae
	Forb
	31
	0
	69
	R/CR
	
	
	
	
	0.02
	
	
	
	

	Senecio pinnatifolius
	Asteraceae
	Forb
	23
	0
	77
	R/CR
	0.07
	0.08
	0.14
	
	0.08
	0.69
	0.22
	1.05
	0.07

	Stackhousia pulvinaris
	Stackhousiaceae
	Forb
	0
	100
	0
	S
	0.18
	0.35
	0.14
	
	
	0.06
	
	
	

	Trisetum spicatum
	Poaceae
	Graminoid
	39
	0
	61
	CR
	0.07
	0.09
	0.02
	
	
	0.09
	
	0.01
	

	Viola bentonicifolia
	Violaceae
	Forb
	13
	49
	38
	SR/CSR
	
	0.02
	<0.01
	
	
	
	
	
	

	Wahlenbergia ceracea
	Campanulaceae
	Forb
	6
	60
	34
	S/SR
	
	<0.01
	
	
	
	
	
	
	


* denotes snowpatch specialists as delineated from each species preferred plant community. Snowpatch specialists include those species that primarily are associated with Short Alpine Herbfields (Plantago-Neopaxia alliance) and Snowpatch Feldmark (Coprosma-Colobanthus alliance) (Costin et al. 2000). 

Table S4. Model summaries for diversity metrics with respect to Melt Zone and Year for the study area and each melt zone (early, mid, late). Degrees of freedom (Df), F statistic (F) and significance level (p) are displayed for each model, with asterisks denoting significant p-values after Bonferroni adjustment (* - 0.05, ** - 0.01, *** - 0.001).
	Response
	Scale
	Factor
	Df
	F
	p

	Species richness
	Study area
	Melt Zone
	2
	12.930
	<0.001
	***

	
	
	Year
	2
	0.643
	0.527
	

	
	
	Melt Zone × Year
	4
	2.891
	0.023
	*

	
	Early melt
	Year
	2
	3.060
	0.052
	

	
	Mid melt
	Year
	2
	1.242
	0.294
	

	
	Late melt
	Year
	2
	1.456
	0.240
	

	Shannon index
	Study area
	Melt Zone
	2
	35.078
	<0.001
	***

	
	
	Year
	2
	1.293
	0.276
	

	
	
	Melt Zone × Year
	4
	3.363
	0.011
	*

	
	Early melt
	Year
	2
	2.865
	0.063
	

	
	Mid melt
	Year
	2
	2.446
	0.092
	

	
	Late melt
	Year
	2
	2.960
	0.059
	

	Dominance index
	Study area
	Melt Zone
	2
	35.231
	<0.001
	***

	
	
	Year
	2
	0.890
	0.412
	

	
	
	Melt Zone × Year
	4
	3.527
	0.008
	**

	
	Early melt
	Year
	2
	2.849
	0.064
	

	
	Mid melt
	Year
	2
	1.957
	0.147
	

	
	Late melt
	Year
	2
	3.727
	0.029
	*

	Sheldon evenness
	Study area
	Melt Zone
	2
	2.014
	0.136
	

	
	
	Year
	2
	2.594
	0.077
	

	
	
	Melt Zone × Year
	4
	0.914
	0.456
	

	
	Early melt
	Year
	2
	1.528
	0.224
	

	
	Mid melt
	Year
	2
	2.263
	0.110
	

	
	Late melt
	Year
	2
	0.096
	0.908
	





[bookmark: _Hlk81806320]Table S5. Summary of models with estimated marginal means and pairwise differences across years. Cohen’s D (d) and significance level (p) are displayed for each model, with asterisks denoting significant p-values calculated from z-scores after Bonferroni adjustment (* - 0.05, ** - 0.01, *** - 0.001).
	Scale
	Response variable
	Estimated Marginal Means
	Pairwise Differences

	
	
	2007
	2013
	2020
	2007–2013
	2013–2020
	2007–2020

	
	
	
	
	
	d
	p
	d
	p
	d
	p

	Study area
	Species richness
	5.09
	5.13
	5.47
	0.014
	0.999
	
	0.134
	0.575
	
	0.160
	0.543
	

	
	Shannon index
	0.87
	0.81
	0.82
	0.131
	0.969
	
	0.018
	0.969
	
	0.120
	0.891
	

	
	Dominance index
	0.54
	0.59
	0.59
	0.192
	0.591
	
	0.014
	0.988
	
	0.188
	0.685
	

	
	Sheldon evenness
	0.55
	0.56
	0.50
	0.036
	0.990
	
	0.325
	0.145
	
	0.304
	0.191
	

	
	Plant cover
	68.86
	70.79
	74.38
	0.054
	0.890
	
	0.102
	0.416
	
	0.149
	0.180
	

	
	Graminoid cover
	45.41
	54.04
	60.13
	0.219
	0.133
	
	0.164
	0.230
	
	0.381
	<0.001
	***

	
	Forb cover
	14.40
	8.85
	6.01
	0.290
	0.334
	
	0.218
	0.624
	
	0.471
	0.051
	

	
	Cryptogam cover
	9.04
	7.88
	8.18
	0.089
	0.791
	
	0.026
	0.677
	
	0.074
	0.979
	

	
	Snowpatch specialists cover
	15.40
	7.86
	4.68
	0.428
	0.013
	*
	0.331
	0.462
	
	0.654
	<0.001
	***

	
	Plant height
	65.42
	90.35
	97.06
	0.626
	<0.001
	***
	0.195
	0.116
	
	0.866
	<0.001
	***

	
	Leaf area
	103.88
	131.65
	145.20
	0.367
	0.052
	
	0.166
	0.149
	
	0.564
	<0.001
	***

	
	Leaf fresh weight
	39.62
	49.56
	56.19
	0.349
	0.140
	
	0.191
	0.065
	
	0.558
	<0.001
	***

	
	Leaf dry weight
	9.82
	14.54
	16.52
	0.557
	<0.001
	***
	0.202
	0.093
	
	0.787
	<0.001
	***

	Early melt
	Species richness
	4.88
	3.55
	5.03
	0.504
	0.104
	
	0.550
	0.064
	
	0.053
	0.975
	

	
	Shannon index
	0.71
	0.33
	0.51
	0.921
	0.044
	*
	0.393
	0.407
	
	0.486
	0.501
	

	
	Dominance index
	0.62
	0.84
	0.77
	1.029
	0.046
	*
	0.326
	0.596
	
	0.694
	0.335
	

	
	Sheldon evenness
	0.53
	0.57
	0.44
	0.132
	0.908
	
	0.543
	0.210
	
	0.467
	0.414
	

	
	Plant cover
	98.02
	95.12
	101.48
	0.250
	0.673
	
	0.581
	0.011
	*
	0.265
	0.103
	

	
	Graminoid cover
	84.48
	86.48
	90.57
	0.080
	0.930
	
	0.211
	0.671
	
	0.284
	0.444
	

	
	Forb cover
	8.13
	6.46
	6.99
	0.081
	0.870
	
	0.030
	0.666
	
	0.059
	0.931
	

	
	Cryptogam cover
	5.41
	2.18
	3.79
	0.453
	0.366
	
	0.370
	0.500
	
	0.217
	0.970
	

	
	Snowpatch specialists cover
	3.87
	0.55
	1.95
	0.380
	0.508
	
	0.585
	0.451
	
	0.214
	0.995
	

	
	Plant height
	104.44
	118.88
	117.05
	0.797
	0.001
	**
	0.149
	0.856
	
	0.733
	0.008
	**

	
	Leaf area
	145.04
	152.71
	147.21
	0.140
	0.678
	
	0.107
	0.866
	
	0.047
	0.942
	

	
	Leaf fresh weight
	58.08
	68.61
	63.45
	0.356
	0.143
	
	0.184
	0.760
	
	0.305
	0.467
	

	
	Leaf dry weight
	16.58
	22.27
	20.92
	0.767
	<0.001
	***
	0.196
	0.730
	
	0.886
	0.012
	*

	Mid melt
	Species richness
	5.81
	6.74
	6.37
	0.407
	0.262
	
	0.166
	0.813
	
	0.272
	0.607
	

	
	Shannon index
	1.11
	1.15
	1.09
	0.105
	0.197
	
	0.159
	0.948
	
	0.063
	0.104
	

	
	Dominance index
	0.45
	0.43
	0.46
	0.073
	0.464
	
	0.145
	0.710
	
	0.076
	0.120
	

	
	Sheldon evenness
	0.58
	0.53
	0.51
	0.319
	0.994
	
	0.121
	0.170
	
	0.441
	0.137
	

	
	Plant cover
	71.78
	71.16
	79.76
	0.021
	0.982
	
	0.298
	0.565
	
	0.281
	0.680
	

	
	Graminoid cover
	35.13
	48.21
	58.94
	0.446
	0.230
	
	0.356
	0.440
	
	0.832
	0.011
	*

	
	Forb cover
	19.61
	8.42
	7.18
	0.579
	0.526
	
	0.189
	0.900
	
	0.639
	0.282
	

	Mid melt
	Cryptogam cover
	17.04
	14.53
	13.64
	0.148
	0.703
	
	0.060
	0.986
	
	0.227
	0.798
	

	
	Snowpatch specialists cover
	28.12
	11.79
	9.17
	0.782
	0.060
	
	0.255
	0.895
	
	0.906
	0.019
	*

	
	Plant height
	47.31
	79.87
	92.45
	0.937
	0.006
	**
	0.406
	0.374
	
	1.448
	<0.001
	***

	
	Leaf area
	91.58
	140.23
	166.01
	0.511
	0.220
	
	0.234
	0.360
	
	0.775
	0.007
	**

	
	Leaf fresh weight
	28.71
	45.37
	62.43
	0.734
	0.375
	
	0.384
	0.166
	
	0.828
	0.005
	**

	
	Leaf dry weight
	5.85
	12.24
	17.06
	1.214
	0.060
	
	0.451
	0.122
	
	1.143
	<0.001
	***

	Late melt
	Species richness
	4.58
	5.50
	5.08
	0.526
	0.205
	
	0.202
	0.730
	
	0.275
	0.610
	

	
	Shannon index
	0.84
	1.09
	0.96
	0.664
	0.057
	
	0.315
	0.928
	
	0.292
	0.132
	

	
	Dominance index
	0.57
	0.44
	0.50
	0.671
	0.045
	*
	0.273
	0.056
	
	0.346
	0.995
	

	
	Sheldon evenness
	0.56
	0.60
	0.58
	0.223
	0.976
	
	0.138
	0.900
	
	0.103
	0.972
	

	
	Plant cover
	25.49
	36.93
	31.07
	0.409
	0.466
	
	0.206
	0.968
	
	0.215
	0.618
	

	
	Graminoid cover
	3.28
	16.00
	19.63
	1.131
	0.085
	
	0.195
	0.077
	
	1.079
	0.015
	*

	
	Forb cover
	17.17
	12.65
	3.35
	0.289
	0.649
	
	0.885
	0.139
	
	1.131
	0.017
	*

	
	Cryptogam cover
	5.05
	8.28
	8.08
	0.317
	0.470
	
	0.019
	0.731
	
	0.346
	0.138
	

	
	Snowpatch specialists cover
	16.95
	13.52
	3.40
	0.212
	0.699
	
	0.910
	0.202
	
	1.093
	0.036
	*

	
	Plant height
	32.16
	62.91
	74.78
	0.973
	0.017
	*
	0.317
	0.357
	
	1.427
	<0.001
	***

	
	Leaf area
	61.12
	93.08
	119.06
	0.606
	0.394
	
	0.370
	0.204
	
	1.030
	0.008
	**

	
	Leaf fresh weight
	26.52
	28.09
	39.22
	0.110
	0.984
	
	0.659
	0.019
	*
	0.779
	0.031
	*

	
	Leaf dry weight
	5.02
	6.50
	9.89
	0.358
	0.751
	
	0.578
	0.076
	
	0.914
	0.011
	*




Table S6. Results from Beta Regression Models executed on the overlapping plant cover, growth form cover (graminoids, forbs and cryptogam) and snowpatch specialists cover, with respect to Year for the study area and each melt zone (early, mid, late). Degrees of freedom (Df), F statistic (F) and significance level (p) are displayed for each model, with asterisks denoting significant p-values after Bonferroni adjustment (* - 0.05, ** - 0.01, *** - 0.001).
	Response
	Scale
	Factor
	Df
	F
	p

	Plant Cover
	Study area
	Melt Zone
	2
	92.850
	<0.001
	***

	
	
	Year
	2
	1.653
	0.194
	

	
	
	Melt Zone × Year
	4
	0.617
	0.651
	

	
	Early melt
	Year
	2
	4.285
	0.017
	*

	
	Mid melt
	Year
	2
	0.587
	0.558
	

	
	Late melt
	Year
	2
	0.767
	0.468
	

	Graminoid Cover
	Study area
	Melt Zone
	2
	112.164
	<0.001
	***

	
	
	Year
	2
	6.854
	0.001
	**

	
	
	Melt Zone × Year
	4
	0.852
	0.493
	

	
	Early melt
	Year
	2
	0.771
	0.466
	

	
	Mid melt
	Year
	2
	4.020
	0.021
	*

	
	Late melt
	Year
	2
	4.258
	0.018
	*

	Forb Cover
	Study area
	Melt Zone
	2
	8.566
	<0.001
	***

	
	
	Year
	2
	1.979
	0.140
	

	
	
	Melt Zone × Year
	4
	1.339
	0.256
	

	
	Early melt
	Year
	2
	0.377
	0.687
	

	
	Mid melt
	Year
	2
	1.236
	0.296
	

	
	Late melt
	Year
	2
	4.038
	0.022
	*

	Cryptogam Cover
	Study area
	Melt Zone
	2
	16.537
	<0.001
	***

	
	
	Year
	2
	0.494
	0.611
	

	
	
	Melt Zone × Year
	4
	1.049
	0.383
	

	
	Early melt
	Year
	2
	1.053
	0.353
	

	
	Mid melt
	Year
	2
	0.358
	0.700
	

	
	Late melt
	Year
	2
	1.883
	0.160
	

	Snowpatch Specialists Cover
	Study area
	Melt Zone
	2
	31.502
	<0.001
	***

	
	
	Year
	2
	6.344
	0.002
	**

	
	
	Melt Zone × Year
	4
	2.175
	0.072
	

	
	Early melt
	Year
	2
	0.896
	0.412
	

	
	Mid melt
	Year
	2
	4.265
	0.018
	*

	
	Late melt
	Year
	2
	3.292
	0.043
	*




Table S7. Results of one-way analysis of similarity (ANOSIM) with year (3 levels – 2007, 2013, 2020) as the fixed factor using Bray-Curtis similarity index, with 9999 permutations for: (a) species’ composition and (b) growth form composition (cryptogams, graminoids and forbs), (c) species’ association composition (snowpatch specialists and generalists), and d) plant strategy (competition, stress, ruderal). Rho statistic (R) and significance level (p) are displayed for each ANOSIM and each pairwise comparison, with asterisks denoting significant p-values after Bonferroni adjustment for multiple tests (* - 0.05, ** - 0.01, *** - 0.001).
	Variable
	ANOSIM
	Pairwise Comparison of Years

	
	Scale
	R
	p
	Yeari
	Yearj
	R
	p
	Adjusted p 

	a) Species composition
	Study area
	0.048
	<0.001
	***
	2007
	2013
	0.052
	<0.001
	<0.001
	***

	
	
	
	
	
	2013
	2020
	0.000
	0.374
	1.000
	

	
	
	
	
	
	2007
	2020
	0.095
	<0.001
	<0.001
	***

	
	Early melt
	0.065
	<0.001
	***
	2007
	2013
	0.093
	<0.001
	0.002
	**

	
	
	
	
	
	2013
	2020
	0.009
	0.171
	0.512
	

	
	
	
	
	
	2007
	2020
	0.094
	<0.001
	0.001
	**

	
	Mid melt
	0.108
	<0.001
	***
	2007
	2013
	0.105
	0.003
	0.009
	**

	
	
	
	
	
	2013
	2020
	-0.005
	0.481
	1.000
	

	
	
	
	
	
	2007
	2020
	0.228
	<0.001
	<0.001
	***

	
	Late melt
	0.170
	<0.001
	***
	2007
	2013
	0.152
	<0.001
	0.002
	**

	
	
	
	
	
	2013
	2020
	0.042
	0.083
	0.248
	

	
	
	
	
	
	2007
	2020
	0.319
	<0.001
	<0.001
	***

	b) Growth form composition
	Study area
	0.019
	0.005
	**
	2007
	2013
	0.013
	0.061
	0.182
	

	
	
	
	
	
	2013
	2020
	0.001
	0.289
	0.867
	

	
	
	
	
	
	2007
	2020
	0.043
	0.001
	0.004
	**

	
	Early melt
	0.023
	0.027
	*
	2007
	2013
	0.018
	0.101
	0.302
	

	
	
	
	
	
	2013
	2020
	0.030
	0.032
	0.097
	

	
	
	
	
	
	2007
	2020
	0.021
	0.075
	0.224
	

	
	Mid melt
	0.036
	0.033
	*
	2007
	2013
	0.022
	0.152
	0.455
	

	
	
	
	
	
	2013
	2020
	-0.008
	0.550
	1.000
	

	
	
	
	
	
	2007
	2020
	0.091
	0.004
	0.013
	*

	
	Late melt
	0.153
	<0.001
	***
	2007
	2013
	0.092
	0.009
	0.028
	*

	
	
	
	
	
	2013
	2020
	0.048
	0.061
	0.184
	

	
	
	
	
	
	2007
	2020
	0.318
	<0.001
	<0.001
	***

	c) Species association composition 
	Study area
	0.023
	0.002
	**
	2007
	2013
	0.019
	0.021
	0.063
	

	
	
	
	
	
	2013
	2020
	0.002
	0.244
	0.733
	

	
	
	
	
	
	2007
	2020
	0.047
	<0.001
	0.002
	**

	
	Early melt
	0.012
	0.119
	
	2007
	2013
	0.023
	0.073
	0.218
	

	
	
	
	
	
	2013
	2020
	0.021
	0.090
	0.269
	

	
	
	
	
	
	2007
	2020
	-0.008
	0.632
	1.000
	

	
	Mid melt
	0.065
	0.004
	**
	2007
	2013
	0.055
	0.037
	0.111
	

	
	
	
	
	
	2013
	2020
	-0.001
	0.390
	1.000
	

	
	
	
	
	
	2007
	2020
	0.145
	<0.001
	0.002
	**

	
	Late melt
	0.130
	<0.001
	***
	2007
	2013
	0.093
	0.013
	0.038
	

	
	
	
	
	
	2013
	2020
	0.036
	0.104
	0.311
	

	
	
	
	
	
	2007
	2020
	0.261
	<0.001
	<0.001
	***

	d) Plant strategy
	Study area
	0.070
	<0.001
	***
	2007
	2013
	0.085
	<0.001
	<0.001
	***

	
	
	
	
	
	2013
	2020
	0.002
	0.257
	0.771
	

	
	
	
	
	
	2007
	2020
	0.127
	<0.001
	<0.001
	***

	
	Early melt
	0.076
	<0.001
	***
	2007
	2013
	0.122
	<0.001
	<0.001
	***

	
	
	
	
	
	2013
	2020
	0.012
	0.140
	0.420
	

	
	
	
	
	
	2007
	2020
	0.105
	<0.001
	0.002
	**

	
	Mid melt
	0.049
	0.023
	*
	2007
	2013
	0.060
	0.041
	0.124
	

	
	
	
	
	
	2013
	2020
	-0.015
	0.729
	1.000
	

	
	
	
	
	
	2007
	2020
	0.102
	0.012
	0.035
	*

	
	Late melt
	0.142
	<0.001
	***
	2007
	2013
	0.151
	0.004
	0.013
	*

	
	
	
	
	
	2013
	2020
	0.019
	0.183
	0.549
	

	
	
	
	
	
	2007
	2020
	0.245
	<0.001
	0.002
	**




Table S8. Results from Beta Regression Models executed on the community trait-weighted means, with respect to Year for the study area and each melt zone (early, mid, late). Degrees of freedom (Df), F statistic (F) and significance level (p) are displayed for each model, with asterisks denoting significant p-values after Bonferroni adjustment (* - 0.05, ** - 0.01, *** - 0.001).
	Response
	Scale
	Factor
	Df
	F
	p

	Average canopy height
	Study area
	Melt Zone
	2
	62.695
	<0.001
	***

	
	
	Year
	2
	23.046
	<0.001
	***

	
	
	Melt Zone × Year
	4
	2.953
	0.021
	*

	
	Early melt
	Year
	2
	7.148
	0.001
	**

	
	Mid melt
	Year
	2
	9.602
	<0.001
	***

	
	Late melt
	Year
	2
	8.181
	<0.001
	***

	Leaf area
	Study area
	Melt Zone
	2
	15.584
	<0.001
	***

	
	
	Year
	2
	7.538
	<0.001
	***

	
	
	Melt Zone × Year
	4
	2.646
	0.034
	*

	
	Early melt
	Year
	2
	0.359
	0.699
	

	
	Mid melt
	Year
	2
	4.470
	0.015
	*

	
	Late melt
	Year
	2
	4.503
	0.015
	*

	Leaf fresh weight
	Study area
	Melt Zone
	2
	29.602
	<0.001
	***

	
	
	Year
	2
	7.789
	<0.001
	***

	
	
	Melt Zone × Year
	4
	2.964
	0.020
	*

	
	Early melt
	Year
	2
	1.795
	0.172
	

	
	Mid melt
	Year
	2
	4.952
	0.009
	**

	
	Late melt
	Year
	2
	4.717
	0.012
	*

	Leaf dry weight
	Study area
	Melt Zone
	2
	64.630
	<0.001
	***

	
	
	Year
	2
	16.530
	<0.001
	***

	
	
	Melt Zone × Year
	4
	3.329
	0.011
	*

	
	Early melt
	Year
	2
	7.049
	0.001
	**

	
	Mid melt
	Year
	2
	8.677
	<0.001
	***

	
	Late melt
	Year
	2
	4.649
	0.013
	*
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