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APPENDIX

Glacier retreat erodes plant–pollinator interaction diversity

Bao Ngan Tu, Nora Khelidj, Pierfilippo Cerretti, Natasha de Vere, Carlo Polidori, Jürg Schmid, Daniele Sommaggio, Gianalberto Losapio

Table S1. Summary table index of plant diversity, pollinator diversity and their interaction networks. Plot: 4 plots (A, B, C, D) per each stage (S1, S2, S3, S4). Glacier retreat (years). Plant diversity: n = number of plant species. Plant diversity (H), pollinator diversity (H), interaction diversity (Shannon index): . Pollinator abundance: n = number of individual pollinators. Pollinator diversity: n = highest number of pollinator families observed in 4 replicates for quadrat and 3 replicates for transect. Connectance: C = links/species2. Method: quadrat and transect.
	Plot
	S1A
	S1B
	S1C
	S1D
	S2A
	S2B
	S2C
	S2D
	S3A
	S3B
	S3C
	S3D
	S4A
	S4B
	S4C
	S4D

	Glacier 
retreat 
(years)
	17
	17
	17
	17
	65
	65
	65
	65
	110
	110
	110
	110
	140
	140
	140
	140

	Plant community

	Plant 
diversity
	20
	21
	33
	33
	29
	43
	43
	34
	40
	21
	28
	46
	7
	9
	16
	27

	Plant 
diversity (H)
	2.99
	3.04
	3.49
	3.48
	3.35
	3.76
	3.76
	3.52
	3.67
	3.04
	3.31
	3.82
	1.94
	2.19
	2.75
	3.29

	Pollinator community (quadrat data)

	Pollinator 
abundance
	54
	90
	63
	56
	89
	99
	96
	59
	138
	58
	63
	107
	46
	32
	46
	63

	Pollinator 
diversity
	12
	11
	10
	10
	13
	15
	14
	15
	13
	7
	12
	12
	8
	5
	7
	10

	Pollinator 
Diversity (H)
	1.45
	1.73
	1.87
	1.76
	1.83
	2.01
	1.80
	1.80
	1.79
	1.39
	1.49
	1.88
	1.43
	0.73
	1.18
	1.40

	Pollinator community (transect data)

	Pollinator 
abundance
	62
	56
	49
	48
	66
	87
	101
	36
	142
	22
	68
	60
	4
	19
	69
	34

	Pollinator 
diversity
	9
	8
	10
	8
	16
	8
	11
	10
	13
	4
	12
	6
	4
	8
	11
	7

	Pollinator 
diversity (H)
	1.44
	1.58
	1.64
	1.71
	2.08
	1.69
	1.72
	2.09
	1.45
	0.65
	1.66
	1.40
	0.46
	0.59
	1.15
	0.86

	Plant–pollinator interactions (quadrat data)

	Interaction 
diversity
	1.78
	2.00
	2.06
	2.13
	2.23
	2.36
	2.28
	2.00
	2.34
	1.48
	1.83
	2.18
	1.53
	0.86
	1.18
	1.59

	Connectance
	0.08
	0.13
	0.06
	0.06
	0.09
	0.06
	0.06
	0.03
	0.09
	0.12
	0.09
	0.06
	0.29
	0.23
	0.19
	0.11

	Plant–pollinator interactions (transect data)

	Interaction 
diversity
	1.93
	1.94
	2.12
	2.28
	2.50
	2.45
	2.69
	2.23
	2.59
	1.00
	2.11
	2.15
	0.46
	0.63
	1.37
	1.14

	Connectance
	0.17
	0.14
	0.08
	0.07
	0.07
	0.11
	0.10
	0.04
	0.14
	0.10
	0.10
	0.08
	0.05
	0.09
	0.13
	0.10






Table S2. Summary statistics for the effects of glacier retreat, plant diversity and sampling method on plant diversity (number of species), plant diversity (Shannon index – H), number of plant species visited by pollinator, number of plant species flowering and frequency of plant species visited by pollinators. We report the variance explained by predictors (Wald test, degrees of freedom and p-value) and parameter model estimates with standard error (SE), t- and p-values. Significant effects are highlighted in bold.
	Plant diversity

	Variance explained
	Wald test 
	df
	p

	Glacier retreat
	17.76
	2
	< 0.001

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average plant richness)
	3.28
	0.08
	40.82
	< 0.001

	Glacier retreat (linear term)
	-0.72
	0.34
	-2.13
	0.003

	Glacier retreat (quadratic term)
	-1.15
	0.30
	-3.80
	< 0.001

	Plant diversity (H)

	Variance explained
	Wald test 
	
	df
	p

	Glacier retreat
	2.49
	
	2
	0.004

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average plant diversity)
	3.22
	0.09
	33.25
	< 0.001

	Glacier retreat (linear term)
	-0.88
	0.39
	-2.27
	0.04

	Glacier retreat (quadratic term)
	-1.31
	0.39
	-3.39
	0.004

	Plant species visited by pollinator

	Variance explained
	Wald test 
	
	df
	p

	Sampling method
	1.22
	
	1
	0.269

	Glacier retreat
	12.98
	
	2
	0.001

	Plant richness
	20.99
	
	1
	< 0.001

	Glacier retreat:Plant richness
	2.31
	
	2
	0.314

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average plant visited by insect)
	0.23
	0.33
	0.69
	0.493

	Sampling method
	0.45
	0.40
	1.10
	0.269

	Glacier retreat (linear term)
	-4.29
	1.87
	-2.29
	0.021

	Glacier retreat (quadratic term)
	-2.70
	2.14
	-1.27
	0.205

	Plant richness
	0.03
	0.01
	4.19
	< 0.001

	Glacier retreat:Plant richness (linear term)
	0.08
	0.06
	1.29
	0.195

	Glacier retreat:Plant richness (quadratic term)
	0.04
	0.07
	0.59
	0.550

	Plant species flowering

	Variance explained
	Wald test 
	
	df
	p

	Glacier retreat
	44.75
	
	2
	< 0.001

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average plant blooming)
	1.71
	0.35
	4.86
	< 0.001

	Glacier retreat (linear term)
	-2.15
	0.62
	-3.47
	< 0.001

	Glacier retreat (quadratic term)
	-3.49
	0.58
	-6.06
	< 0.001

	Plant species visited by pollinator/plant species flowering

	Variance explained
	Wald test 
	
	df
	p

	Glacier retreat
	1.68
	
	2
	0.432

	Model parameters 
	Estimate
	SE
	t
	P

	Intercept (average ratio)
	0.47
	0.05
	8.65
	0.003

	Glacier retreat (linear term)
	0.01
	0.26
	0.02
	0.982

	Glacier retreat (quadratic term)
	0.34
	0.26
	1.29
	0.200






Table S3. Summary statistics for the effects of glacier retreat, plant diversity as predictors and sampling method as additional factor on pollinator diversity (number of family), pollinator abundance (number of individual), pollinator diversity (Shannon index – H), ratio pollinator abundance/plant species flowering. We first report the variance explained table with Wald test, degrees of freedom (df) and P-value followed by model estimates, standard error (SE), t- and P-values. Significant effects are highlighted in bold.
	Pollinator diversity

	Variance explained
	Wald test 
	df
	p

	Sampling method
	0.36
	1
	0.546

	Glacier retreat
	14.31
	2
	< 0.001

	Plant richness
	6.4
	1
	0.011

	Glacier retreat:Plant richness
	1.03
	2
	0.596

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average insect richness)
	1.62
	0.21
	7.78
	< 0.001

	Sampling method
	-0.13
	0.22
	-0.60
	0.546

	Glacier retreat (linear term)
	-2.88
	1.37
	-2.11
	0.034

	Glacier retreat (quadratic term)
	-1.23
	1.59
	-0.78
	0.436

	Plant richness
	0.01
	0.01
	2.16
	0.030

	Glacier retreat:Plant richness (linear term)
	0.05
	0.05
	1.00
	0.317

	Glacier retreat:Plant richness (quadratic term)
	-0.00
	0.05
	-0.04
	0.968

	Pollinator abundance

	Variance explained
	Wald test 
	
	df
	p

	Sampling method
	0.02
	
	1
	0.878

	Glacier retreat
	0.40
	
	2
	0.817

	Plant richness
	15.00
	
	1
	< 0.001

	Glacier retreat:Plant richness
	6.36
	
	2
	0.041

	Model parameters 
	Estimate
	SE
	t
	P

	Intercept (average insect abundance)
	2.14
	0.29
	7.35
	< 0.001

	Sampling method
	0.04
	0.27
	0.15
	0.878

	Glacier retreat (linear term)
	-5.32
	2.06
	-2.58
	0.009

	Glacier retreat (quadratic term)
	2.10
	2.43
	0.87
	0.386

	Plant richness
	0.02
	0.01
	2.97
	0.003

	Glacier retreat:Plant richness (linear term)
	0.19
	0.08
	2.50
	0.012

	Glacier retreat:Plant richness (quadratic term)
	-0.08
	0.08
	-1.02
	0.308

	Pollinator diversity (H)

	Variance explained
	Wald test 
	
	df
	p

	Sampling method
	0.59
	
	1
	0.440

	Glacier retreat
	15.09
	
	2
	< 0.001

	Plant richness
	5.24
	
	1
	0.022

	Glacier retreat:Plant richness
	0.02
	
	2
	0.991

	Model parameters 
	Estimate
	SE
	t
	P

	Intercept (average insect diversity)
	1.23
	0.26
	4.77
	< 0.001

	Sampling method
	-0.21
	0.27
	-0.77
	0.475

	Glacier retreat (linear term)
	-1.99
	1.66
	-1.20
	0.233

	Glacier retreat (quadratic term)
	-1.32
	1.92
	-0.69
	0.492

	Plant richness
	0.01
	0.01
	2.16
	0.033

	Glacier retreat:Plant richness (linear term)
	-0.00
	0.06
	-0.04
	0.971

	Glacier retreat:Plant richness (quadratic term)
	0.01
	0.06
	0.13
	0.896

	Pollinator abundance/Plant species flowering

	Variance explained
	Wald test 
	
	df
	p

	Glacier retreat
	1.49
	
	2
	0.473

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average ratio)
	3.46
	0.68
	5.07
	0.014

	Glacier retreat (linear term)
	5.38
	4.40
	1.22
	0.226

	Glacier retreat (quadratic term)
	0.23
	4.40
	0.05
	0.957





Table S4. Number of pollinator and plant taxa in their interaction networks counted for four stages with their ages after glacier retreat (17, 65, 110, 140 years) and two methods (quadrat and transect). Total = the total number of observed groups; order = number of identified pollinator orders; family = number of identified pollinator families; no id. = number of unidentified pollinators; species = number of identified plant species

	Method
	Quadrat
	Transect

	Glacier retreat (years)
	17
(Fig.4A)
	65
(Fig.4B)
	110
(Fig.4C)
	140
(Fig.4D)
	17
(Fig.4E)
	65
(Fig.4F)
	110
(Fig.4G)
	140
(Fig.4H)

	Pollinators

	_ total
	38
	52
	47
	26
	27
	33
	29
	19

	_ order
	7
	11
	10
	8
	6
	10
	8
	6

	_ family
	34
	48
	41
	23
	23
	29
	26
	16

	_ no id.
	1
	1
	1
	1
	1
	1
	0
	0

	Plants

	_ total
	11
	35
	24
	3
	23
	41
	33
	12

	_ species
	10
	34
	23
	2
	23
	41
	33
	12

	_ vegetation
	1
	1
	1
	1
	0
	0
	0
	0

	Number of interactions
	263
	343
	366
	187
	215
	290
	292
	126





Table S5. Summary statistics for the effects of glacier retreat, plant diversity as predictors and method as additional factor on interaction diversity (Shannon index) and network complexity (Connectance). We first report the variance explained table with Wald test, degrees of freedom (df) and P-value followed by model estimates, standard error (SE), t- and P-values. Significant effects are highlighted in bold.
	Interaction diversity

	Variance explained
	Wald test 
	df
	p

	Sampling method
	0.00
	1
	0.969

	Glacier retreat
	16.85
	2
	< 0.001

	Plant richness
	19.16
	1
	< 0.001

	Glacier retreat:Plant richness
	0.72
	2
	0.699

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average insect richness)
	1.15
	0.32
	3.59
	0.003

	Sampling method
	-0.01
	0.39
	-0.04
	0.970

	Glacier retreat (linear term)
	-3.61
	1.73
	-2.08
	0.039

	Glacier retreat (quadratic term)
	-0.09
	2.01
	-0.05
	0.963

	Plant richness
	0.03
	0.01
	3.87
	< 0.001

	Glacier retreat:Plant richness (linear term)
	0.05
	0.06
	0.77
	0.442

	Glacier retreat:Plant richness (quadratic term)
	-0.04
	0.06
	-0.56
	0.579

	Network complexity

	Variance explained
	Wald test 
	
	df
	p

	Sampling method
	0.93
	
	1
	0.335

	Glacier retreat
	22.09
	
	2
	< 0.001

	Model parameters 
	Estimate
	SE
	t
	p

	Intercept (average insect abundance)
	0.11
	0.01
	10.47
	< 0.001

	Sampling method
	-0.01
	0.01
	-0.96
	0.337

	Glacier retreat (linear term)
	0.23
	0.07
	3.18
	0.001

	Glacier retreat (quadratic term)
	0.25
	0.07
	3.46
	< 0.001
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Figure S1. Impact of glacier retreat on plant and pollinator communities. (A) Effects of glacier retreat (x-axis) on plant richness (y-axis, blue), plant species visited by pollinator (y-axis, green) and plant species flowering (y-axis, red) (calculated by number of plant species). (B) Effects of glacier retreat (x-axis) on pollinator diversity (Shannon index; y-axis); (C) Effects of glacier retreat (x-axis) on pollinator abundance (number of individuals; y-axis). Pollinator communities were investigated with two complementary sampling methods: quadrat (red) and transect (blue).
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