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SUPPORTING INFORMATION

Appendix S1. List of all taxa included in the study, showing all GenBank IDs. For each species life form, mean annual temperature, mean annual precipitation and number of recorded occurrences (GBIF, CBNA, CBNMED, CRSF) are presented. Species with than 5 presence points were not included in the comparative study of climatic niches, and species with no information on life form were not used in ancestral life forms reconstructions.

	Species
	Life form
	Number of occurrences
	Mean annual temperature (°C)
	Mean annual precipitation (mm)
	GenBank ID (ITS, Insulinoma tumor suppressor gene locus)
	GenBank ID (trnL-F)

	Androsace adfinis Biroli
	Perennial
	370
	1.8
	1411
	EU655571
	AY275008

	Androsace adfinis subsp.  brigantiaca (Jordan & Fourr.) Kress
	Cushion
	0
	NA
	NA
	AY275041, AY275043, EU655570
	AY275005, EU655591, EU655592

	Androsace adfinis subsp. puberula (Jordan & Fourr.) Kress
	Cushion
	0
	NA
	NA
	AY275040, AY275042
	AY275006, AY275007

	Androsace alaschanica Maxim.
	 Cushion
	0
	NA
	NA
	AY545758
	AY545783

	Androsace albana Steven
	Short-lived
	1
	NA
	NA
	EU655562
	EU655583

	Androsace alpina (L.) Lam.
	Cushion
	722
	-0.6
	1731
	AJ491444, AY275052, AY275053, AY275054
	AY274973, AY274974, AY274975

	Androsace axillaris (Franch.) Franch. 
	Perennial
	8
	10.2
	1047
	AY275103, AY275104, AY275105
	AY274949

	Androsace barbulata Ovcz. 
	Perennial
	3
	NA
	NA
	AY275082
	AY274945

	Androsace bisulca Bureau & Franch.
	Cushion
	2
	NA
	NA
	AY545733, AY545734, AY545735
	AY545761, AY545762, AY545763

	Androsace brevis (Hegetschw.) Ces.
	Cushion
	8
	3.2
	1315
	AY275049, EU655573
	AY274963, AY274964

	Androsace cantabrica (Losa & P.Monts.) Kress
	Perennial
	8
	7.3
	941
	AY275038, AY275039
	AY275009, AY275011

	Androsace chaixii Gren. & Godr. 
	Short-lived
	302
	8.1
	947
	AY275044
	AY275003

	Androsace chamaejasme Wulfen
	Perennial
	322
	-3.2
	618
	AY275090
	AF402437, AY274947, DQ378838

	Androsace ciliata DC.
	Cushion
	11
	6.6
	998
	AY275034
	AY274982

	Androsace cylindrica DC.
	Cushion
	15
	7.8
	944
	AY275068, EU655576
	AY274988, EU655595

	Androsace cylindrica subsp. hirtella (Dufour) Greuter & Burdet
	Cushion
	0
	NA
	NA
	EU655575
	EU655594

	Androsace cylindrica subsp. wilkommii J.M.Monts.
	Cushion
	0
	NA
	NA
	AY275067
	AY274987

	Androsace delavayi Franch.
	Cushion
	14
	4.1
	805
	AY275101
	AY274950

	Androsace elongata L.
	Short-lived
	117
	10.1
	590
	AY275072
	AY275014

	Androsace elongata subsp. breistrofferi (Charpin & Greuter) Molero & J.M.Monts.
	Short-lived
	0
	NA
	NA
	EU655564
	EU655585

	Androsace erecta Maxim.
	Short-lived
	33
	5.7
	639
	AY275097, AY545757
	AY545780

	Androsace filiformis Retz.
	Short-lived
	65
	5.1
	512
	AY275078, AY275079
	AY274955

	Androsace halleri L.
	Perennial
	18
	7.3
	984
	AY275037, EU655565, EU655567, EU655566, EU655568
	AY275013, EU655589, EU655588, EU655586, EU655587

	Androsace hausmannii Leyb.
	Cushion
	8
	3.2
	1206
	AY275055, AY275056
	AY274983, AY274984

	Androsace hedreantha Griseb.
	Perennial
	0
	NA
	NA
	AY275046
	AY275010

	Androsace helvetica (L.) All.
	Cushion
	278
	1.6
	1525
	AJ491445, AY275062, AY275063, AY275064, AY275065, AY275066
	AY274980, AY274981

	Androsace henryi Oliv.
	Perennial
	9
	10.7
	1094
	AY545748
	AY545771

	Androsace hookeriana Klatt
	Perennial
	2
	NA
	NA
	AY275096
	AY274954

	Androsace integra (Maxim.) Hand.-Mazz.
	Short-lived
	2
	NA
	NA
	AY275098
	AY274953

	Androsace komovensis Schönsw. & Schneew.
	Cushion
	0
	NA
	NA
	EU655577, EU655578
	EU655596, EU655597

	Androsace koso-poljanskii Ovcz.
	Perennial
	0
	NA
	NA
	AY275080, AY275081
	

	Androsace lactea L.
	Perennial
	70
	5.5
	1138
	AY275069, AY275070
	AY274985, AY274986

	Androsace lactiflora Kar. & Kir.
	Short-lived
	0
	NA
	NA
	AY275075, AY275076
	

	Androsace laggeri A.Huet
	Perennial
	26
	5.1
	1155
	AY275036, EU655569
	AY275012, EU655590

	Androsace lanuginosa Wall.
	Cushion
	0
	NA
	NA
	AJ491441, AJ491685
	

	Androsace lehmanniana Spreng.
	Cushion
	7
	-7.5
	337
	AY275086, AY275087, AY275088, AY275089
	AY274948

	Androsace limprichtii Pax & K.Hoffm.
	Perennial
	6
	1.8
	831
	AY545756
	AY545779

	Androsace mariae Kanitz
	Cushion
	34
	0.6
	555
	AY545737, AY545738, AY545739, AY545736
	AY545765, AY545767,  AY545766

	Androsace mathildae Levier
	Cushion
	3
	NA
	NA
	AY275071, EU655580, EU655579
	AY274976, EU655599, EU655598

	Androsace maxima L.
	Short-lived
	504
	10.0
	732
	AY275099, AY275100
	AY274957, AY274958

	Androsace obtusifolia All.
	Cushion
	244
	1.1
	1477
	AY275057, EU655574
	AY274971, AY274972

	Androsace occidentalis Pursh
	Short-lived
	608
	11.9
	664
	EU655563
	EU655584

	Androsace paxiana R.Knuth
	Perennial
	7
	11.4
	1188
	AF323705
	

	Androsace pubescens DC.
	Cushion
	226
	1.9
	1463
	AY275064, AY275063, AY275062
	AY274978, AY274979

	Androsace pyrenaica Lam.
	Cushion
	15
	5.5
	1171
	AY275035
	AY274977

	Androsace raddeana Sommier & Levier
	Short-lived
	1
	NA
	NA
	AY275073
	AY274960

	Androsace rigida Hand.-Mazz.
	Perennial
	15
	4.4
	815
	AY275093, AY275094, AY275095
	AY274951

	Androsace rioxana A.Segura
	Perennial
	5
	7.8
	772
	AY275045
	AY275004

	Androsace sempervivoides Jacq. ex Duby
	Perennial
	0
	NA
	NA
	
	DQ378837

	Androsace septentrionalis L.
	Short-lived
	1329
	3.3
	616
	AY275074
	AY274959, EU326038

	Androsace septentrionalis subsp. subulifera (A.Gray) G.T.Robbins
	Short-lived
	0
	NA
	NA
	EU655561
	EU655581

	Androsace spinulifera (Franch.) R.Knuth
	Perennial
	34
	6.6
	864
	
	AY545760

	Androsace squarrosula Maxim.
	Cushion
	11
	-3.7
	473
	AY275102, AY545747
	AY545770

	Androsace stenophylla (Petitm.) Hand.-Mazz.
	Cushion
	1
	NA
	NA
	AY275085, AY502123, AY502124
	AY274952

	Androsace strigillosa Franch.
	Perennial
	1
	NA
	NA
	AY275092
	AY274956

	Androsace studiosorum Kress
	Perennial
	0
	NA
	NA
	
	AY274946

	Androsace tanggulashanensis Y.C.Yang & R.F.Huang
	Cushion
	1
	NA
	NA
	
	AY545772

	Androsace tapete Maxim.
	Cushion
	11
	-0.8
	537
	AY545750
	

	Androsace triflora Adans.
	Cushion
	0
	NA
	NA
	AY275020
	AY274992

	Androsace umbellata (Lour.) Merr.
	Short-lived
	19
	18.4
	2076
	
	AY545785

	Androsace vandellii (Turra) Chiov.
	Cushion
	164
	2.7
	1349
	AY275058, AY275059, AY275060, AY275061
	AY274968, AY274969, AY274970

	Androsace villosa L.
	Perennial
	488
	5.5
	1137
	AY275083, AY275084
	AY274944

	Androsace wardii W.W.Sm.
	Perennial
	1
	NA
	NA
	AY545749
	AY545773

	Androsace wulfeniana (Sieber ex Koch) Rchb.
	Cushion
	7
	1.4
	1348
	AY275047, AY275048, EU655572
	AY274961, AY274962, EU655593

	Androsace yargongensis Petitm.
	Cushion
	19
	-3.5
	481
	AY545743, AY545744, AY545745, AY545746
	AY545781, AY545782

	Androsace zambalensis (Petitm.) Hand.-Mazz.
	Cushion
	8
	0
	524
	AY275091, AY545740, AY545741, AY545742
	AY545768, AY545769

	Douglasia alaskana (Coville & Standl. ex Hultén) S.Kelso
	Short-lived
	45
	-4.2
	549
	AF260774
	

	Douglasia arctica Hook.
	Cushion
	26
	-8.1
	250
	AY275016
	AY274998

	Douglasia beringensis S.Kelso, Jurtzev & D.F.Murray
	Cushion
	12
	-5.0
	400
	AF260773, AY275018
	AF402438, AY274999, DQ378839

	Douglasia gormanii Constance
	Cushion
	55
	-6.5
	384
	AY275017, AY275016
	AY275000

	Douglasia idahoensis D.M.Hend.
	Cushion
	5
	4.0
	563
	AY275025
	AY275001

	Douglasia laevigata A.Gray
	Cushion
	51
	6.7
	2068
	AY275029, AY275030, AY275031, AY275032, AY275033
	AY274993, AY274994, AY274995

	Douglasia montana A.Gray
	Cushion
	22
	4.4
	448
	AJ491446, AY275024, AY275023
	AY275002

	Douglasia nivalis Lindl.
	Cushion
	37
	4.9
	1021
	AY275026, AY275027, AY275028
	AY274989, AY274990, AY274991

	Douglasia ochotensis (Roemer & Schultes) Hultén
	Cushion
	59
	-10.4
	259
	AY275019, AY275021, AY275022
	AY274996

	Pomatosace filicula Maxim.
	Short-lived
	20
	-1.3
	488
	AY275077, AY545751, AY545752, AY545753, AY545754, AY545755
	DQ378841, AF402440, AY545774, AY545775, AY545776, AY545777, AY545778

	Soldanella alpina F.W.Schmidt
	Outgroup
	Outgroup
	Outgroup
	Outgroup
	AM990472
	DQ378832

	Trientalis borealis Raf.
	Outgroup
	Outgroup
	Outgroup
	Outgroup
	AY855156
	AY855131

	Trientalis europaea L.
	Outgroup
	Outgroup
	Outgroup
	Outgroup
	AF547727, AJ491421, AY855157
	AF547791, AY855130

	Vitaliana primuliflora Bertol.
	Cushion
	1119
	2.4

	1373

	AJ491443, AY275050, AY275051, EU109182, EU109183, EU109184, EU109185, EU109186, EU109187, EU109188, EU109189, EU109190, EU109191, EU109192, EU109193, EU109194, EU109195, EU109196, EU109197, EU109198, EU109199, FJ654489, FJ654490, FJ654491, FJ654492, FJ654493, FJ654494, FJ654495, FJ654496, FJ654497, FJ654498,  FJ654499, FJ654500,  FJ654501, FJ654502, FJ654503,  FJ654504, FJ654505
	AY274965, AY274966, DQ378840


Appendix S2. Sensitivity analysis. We calculated all indices of phylogenetic signal, tempo of evolution, mode of evolution, mean disparity index, and optima for the OU3 model with a subset of all species for which we disposed of more than 15 occurrence points (i.e. 34 species). These parameters were calculated over the 100 trees but only with the mean niche value of each species (OMI’s mean position). Only one ancestral state reconstruction per tree was made prior to estimation of the OU3 optima. All the estimated parameters are much the same as the one estimated when more species were considered (see Table 1 and fig.4), and interpretation concerning phylogenetic signal, evolution of the climatic niche, or the role of life form in niche evolution stay exactly the same. This gives us great confidence in the results we present in the main text of the article.

	
	K
	lambda
	delta
	kappa
	Optimum annuals
	Optimum perennials
	Optimum cushions
	MDI

	OMI 1
	0.39 ±0.10
	0.66 ±0.26
	2.99 ±0
	0.32 ±0.17
	2.85 ±0.14
	-0.80 ±0.59
	0.59 ±0.49
	0.20 ±0.04

	OMI 2
	0.31 ±0.07
	0.29 ±0.36
	2.99 ±0
	0.13 ±0.13
	-0.09 ±0.15
	-1.76 ±0.55
	1.54 ±0.41
	


Appendix S3. Utility of the resampling procedure. We calculated all indices of phylogenetic signal, tempo of evolution, mode of evolution and mean disparity index with a subset of all species for which we disposed of more than 15 occurrence points (i.e. 34 species). Here, these parameters were calculated over the consensus tree only and with the mean niche value of each species (OMI’s mean position), as done in the majority of the literature. If we compare these results with those obtained when resampling (Table 1 or Appendix S2), we see that most of the indices stay in the confidence interval estimated when resampling. However, one value does not and could have lead to extreme conclusions. In this case, an analysis without any resampling procedure would have lead to the conclusion that there is not any phylogenetic signal on the temperature gradient (lambda close to zero). This results is in agreement with the findings of Harmon & Losos (2005) who found that ignoring intraspecific variability in traits can increase type I error in phylogenetic tests. It is therefore safer to incorporate the multiple sources of uncertainty that are inherent to comparative analyses.
	
	K
	lambda
	delta
	kappa
	MDI

	OMI 1
	0.38
	0.48
	2.99 
	0.21
	0.19

	OMI 2
	0.35
	1.5e-5
	2.99 
	0.10
	


Appendix S4. Overall workflow of the comparative study. Four different kinds of data are used: climatic raster layers, GIS based presence data, phylogenetic trees and description of life forms. Climate and occurences are first used to build the niche distribution of 51 species on the two main climatic gradients discriminating them. Then, the different datasets are combined in a robust resampling framework to detect evolutionary patterns (signal, tempo and mode) and estimate the ancestral life forms in the phylogeny. Finally, all the data are used to compare four different evolutionary scenarios and to estimate the different niche optima depending on life forms, while accounting for all possible sources of uncertainty and variability.
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Appendix S5. Chronogram based on Bayesian 50% majority-rule consensus tree. Numbers above branches indicate statistical support (posterior probability) for each node. Only posterior probabilities higher than 0.90 are indicated. Numbers below branches indicate the node number corresponding to Table S6.
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Appendix S6. Node ages estimated for the Bayesian 50% majority-rule consensus tree, standard deviation (stdev) and 95% confidence interval (95% CI) for each node. 
	Node number
	Age
	stdev
	95% CI

	1
	8,9
	3,3
	3,6-16,3

	2
	11,2
	3,6
	5,2-18,7

	3
	24,4
	3,1
	17,8-29,8

	4
	31,3
	1,5
	27,9-33,7

	5
	1,9
	1,6
	0,1-6,2

	6
	4,6
	2,4
	1,1-10,4

	7
	10,6
	3
	5,5-17,0

	8
	1
	0,9
	0,1-3,4

	9
	7,7
	2,5
	3,7-13,2

	10
	8,7
	2,6
	4,4-14,4

	11
	2,1
	1,9
	0,1-7,1

	12
	9,7
	2,7
	5,1-15,6

	13
	1,4
	1,1
	0,1-4,3

	14
	3,5
	2,1
	0,6-8,6

	15
	8,6
	2,5
	4,5-14,1

	16
	0,9
	0,8
	0,1-3,1

	17
	4,2
	2
	1,1-8,9

	18
	0,8
	0,8
	0,1-3,0

	19
	7,1
	2,4
	3,3-12,5

	20
	1,7
	1,7
	0,1-6,3

	21
	8,2
	2,5
	4,2-13,7

	22
	9,6
	2,6
	5,2-15,2

	23
	11,4
	2,7
	6,7-17,2

	24
	12,5
	2,8
	7,4-18,5

	25
	14,2
	3
	8,7-20,3

	26
	16,8
	3
	10,9-22,5

	27
	33
	1
	30,8-34,7

	28
	2,2
	1,7
	0,1-6,5

	29
	4
	2,4
	0,9-10

	30
	5,4
	2,9
	1,4-12,1

	31
	1,6
	1,3
	0,1-5,1

	32
	2,6
	1,7
	0,5-7,1

	33
	2,8
	1,5
	0,6-6,6

	34
	4
	1,8
	1,3-8,5

	35
	1
	0,9
	0-3,5

	36
	2,9
	1,5
	0,8-6,7

	37
	0,6
	0,6
	0,1-2,4

	38
	1,4
	1
	0,2-4,1

	39
	3
	1,5
	0,9-6,6

	40
	4,1
	1,8
	1,4-8,3

	41
	3
	1,5
	0,8-6,6

	42
	4
	1,7
	1,4-8,0

	43
	5,2
	2
	2,1-9,8

	44
	6,3
	2,3
	2,7-11,5

	45
	0,8
	0,8
	0,1-2,8

	46
	2,2
	1,4
	0,4-5,8

	47
	3,8
	1,8
	1,3-8,1

	48
	3,3
	1,7
	0,9-7,5

	49
	1,5
	1,1
	0,1-4,4

	50
	1
	0,9
	0,1-3,5

	51
	2,7
	1,5
	0,8-6,6

	52
	1,4
	1,1
	0,1-4,3

	53
	0,6
	0,6
	0,1-2,4

	54
	2,6
	1,5
	0,6-6,3

	55
	4
	1,8
	1,4-8,3

	56
	4,8
	2
	1,8-9,6

	57
	7,4
	2,6
	3,3-13,1

	58
	14,9
	3,2
	8,8-21,0

	59
	21,5
	2,9
	15,3-26,9

	60
	31,9
	1,4
	28,8-34,2

	61
	34,9
	0,2
	34,5-35,3

	62
	36,7
	1,3
	34,9-39,7


