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Table S1. Seed trait change through evolutionary time in response to changes in the climate and fire regime. A, 1 and 2 are different pathways that lead to gain of a fire-related trait and B, 1 and 2 are different pathways that lead to loss of a fire-related trait. Arillate refers to possession of a caruncle that serves as an elaiosome that is attractive to ant dispersers. Note that many of the climate and fire regime allocations are little more than estimates as fossil data are scarce; most of the traits allocations are based on ancestral-trait assignments on molecular phylogenies in the absence of accurately dated fossils and are therefore indirect (see Lamont, He and Yan 2019b for methods). Table re-arranged from Pausas and Lamont (2022) with climate aspects added here as two new columns.

	Clade
	Early climate and location
	Early habitat and fire regime
	Early seed trait
	Later speciation
	New climate
	New habitat and fire regime
	New seed trait 

	Time of origin of new trait (Ma)
	References

	Pathway 1A. Migration from non-fireprone to fireprone habitat (gains fire-related trait)

	Proteaceae

	Ever-wet, hot, humid climate, Gondwana – possibly NW Africa
	Rainforest, non-fireprone
	Non-soil-stored, nonserotinous
	Early Proteaceae differentiates into subfamilies, here  Proteoideae
	Moderate rainfall, greater seasonality, possibly winter drier
	Sclerophyll woodlands, drought-prone, fireprone
	Fire-elated: soil-stored (50% probability) and serotinous (50% probability)
	8580 (9590)
(stemcrown of Proteoideae)
	Sauquet et al. 2009, He and Lamont 2012 (updated by T. He, unpublished)

	Proteaceae, stem of series Proteae 
	Moderate, uniform rainfall, Cape, S Africa
	Forest/woodland, non-fireprone
	Non-soil-stored, nonserotinous (like Faurea, sister to Protea)
	Protea separates from Faurea
	Moderate rainfall, greater seasonality, possibly winter wetter
	Fireprone shrublands, 
	Enforced dormancy (serotinous), fire-stimulated seed release
	7028 
	Lamont, He and Downes 2013

	Proteaceae, Banksia
	Ever-wet, hot, humid climate, Australia
	Rainforest, non-fireprone, 
	Nonserotinous, nondormant
	Banksia separates from rainforest Musgravea clade
	Moderate rainfall, minor seasonality
	Fireprone sclerophyll woodland/forests, SW Australia?
	Serotinous cones, enforced dormancy, fire-stimulated seed release
	6148 (probably an underestimate)
	Lamont, He and Downes 2011, Lamont and He 2017b

	Proteaceae, Persoonieae
	Ever-wet, hot, humid climate, Australia, New Zealand
	Rainforest, non-fireprone 
	Nondormant, drupaceous
	Persoonieae in Australia separates from rainforest Placospermum clade, and Toronia in New Zealand
	Moderate rainfall, minor seasonality
	Fireprone sclerophyll woodland/forests
	Semisucculent with stony endocarp (pyrene), vertebrate-dispersed, dormant, dormancy released by fire-type heat
	2314
	Auld, Denham and Turner 2007, Lamont and He 2012

	Ecdeiocoleaceae
	High, uniform rainfall, SW Australia?
	(sub)tropical rainforest, non-fireprone
	Drupes vertebrate-dispersed, soil-stored, dormant gradually losing dormancy
	Ecdeiocoleaceae separates from Flagellaria-Joinvillea
	Moderate rainfall, some seasonality
	Fireprone shrublands, C3 grasslands
	Achenes, passively dispersed, soil-stored, dormancy released by smoke and postfire fluctuating temperatures
	73.554
	Randriatafika et al. 2007, Baskin et al. 2004, Lamont, He and Yan 2019b

	Restionaceae
	Uniform rainfall or permanently wet depressions? S Africa and Australia
	Woodlands/shrublands, graminoid wetlands
	Possibly nondormant, but immediate S African ancestor unknown
	Restionaceae, S African clade separates from Australian clade
	Moderate rainfall, greater seasonality sites drying out over summer?
	Fireprone shrublands, graminoid (C3) wetlands
	Semihard capsules/nutlets, soil-stored, smoke-released dormancy
	7046#
	He, Lamont and Manning 2016

	Fabaceaae
	High rainfall, hot, humid, verging on monsoonal, Africa
	Non-fireprone rainforests, 
	Basal Polygalaceae: Xanthophyllum, Moutabea and Carpolobia, soft-seeded, non-soil-stored, no water gap
	Fabaceae separates from Polygalaceae
	Monsoon with some seasonality, winter dry
	Fireprone forests
	Hard – cutinized, sclerified palisade, osteosclereid layer, light line, lens (cracks on heating to create water gap)
	109105 (Faboideae separates at 9392, many later acquiring arils in more intensely burnt regions)
	Forest et al. 2007, Li et al 2015, Pausas & Lamont 2022b, Lamont, He and Yan 2019b (Polygalaceae incorrectly given as hard-seeded, corrected here)

	Dipterocarpaceae sensu lato
	Ever-wet, hot, humid climate, Africa
	Rainforest, non-fireprone
	Soft testa, lacking dormancy, often recalcitrant (all and only Dipterocarpoid Dipterocarpaceae)
	Pakaraimaea-Cistaceae-(Bixaceae) separate from rainforest Dipterocarpaceae
	Monsoon with some seasonality, winter dry
	Fireprone forests 
	Hard testa, possibly fire-type heat-released dormancy (benefit from scarification)
	7761 (probably underestimated – see under Pakaraimaea below))

	Tompsett and Kemp 1996 in Apannah and Turnbull 1998, Thanos et al. 1992, Nandi 1998, Heckenhauer et al. 2017, unpublished

	Poaceae
	Moderate uniform rainfall
	Open vegetation, rarely fireprone?
	Seed type permeable and nondormant
	Fireprone C3 grasses separate from non-fireprone C3 grasses and from fireprone Ecdeiocoleaceae
	Moderate rainfall with some seasonality
	Fireprone shrubland to open woodlands
	Seeds dormant, remain permeable to water but now smoke sensitive for breaking dormancy 
	73.555 (no ancestral trait assignments made so most likely dates unclear) 
	Lamont et al. 2019b

	Pomaderreae, Rhamnaceae
	 Ever-wet, hot, humid climate sister and ancestors, SE Gondwana – S America-Antarctica-Australia?
	Non-fireprone (non-sclerophyllous) rainforest 
	Nondormant (soft) or dormant (hard) that does not respond to heat, nonarillate
	Tribe Pomaderreae (more sclerophyllous) separates from Colletieae 
	Moderate rainfall, seasonal (winter-wet?)
	Highly fireprone, woodland/forests
	Dormant, hard, arillate, heat-stimulated dormancy breakage
	5043
	Onstein and Linder 2016, Pausas & Lamont 2022b  (all  32 fireprone Pomaderreae examined heat-responsive, arillate)

	Ceanothus, Rhamnaceae
	Ever-wet, hot, humid climate or monsoon savanna sister and ancestors, Africa-N America- Eurasia?
	Non-fireprone rainforest (non-sclerophyllous) 
	Nondormant (soft) or dormant (hard) that does not respond to heat
	Ceanothus (sclerophyllous) separates from tribes Gouanieae and Paliureae (Ziziphus)
	Moderate rainfall, seasonal (winter-wet?)
	Highly fireprone, woodland/forests
	Dormant, hard, heat-stimulated dormancy breakage
	4423
	Onstein and Linder 2016, Pausas & Lamont 2022b  (all 27 Ceanothus spp examined heat-responsive)

	Polygalaceae, fireprone clade
	Ever-wet, hot, humid climate, Africa, S America, SE Asia
	Non-fireprone rainforest in Africa, S America, SE Asia
	Nondormant (soft), nonarillate, non-soil-stored
	Basal Xanthophyllum, Moutabea, Atroxima-Carpolobia lineages separate from derived Polygalaceae: Polygala, Muraltia
	Moderate rainfall, seasonal (winter-wet?)
	Fireprone woodland/forests
	Hard, dormant, soil-stored, arillate (ant-dispersed), possibly smoke-stimulated dormancy break (trait poorly studied among fireprone members)
	56.354
	Forest et al. 2007 [in addition, Comesperma is ant-dispersed (Berg 1975) whereas Bredemeyera is not (Verdecke 1985)], Pastore, and Abbott 2012

	Rutaceae, Amyridoideae
	Ever-wet, hot, humid climate, Africa-Australia?
	Non-fireprone rainforest 
	Nondormant, nonarillate, non-soil-stored, bird-dispersed
	Basal tree-form Vepris (Africa), Flindersia, Lunasia separate from xeromorphic shrubby Boroniaeae (Boronia, Zieria) and Eriostemon clades
	Moderate rainfall, seasonal (winter-wet? or summer wet if fire only occasional?)
	Highly fireprone sclerophyll shrubland, woodland to forests
	Dormant, soil-stored, arillate, smoke-stimulated dormancy breakage
	4541
	Bayly et al. 2013, Paetzold et al. 2018, Pausas & Lamont 2022b (interpretation assisted by Tianhua He) 

	Pathway 1B. Migration from one fireprone habitat type to a crown-fire-type (gains different fire-related trait)

	Pinaceae, Pinus
	Moderate-low rainfall, winter drought, N Hemisphere
	Open woodland (savanna) with surface fires
	Nondormant, nonserotinous
	Pinus, subgenus Pinus
	Moderately high rainfall, strongly seasonal, winter drought?
	Denser forest with less frequent, intensified (crown) fires
	Enforced dormancy (serotiny)
	114 (stem) 84 (crown) 
	He et al. 2012, dates updated in Lamont, He and Yan 2019a

	Proteaceae, Proteoideae
	Moderate rainfall, minor seasonality, Cape, S Africa, SW Australia?
	Fireprone, sclerophyll shrublands
	Stored (whether soil or canopy unclear)
	Frankandia/Isopogon/Adenanthinae separate from rest of Proteoideae
	Moderate rainfall, greater seasonality, possibly winter drier
	Fireprone shrubland, intensified fire? 
	Soil-stored, 
dormancy released by smoke
	8071
	Sauquet et al. 2009, Lamont and He 2012

	Proteaceae, Proteoideae
	Moderate rainfall, minor seasonality, Cape, S Africa, SW Australia?
	Fireprone, sclerophyll shrublands
	Stored (whether soil or canopy unclear)
	Petrophile/Aulax separate from rest of Proteoideae
	Moderate rainfall, greater seasonality, possibly winter drier
	Fireprone shrubland, intensified fire? 
	Serotinous cones, 
fire-stimulated seed release 
	7150
	Sauquet et al. 2009, Lamont and He 2012

	Proteaceae, Adenanthinae
	Moderate rainfall, minor seasonality, Cape, S Africa, SW Australia?
	Fireprone, sclerophyll shrublands
	Soil-stored, 
dormancy released by smoke, nonarillate
	Adenanthinae separates from sisters Isopogon/Franklandia
	Moderate rainfall, increased seasonality, possibly winter drier
	Fireprone shrubland, intensified fire? 
	Soil-stored, arillate (ant-dispersed), smoke-released dormancy
	4536
	Sauquet et al. 2009, Lamont and He 2012

	Proteaceae, Hakea
	Moderate rainfall, uniform to winter-dry, SW Australia
	Fire-prone shrub/woodland
	Non-serotinous, seeds released at maturity, seeds semihard, winged in soft follicle (Grevillea-type)
	Hakea separates from Grevillea
	Moderate rainfall, increasingly seasonal, probably winter wet (mediterr-anean climate)
	Highly fireprone sclerophyll shrublands/
woodlands/forest
	Seeds soft, winged, serotinous – enforced dormancy in woody follicle, fire-stimulated seed release
	2318
	Lamont et al. 2016, 2017, backdated according to Austin Mast (pers. comm.)

	Proteaceae, Leucadendron
	Moderate rainfall, minor seasonality, Cape, S Africa
	Fireprone shrublands
	Seeds (fruits) released at maturity
	Leucadendron separates from sisters
	Moderate rainfall, greater seasonality, winter wet?
	Fireprone shrubland, more frequent/regular fire? 
	Seed soft, winged (later wingless, rounded) held in serotinous cones
	2818
	He and Lamont 2012, Tonnabel et al. 2014,
Newton et al 2021

	Proteaceae, Leucadendron
	Moderate rainfall, minor winter-wet, Cape, S Africa
	Fireprone shrublands
	Serotinous, nonarillate, enforced dormancy 
	Advanced Leuca-dendron, clades D and F of Tonnabel et al. 2014
	Moderate rainfall, strong seasonality, winter wet
	Fire-prone shrubland, intensified fire? 
	Soil-stored, arillate (ant-dispersed), smoke-released dormancy 
	4.90.35
	He and Lamont 2012, Tonnabel et al. 2014

	Restionaceae
	Moderate rainfall, minor winter-wet, Cape, S Africa
	Fireprone shrubland, winter wetland
	Soil-stored, nonarillate, smoke-released dormancy
	Terminal genera, Ceratocaryum to Mastersiella, in Wllldenowia clade
	Moderate rainfall, strong seasonality, winter wet
	Fire-prone shrubland, winter wetland, intensified fire? 
	Soil-stored, arillate (ant-dispersed), smoke-released dormancy
	186
	Linder 1991, Brown et al. 1994, He, Lamont and Manning 2016

	Chloridoideae, Poaceae
	Moderate rainfall, minor seasonality, (sub)tropical regions throughout the world)
	fireprone C3 (often annual) grasslands 
	Dormant, water-permeable lacking smoke-sensitivity to breaking dormancy (e.g., Danthonia)
	Core C4 clade (includes Chloridoideae) arises from C3 ancestor, and/or possibly when Eriachne separated from Micrairoideae 
	Onset of summer-wet, savanna-type climates 
	C4 grasslands (usually perennial) with frequent fire
	Dormant, with gain of smoke sensitivity for breaking dormancy
	3225 (includes Eragrostis, Sporobolus, no ancestral trait assignment made so most likely dates and relations unclear
	Edwards et al. 2010, Morrone et al. 2012, Pausas & Lamont 2022b

	Triodia, Poaceae

	Frequently burnt savanna, summer wet, central Australia
	C4 grassland, savanna 
	Non-dormant, smoke not required to break dormancy
	Triodia (all spp C4) separates from other C4 grasses 
	Increasing aridity (decreasing rainfall and regularity) still with summer rainfall maximum 
	hummock grasslands/
shrublands, reduction in fire frequency
	Restoration of smoke-sensitivity for breaking dormancy accompanies xerophytic changes
	2214.5 (no ancestral trait assignments made so most likely dates unclear)
	Edwards et al. 2010, Erickson 2015 (all, and only, 7 spp examined smoke-sensitive among 22 grasses), Toon et al. 2015

	Fabaceaae,
Daviesia
	 Moderate rainfall, minor seasonality, SW Australia
	Fireprone shrubland to forest 
	Immediate ancestor of Daviesia hard-seeded but non-arillate
	Daviesia separates from nearest relative
	Moderate rainfall, stronger seasonality, winter maximum? 
	Shrubland/woodland under intensifying fire
	Hard seed, arillate
	3327  
	Cook et al. 2015, Crisp et al. 2017, Lamont and He 2017b 

	Fabaceae, Mimosoideae
	Monsoon, summer-wet, Australia
	Fireprone forests
	Hard, heat-released dormancy, nonarillate, eg, Albizia (Asia)
	Acacia (99% of species)
	Moderate rainfall, increasing seasonality, especially summer aridity?
	Highly fireprone sclerophyll shrubland to forest
	Hard seed, heat-released dormancy, arillate [ant (and later) bird-dispersed]
	2724.5*
	Gunn 1984, O’Dowd & Gill 1986, Miller et al. 2013

	Closest Lupinus ancestors
	Moderate rainfall, minor seasonality, Mediterranean Basin
	Fireprone shrublands, 
	Hard testa as in sister Genista (Genisteae), dormancy not heat-released
	Lupinus arises from Genista-type ancestor
	Moderate rainfall, stronger seasonality, summer-dry?
	Fireprone shrublands
	Hard seed retained, dormancy heat-released
	1711.5 eg, L. hirsutissimus one of oldest sp at 9 Ma
	Keeley and Keeley 1986, Eastwood et al. 2008

	Pakaraimaea-Cistaceae
	Moderate rainfall, monsoon, summer-wet, Africa-S America? (possibility of Gondwanan link undergoing current research)
	Fireprone forest-woodland 
	Hard testa, fire-type heat-released dormancy
	Pakaraimaea (monotypic) and Cistaceae separate from common fireprone ancestor 
	Moderate rainfall, increasingly temperate and seasonal, summer-wet?
	Pakaraimaea remains in monsoon forest, S Amer, Cistaceae migrates to highly fireprone forest-woodland, Africa
	Hard testa, fire-type heat-released dormancy, thicker and deeper plug in Cistaceae, intensfied fire as Cistaceae migrated into more open vegetation?
	42 (Hecken-hauer), 3523 (Aparicio)
- both much too young and more likely > 105 Ma, before Africa-S Amer separated
	Thanos et al. 1992, Nandi 1998, Aparicio et al. 2017, Heckenhauer et al. 2017, plus unpublished data of B Lamont, A Thornhill and D Korczynskyj

	Pathway 2A. Migration from crown-fire-type habitat to surface-fire-type habitat (loss of fire-related trait)

	Pinus, subgenus Pinus
	Closed forest, N Hemisphere
	Dense forest with intense (crown) fires 
	Serotinous cones, wind-dispersed, enforced dormancy
	9 terminal species/lineages in subgenus Pinus
	Frequently burnt (surface fire) savannas
	Savanna woodlands or grasslands
	Nonserotinous cones, nondormant, wind-dispersed
	411
	He et al. 2012

	Cistaceae
	Mediterrnanean climate, summer-dry, Mediterranean Basin
	Fireprone shrublands to forests
	Hard seed, heat-released dormancy, perennial subshrubs
	Helianthemum salicifolium 
	Shrublands, dry Mediterranean – semi-arid?
	Fireprone, decreased fire frequency
	Hardseeded, but does not respond to fire-type heat, annual herb
	 1.0
	Thanos et al. 1992, Yeşilyurt, Erik and Tavşanoğlu 2017, Aparicio et al. 2017b

	Proteaceae, Banksia
	Moderate rainfall, strong seasonality, mostly winter maximum, N Aust
	Crown-fire-prone woodland
	Enforced dormancy (serotinous), heat release 
	Advanced Banksia, eg, Banksia dentata
	Savannas, summer-wet
	Grassy savannas, fireprone, frequent spring fires
	Nondormant (non-serotinous)
	128.5
	He et al. 2011, Lamont and He 2017b

	Salomonia, Polygalaceae
	Moderate rainfall, strong seasonality, N Australia and China
	Crown-fire-prone woodland/forest
	Hard, dormant, soil-stored, arillate (ant-dispersed), possibly smoke-stimulated germ. 
	Salomonia separates from Polygala
	Savannas, summer-wet
	Grassy savannas, fireprone, frequent spring fires
	Hard, dormant, soil-stored, non-arillate (mammal-dispersed), non-fire-stimulated germination
	37.32.7 
	Pastore et al 2019, Forest et al. 2007

	Proteaceae, Protea
	Mediterrnanean climate, summer-dry, N and NE Cape, S Africa
	Moderate fire intervals
	Enforced dormancy (serotinous), heat released
	Grassland proteas, eg, Protea rubropilosa
	Savanna climates, summer wet, frequent fires
	Savanna grasslands
	Non-dormant (non-serotinous)
	137, 42
	Lamont, He and Downes 2013, Lamont, He and Pausas 2017

	Lupinus
	Moderate rainfall, minor seasonality, SE USA Florida
	Woodland, moderately fireprone
	Hard testa, dormancy heat-released
	Advanced lupins: L. diffusus (syn. L. cumulicolus)
	Savanna climates, summer wet, frequent fires
	Savanna pine woodland, frequent fire,
	Hard testa, killed at 90°C, dormancy only released by scarification
	300,000 y
	Eastwood et al. 2009, Campbell-Martínez et al. 2019, Pausas & Lamont 2021

	Andropogoneae, Panicoideae, Poaceae
	Moderate rainfall, minor seasonality, summer-wet, C4 grasslands throughout the world
	C4 grasslands moderately fireprone 
	Dormant, with smoke sensitivity for breaking dormancy
	Such genera as Cymbopogon, Andropogon and other more advanced lineages lose smoke sensitivity
	Savanna climates, summer wet, increasing frequency of surface fires (< 5-y intervals
	eg, 50% of C4 spp in eucalypt forest are smoke-sensitive, but 25% in frequently burnt grasslands 
	Dormant with loss of smoke sensitivity (some other process breaks dormancy), or non-dormant
	2217 (no ancestral trait assignments so most likely dates and relations unclear)
	Edwards et al. 2010, Lamont et al. 2019b, Pausas & Lamont 2022b

	Pathway 2B. Migration from moderately burnt (crown-fire) habitat to non-fireprone habitat (loss of fire-related trait)

	Fabaceae, Acacia
	Moderate rainfall, minor seasonality, summer-wet?, Central Australia
	Sclerophyll shrubland to wet forest, strongly fireprone
	Hard seeds, heat-released dormancy, arillate (ant-dispersed)
	Acacia (8 or so spp), eg, A. oswaldii 
	Semi-arid, desert shrublands, minor seasonality, summer rain 
	non-fireprone or rarely burnt 
	Soft seeds, non-arillate
	6.44.9 (Acacia oswaldii lineage)
	O’Dowd & Gill 1986, Miller et al. 2013, Murphy et al. 2010, Burrows et al. 2018

	Pinus, subgenus Pinus
	Moderate rainfall, warm, N Hemisphere
	Dense forest with intense (crown) fires, 
	Serotinous cones, wind-dispersed, enforced dormancy
	9 terminal species/lineages in subgenus Pinus
	Moderate rainfall, cool-cold in mountains and other uplands
	Non-fireprone, subalpine woodland
	Nonserotinous cones, nondormant, wind-dispersed
	411
	He et al. 2012

	Proteaceae, Proteoideae
	Moderate rainfall, highly seasonal, summer-wet? Australia - Queensland
	Fireprone, sclerophyll forest on poorer, drier soils
	Stored (whether soil or canopy unclear as 50% probability for each)
	Eidothea in Australia separates from early Proteoideae
	Ever-wet, hot, humid climate
	Rainforest, non-fireprone (note: lineage returns to rainforest)
	Vertebrate-dispersed drupes, hard endocarp that splits with time
	9585 (separation updated by T. He, unpublished)
	Lamont and He 2012, Pausas and Lamont 2018

	Pinus, subgenus Strobus
	Moderate-low rainfall, winter drought, N Hemisphere
	Open woodland (savanna) with surface fires
	Nondormant, non-soil-stored, winged  wind-dispersed
	10 species/lineages in subgenus Strobus
	Moderate rainfall, cool-cold in mountains and other uplands
	Rarely burnt or non-fireprone upland forest or woodland
	Dormant, thick-walled, soil-stored, wingless  bird-dispersed
	471
	Lamont et al. 2019a

	Cistaceae
	Moderate rainfall, highly seasonal, winter wet, Mediterr. Basin
	Fireprone shrubland to forest
	Hard seed, heat-released dormancy
	Helianthemum hirtum, syriacum, almeriense, appeninum
	Moderate rainfall, highly seasonal, winter wet
	Non-fire-prone limestone/gypsum outcrops
	Remain hardseeded, but unresponsive to fire-type heat or inhibited
	 < 1.9
	Thanos et al. 1992, Aparicio et al. 2017, Pérez-Garcia and Gonzalez-Benito 2006

	Cistaceae
	Moderate rainfall, highly seasonal, winter wet, Mediterr. Basin
	Fireprone shrubland to forest
	Hard seed, heat-released dormancy
	Helianthemum lippii, polygonoides
	Moderate rainfall, highly seasonal, winter wet, Mediterr. Basin
	Non-fire-prone salt-lake dunes and marshland
	Soft or hardseeded, but does not respond to fire-type heat
	 < 1.9
	Thanos et al. 1992, Aparicio…2017, Zaman, Padmesh & Tawfiq 2009, Copete…2009

	Ericaceae, Erica coccinea
	Moderate rainfall, highly seasonal, winter wet, S Africa - Cape
	Fireprone shrubland
	Smoke-released dormancy, broad incub. temps (pyrophyte)
	Ecotype change
	Moderate rainfall, highly seasonal, winter wet
	Non-fire-prone (rock outcrop)
	Non-dormant, lower incubation temperatures optimal (pyrofuge)
	Quaternary?
	Leonard et al. 2018

	Fabaceae, 
Faboideae
	Moderate rainfall, highly seasonal, NE Australia
	Fireprone forest
	Hard seed, heat-released dormancy
	Castanospermum australe
	Ever-wet, hot, humid climate
	Rainforest, non-fireprone
	Recalcitrant
(non-dormant)
	Quaternary?
	Lamont et al. 2019b, Marques et al. 2019

	Fabaceae, Mimosoideae
	Moderate rainfall, moderately seasonal, possibly summer maximum, various locations
	Fireprone forests
	Hard seed, heat-released dormancy
	Mariosousa, Mimosa, Adenanthera 
	Desert (Mariosousa), rainforest (Mimosa, Adenanthera)
	Non-fire-prone: 
	Soft seed, nondormant (seed killed by fire-type heat)
	7 (Mariosousa willardiana), 4 (Mimosa pteridifolia), 11 (Adenanthera)
	DeBouck et al. 1993, Bouchenak-Khellad et al. 2010, Daibes et al. 2019, Lamont et al. 2019b

	Goodeniaceae, Scaevola
	Pacific Ocean coastline
	Fireprone shrub/woodland
	Soil-stored, smoke-released dormancy
	Advanced Scaevola
	Coastal dunes, beaches
	Non-fire-prone 
	Non-fire-released dormancy
	
	Roche et al. 1997, Jabaily et al. 2014

	Lamiaceae,
Prunella  vulgaris
	
	Fireprone grassland
	Soil-stored, fire-released dormancy
	Ecotypic change
	Rainforest 
	 Non-fire-prone
	Non-fire dormancy break
	
	Clark and Wilson 2000, Godoy et al. 2011

	Proteaceae, Hakea
	Moderate rainfall, summer-dry (mediterranean), SW Australia
	Fireprone shrub/woodland
	Enforced dormancy (serotinous), heat release
	Advanced Hakea, eg, Hakea clavata
	Rock outcrop
	Non-fire-prone 
	Non-dormant (non-serotinous)
	96
	Lamont et al. 2017

	Lupinus
	Savanna, Texas-Mexico
	Savanna woodland
	Hard testa, dormancy heat-released
	Advanced lupins: L. texensis
	Desert
	Non-fireprone
	Nondormant (95% germ), suppressed at 85°C (38%)
	1.20.4
	Davis et al. 1991, Eastwood et al. 2009, Pausas & Lamont 2022

	Lupinus
	Dry Mediterr., NE Africa (Egypt) - saline margins of Nile River
	Fireprone shrublands 
	Hard testa, dormancy heat-released
	Advanced lupins: L. alba subsp termis
	Marsh vegetation beside Nile River
	Non-fireprone, halophytic (tolerates up to 200 mM salt)
	Nondormant (100% germination untreated)
	500,000 y (Lupinus alba)
	Shaddad et al. 1990, Eastwood et al. 2009, Pausas & Lamont 2022

	Polygala, Polygalaceae
	Monsoon, China and India
	Fireprone woodland/forest
	Hard, dormant, soil-stored, arillate (ant-dispersed)
	Polygala arillata separates from rest of Polygala
	Ever-wet forests
	Non-fireprone
	Hard, dormant, fleshy aril wraps around seed – bird-dispersed, not fire-stimulated germination
	32.827.9
	https://indiabiodiversity.org/species/show/17434, Forest et al. 2007


	Rutaceae, Amyridoideae
	Moderate rainfall, strongly seasonal, summer maximum?  Australia and Pacific islands
	Fireprone sclerophyll shrubland, woodland to forest
	Hard, dormant, soil-stored, elaiosome (ant-dispersed), smoke-stimulated dormancy breakage
	xeromorphic shrubby Boroniaeae (Boronia, Zieria) separate to give Acronychia/Melicope clade
	Rainforest
	Non-fireprone 
	Nondormant, nonarillate, non-soil-stored, bird-dispersed

	<4013 (tentative as Boroniaeae not in Paetzoid’s chronogram -  diversification could begin anywhere along 4013 Ma period)
	Bayly et al. 2013, Paetzold et al. 2018, Pausas & Lamont 2022


* Putative fossil pollen at 28 Ma (Milne 1988) used to set time of origin
# Should the preliminary evidence that the Australian clade is also ancestrally smoke-stimulated be confirmed, this would push smoke sensitivity among Restionaceae back to 11070 Ma
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