Table S1 Nineteen NXFO sites in southern Illinois surveyed by Heikens (1991). 
	Code
	Site
	Substrate Type
	County
	N (°)
	W (°)

	BBH
	Brown
	Shale
	Union
	37.46488913
	-89.29663687

	BSS
	Bell Smith
	Sandstone
	Pope
	37.52413072
	-88.66499197

	BVH
	Berryville
	Shale
	Union
	37.44972522
	-89.29243838

	CBL
	Chaflin Bridge
	Loess
	Monroe
	38.25915268
	-90.29663702

	CBS
	Cedar Bluff
	Sandstone
	Johnson
	37.51859048
	-89.02645342

	CCL
	Cave Creek
	Limestone
	Johnson
	37.35918383
	-88.88637533

	COL
	Collier
	Limestone
	Hardin
	37.48628793
	-88.10243186

	DHH
	Dennison Hollow
	Shale
	Saline
	37.6528621
	-88.422206

	FPL
	Fults
	Limestone
	Monroe
	38.15724458
	-90.18879762

	GCS
	Gibbons Creek
	Sandstone
	Pope
	37.58614722
	-88.44099422

	MCL
	Monroe City
	Loess
	Monroe
	38.253061
	-90.292613

	MSH
	[bookmark: _Hlk527018181]McClure School
	Shale
	Union
	37.43618919
	-89.28723024

	PHS
	Pounds Hollow
	Sandstone
	Gallatin
	37.61753493
	-88.27293075

	RBS
	Round Bluff
	Sandstone
	Johnson
	37.52838238
	-88.97883796

	SFS
	Stone Face
	Sandstone
	Saline
	37.66096352
	-88.43656972

	WBC
	Wolf Creek
	Chert
	Alexander
	37.21410854
	-89.33588426

	WBL
	Wildcat Bluff
	Limestone
	Johnson
	37.37155995
	-88.92142846

	WBS
	Gyp Williams
	Sandstone
	Pope
	37.56729922
	-88.45633047

	WCL
	Whoopie Cat
	Limestone
	Hardin
	37.47915373
	-88.32713827



Table S2 Management history 19 NXFO sites in southern Illinois. Code descriptions are provided in Table S1.
	Site
	Species and other treatment recently before 2019
	Method

	BBH
	Dioscorea polystachya, Microstegium vimineum, and woody species thinning (2015-2017)
	Chemical

	BVH
	Elaeagnus umbellata, Lonicera japonica, and Lonicera mackii, (2015-2017)
	Fire/Mechanical

	MSH
	No records found
	N/A

	RBS
	Albizia julibrissin, Elaeagnus umbellata, Lonicera japonica, and Lonicera mackii (2015-2017)
	Chemical

	CBS
	Alliaria petiolata, Dioscorea polystachya, Elaeagnus umbellata, Lonicera japonica, Lonicera mackii, and Microstegium vimineum (2009-2015)
	Chemical, Fire, Mechanical

	BSS
	Dioscorea polystachya and Microstegium vimineum (2015-2017)
	Chemical 

	WBL
	No records found
	N/A

	CCL
	Dipsacus laciniatus, Elaeagnus umbellata, Lespedeza cuneata, Lonicera japonica, Lonicera mackii, Microstegium vimineum (2010-2011; 2014-2107)
	Fire

	GCS
	Dioscorea polystachya and Rosa multiflora (2010-2015)
	Chemical

	WBS
	No records found
	N/A

	SFS
	Phragmites australis (2009-2015)
	Chemical

	DHH
	Alliaria petiolata (2011-2017)
	Fire/Mechanical

	WBC
	Fire line installation, and woody species tinning (2009-2015)
	Fire/Mechanical

	PHS
	No records found
	N/A

	COL
	No records found
	N/A

	WCL
	Dioscorea polystachya and fire line installation, and woody species thinning (2009-2015)
	Fire/Mechanical

	CBL
	No records found
	N/A

	MCL
	No records found
	N/A

	FPL
	Elaeagnus umbellata, Lonicera japonica, and Lonicera mackii (2015-2017)
	Fire/Mechanical



Table S3 GenBank accession numbers for species included in phylogenetic analyses based on rbcL and matK nucleotide sequences.
	Species
	rbcL
	matK

	Acalypha gracilens
	KJ773245.1
	KJ772523.1

	Acer rubrum
	DQ978428.1
	MG220982.1

	Acer saccharum
	DQ978432.1
	AY724265.1

	Agalinis tenuifolia
	AY563936.1
	AY563916.1

	Ageratina altissima
	MK525135.1
	KJ840849.1

	Agrimonia rostellata
	KP644041.1
	KP643118.1

	Albizia julibrissin
	KX702283.1
	GU135096.1

	Allium vineale
	MG228018.1
	HM850504.1

	Ambrosia artemisiifolia
	MH049906.1
	HQ593164.1

	Amelanchier arborea
	JQ391252.1
	MF350243.1

	Amorpha canescens
	MF153989.1
	KJ772540.1

	Amphicarpaea bracteata
	EU717257.1
	HQ593166.1

	Andropogon gerardii
	AJ784818.1
	AF144577.1

	Antennaria plantaginifolia
	KP643840.1
	KP642951.1

	Apocynum cannabinum
	HQ384907.1
	KX676779.1

	Aristida sp.
	MF596581.1
	MF597177.1

	Asclepias hirtella
	MG221552.1
	MK519672.1

	Asclepias quadrifolia
	KP643720.1
	KP642850.1

	Asclepias verticillata
	KJ773290.1
	MK519680.1

	Asclepias viridiflora
	MK525254.1
	KY607159.1

	Ascyrum hypericoides
	KJ773573.1
	MT228069.1

	Asplenium platyneuron
	AF525272.1
	EU161480.1

	Astragalus sp.
	MF963252.1
	AY386875.1

	Baptisia alba
	KJ773304.1
	KJ772576.1

	Bidens bipinnata
	KJ773309.1
	KJ772581.1

	Bignonia capreolata
	KJ773313.1
	MH552096.1

	Blephilia ciliata
	MG222687.1
	MK519707.1

	Bouteloua_curtipendula
	JN681654.1
	AF144578.1

	Brickellia eupatorioides
	KJ773319.1
	KJ772589.1

	Campsis radicans
	 AF156737.1
	AF531775.1

	Carex glaucodea
	MG226117.1
	FJ597211.1

	Carex sp.
	HQ589988.1
	KJ513583.1

	Carpinus caroliniana
	X56621.1
	AY212016.1

	Carya glabra
	AF119186.1
	KF201327.1

	Carya ovata
	MK525513.1
	U92850.1

	Carya texana
	HQ590021.1
	KF201326.1

	Carya tomentosa
	KP644076.1
	KF201337.1

	Celtis laevigata
	KJ773373.1
	KJ772640.1

	Celtis tenuifolia
	MG249088.1
	AY257535.1

	Ceanothus americanus
	KJ773371.1
	AF049797.1

	Cercis canadensis
	U74188.1
	KT461986.1

	Chamaecrista fasciculata
	U74187.1
	AY386955.1

	Chasmanthium latifolium
	U31101.1
	HM363069.1

	Cheilanthes lanosa
	U27205.1
	JX313628.1

	Chenopodium album
	MF694689.1
	KX676641.1

	Clematis virginiana
	HQ590040.1
	MG221097.1

	Conyza canadensis
	KM360730.1
	HQ593246.1

	Coreopsis palmata
	MK525600.1
	AY551480.1

	Cornus drummondii
	MK525607.1
	MK519954.1

	Cornus florida
	EU002276.1
	EU002175.1

	Crataegus sp.
	KJ773408.1
	KC251172.1

	Croton monanthogynus
	KJ773420.1
	KJ772693.1

	Cryptotaenia canadensis
	MK525637.1
	MK519974.1

	Cunila origanoides
	MG592699.1
	GU381752.1

	Cyperus sp.
	KJ773425.1
	KX369454.1

	Cystopteris fragilis
	JX874043.1
	MH062341.1

	Dalea candida
	KY584326.1
	MK519988.1

	Dalea purpurea
	MK525663.1
	AY391798.1

	Danthonia spicata
	EU400664.1
	EU400733.1

	Desmanthus illinoensis
	KJ773441.1
	KJ772715.1

	Desmodium canescens
	MK525680.1
	MK519998.1

	Desmodium sessilifolium
	KX385964.1
	KJ772717.1

	Dichanthelium acuminatum
	MF596728.1
	MF597323.1

	Dichanthelium boscii
	KJ773449.1
	KP642987.1

	Dichanthelium clandestinum
	MG227197.1
	FR821368.1

	Dichanthelium laxiflorum
	KJ773453.1
	MH551954.1

	Diodia teres
	MK525709.1
	MH621669.1

	Dioscorea quaternata
	KP402610.1
	MG217065.1

	Diospyros virginiana
	EU980774.1
	AB175002.1

	Dodecatheon meadia
	U96658.1
	MK520016.1

	Dryopteris sp.
	EF463181.1
	JQ941644.1

	Echinacea pallida
	MF349294.1
	MK520024.1

	Elaeagnus umbellata
	KP088580.1
	HQ593277.1

	Elymus canadensis
	HM770840.1
	KP210660.1

	Eragrostis capillaris
	MG227322.1
	KR734859.1

	Erechtites hieracifolia
	KP643765.1
	JQ586862.1

	Erigeron annuus
	AB851488.1
	KX677617.1

	Euonymus fortunei
	KP088590.1
	HQ393828.1

	Eupatorium altissimum
	MK525822.1
	MK520078.1

	Euphorbia corollata
	KP643888.1
	MK520083.1

	Fagus grandifolia
	AY935745.1
	MG220836.1

	Fraxinus americana
	KJ773520.1
	HQ593299.1

	Galium circaezans
	MK525879.1
	MG225265.1

	Galium concinnum
	KP643788.1
	KP642983.1

	Galium pilosum
	KJ773531.1
	MF350088.1

	Geranium carolinianum
	JX913509.1
	EU922172.1

	Glandularia canadensis
	MH749125.1
	MH748970.1

	Gleditsia triacanthos
	KX385969.1
	AY386849.1

	Hedeoma hispida
	MG223566.1
	GU381755.1

	Hedeoma pulegioides
	MF963312.1
	MK520160.1

	Helianthus ciliaris
	GU817765.1
	KT176589.1

	Helianthus divaricatus
	KP643930.1
	MF350261.1

	Helianthus hirsutus
	KJ773554.1
	MK520167.1

	Helianthus microcephalus
	MK525954.1
	MK520168.1

	Heliopsis helianthoides
	MK525959.1
	KT176590.1

	Heuchera americana
	KP644044.1
	KP643121.1

	Hieracium gronovii
	KJ773563.1
	MF350081.1

	Hybanthus concolor
	MK525987.1
	MK520192.1

	Hydrangea arborescens
	AF323186.1
	KP210392.1

	Hypericum drummondii
	JF941979.1
	JF954076.1

	Hypericum gentianoides
	KJ773572.1
	MH551695.1

	Hypericum punctatum
	HQ590140.1
	MG220770.1

	Hypericum sphaerocarpum
	MK526004.1
	HQ331630.1

	Ipomoea sp.
	MH189848.1
	GU266612.1

	Juglans nigra
	U00437.1
	U92851.1

	Juncus tenuis
	HM850091.1
	KX677667.1

	Juniperus virginiana
	AF119182.1
	JQ512432.1

	Koeleria macrantha
	JX848501.1
	KM538796.1

	Krigia dandelion
	KX397837.1
	KY607269.1

	Kummerowia striata
	KJ773609.1
	MG867569.1

	Lactuca serriola
	KM360838.1
	GU109315.1

	Lechea tenuifolia
	MK526077.1
	MH551891.1

	Lespedeza capitata
	KJ773621.1
	KT456912.1

	Lespedeza hirta
	KJ773622.1
	KJ772889.1

	Lespedeza procumbens
	KY627223.1
	KP643149.1

	Lespedeza repens
	KJ773623.1
	---

	Lespedeza virginica
	KJ773624.1
	KJ772890.1

	Liriodendron tulipifera
	KM360857.1
	AF123480.1

	Liatris scabra
	KJ773627.1
	MH552291.1

	Liatris cylindracea
	MK526096.1
	MK520248.1

	Liatris squarrosa
	KJ773629.1
	MH621607.1

	Linum sulcatum
	FJ169592.1
	MK520256.1

	Lithospermum onosmodium 
	MK526258.1
	MK520367.1

	Lithospermum ruderale
	MG221537.1
	FJ827267.1

	Lobelia spicata
	KF724236.1
	KX677053.1

	Lonicera japonica
	HM850134.1
	GU134983.1

	Ludwigia alternifolia
	KJ773642.1
	KJ772906.1

	Malus ioensis
	JQ391348.1
	MK520301.1

	Manfreda virginica
	JQ273893.1
	JQ276388.1

	Melica nitens
	MK526179.1
	AF164399.1

	Melilotus albus
	HQ590182.1
	AF522110.2

	Menispermum canadense
	AF190437.1
	GU266604.1

	Microstegium vimineum
	KF163798.1
	KF163833.1

	Mirabilis sp.
	MF135453.1
	MF159510.1

	Monarda bradburiana
	KJ773690.1
	MK520328.1

	Monarda fistulosa
	KT178125.1
	KT176605.1

	Morus rubra
	U06812.1
	KJ772951.1

	Moss sp.
	AB124793.1
	AB742505.1

	Muhlenbergia capillaris
	KJ773692.1
	MH621718.1

	Muhlenbergia sobolifera
	MG227871.1
	JN681638.1

	Nothoscordum bivalve
	JX903138.1
	JX903549.1

	Nyssa sylvatica
	JF942655.1
	GU266599.1

	Oenothera biennis
	KM218350.1
	HQ593370.1

	Opuntia caespitosa
	KJ773703.1
	KJ735949.1

	Ostrya virginiana
	X56620.1
	AY212009.1

	Oxalis dillenii
	KT458051.1
	KT456915.1

	Oxalis stricta
	KC481641.1
	AY935936.1

	Oxalis violacea
	MK526274.1
	MK520376.1

	Packera aurea
	KP644128.1
	MF349953.1

	Panicum capillare
	MF596898.1
	AF164423.1

	Panicum virgatum
	EF125135.1
	EU434294.1

	Parthenium integrifolium
	MF349593.1
	MF350272.1

	Parthenocissus quinquefolia
	AJ402985.1
	JQ844151.1

	Paspalum pubiflorum
	KJ773722.1
	MG523996.1

	Passiflora lutea
	DQ006111.1
	KY584307.1

	Penstemon pallidus
	MK526310.1
	MK520393.1

	Phemeranthus parviflorus
	KY584324.1
	KY952479.1

	Phlox bifida
	MK526327.1
	MK520409.1

	Phlox pilosa
	MK526331.1
	MK520413.1

	Physalis virginiana
	KT178121.1
	MF350160.1

	Physostegia virginiana
	L14405.1
	HQ911437.1

	Phytolacca americana
	FJ860398.1
	DQ401362.1

	Pinus sp.
	AY724754.1
	AB080936.1

	Plantago sp.
	KF602240.1
	KX676649.1

	Platanus occidentalis
	AF081073.1
	AF543747.1

	Podophyllum peltatum
	AF093716.1
	AB069843.1

	Polygonatum biflorum
	KJ745628.1
	KX375101.1

	Polygonum ramosissimum
	MK526397.1
	MK520455.1

	Potentilla simplex
	MK526441.1
	MG220788.1

	Prunus serotina
	HQ590225.1
	HQ593401.1

	Pseudognaphalium obtusifolium
	KJ773793.1
	MF350050.1

	Psoralidium tenuiflorum
	KT458056.1
	AY386872.1

	Pycnanthemum tenuifolium
	MG223821.1
	GU381750.1

	Quercus alba
	KF418899.1
	EU749360.1

	Quercus coccinea
	MF044899.1
	MH058659.1

	Quercus imbricaria
	KX610105.1
	KF419007.1

	Quercus marilandica
	MF044920.1
	KJ773054.1

	Quercus muehlenbergii
	MF044863.1
	MK520511.1

	Quercus rubra
	AB125026.1
	AY312058.1

	Quercus shumardii
	KJ773811.1
	MF045023.1

	Quercus stellata
	MF044882.1
	KP089281.1

	Quercus velutina
	MG249704.1
	KJ593084.1

	Ratibida pinnata
	KX702303.1
	MF350172.1

	Rhus aromatica
	MG248522.1
	AY594486.1

	Rhus copallina
	U00440.1
	AY594485.1

	Rhus glabra
	KX397919.1
	MF349825.1

	Rosa carolina
	KJ773843.1
	AB011983.1

	Rosa multiflora
	MG679221.1
	AB039304.1

	Rubus sp.
	MK526532.1
	EU749377.1

	Rudbeckia missouriensis
	AY215173.1
	AY215856.1

	Ruellia humilis
	MK526572.1
	MK520573.1

	Sassafras albidum
	AF206819.1
	EU153879.1

	Schizachyrium scoparium
	HE577863.1
	FR832830.1

	Scirpus atrovirens
	HQ590264.1
	JX065091.1

	Scutellaria parvula
	HQ644068.1
	MG225208.1

	Sedum pulchellum
	MH195266.1
	KX452258.1

	Setaria faberi
	KF163542.1
	KF163775.1

	Silene stellata
	KP643867.1
	FJ589561.1

	Silphium integrifolium
	KT178111.1
	KT176592.1

	Silphium terebinthinaceum
	MK526676.1
	MK520657.1

	Sisyrinchium angustifolium
	KJ773898.1
	JN565678.1

	Smilax bona-nox
	KY627552.1
	JF956358.1

	Smilax glauca
	AF206822.1
	JF956404.1

	Smilax rotundifolia
	AY465710.1
	KJ719949.1

	Solidago caesia 
	KP644093.1
	EU749412.1

	Solidago nemoralis
	EU677028.1
	EU749420.1

	Solidago rigida
	JX848426.1
	MK520684.1

	Solidago speciosa
	MG223161.1
	MK520687.1

	Solidago ulmifolia
	MK526715.1
	KP642812.1

	Sorghastrum nutans
	EF125121.1
	KC123429.1

	Spiranthes cernua
	AJ542435.1
	MF434691.1

	Sporobolus heterolepis
	MF597050.1
	AF164429.1

	Stenaria nigricans
	AJ288606.1
	MH621719.1

	Stylosanthes biflora
	KJ773936.1
	MH552006.1

	Symphoricarpos orbiculatus
	AF446934.1
	AF446904.1

	Symphyotrichum anomalum
	MK526784.1
	MK520736.1

	Symphyotrichum ericoides
	JX848428.1
	EU749432.1

	Symphyotrichum laeve
	JX848430.1
	KP175101.1

	Symphyotrichum lateriflorum
	KP643692.1
	KJ593116.1

	Symphyotrichum oblongifolium
	MK526779.1
	MK520731.1

	Symphyotrichum oolentangiense
	MG223801.1
	MK520733.1

	Symphyotrichum patens
	KJ773941.1
	KJ773195.1

	Symphyotrichum sericeum
	MK526785.1
	MK520737.1

	Symphyotrichum turbinellum
	GU817740.1
	AF151441.1

	Tephrosia virginiana
	KJ773946.1
	MH552024.1

	Thaspium trifoliatum
	KJ773948.1
	MK520752.1

	Toxicodendron radicans
	U39271.2
	AY594491.1

	Tradescantia virginiana
	KF724348.1
	HQ180889.1

	Tridens flavus
	JN681710.1
	AF312346.1

	Triodanis perfoliata
	EU713363.1
	KX677207.1

	Ulmus alata
	U00441.1
	KC539609.1

	Ulmus rubra
	KC539680.1
	KC539611.1

	Vaccinium arboreum
	KJ773963.1
	MH551703.1

	Verbesina helianthoides
	KJ773970.1
	MH621605.1

	Verbascum thapsus
	KT178130.1
	KT176609.1

	Verbena stricta
	HQ590319.1
	HQ593486.1

	Viburnum rufidulum
	HQ591761.1
	KJ773226.1

	Viola sororia
	HQ590340.1
	HQ593506.1

	Vitis cinerea
	KJ773983.1
	KJ773233.1

	Woodsia obtusa
	U05949.1
	JF303930.1

	Zizia aurea
	KT178117.1
	KT176598.1
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Figure S1 Maximum likelihood phylogenetic tree for nineteen NXFO communities in southern Illinois. Non-colored taxa is the nonvascular moss (the root; Leucobryum scabrum), red taxa are ferns, yellow taxa are gymnosperms, and blue taxa are monocots, and green taxa are eudicots.




Table S4 Functional trait values [leaf nitrogen content ((%; LNC), specific leaf area (g/m2; SLA), plant height (m; PH), and growth form (GF of the top 25 species from each survey (29 species total) used for UPGMA functional dendrogram and functional analyses of nineteen NXFO communities in southern Illinois. 
	Species
	LNC
	SLA
	PH
	GF

	Amelanchier arborea
	48.55
	201.18
	7.25
	Shrub

	Brickellia eupatorioides
	16.43
	143.07
	0.51
	Herb

	Carya ovata
	17.68
	231.36
	23.42
	Woody

	Carya texana
	18.11
	227.87
	33.86
	Woody

	Danthonia spicata
	16.05
	108.97
	0.39
	Graminoid

	Dichanthelium acuminatum
	13.57
	118.13
	0.34
	Graminoid

	Diospyros virginiana
	29.85
	57.77
	20.89
	Woody 

	Echinacea pallida
	45.91
	102.65
	0.44
	Herb

	Euphorbia corollata
	14.38
	131.46
	0.43
	Herb

	Fraxinus americana
	13.05
	180.59
	24.01
	Woody

	Helianthus divaricatus
	25.35
	111.97
	0.64
	Herb

	Juniperus virginiana
	14.67
	19.37
	23.08
	Woody 

	Manfreda virginica
	20.43
	87.65
	0.85
	Herb

	Ostrya virginiana
	21.44
	526.63
	7.46
	Woody 

	Parthenocissus quinquefolia
	26.53
	357.78
	0.72
	Herb

	Quercus alba
	14.58
	178.06
	20.81
	Woody

	Quercus coccinea
	14.66
	186.53
	21.48
	Woody

	Quercus marilandica
	18.75
	153.40
	19.93
	Woody

	Quercus muehlenbergii
	20.85
	143.63
	19.35
	Woody

	Quercus rubra
	18.15
	173.10
	19.11
	Woody

	Quercus stellata
	24.55
	128.83
	37.15
	Woody

	Schizachyrium scoparium
	7.16
	236.30
	0.42
	Graminoid

	Sedum pulchellum
	20.48
	104.31
	0.08
	Herb

	Silphium terebinthinaceum
	44.17
	71.54
	1.28
	Herb

	Symphyotrichum oblongifolium
	38.12
	133.70
	0.37
	Herb

	Symphyotrichum patens
	36.66
	153.88
	0.37
	Herb

	Toxicodendron radicans
	35.58
	377.51
	0.27
	Herb

	Ulmus alata
	64.58
	245.10
	15.65
	Woody

	Vaccinium arboreum
	15.11
	136.94
	4.12
	Shrub
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Figure S2 Functional trait UPGMA dendrogram of the 29 most dominant taxa across both surveys of all NXFO communities.
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