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Appendix 1 Table 1. Complete understory species list from the Metolius RNA based on 1997, 2001/03, 2007, 2011/13, 2015, and 2023. Species and groups used for analysis are bold. USDA plant codes, scientific names, and common names are based on the USDA Plants Database (May 2024, https://plants.usda.gov/). 
	Plant group/species name
	USDA code
	Common name
	Native status

	Bitterbrush - Purshia tridentata
	PUTR2
	Antelope bitterbrush
	Native

	Snowbrush - Ceanothus velutinus
	CEVE
	Snowbrush ceanothus
	Native

	Other Shrubs
	
	
	

	Amelanchier alnifolia
	AMAL2
	Saskatoon serviceberry
	Native

	Arctostaphylos patula
	ARPA6
	Greenleaf manzanita
	Native

	Chrysolepis chrysophylla
	CHCH7
	Giant chinquapin
	Native

	Chrysothamnus viscidiflorus
	CHVI8
	Yellow rabbitbrush
	Native

	Ericameria bloomeri
	ERBL2
	Rabbitbrush
	Native

	Juniperus communis
	JUCO6
	Common juniper
	Native

	Prunus emarginata
	PREM
	Bitter cherry
	Native

	Prunus virginiana
	PRVI
	Chokecherry
	Native

	Ribes cereum
	RICE
	Wax currant
	Native

	Ribes montigenum
	RIMO2
	Gooseberry currant
	Native

	Rosa gymnocarpa
	ROGY
	Dwarf rose
	Native

	Rosa woodsii
	ROWO
	Woods’ rose
	Native 

	Symphoricarpos albus
	SYAL
	Common snowberry
	Native

	Rhizomatous forb/fern
	
	
	

	Achillea millefolium
	ACMI2
	Common yarrow
	Native

	Anaphalis margaritacea
	ANMA
	Pearly everlasting
	Native

	Apocynum androsaemifolium
	APAN2
	Spreading dogbane
	Native

	Apocynum cannabinum
	APCA
	Indianhemp
	Native

	Chamerion angustifolium ssp. 
	CHANA2
	Fireweed
	Native

	angustifolium
	
	
	

	Chimaphila menziesii
	CHME
	Little prince's pine
	Native

	Chimaphila umbellate
	CHUM
	Prince's pine
	Native

	Comandra umbellate
	COUM
	Bastard toadflax
	Native

	Kelloggia galioides
	KEGA
	Milk kelloggia
	Native

	Lathyrus lanszwertii var. lanszwertii
	LALAL2
	Nevada sweet pea
	Native

	Moehringia macrophylla
	MOMA3
	Largeleaf sandwort
	Native

	Pteridium aquilinum var. pubescens
	PTAQP2
	Western brackenfern
	Native

	Scutellaria nana
	SCNA
	Dwarf skullcap
	Native

	Silene menziesii
	SIME
	Menzies' campion
	Native

	Stephanomeria lactucina
	STLA
	Lettuce wirelettuce
	Native

	Stephanomeria sp.
	STEPH
	Wirelettuce
	Native

	Trientalis borealis
	TRBO2
	Starflower
	Native

	Non-rhizomatous forb
	
	
	

	Agoseris glauca
	AGGL
	Pale agoseris
	Native

	Antennaria argenea
	ANAR5
	Pale pussytoes
	Native

	Antennaria geyeri
	ANGE3
	Pinewoods pussytoes
	Native

	Balsamorhiza sagittata
	BASA3
	Arrowleaf balsamroot
	Native

	Castilleja applegate
	CAAP4
	Wavyleaf Indian paintbrush
	Native

	Castilleja linariifolia
	CALI4
	Wyoming Indian paintbrush
	Native

	Cynoglossum occidentale
	CYOC
	Western hound's tongue
	Native

	Eriogonum umbellatum
	ERUM
	sulphur-flower buckwheat
	Native

	Eriophyllum lanatum
	ERLA6
	Common woolly sunflower
	Native

	Fragaria virginiana
	FRVI
	Virginia strawberry
	Native

	Hieracium sp.
	HIERA
	Hawkweed spp
	Native

	Horkelia fusca
	HOFU
	Pinewoods horkelia
	Native

	Lupinus caudatus
	LUCA
	Tailcup lupine
	Native

	Lupinus leucophyllus ssp. erectus
	LULEE
	Velvet lupine
	Native

	Machaeranthera canescens ssp. canescens 
	MACAS3
	Shasta tansyaster
	Native

	var. shastensis
	
	
	

	Montia parvifolia
	MOPA2
	Littleleaf minerslettuce
	Native

	Penstemon eriantherus
	PEER
	Fuzzytongue penstemon
	Native

	Penstemon humilis
	PEHU
	Low beardtongue
	Native

	Phacelia hastata
	PHHA
	Silverleaf phacelia
	Native

	Pterospora andromedea
	PTAN2
	Woodland pinedrops
	Native

	Viola purpurea
	VIPU4
	Goosefoot violet
	Native

	Annual forb
	
	
	

	Clarkia rhomboidei
	CLRH
	Diamond clarkia
	Native

	Collinsia parviflora
	COPA3
	Maiden blue eyed Mary
	Native

	Collomia grandiflora
	COGR4
	Grand collomia
	Native

	Collomia linearis
	COLI2
	Tiny trumpet
	Native

	Cryptantha affinis
	CRAF
	Quill cryptantha
	Native

	Epilobium brachycarpum
	EPBR3
	Tall annual willowherb
	Native

	Epilobium minutum
	EPMI
	Chaparral willowherb
	Native

	Galium aparine
	GAAP2
	Stickywilly, Common cleavers
	Native

	Gayophytum diffusum
	GADI2
	Spreading groundsmoke
	Native

	Hesperolinon micranthum
	HEMI9
	Smallflower dwarf-flax
	Native

	Madia glomerata
	MAGL2
	Mountain tarweed
	Native

	Madia minima
	HEMI20
	Opposite-leaved tarweed
	Native

	Mentzelia albicaulis
	MEAL6
	Whitestem blazingstar
	Native

	Microsteris gracilis var. gracilis
	MIGRG4
	Slender phlox
	Native

	Plagiobothrys hispidus
	PLHI3
	Cascade popocornflower
	Native

	Polygonum douglasii
	PODO4
	Douglas' knotweed
	Native

	Perennial grass
	
	
	

	Achnatherum occidentale ssp. occidentale
	ACOCO
	Western needlegrass
	Native

	Agrostis sp.
	AGROS2
	Bentgrass
	Unknown

	Bromus carinatus
	BRCA5
	California brome
	Native

	Calamagrostis canadensis
	CACA4
	Bluejoint
	Native

	Calamagrostis rubescens
	CARU
	Pinegrass
	Native

	Elymus elymoides ssp. elymoides
	ELELE
	Bottlebrush squirreltail
	Native

	Festuca idahoensis
	FEID
	Idaho fescue
	Native

	Festuca occidentalis
	FEOC
	Western fescue
	Native

	Festuca rubra
	FERU2
	Red fescue
	Native

	Koeleria macrantha
	KOMA
	Prairie Junegrass
	Native

	Sedge
	
	
	

	Carex geyeri
	CAGE2
	Elk sedge
	Native

	Carex inops
	CAIN9
	Sun sedge
	Native

	Carex rossii
	CARO5
	Ross' sedge
	Native

	Luzula sp.
	LUZUL
	Woodrush
	Native

	Exotic
	
	
	

	Arrhenatherum elatius
	AREL3
	Tall oatgrass
	Exotic

	Bromus tectorum1
	BRTE
	Cheatgrass
	Exotic

	Cirsium vulgare
	CIVU
	Bull thistle
	Exotic

	Rumex acetosella
	RUAC3
	Common sheep sorrel
	Exotic


1 This species was uncommon but periodically pulled from study plots. 






Appendix 1 Table 2. Understory plant data by treatment and year. Data are raw mean cover (%) unless noted as density (shrubs/ha), biomass (grams) or richness (# species/0.1m2). Short names: Bitter = bitterbrush, Snow = snowbrush, shrub = Other shrub, BDen = bitterbrush density, SDen = snowbrush density, Oden = other shrub density, THerb = total herbaceous, Bio = total herbaceous biomass, Rhiz = rhizomatous forb/fern, NRhiz = Non-rhizomatous forb, Ann = annual forb cover, Grass = perennial grass, and Rich = Species richness. 	Comment by Nathan M Wade: Total species sampled per transect
	Year
	Treatment
	Bitter
	Snow
	Shrub
	BDen
	SDen
	ODen
	THerb
	Bio
	Rhiz
	NRhiz
	Ann
	Grass
	Sedge
	Rich

	1997
	Control
	7.5
	0.0
	0.1
	NA
	NA
	NA
	22.7
	3.5
	5.3
	12.9
	0.7
	3.5
	0.3
	21.7

	
	5 yr
	1.8
	0.0
	0.2
	NA
	NA
	NA
	31.6
	3.7
	7.8
	12.5
	5.6
	4.8
	0.7
	20.7

	
	10 yr
	1.4
	0.02
	0.5
	NA
	NA
	NA
	27.0
	4.8
	9.0
	9.8
	4.1
	2.5
	1.4
	20.7

	
	20 yr
	0.8
	0.03
	0.1
	NA
	NA
	NA
	27.1
	4.1
	11.2
	9.2
	3.8
	1.4
	1.4
	19.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2001/2003
	Control
	9.3
	0.02
	0.1
	11744.4
	16.7
	355.6
	8.6
	3.5
	1.5
	5.1
	0.6
	1.1
	0.1
	23.7

	
	5 yr
	1.6
	0.2
	0.2
	2161.1
	322.2
	733.3
	12.0
	3.7
	3.6
	3.5
	0.8
	3.3
	0.7
	22.3

	
	10 yr
	4.4
	0.4
	0.3
	3050.0
	638.9
	672.2
	11.2
	5.2
	5.1
	4.2
	0.3
	1.0
	0.5
	22.3

	
	20 yr
	3.3
	1.2
	0.04
	2055.6
	866.7
	327.8
	11.5
	7.6
	6.2
	3.7
	0.4
	0.8
	0.4
	19.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2007
	Control
	16.4
	0.01
	0.9
	8483.3
	16.7
	455.6
	10.5
	3.5
	2.2
	4.7
	0.5
	2.9
	0.3
	24.3

	
	5 yr
	3.4
	0.4
	0.1
	800.0
	205.6
	244.4
	15.3
	7.6
	5.2
	5.5
	1.2
	2.2
	0.5
	25.3

	
	10 yr
	1.8
	0.4
	0.3
	1455.6
	2050.0
	1016.7
	14.2
	7.7
	6.2
	4.7
	1.2
	1.7
	0.5
	21.7

	
	20 yr
	8.8
	5.3
	0.3
	3494.4
	777.8
	355.6
	14.2
	5.0
	7.4
	4.1
	0.4
	0.9
	1.4
	25.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2011/2013
	Control
	16.9
	0.01
	0.8
	10805.6
	22.2
	511.1
	11.5
	3.8
	2.3
	5.0
	0.4
	3.2
	0.4
	27.7

	
	5 yr
	2.8
	0.4
	0.1
	6433.3
	316.7
	311.1
	15.6
	7.7
	7.3
	4.3
	0.9
	1.9
	0.4
	25.3

	
	10 yr
	4.5
	19.0
	0.5
	3866.7
	3188.9
	738.9
	18.8
	10.0
	10.0
	4.7
	1.0
	2.7
	0.3
	28.3

	
	20 yr
	11.1
	7.8
	0.4
	5844.4
	794.4
	272.2
	16.0
	7.5
	11.3
	3.2
	0.1
	0.7
	0.7
	22.7

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2015
	Control
	15.0
	0.01
	0.8
	12477.8
	38.9
	561.1
	9.1
	3.0
	1.7
	3.9
	1.4
	1.9
	0.3
	29.0

	
	5 yr
	2.4
	0.3
	0.03
	5177.8
	277.8
	177.8
	12.8
	6.45
	6.3
	4.0
	1.1
	0.8
	0.4
	30.0

	
	10 yr
	3.0
	8.3
	0.3
	3500.0
	6516.7
	872.2
	19.4
	10.0
	12.9
	4.0
	0.8
	1.2
	0.4
	28.0

	
	20 yr
	2.1
	1.5
	0.1
	8733.3
	35133.3
	3066.7
	15.5
	7.6
	11.2
	3.3
	0.3
	0.6
	0.1
	23.3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2023
	Control
	11.2
	0.0
	1.3
	7038.9
	5.6
	372.2
	9.7
	NA
	1.4
	3.9
	0.1
	4.0
	0.3
	24.3

	
	5 yr
	12.3
	2.9
	0.2
	4916.7
	316.7
	238.9
	13.1
	NA
	4.9
	5.1
	0.5
	2.3
	0.3
	23.0

	
	10 yr
	5.4
	32.7
	0.3
	4105.6
	1755.6
	711.1
	17.5
	NA
	10.9
	3.6
	0.2
	2.5
	0.1
	19.7

	 
	20 yr
	6.2
	25.8
	0.5
	4050.0
	2344.4
	344.4
	18.5
	NA
	12.1
	5.7
	0.2
	0.4
	0.1
	18.0



Appendix 1 Table 3. Multiple comparisons and effect size for treatments by year for all response plant variables. Contrasts expected to be similar are shown in gray. Species names and codes used are shown in Table 1. 
	Contrast
	Ratio
	Standard error
	DF
	P-value

	Bitterbrush 
	
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	4.26
	2.22
	Inf
	0.03

	Control - 10 yr
	6.79
	3.68
	Inf
	< 0.01

	Control - 20 yr
	9.45
	5.44
	Inf
	< 0.01

	5 yr - 10 yr
	1.59
	0.94
	Inf
	0.86

	5 yr - 20 yr
	2.21
	1.37
	Inf
	0.57

	10 yr - 20 yr
	1.39
	0.89
	Inf
	0.96

	2001/2003
	
	
	
	

	Control - 5 yr
	6.14
	3.21
	Inf
	< 0.01

	Control - 10 yr
	2.50
	1.20
	Inf
	0.22

	Control - 20 yr
	2.84
	1.38
	Inf
	0.14

	5 yr - 10 yr
	0.41
	0.22
	Inf
	0.35

	5 yr - 20 yr
	0.46
	0.25
	Inf
	0.50

	10 yr - 20 yr
	1.14
	0.58
	Inf
	0.99

	2007
	
	
	
	

	Control - 5 yr
	5.13
	2.45
	Inf
	< 0.01

	Control - 10 yr
	13.54
	7.12
	Inf
	< 0.01

	Control - 20 yr
	1.88
	0.84
	Inf
	0.49

	5 yr - 10 yr
	2.64
	1.48
	Inf
	0.31

	5 yr - 20 yr
	0.37
	0.18
	Inf
	0.17

	10 yr - 20 yr
	0.14
	0.07
	Inf
	< 0.01

	2011/2013
	
	
	
	

	Control - 5 yr
	6.03
	2.91
	Inf
	< 0.01

	Control - 10 yr
	5.28
	2.52
	Inf
	< 0.01

	Control - 20 yr
	1.58
	0.70
	Inf
	0.73

	5 yr - 10 yr
	0.88
	0.46
	Inf
	0.99

	5 yr - 20 yr
	0.26
	0.13
	Inf
	0.03

	10 yr - 20 yr
	0.30
	0.14
	Inf
	0.06

	2015
	
	
	
	

	Control - 5 yr
	7.49
	3.76
	Inf
	< 0.01

	Control - 10 yr
	7.21
	3.58
	Inf
	< 0.01

	Control - 20 yr
	7.69
	3.88
	Inf
	< 0.01

	5 yr - 10 yr
	0.96
	0.53
	Inf
	1.00

	5 yr - 20 yr
	1.03
	0.57
	Inf
	1.00

	10 yr - 20 yr
	1.07
	0.59
	Inf
	1.00

	2023
	
	
	
	

	Control - 5 yr
	1.02
	0.46
	Inf
	1.00

	Control - 10 yr
	2.97
	1.42
	Inf
	0.10

	Control - 20 yr
	1.92
	0.89
	Inf
	0.50

	5 yr - 10 yr
	2.91
	1.39
	Inf
	0.11

	5 yr - 20 yr
	1.88
	0.88
	Inf
	0.53

	10 yr - 20 yr
	0.65
	0.32
	Inf
	0.81

	Snowbrush
	
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	NA
	NA
	NA
	NA

	5 yr - 20 yr
	NA
	NA
	NA
	NA

	10 yr - 20 yr
	NA
	NA
	NA
	NA

	2001/2003
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	1.01
	1.29
	Inf
	1.00

	5 yr - 20 yr
	0.52
	0.65
	Inf
	0.86

	10 yr - 20 yr
	0.51
	0.63
	Inf
	0.85

	2007
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	1.77
	2.17
	Inf
	0.89

	5 yr - 20 yr
	0.23
	0.27
	Inf
	0.43

	10 yr - 20 yr
	0.13
	0.16
	Inf
	0.20

	2011/2013
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	0.04
	0.05
	Inf
	0.02

	5 yr - 20 yr
	0.12
	0.14
	Inf
	0.16

	10 yr - 20 yr
	2.96
	3.22
	Inf
	0.58

	2015
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	0.07
	0.08
	Inf
	0.06

	5 yr - 20 yr
	0.40
	0.48
	Inf
	0.72

	10 yr - 20 yr
	5.74
	6.44
	Inf
	0.26

	2023
	
	
	
	

	Control - 5 yr
	NA
	NA
	NA
	NA

	Control - 10 yr
	NA
	NA
	NA
	NA

	Control - 20 yr
	NA
	NA
	NA
	NA

	5 yr - 10 yr
	0.16
	0.17
	Inf
	0.20

	5 yr - 20 yr
	0.22
	0.24
	Inf
	0.36

	10 yr - 20 yr
	1.44
	1.53
	Inf
	0.94

	Bitterbrush density
	
	
	
	

	2001/2003
	
	
	
	

	Control - 5 yr
	5.34
	1.72
	Inf
	0.00

	Control - 10 yr
	4.83
	1.55
	Inf
	0.00

	Control - 20 yr
	5.68
	1.83
	Inf
	0.00

	5 yr - 10 yr
	0.90
	0.29
	Inf
	0.99

	5 yr - 20 yr
	1.06
	0.34
	Inf
	1.00

	10 yr - 20 yr
	1.18
	0.38
	Inf
	0.96

	2007
	
	
	
	

	Control - 5 yr
	10.42
	3.36
	Inf
	0.00

	Control - 10 yr
	7.30
	2.35
	Inf
	0.00

	Control - 20 yr
	2.41
	0.78
	Inf
	0.03

	5 yr - 10 yr
	0.70
	0.23
	Inf
	0.69

	5 yr - 20 yr
	0.23
	0.07
	Inf
	0.00

	10 yr - 20 yr
	0.33
	0.11
	Inf
	0.00

	2011/2013
	
	
	
	

	Control - 5 yr
	1.65
	0.53
	Inf
	0.40

	Control - 10 yr
	3.50
	1.13
	Inf
	0.00

	Control - 20 yr
	1.84
	0.59
	Inf
	0.23

	5 yr - 10 yr
	2.12
	0.68
	Inf
	0.09

	5 yr - 20 yr
	1.11
	0.36
	Inf
	0.99

	10 yr - 20 yr
	0.52
	0.17
	Inf
	0.19

	2015
	
	
	
	

	Control - 5 yr
	2.37
	0.76
	Inf
	0.04

	Control - 10 yr
	4.47
	1.44
	Inf
	0.00

	Control - 20 yr
	1.42
	0.46
	Inf
	0.70

	5 yr - 10 yr
	1.89
	0.61
	Inf
	0.20

	5 yr - 20 yr
	0.60
	0.19
	Inf
	0.39

	10 yr - 20 yr
	0.32
	0.10
	Inf
	0.00

	2023
	
	
	
	

	Control - 5 yr
	1.41
	0.45
	Inf
	0.71

	Control - 10 yr
	2.15
	0.69
	Inf
	0.08

	Control - 20 yr
	1.73
	0.56
	Inf
	0.33

	5 yr - 10 yr
	1.53
	0.49
	Inf
	0.55

	5 yr - 20 yr
	1.23
	0.40
	Inf
	0.92

	10 yr - 20 yr
	0.80
	0.26
	Inf
	0.91

	Snowbrush density
	
	
	
	

	2001/2003
	
	
	
	

	Control - 5 yr
	0.01
	0.02
	Inf
	0.03

	Control - 10 yr
	0.01
	0.02
	Inf
	0.03

	Control - 20 yr
	0.03
	0.04
	Inf
	0.09

	5 yr - 10 yr
	1.07
	1.57
	Inf
	1.00

	5 yr - 20 yr
	2.09
	3.08
	Inf
	0.96

	10 yr - 20 yr
	1.96
	2.89
	Inf
	0.97

	2007
	
	
	
	

	Control - 5 yr
	0.02
	0.03
	Inf
	0.06

	Control - 10 yr
	0.00
	0.01
	Inf
	0.00

	Control - 20 yr
	0.03
	0.05
	Inf
	0.11

	5 yr - 10 yr
	0.21
	0.31
	Inf
	0.72

	5 yr - 20 yr
	1.49
	2.19
	Inf
	0.99

	10 yr - 20 yr
	7.02
	10.32
	Inf
	0.55

	2011/2013
	
	
	
	

	Control - 5 yr
	0.02
	0.03
	Inf
	0.04

	Control - 10 yr
	0.00
	0.01
	Inf
	0.00

	Control - 20 yr
	0.04
	0.06
	Inf
	0.16

	5 yr - 10 yr
	0.21
	0.31
	Inf
	0.71

	5 yr - 20 yr
	2.24
	3.30
	Inf
	0.95

	10 yr - 20 yr
	10.69
	15.72
	Inf
	0.37

	2015
	
	
	
	

	Control - 5 yr
	0.04
	0.06
	Inf
	0.13

	Control - 10 yr
	0.00
	0.01
	Inf
	0.00

	Control - 20 yr
	0.00
	0.00
	Inf
	0.00

	5 yr - 10 yr
	0.09
	0.13
	Inf
	0.36

	5 yr - 20 yr
	0.04
	0.07
	Inf
	0.15

	10 yr - 20 yr
	0.49
	0.73
	Inf
	0.96

	2023
	
	
	
	

	Control - 5 yr
	0.00
	0.01
	Inf
	0.00

	Control - 10 yr
	0.00
	0.00
	Inf
	0.00

	Control - 20 yr
	0.00
	0.01
	Inf
	0.00

	5 yr - 10 yr
	0.38
	0.56
	Inf
	0.91

	5 yr - 20 yr
	0.76
	1.12
	Inf
	1.00

	10 yr - 20 yr
	1.99
	2.93
	Inf
	0.97

	Total herbaceous cover
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	0.71
	0.14
	Inf
	0.34

	Control - 10 yr
	0.82
	0.17
	Inf
	0.77

	Control - 20 yr
	0.83
	0.17
	Inf
	0.80

	5 yr - 10 yr
	1.15
	0.23
	Inf
	0.89

	5 yr - 20 yr
	1.16
	0.23
	Inf
	0.87

	10 yr - 20 yr
	1.01
	0.20
	Inf
	1.00

	2001/2003
	
	
	
	

	Control - 5 yr
	0.72
	0.18
	Inf
	0.57

	Control - 10 yr
	0.75
	0.19
	Inf
	0.68

	Control - 20 yr
	0.75
	0.19
	Inf
	0.66

	5 yr - 10 yr
	1.05
	0.26
	Inf
	1.00

	5 yr - 20 yr
	1.04
	0.25
	Inf
	1.00

	10 yr - 20 yr
	0.99
	0.24
	Inf
	1.00

	2007
	
	
	
	

	Control - 5 yr
	0.68
	0.16
	Inf
	0.36

	Control - 10 yr
	0.72
	0.17
	Inf
	0.51

	Control - 20 yr
	0.73
	0.17
	Inf
	0.55

	5 yr - 10 yr
	1.06
	0.24
	Inf
	0.99

	5 yr - 20 yr
	1.08
	0.25
	Inf
	0.99

	10 yr - 20 yr
	1.02
	0.23
	Inf
	1.00

	2011/2013
	
	
	
	

	Control - 5 yr
	0.73
	0.17
	Inf
	0.54

	Control - 10 yr
	0.60
	0.14
	Inf
	0.11

	Control - 20 yr
	0.71
	0.17
	Inf
	0.45

	5 yr - 10 yr
	0.81
	0.18
	Inf
	0.79

	5 yr - 20 yr
	0.96
	0.22
	Inf
	1.00

	10 yr - 20 yr
	1.19
	0.26
	Inf
	0.87

	2015
	
	
	
	

	Control - 5 yr
	0.70
	0.17
	Inf
	0.48

	Control - 10 yr
	0.46
	0.11
	Inf
	0.01

	Control - 20 yr
	0.58
	0.14
	Inf
	0.11

	5 yr - 10 yr
	0.65
	0.15
	Inf
	0.23

	5 yr - 20 yr
	0.82
	0.19
	Inf
	0.83

	10 yr - 20 yr
	1.26
	0.28
	Inf
	0.72

	2023
	
	
	
	

	Control - 5 yr
	0.74
	0.18
	Inf
	0.61

	Control - 10 yr
	0.55
	0.13
	Inf
	0.06

	Control - 20 yr
	0.52
	0.12
	Inf
	0.03

	5 yr - 10 yr
	0.74
	0.17
	Inf
	0.56

	5 yr - 20 yr
	0.70
	0.16
	Inf
	0.39

	10 yr - 20 yr
	0.94
	0.21
	Inf
	0.99

	Total herbaceous biomass
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	0.93
	0.32
	Inf
	1.00

	Control - 10 yr
	0.70
	0.24
	Inf
	0.71

	Control - 20 yr
	0.83
	0.28
	Inf
	0.95

	5 yr - 10 yr
	0.75
	0.25
	Inf
	0.83

	5 yr - 20 yr
	0.89
	0.30
	Inf
	0.99

	10 yr - 20 yr
	1.19
	0.40
	Inf
	0.95

	2001/2003
	
	
	
	

	Control - 5 yr
	0.89
	0.30
	Inf
	0.99

	Control - 10 yr
	0.74
	0.25
	Inf
	0.82

	Control - 20 yr
	0.47
	0.16
	Inf
	0.12

	5 yr - 10 yr
	0.83
	0.29
	Inf
	0.95

	5 yr - 20 yr
	0.53
	0.18
	Inf
	0.24

	10 yr - 20 yr
	0.64
	0.21
	Inf
	0.53

	2007
	
	
	
	

	Control - 5 yr
	0.48
	0.16
	Inf
	0.12

	Control - 10 yr
	0.48
	0.16
	Inf
	0.12

	Control - 20 yr
	0.69
	0.23
	Inf
	0.69

	5 yr - 10 yr
	0.99
	0.32
	Inf
	1.00

	5 yr - 20 yr
	1.44
	0.48
	Inf
	0.68

	10 yr - 20 yr
	1.45
	0.48
	Inf
	0.67

	2011/2013
	
	
	
	

	Control - 5 yr
	0.50
	0.17
	Inf
	0.15

	Control - 10 yr
	0.38
	0.12
	Inf
	0.02

	Control - 20 yr
	0.47
	0.16
	Inf
	0.11

	5 yr - 10 yr
	0.76
	0.25
	Inf
	0.83

	5 yr - 20 yr
	0.95
	0.31
	Inf
	1.00

	10 yr - 20 yr
	1.25
	0.41
	Inf
	0.90

	2015
	
	
	
	

	Control - 5 yr
	0.43
	0.15
	Inf
	0.06

	Control - 10 yr
	0.31
	0.10
	Inf
	< 0.01

	Control - 20 yr
	0.38
	0.13
	Inf
	0.02

	5 yr - 10 yr
	0.71
	0.23
	Inf
	0.73

	5 yr - 20 yr
	0.88
	0.29
	Inf
	0.98

	10 yr - 20 yr
	1.24
	0.40
	Inf
	0.91

	Rhizomatous forb/fern
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	0.76
	0.35
	Inf
	0.93

	Control - 10 yr
	0.70
	0.32
	Inf
	0.86

	Control - 20 yr
	0.50
	0.23
	Inf
	0.42

	5 yr - 10 yr
	0.92
	0.41
	Inf
	1.00

	5 yr - 20 yr
	0.66
	0.30
	Inf
	0.79

	10 yr - 20 yr
	0.72
	0.32
	Inf
	0.88

	2001/2003
	
	
	
	

	Control - 5 yr
	0.52
	0.26
	Inf
	0.54

	Control - 10 yr
	0.34
	0.17
	Inf
	0.13

	Control - 20 yr
	0.26
	0.13
	Inf
	0.03

	5 yr - 10 yr
	0.67
	0.32
	Inf
	0.83

	5 yr - 20 yr
	0.50
	0.24
	Inf
	0.46

	10 yr - 20 yr
	0.75
	0.35
	Inf
	0.93

	2007
	
	
	
	

	Control - 5 yr
	0.49
	0.24
	Inf
	0.45

	Control - 10 yr
	0.42
	0.20
	Inf
	0.28

	Control - 20 yr
	0.30
	0.14
	Inf
	0.06

	5 yr - 10 yr
	0.86
	0.40
	Inf
	0.99

	5 yr - 20 yr
	0.62
	0.28
	Inf
	0.72

	10 yr - 20 yr
	0.71
	0.33
	Inf
	0.88

	2011/2013
	
	
	
	

	Control - 5 yr
	0.40
	0.19
	Inf
	0.22

	Control - 10 yr
	0.27
	0.13
	Inf
	0.03

	Control - 20 yr
	0.21
	0.10
	Inf
	< 0.01

	5 yr - 10 yr
	0.68
	0.31
	Inf
	0.84

	5 yr - 20 yr
	0.53
	0.24
	Inf
	0.50

	10 yr - 20 yr
	0.78
	0.34
	Inf
	0.94

	2015
	
	
	
	

	Control - 5 yr
	0.28
	0.13
	Inf
	0.04

	Control - 10 yr
	0.16
	0.08
	Inf
	< 0.01

	Control - 20 yr
	0.15
	0.07
	Inf
	< 0.01

	5 yr - 10 yr
	0.58
	0.26
	Inf
	0.63

	5 yr - 20 yr
	0.55
	0.25
	Inf
	0.53

	10 yr - 20 yr
	0.94
	0.42
	Inf
	1.00

	2023
	
	
	
	

	Control - 5 yr
	0.33
	0.16
	Inf
	0.10

	Control - 10 yr
	0.17
	0.08
	Inf
	< 0.01

	Control - 20 yr
	0.12
	0.06
	Inf
	< 0.01

	5 yr - 10 yr
	0.52
	0.24
	Inf
	0.48

	5 yr - 20 yr
	0.37
	0.17
	Inf
	0.12

	10 yr - 20 yr
	0.71
	0.31
	Inf
	0.86

	Non-rhizomatous forb
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	1.07
	0.35
	Inf
	1.00

	Control - 10 yr
	1.43
	0.47
	Inf
	0.68

	Control - 20 yr
	1.41
	0.46
	Inf
	0.72

	5 yr - 10 yr
	1.34
	0.44
	Inf
	0.80

	5 yr - 20 yr
	1.32
	0.43
	Inf
	0.83

	10 yr - 20 yr
	0.98
	0.32
	Inf
	1.00

	2001/2003
	
	
	
	

	Control - 5 yr
	1.54
	0.51
	Inf
	0.55

	Control - 10 yr
	1.33
	0.44
	Inf
	0.82

	Control - 20 yr
	1.42
	0.47
	Inf
	0.71

	5 yr - 10 yr
	0.86
	0.28
	Inf
	0.97

	5 yr - 20 yr
	0.92
	0.30
	Inf
	0.99

	10 yr - 20 yr
	1.07
	0.35
	Inf
	1.00

	2007
	
	
	
	

	Control - 5 yr
	0.79
	0.26
	Inf
	0.89

	Control - 10 yr
	1.04
	0.34
	Inf
	1.00

	Control - 20 yr
	1.11
	0.36
	Inf
	0.99

	5 yr - 10 yr
	1.31
	0.43
	Inf
	0.85

	5 yr - 20 yr
	1.40
	0.46
	Inf
	0.74

	10 yr - 20 yr
	1.07
	0.35
	Inf
	1.00

	2011/2013
	
	
	
	

	Control - 5 yr
	1.19
	0.39
	Inf
	0.95

	Control - 10 yr
	1.14
	0.38
	Inf
	0.98

	Control - 20 yr
	1.53
	0.50
	Inf
	0.57

	5 yr - 10 yr
	0.96
	0.32
	Inf
	1.00

	5 yr - 20 yr
	1.28
	0.42
	Inf
	0.88

	10 yr - 20 yr
	1.34
	0.44
	Inf
	0.82

	2015
	
	
	
	

	Control - 5 yr
	0.97
	0.32
	Inf
	1.00

	Control - 10 yr
	0.95
	0.31
	Inf
	1.00

	Control - 20 yr
	1.17
	0.39
	Inf
	0.96

	5 yr - 10 yr
	0.97
	0.32
	Inf
	1.00

	5 yr - 20 yr
	1.21
	0.40
	Inf
	0.94

	10 yr - 20 yr
	1.24
	0.41
	Inf
	0.92

	2023
	
	
	
	

	Control - 5 yr
	0.83
	0.27
	Inf
	0.94

	Control - 10 yr
	1.25
	0.42
	Inf
	0.91

	Control - 20 yr
	0.71
	0.24
	Inf
	0.74

	5 yr - 10 yr
	1.50
	0.49
	Inf
	0.60

	5 yr - 20 yr
	0.86
	0.28
	Inf
	0.97

	10 yr - 20 yr
	0.57
	0.19
	Inf
	0.32

	Annual forb
	
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	0.13
	0.06
	Inf
	< 0.01

	Control - 10 yr
	0.18
	0.08
	Inf
	< 0.01

	Control - 20 yr
	0.20
	0.10
	Inf
	< 0.01

	5 yr - 10 yr
	1.38
	0.54
	Inf
	0.85

	5 yr - 20 yr
	1.53
	0.62
	Inf
	0.72

	10 yr - 20 yr
	1.11
	0.45
	Inf
	0.99

	2001/2003
	
	
	
	

	Control - 5 yr
	0.84
	0.42
	Inf
	0.98

	Control - 10 yr
	2.25
	1.21
	Inf
	0.44

	Control - 20 yr
	1.75
	0.92
	Inf
	0.72

	5 yr - 10 yr
	2.69
	1.44
	Inf
	0.25

	5 yr - 20 yr
	2.09
	1.09
	Inf
	0.49

	10 yr - 20 yr
	0.78
	0.44
	Inf
	0.97

	2007
	
	
	
	

	Control - 5 yr
	0.39
	0.19
	Inf
	0.22

	Control - 10 yr
	0.40
	0.20
	Inf
	0.25

	Control - 20 yr
	1.15
	0.62
	Inf
	0.99

	5 yr - 10 yr
	1.04
	0.48
	Inf
	1.00

	5 yr - 20 yr
	2.98
	1.50
	Inf
	0.13

	10 yr - 20 yr
	2.87
	1.46
	Inf
	0.16

	2011/2013
	
	
	
	

	Control - 5 yr
	0.42
	0.22
	Inf
	0.35

	Control - 10 yr
	0.39
	0.20
	Inf
	0.28

	Control - 20 yr
	2.54
	1.51
	Inf
	0.39

	5 yr - 10 yr
	0.92
	0.45
	Inf
	1.00

	5 yr - 20 yr
	5.99
	3.38
	Inf
	0.01

	10 yr - 20 yr
	6.53
	3.67
	Inf
	< 0.01

	2015
	
	
	
	

	Control - 5 yr
	1.26
	0.59
	Inf
	0.96

	Control - 10 yr
	1.72
	0.84
	Inf
	0.67

	Control - 20 yr
	4.23
	2.17
	Inf
	0.03

	5 yr - 10 yr
	1.37
	0.67
	Inf
	0.92

	5 yr - 20 yr
	3.36
	1.75
	Inf
	0.09

	10 yr - 20 yr
	2.46
	1.32
	Inf
	0.34

	2023
	
	
	
	

	Control - 5 yr
	0.25
	0.15
	Inf
	0.09

	Control - 10 yr
	0.53
	0.33
	Inf
	0.74

	Control - 20 yr
	0.70
	0.45
	Inf
	0.94

	5 yr - 10 yr
	2.14
	1.20
	Inf
	0.53

	5 yr - 20 yr
	2.81
	1.63
	Inf
	0.28

	10 yr - 20 yr
	1.31
	0.80
	Inf
	0.97

	Perennial grass
	
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	0.68
	0.33
	Inf
	0.87

	Control - 10 yr
	1.36
	0.69
	Inf
	0.93

	Control - 20 yr
	2.34
	1.21
	Inf
	0.36

	5 yr - 10 yr
	1.99
	0.99
	Inf
	0.51

	5 yr - 20 yr
	3.41
	1.74
	Inf
	0.08

	10 yr - 20 yr
	1.72
	0.90
	Inf
	0.73

	2001/2003
	
	
	
	

	Control - 5 yr
	0.34
	0.18
	Inf
	0.18

	Control - 10 yr
	1.22
	0.69
	Inf
	0.98

	Control - 20 yr
	1.47
	0.83
	Inf
	0.90

	5 yr - 10 yr
	3.54
	1.91
	Inf
	0.09

	5 yr - 20 yr
	4.28
	2.30
	Inf
	0.03

	10 yr - 20 yr
	1.21
	0.69
	Inf
	0.99

	2007
	
	
	
	

	Control - 5 yr
	1.22
	0.63
	Inf
	0.98

	Control - 10 yr
	1.29
	0.68
	Inf
	0.96

	Control - 20 yr
	2.63
	1.42
	Inf
	0.28

	5 yr - 10 yr
	1.06
	0.56
	Inf
	1.00

	5 yr - 20 yr
	2.16
	1.18
	Inf
	0.49

	10 yr - 20 yr
	2.04
	1.11
	Inf
	0.56

	2011/2013
	
	
	
	

	Control - 5 yr
	1.42
	0.72
	Inf
	0.90

	Control - 10 yr
	1.16
	0.59
	Inf
	0.99

	Control - 20 yr
	4.12
	2.22
	Inf
	0.04

	5 yr - 10 yr
	0.82
	0.42
	Inf
	0.98

	5 yr - 20 yr
	2.91
	1.59
	Inf
	0.21

	10 yr - 20 yr
	3.57
	1.94
	Inf
	0.09

	2015
	
	
	
	

	Control - 5 yr
	1.90
	1.05
	Inf
	0.65

	Control - 10 yr
	1.41
	0.76
	Inf
	0.92

	Control - 20 yr
	2.62
	1.47
	Inf
	0.31

	5 yr - 10 yr
	0.74
	0.41
	Inf
	0.95

	5 yr - 20 yr
	1.38
	0.79
	Inf
	0.95

	10 yr - 20 yr
	1.86
	1.06
	Inf
	0.70

	2023
	
	
	
	

	Control - 5 yr
	1.84
	0.96
	Inf
	0.65

	Control - 10 yr
	1.29
	0.65
	Inf
	0.96

	Control - 20 yr
	8.69
	4.90
	Inf
	< 0.01

	5 yr - 10 yr
	0.70
	0.37
	Inf
	0.91

	5 yr - 20 yr
	4.71
	2.77
	Inf
	0.04

	10 yr - 20 yr
	6.76
	3.85
	Inf
	< 0.01

	Species richness
	
	
	
	

	1997
	
	
	
	

	Control - 5 yr
	1.05
	0.19
	Inf
	0.99

	Control - 10 yr
	1.05
	0.19
	Inf
	0.99

	Control - 20 yr
	1.12
	0.20
	Inf
	0.92

	5 yr - 10 yr
	1.00
	0.18
	Inf
	1.00

	5 yr - 20 yr
	1.07
	0.20
	Inf
	0.98

	10 yr - 20 yr
	1.07
	0.20
	Inf
	0.98

	2001/2003
	
	
	
	

	Control - 5 yr
	1.06
	0.18
	Inf
	0.99

	Control - 10 yr
	1.04
	0.18
	Inf
	0.99

	Control - 20 yr
	1.22
	0.22
	Inf
	0.66

	5 yr - 10 yr
	0.99
	0.17
	Inf
	1.00

	5 yr - 20 yr
	1.16
	0.21
	Inf
	0.85

	10 yr - 20 yr
	1.17
	0.21
	Inf
	0.81

	2007
	
	
	
	

	Control - 5 yr
	0.96
	0.16
	Inf
	0.99

	Control - 10 yr
	1.11
	0.19
	Inf
	0.93

	Control - 20 yr
	0.96
	0.16
	Inf
	0.99

	5 yr - 10 yr
	1.15
	0.19
	Inf
	0.84

	5 yr - 20 yr
	1.00
	0.16
	Inf
	1.00

	10 yr - 20 yr
	0.87
	0.15
	Inf
	0.84

	2011/2013
	
	
	
	

	Control - 5 yr
	1.06
	0.17
	Inf
	0.98

	Control - 10 yr
	0.98
	0.15
	Inf
	1.00

	Control - 20 yr
	1.22
	0.20
	Inf
	0.61

	5 yr - 10 yr
	0.92
	0.14
	Inf
	0.95

	5 yr - 20 yr
	1.15
	0.19
	Inf
	0.84

	10 yr - 20 yr
	1.25
	0.20
	Inf
	0.52

	2015
	
	
	
	

	Control - 5 yr
	0.98
	0.15
	Inf
	1.00

	Control - 10 yr
	1.06
	0.16
	Inf
	0.98

	Control - 20 yr
	1.27
	0.20
	Inf
	0.44

	5 yr - 10 yr
	1.08
	0.16
	Inf
	0.95

	5 yr - 20 yr
	1.30
	0.21
	Inf
	0.35

	10 yr - 20 yr
	1.20
	0.19
	Inf
	0.67

	2023
	
	
	
	

	Control - 5 yr
	1.07
	0.18
	Inf
	0.98

	Control - 10 yr
	1.25
	0.22
	Inf
	0.56

	Control - 20 yr
	1.37
	0.25
	Inf
	0.29

	5 yr - 10 yr
	1.17
	0.21
	Inf
	0.81

	5 yr - 20 yr
	1.28
	0.23
	Inf
	0.53

	10 yr - 20 yr
	1.09
	0.21
	Inf
	0.97







[image: A graph with orange and black lines

AI-generated content may be incorrect.]Appendix 1 Figure 1. Monthly precipitation and temperature during the study period from the nearby Colgate RAWS station. X-axis represents calendar years starting in January. 

[image: ]
Appendix 1 Figure 2. Trends in cover for bitterbrush (PUTR) and snowbrush (CEVE) for all years sampled. Years used in the analysis included: 1997, 2001/2203 combined. 2007, 2011/13 combined, 2015, and 2023. 
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