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Abstract:

Big sagebrush (Artemisia tridentata Nutt.), an important shrub for numerous wildlife populations, does
not sprout and is killed by fire. Responses of mountain big sagebrush (A.t. ssp. vaseyena [Rydb.]
Beetle) and Wyoming big sagebrush (A.t. ssp. wyomengensis Beetle and Young) communities from
fire are not completely understood. Recovery of big sagebrush communities was studied at 13 sites in
southwest Montana. Environmentally paired burned and unburned treatments were located within each
site. Sites were burned between 2 and 32 growing seasons prior to sampling. Big sagebrush canopy
cover, density, and winter forage production, along with herbaceous understory cover were measured in
each treatment. Twenty live and 20 dead big sagebrush plants were aged in each treatment. Fire
reduced mountain big sagebrush canopy cover and adult density at all sites dominated by mountain big
sagebrush(P<0.001). Two of 3 sites dominated by Wyoming big sagebrush showed no difference
(P<0.36) in big sagebrush canopy cover between burned and unburned treatments. Of the three sites
dominated by Wyoming big sagebrush, adult density was greater in 1 burned treatment (P<0.0006),
lower in 1 burned treatment (P<0.01), and was similar between treatments at the final site. Mountain
big sagebrush juvenile density was greater in unburned treatments at 7 of 10 sites (P<0.002) while
Wyoming big sagebrush juvenile density was variable. Big sagebrush winter forage production was
greater (P< 0.05) in all unburned treatments. Big sagebrush plants that re-established did so soon after
fire disturbance. Ages of dead and live big sagebrush in unburned treatments were similar. This
indicates that a variety of factors may kill big sagebrush before it has obtained maximum longevity.
Litter cover was greater in unburned treatments (P<0.05). Soil and rock exposed was greater in burned
treatments (P<0.0005). Idaho fescue (Fastuca idahoansis Elmer) cover, total perennial grass cover, and
perennial forb cover increased in some burned treatments and decreased in others. Fire disturbance can
affect big sagebrush communities for several decades. This shrub component used so extensively by
wildlife populations can take longer than 30 years to establish pre-burn conditions with little or no
benefit to grasses or forbs.
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ABSTRACT

Big sagebrush (Artemisia tridentata Nutt.), an important shrub for
numerous wildlife populations, does not sprout and is killed by fire.
Responses of mountain big sagebrush (A.t. ssp. vaseyena [Rydb.] Beetle)
and Wyoming big sagebrush (A.t. ssp. wyomengensis Beéetle and . Young).
communities from fire are not completely understood.  Recovery of big
sagebrush communities was studied at 13 sites in southwest Montana.
Environmentally paired burned and unburned treatments were located
within each site. . Sites were burned between 2 and 32 growing seasons
prior to sampling. Big sagebrush canopy cover, demnsity, and- winter
forage production, along with herbaceous understory cover were measured
in each treatment. Twenty live and 20 dead big sagebrush plants were
aged in each treatment. Fire reduced mountain big sagebrush canopy
cover and adult density at all sites dominated by mountain big
sagebrush(P<0.001) . Two of 3 sites dominated by Wyoming big sagebrush
showed no difference (P<0.36) in big sagebrush canopy .cover between
burned and unburned treatments. Of the three sites dominated by Wyoming
big sagebrush, adult density was greater in 1 burned treatment
(P<0.0006), lower in 1 burned treatment (P<0.01), end was similar
between treatments at the final site. Mountain big sagebriush juvenile -
density was greater in unburned treatments at 7 of 10 sites (P<0.002)
while Wyoming big sagebrush Jjuvenile density was variable. = Big
sagebrush winter forage production was greater (P< 0.05) in all unburned
treatments. Big sagebrush plants that re-established did so soon after
fire disturbance. Ages of dead and 1ive‘big‘sagebrush in wunburned
treatments were similar. This indicates that a variety of factors may
kill big sagebrush before it has obtained maximum longevity. Litter
cover was greater in unburned treatments (P<0.05).  Soil -and rock
exposed was greater in burned treatments (P<0.0005). Idaho £fescue
(Festuca idahoensis Elmer) cover, total perennial grass cover, and
perennial forb cover increased in some burned treatments and decreased
in others. Fire disturbance can affect.  big sagebrush communities for .
several decades. This shrub component used so extensively by wildlife
populations can take 1longer than . 30 years to establish pre-burn
conditions with little or no benefit to grasses or forbs. :




INTRODUCTION

Big sagebrush (Artemisia tridéntata Nuttm)‘ is an imporfant
component of many plant communities throughout the weétern United
States. Big sagebrush communities provide a variety of amenitiés fof
numerous wildlife populations. Big sagebrush m%intains a crude protein
level nearly 3 to 4 timgs higher than grasses during winter gnd
provides .imporfant winter foragg for browseré (Welch and MéArthur
1979). Big sagebrush may also provide display areas, birthing areas,
nesting sites, and thermal and security cover. Laycock (1979)
maintained that “the sagebrush habitat type has a greater potential
for increasing‘red méat production than any other range vegetation in
the western United States.” |

Given the impo:tance of big sagebrush, fangé and‘_wildiife
. . managers are interested in the short and long-term effects of fire iq
big sagebfush communities. Managers curreﬁtlf have little information
on the effects oé burning on big sagebrﬁsh'and‘hexbaceous.undérstory,
or its effec;s on big sagebrush re—establisﬁment following fire. Few
studies have monitored the long—tefm response of big sagébrush
communities to fire in southwest Montana. Research is needed in
southwest Montana to determine ﬁhe effects of burning on big sagebrush
‘and herbaceoqs understory. Likewise, species compositioﬁ shifﬁs caﬁ
occuf .foliowing fire. ‘These shifts have not ‘béen monitored .in
southwest Montana.

Rénge‘manégers, wildlife managers, and livestock proaucers can
use this information tq monitor rangé foliqwing fire and to determine
if future burning is necessary. Manéqers may haﬁe different goals,
but they‘ére all interested in range vegetation. Big #agebrush re-

establishment and understory résponse to fire are important to each of




them. Depending on management goals, results of this study may -

influence the manager’s decision whether to perform préscribed burning

‘or prevent burning.

The objectivq‘of this study was‘to examine the short‘and iéng—
term effects of Dburning within big sagebrush‘ ﬁabi#at typesi in,‘
southwest Montana. I hyﬁothesized. that. burned‘ and, uﬁburnea' big
s%gebrush communities are not  equél in ‘wintéi production, caﬁopy
coverage, plant density, and age. I élso‘hypotﬁesize& that burﬁed and .
unbﬁrned big sagebrush communities are similar in herbaceo;s

understory cover.




LITERATURE REVIEW

History
Beetle (1960) suggested that big sagebrush occupies over 60
million ha ‘_‘ in the Western United States. In much of the Western
United Sté.tes, fire pl-ays a valua‘bl‘elv role ::i.n ecosystem~-level

processes. Wright and Ba:i.“léy (1982) suggested fires burned most

sagebrush grasslands every 50 years and evéry 100 years in Wyoming big.

sagebrush (Artemisia tridentata ssp. wyomengensis Bgetle and Youngd)
gré.sslands. ‘Houston (1973) conjectured 'burning‘ occurred every’ 32—70‘
years in sagebrush grasslands in northern Yellowstome. Based on fire
scars in old-—gro'wi;_h conifer forests near Dillon, Montana, Arno. aﬁd
Gruell (1983) maintained mean fire intervals at Pseudotsuga forest-
grassland ecotones were between,‘ 35 and 40 vyeaxrs. Whisenant (1989)
suggested. fire intervals in Idaho sagebrush-steppe historically
occurred e\;ery 607 to 110 vears.

Response of Big Sagebrush
and Bitterbrush to Fire

Big sagebriish is non-sprouting and eliminated by fire in the
short term. Following fire 4in Utah, sagebrush canopy cover was
reduced to 0 percent 1 vear after burning (West and Hassan 1985). No

shrub seedlings established the first season after burning big

~sagebrush grasslands in Nevada, probably due to lack of shrub seed -

reserves in litter’ and soil, and to plant destruction by burning
(Young and -Evans. 1978) . Wyoming big sagebrush was removed from the
site for the first 2 years following fire (West and “Hassan' 1985) .
Eight years after fire in southwest Montana, mountain big sagebrush

(Artemiéia tridentata ssp. vaseyvana [Rydb.] Beetle) failed to recover
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due to high initial mbrtaiity and lack of seedling establishment
(Fraas et al..1992). However, big sagebrush seedlings_appéaréd Sy the
second year ‘after a fire‘ iﬁ Idaho (Ratzlaff and Anderson ‘19955,'
Harniss and.Murray (1973) showed big sagebrush yielés (prbdﬁdtion)fand
density were approximately the same in burnea ard wunburned plots‘in‘
soﬁtheast Idaho after 30 years. Watts and Wambolt (1996) showed -
canopy coverage of big ;agebrush in burned plots required:BO yvears
before it was equal to control‘ plots. In grazed Wyoming - ranges
following herbicide treatment, big sagebrush density was similar .in
sprayed and wunsprayed sites 14 years aftér treatment (Johnson 1969).
In ungrazed ranges at the same site, big sagebrush density was similar
in each treatment after 17 vears. Bartolome and Heady (1978)
determined Sig sagebrush re-establishment began immediately ‘after
treatment and that most re-establishment occurred in years immediatel&
following treatmené.

Fire can also damage bitterbrush (Pﬁrshia tridentata (Pursh)
DC), an important winter forage for wildlife (Cook et al. 1994, Fraas
et al. 1992). However, bitterbrush appears to be much more resistant
to browsing damage than big sagebrush (Bilbrough and Richards 1993).
Spring burning can minimize bitterbrush and perennial ﬁorb damage and.
minimize annual species invasion. - Following spring burning in
southcentral Wyoming, bitterbrush survival ranged from 34-56% while
summer burning nearly eliminated the stand (Cook et al. 1994).

In contrast to big sagebrush and bitterb?ush, rubber rabbitbrush
(Chrysothamnus nauseosus (Pallas ex qush) Britt) énd grey horsébrush
(Tetradymia canescens D.C.) readily sprout £rom roots followiﬁg fire
and can further increase density by seed dispersal. These unfavorable

plants can dominate disturbed big sagebrush communities following fire




by root sprouting and abundant achene production (Harniss and Murray

1973, Young and Evans 1974, Young and Evans 1978).

Seed Production

An important aspect of the sagebrush life cycle is its ability
to .establish seedlings after fire (Ratzlaff and Anderson 1995).
Abundant seed prodﬁction of big sagebrﬁsh is possibly the species’
foremost genetic adaptation to rapid re—establishmént following fire.
In western Nevada, Young et al. (1989) showed that average stands of
big sagebrush were“capable of producing 50 million seeds per ha.
Plant characterist‘ics‘ most clearly correiated with seed production
were leaf weight, canopy density, and root crown diameter. Older
stands were '-capable of producing mdre seeds than younger stands.
Plants with the highest average seed production ha'd the lowest woody
biomass accumulation rate, suggesting thesé plﬁnts' were alloc;;ating
resources té seed product:i.on rathe;_' Ehap plant biom-a;t‘s‘s accyu.mulat:i,on.‘
Young et al. (1989) ‘suggested that big sagébrush was a very “fecund”
plant and thidt 2 ‘yvear ‘old seedliﬁgs t.o 100 year qld senesgeﬂt plants
can be “prolific seed‘producers.”‘ Big saéebrush can live over 200
'irears (Ferguson 1964).

Because big ségebrush as yot:..ng as 2 vears old can pi'oduce
abundant. amounts of seed, seedlings .miss'ed\ by‘ he‘rh.’i'cid-e '-control o:?:
fire can rapidly re-coionize 'l;.he area. If fires burn in a mosaic
pattern, plants that remain wunharmed by £fire in unburned areas can
serve as a seed bank for re-establishment in burned areas. “(,‘J'ohnson
and Payne (1969) concluded that unkilled sagebrush remained i:he 'majdr
cause of re-establishment. They also suggested that wind-born seed

was of no practical importance in sagebrush re-establishment. Plants
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can also sprout'from seed already present in the soil at the time of

treatment .if the seeds a:e‘notfdamaged by the fire.

Cl:.l.mate

‘ Seve;e winters lead to.loﬁger.seed dormancy in big sagebrush‘and
slower germinafionlrates than mild winters (Meye; énd.Monson 19s82).
Collections from severe winter‘siteé‘(1°C) required up ﬁo 113 days for
50% germinétion‘ﬁhilélmild wintér sites-(15° C) reéuired as few as 6
days. Seédlings‘typically emerge in early spring soon after snowmelt
(Mever and“ﬁonsbn 1995). Seeds germinate following spring warming
{(Johnson énd Payne 1969). - Severe ﬁinter may affect seedling
establishment because-mpisture and nutrients are more limiting later
in the growing season,:a time when big sagebrush seedlings may have to
compete for these‘resoufces with graséés énd forbs. Seed dormanéy
during extreme cold 'with‘ ékcess' énowpack may be a physiological
adaption. to Eiimatié :stxéss (Méyer ‘and Monson .1992); .Delayed -
germination in’sevérélwiﬁter_may pfévent p;ematgre germination'ﬁnder
snbwpack.‘Germihationii#,mila‘éités.ﬁayjpromote winter germinatidn in
which they have tﬁeir gr§atest chancé‘for survi;al. |

Miller et al, (1994) sﬁggested that climate may play a role in
wﬁody plant encroéchmeﬁt in the.West;‘ He suggested that during thé
last 2,000 years climate has. been moving toward increasing aridiéy‘
with) a greater proportion of yinter precipitation. With warmér,
milder climates, germination rates 6£ big sagebrush; may increase,
leading to greater seedling density. Oﬁce established, biglsagebrush
can survive warmer climates due to deep Yoot penetration and efficient
resource extraction.

Big sagebrush in mature stands have deeper roots than grass ‘in

mature stands, and have access. to water and nutrients unavailable ‘to




grasses (HarnAiss and Murray 1973). Thus, big sagebrush has poténtia’l
to yield abundant foliage. Frequently, estimates of forage production
or biomass production per unit area does not take the shrub compoénent
into account. This is 1likely due to cattle of avoida’_ﬁce of this
species for consumption. However, maximum vegetation yields result
when big sagebrush is present and included in these forage
measureménts (Harniss and Muxrray 1973).

Drought ma-y be important in inqreasing big sagebrush dominance
(Miller et al. 1994). Beetle (1960) suggestéd that grasses may kill
big sagebrush seedlings by shading and that drought gives big
sagebrush advantage over perennial grasses. Adequate precipitatic'm
favors grasses over big sagebrush. |

Burﬁing .ﬁay J.eaa to greater production of peremnial grasses ‘an‘d
total vegetative production in the shbrt-tem (Wambolt and Payne
‘1986,). However, reducing b_i'g sagebruslfi cover may mnot result din
additional _herbéceous understory production (Fraas et al. 1992, Peek
et al. 1979, McNeal 1984, Wambol,t‘ and Payme 19_86,_ Watts and Wambolt
1996.) Burning may also lead to “unplanned shifts” in plant community
composition with decreases in grass, fjorb, ‘and shrub production (E;raa~s
et al. 1992). This is partly ' why many prescribed burning

]
recommendations call for burning during plant dormancy (Wright 1974).

Big sagebrush is well-adapted to arid habitats (Shultz 1984).
With increasing aridity, amount of water-conducting tissue increases,
amount of air spaces or intermnal cuticie layer increases, vessel
diameter increases, palisade lengtia/width ratios increase, and
epidermal walls thicken. Shultz (1984) maintained tha'l; big sagebrush

has a “flexible genetic program” and has the ability to adapt to
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unfavorable conditions. This contributed to its “rapid evolutioﬁ”‘and'
“Zextensive coloniza?ion” in the Wesﬁ.

Hall et al. (1995) examined the effects ‘of‘ understory
competition on nati;exshrub recruitment in Utah. They suggesﬁed that
some other factor or combination of factors influenced shxub
recruitﬁent success tq a greate# extent than understory c0mpetition,
They concluded that shrub recruitment was “episodical” occuring only 
.when cértain environmental facto;s'cémbine to favor seed production.
Coqditions mist ‘élso -be ‘favorable-.for‘.seedling‘ germination aﬂdn

survival in subseguent years.

. soils’

Soil—ﬁypés ‘aﬁd their‘ reSponseé ‘té fire caﬁl‘af;ect ‘seedling

- @stablishment (Brown et al. 1985). Soii texture may‘be impor;ant_in

big sagébfush re—estébiishﬁent (Johhson %nd:Payne 1969).  In southﬁgst-
Montanaj:soil textﬁié was related to big sageBrush re—eﬁtablishment on 
2 of 7 sites ‘where soils Qaried;, in ﬁhese sites, silty soils had the
highest rate of big sagebrush re—estéblishment. Erosion -severity was

not related: to sagebrush re-establishment. Burning may‘ decfeésgl
infi;tration and increased sediment transbort . (Brown et al. 1985).

This may be due to a builaup of a water repellent layer ana poor

regrowth of végetatioﬁ in this area.

The actuﬁl Eemperature of fires are variabie and depen& on the
amount of f;el, dryness,. initial tgmperature; direction of lspread,
slope, and wind direction (Daubenmire 1968). Campbell et al. (1995) .
suggestéa that heat from fire can be t?ansported down morg quickly'iﬁ.
moist goils. Howéver, the evaporation of watér‘will-not allqw a ﬁoiét
‘soi1 to exceed 95° C until.moisﬁure content becomes very low. In a dry‘

soil, temperature rises more rapidly, but moisture in the soil air




prevents rapid soil temperature rise aboﬁe 90° C. This “buffer” may
prevent eradication of big sagebrueh seed reserves'in the soil. An
extremely hot fire with dry soils will eiimiﬁate seed reserves in the
soil while “cOolerﬁ.fires with moist soils may prevent seed kill and
allow rapid re-eatablishment. Average soil temperatures remain higher
1 year after the burn, primarily due to the dark surface,- lack of
litter and cover, and low water levels (Artos et al. 1983).

The root system of big sagebruah contaips a deep taproot with
shallow, diffuse roots extending £from this taproot. Sturges (1983)
suggested that soil water depletion in seil'0;9 to‘1.8 m deep was less
on sprayed areas compared to unsprayed. ‘HoweVer, except‘for the year
of spraying, water use in the upper 0.9 m of soil was not reduced by
spraying. Twenty years after treatment, Sturges (1993) found that big
sagebrush removal reduced water depletdon 9% to a‘soil depth of 1.8m.
However, depletion £from the surface 0.9 m of soil . under the grass
vegetation was dgreater than under the big sagebrush doﬁinated
vegetation. Rlchards and Caldwell (1987) suggested that the deep tap
root of big sagebrush can absorb water from moist 50115 and transport
water to drier upper soil layers where it can be used by grasses and
forbs.

Christiansen ‘(1996) found .that fire c¢an. influence litter
invertebrate comﬁunities .iﬁ big _sagebrush habitat. . Litter
invertebrates' influence nutrient ‘eycling, 7erganic matter
decomposition, plaﬁt reproductiond and ‘growth, and seed dispersal
(Chrdstiansen 1996) . Big sagebrush den51ty was pos:tlvely correlated.
with litter invertebrate density. Follow:ng' the fires of 1988 4in

Yellowstone Natiomal Park, big sagebrush.litter‘inVertebrate‘diversity
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declined 90% while 'density declined 94% in severely  burned areas.
Neithgr of these vaiiabies had increaséd two years after the fire.
.Grazing

Overgrazing car lead to dense stands 6f sagebrﬁsh with iittle
herbaceous understorj (Laycock 1979). Miller et ‘al. (1994).suggested
that overgrazing in’sageﬁrush steppe_éan increaserdomiﬁanée of‘native
woody species amnd introduced annuals at the _éxpense. of mnative
herbaceous épecies. " Fire followed by'ove;grazing can reduce sagebrush
and perennial grasses‘ and lead to cheatgrass (Bromus utecﬁo;um L.)
invasion (Conréd and'Péulton 1966L_Daubenmire‘1968),'

Grazing may increase sagebrush mortality and decrease seedling

*survivall due to trampling ‘(owens and Norton 1992).  Exclosures in

Yellowstone National Park have greater sagebrush‘ canopy covei,

density,-and“productidn inside than outside due to heavy grazing by

large herbivores (Petexson 1995). . ,Likewise,‘ sagebrush can form: a
- “protective barrier” -against trampling and protect grasses growing

around sagebruéh.

Wambolt and Watts (1996) showed that heavy stocking rates can

reduce Wyominé big éagebrush covef. They suggested this reduction was
due primarily to trampling or meéhanical damage. Browsing probably
playéd a minor role. They also found that reéuctions in Wyoming big
sagebrush canopy cover £from high‘ stocking rates did not result in

increased herbaceous understory production.

Other Big Sagebrish Mortality Adents

A variety of other mortality agents can regulate big‘sagebrushy

populations. Allen et al, (1987) showed that in wet years with high

snowfall in Utah, big sagebrush survival and production‘déqreésed'due
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to reduced mycorrhizai ‘:’r:eproduction and a liigh incidence of snow mold.
In Wyoming, ' big sagebrush was killed by. long periods of soil‘
saturation (Sturges 1989). A 1eaf-def‘oliating moth (Aroga websteri,
Clark) killedv 10-15,000 acres of big sagebrush in Oregon in 1962.
Twelve million actes of big sagebrush in Oregon have been reduced to‘
sonie deg'ree by this moth} and ‘oider stands were the - most he‘avily
da.maged ‘(‘Gates 1964). Leaf be'etles (Trirhabde .pilo,sa) have oaused
significant mortality in 'sagebrush_ (Pringle 1960). Voles (Microtus
Spp.) gird‘ie and kill iar,ge are.as of -dens,e “big sagebrush .(Fris'chkneoht
and liaker 1972). A rust fungus or bla_ck stem rust éPﬁccinia‘tanaceti,
lDC) can greatly reduce big sagebrush seed production (Welch and ‘Nelson
" 1995). ‘ This rust . has been collected on big sagebi‘ush in a11 western
.st‘ates exéept Arizona.  Big _sage‘brush mortality ;has increas'ed_ :Ln
conunun'ities exposed to successive seasons of heavj browsing‘ (McAxrthur

et al. 1988).

Effect of Eireron Grasses and Forbs

Humphrey (1984) proposed a mechanism of succession after fire on
“sagebrush-grasslands in southeastern Idaho.. He "suggest.e'd ‘perenniali
grasses and forbs are the first to ~dominate a site following fire.
sprouting shrubs, such as green rabbitbnush and grey horsebrush,
generally dominate by the sixth year. Shrubs relying on dispersal, ‘
such as big sage;bru,sh,'become “éo—domina_nts" in later stages. The
author maintained this pattern will differ due to var'iation“ among
plant species ,present‘ at‘ different sites. If no big sagebrush seed
reserves are '1e‘ft‘ after treatment ox ‘wildf‘ire.s, spi‘outing shrnbs may

dominate a site for many years.
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Most grasses and forbs react negatively during the-Same fear as
the burn. Many studies show sagebrﬁsh reﬁoval results in short-term
overall increases in gras§ and forb produétion after éhe initial burn
year. However, buining can be detrimental to certain gra#ses. Slow,
smoldering burn§ in nértheést Oregon caused high‘mortality in‘Iaaho~
fescue (Festuca idahoensis Elmer) while this ;ype‘ of burn did not
damage Dbluebunch wheatgrass (Agropyfon spicatum (Pursh)_ Scribn.)
(Conrad and Poulton 1966). Idaho fescue was damaged bécause of the
compact root croﬁn.and budding zone in a very small area near gréund
surface. ‘However, Harniss and Murray (1973) suggestéd Idaho feécue
was damagéd severely in the sho:tFterm, but mnearly recovered
cémpletely 30 years -after a burn in Iaahq. They showed that 30 years_‘
after burning, production of grasses was 'néar preburn levels.
Blaisdell et al. (1982)v_suggested non-sprouting sh&dbs' and fine
bunchgrasses ]with‘ densely clusteréd‘ culms are severely damaéed by:
fire. . Course Bupchgrasses and .fine bunchgrasses with léosely 5
ciustered‘cuims are only slightly affected, while sprouting shrubs,
rhizomatous grasses, and rﬂiZOmétous forbs are benefited;v Antos et
al. (1983) suggested'mature stands of‘rough fescue (Festuqa scabrelié‘
Torrey ex Hook) are‘sevérely damaged by fire. Tﬁey sugge#ted that
1i£ter cover on the bu:nea areas was only 36% of unburned while tot;l
forb cover deéreasea inﬁbﬁrned‘areas. They also'Suggeéted thét mosses
and lichens‘ were almost complétei& eliminated by .the fire. ‘Three
years later, the mosses and 1ichens‘had‘r§c6véred, but th; speciéé
compbsition had changgda fraas‘et al. (1992) found ﬁotal hersaceougl
canopy .coverage did pot_diffe? between burned and'unhurned-sites 8 
years #ftér burning? near Buﬁpe, ‘Montana. ‘Likgwi#é, .Béftolome  aﬁd 

Heady (1978) suggested thét “sagébrﬁSh—grass‘ranges may CQntain.awhigh
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proportion‘ of big sagebrush before grass ‘production will Dbe

significantly . decreased.” They suggest managers maintain a balance

between perennial grasses and big éagebrush.

Burning Effects on-Wildlife

Big sagebrush can provide a variety of amenities for numerbus
wildlife populations. It provides food for mule deer (Odocoileus
hemionus hemionus), Rocky Mountain elk (Cérvus elaphus nelsoni), pyomy
rabbit (Sraéhlagus idahoensis), pfonghorn antelope (Antilocapra
americéna), mountain sheep (Ovis canadensis), and sage grouse
(Centrocercus urophasianus) in southwest Moﬁtana Kwillms and McLean
1978, Green and Flinders 1980, Kufeld 1973,‘ﬁayless 1969, Spowart and
Hobbs 1985, Peek et al. 1979, Bentz aqdlwbodard 1988). Big sagebrush
is‘particulariy important to u#gulates during héréh'wiﬁter months when
deep snow prevents foraging of grasses and forbs;

_Bufning big sagebrush communities ca#_harm cénopy- and ground;
nésting birds- (Wright and Bailey 1982). When big sagébrush ‘is

eliminated by £fire, long-term reductions have been observed in

populations‘ of Brewer’s sparrow (Spizella breweri), sage thrasher

(Oreoscoptes montanus), and sage grouse (Castrale 1982, Klebenow 1970,
Braun 1977, Crowley and Connelly 1996). Likewise, ‘burning can be

detrimental to small mammal populations. ‘Burning has caused decreases

in white-footed déer‘ mice (Peromyscus maniculatus), shrews (Sorex

spP.) s and voles (Microtus spp.)_(cbok 1959, Crowner and Barrett 1979,
Wright and Bailey 1982).
Given the importance of big sagebrush to wildlife, it is

important that managers understand that this shrub needs maintenance
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rather than eradication. ‘-Theref‘ore, it is important to understand the

long-term dymamics of big sagebrush communities following fire.
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METHODS
' Study Sites

Seiectiqn

Study ‘sites‘ wefe‘/chgsgn to“repreégnt tfpiqal mouhtain ‘and;
Wyoming big sagebrush\grasSiand communities -in ESuthwestern Montana;‘
Sites contained ‘environmeﬂﬁally paired burﬁed and unburned ;:éas.
Different age burns were selected for sampling. _Each‘of the areas
studied was a part §f or neér big game'winteﬁ ranges.

Paired burned and unburned ‘big sagébrush communities were
analyzed. In both communities, I determinéd herbacéqgs under#tory
cover. Big sagebfush'winte: forage proauctivity, canopy -coverage,
densiﬁy, and ége were determined in each ﬁreatmént.

Sites differed in either season. of burﬁ,\;élope, #spect, soil
type, elevation, or years foliowiﬁg- bufﬂing. Thirteen sites':were
studied and wefé doﬁinated by either mountain-big sagebiush of WYQmin§
big sagebrush; The unbﬁrned aﬁd burned areas were similar in siope,
aspect, elévétion, soils (tex;ure and dépth), and #egetatioh.
Likewise, there was a well-definéd burn edée, high internal
homogeneity, ;nd‘lack of outside disturbanée (i.e. épraying, seeding,

fertilization).

Description

The 13‘$tudy éites wéré ldcated'throuéhduﬁ-tﬁe extreme southwest
corner of- Montana, with the majorify :Being:>iq the,‘Wise River and
Wis&om areas of Montana (Fig. 1). Legal de59¥ip#ions §f ‘each. site,

along with date of burning and date of .sampling are in Table 1.
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Table 1. Legal descriptions, bui'n‘ing,. and sé:mpling dates at 13 sites.-

 SITE - Legal Date of Burn Date Sampled Growing
7 Description R Seasons

‘Wise River T1N, R11W, Apr. 1989 June, 1995 7

South s24, swW ' ‘ :

Wise River PIN, R11W, 26 Oct. 1987. June, 1995 i

West S24, SW ‘ :

Wise River T1N, R11W, 26 Oct. 1987  June, 1995 8

North S25, NE

Wise River T1N, R11w, 26 Oct. 1987 July, 1985 8

East §24, SE ‘ :

Wisdom Flat T2S, R15W, 6 Apr. 1987 July, 1995 9
s2, NW : -

Wisdom Slope T2S, R15W, 6 Apr. 1987 July, 1995 9
s2, SE = o

Sawmill T1S, R10W, 19 Apr. 1989 . July, 1995 7

Gulch $22, NE : : ‘ : ‘

West Fork TIN, RL1W, March/April . July, 1995 2

- $22, SW - 1994 .

Badger Pass 775, R11W, 1 Oct. 1981  August, 1995 14
59, NE : -

Snowline T14S, R8W, 1985 August, 1995 11
525, NE -

Exclosure T7S, R11W, 4 Sept. 1964  July, 1996 32

519

Steep TAN, R8W, 3 Nov. 1981 July, 1996 15

Mountain 527, SE -

Jeff Davis T11S, R13W, 29 Sept. August, 1996 . 16

: s10 1980

Mountdin big sagebrush was the ‘.dom:i‘.,na'nt shrub at all “S‘i.tes"
except the W'isdom sites and Exclosure site. Wyoming big sagebrush was

present as a minor shrub coinponent and was growing with the mountain

big sagebrush at the West Fork, Sawmill Creek, Badger Pass, and 4 Wise.




River sites. Topographic characteristics of each site are.presented o

in Table 2.
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Table 2. Topographic characteristics of all study areas.

SITE PERCENT SLOPE ASPECT "ELEVATION

‘ 7 , : - (m).
Wise River South ) 3. 175 2000
Wise River West 6 270 '20001.

' Wise River North 6 330 2000
Wise River East 5 30 2000
Wisdom Flat 0 .0 1830
Wisdom Slope 4 20 e 1846‘
Sawmill Creek 16 90 2220
West Fork 7 70 1950 -
Badger Pass 8 310,. 2Q96
Snowline 4 30 2@40
Exclosure 2 330 ‘ 1890
Steep Mountain® purn—Zl unburn-24 5urn—220 unburﬁ—lBO  1950
Jeff Davis 20 | 140

2290

T From Fraas et al. (1992)

Wise River South Site.

This gite is located 4.5 km northeast

of Wise River, in Silver Bow County. The area is near the border of

the Deer Lodge National Forest and is administered‘ by the Butte

District, Bureau of Land Management.

Total precipitation at Wise

River during 1994 was 326 mm While during 1993 it was 392 mm (NOARA

1993-1994). Average annual temperature in this area is 3.3° ¢ (Caprio

et al. 1994). Soils in the area are silt loams. The area is part Qf a

cattle grazing allotment with a rotational grazing system with. Seven.
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hundred eighty-eight cow/calf pairs graze the allotment 4-6 weeks.in the

summer. The burn was conducted when air temperature was 18°C, relative
L

humidity was 19%, and wind speed was 10 km/hr. Vegetation in unburned

treatments at all Wise River study sites indicates a mountain big

sagebrush-Idaho fescue habitat type (Mueggler and Stewart 1986).

Wise River West Site. This site is located 4 km northéast of

Wise River, Montana; This site had similar precipitation, graziﬁg
history, temperature, elevation, habitat type, . and big‘ ségebiush
composition as the Wise River South siﬁe. Soiis in the area are loamﬁ;
This burn was conducéed with anlair temperature of 10° ¢c, a southwést‘

wind 8-18 km per hour, and a relative humidity of 30%.

Wise River North and East‘siteé. These 2 sites differed from WiSe

River West in soil type, slope, and aspect (Table 2). These sites had
silt loam soils. All other variables, including burn conditions, were

similar to the Wise River West site.

Wisdom Flat Site. This site is located approximately 9 km north

of Wisdom, Montana in Beaverhead County. The site is east of State
Highway 43, .near its Jjunction with McVey Creek. This land .is/
administered by the Department of State Lands in Dillon, Montaﬁa.
Wisdom’s aﬁnual precipitation in 1993 was 376 mm, in 1994, 262 mm, and
in 1995, 380 ﬁm (NOAA 1993-1995). Average annual temperature for this
area is 2.11° ¢ (Caprio et al. ;994); This site has loam soils. The
déminant shrub at this site was Wyoming big sagebrush. Vegetation in
unburned treatments at the 2 Wisdom sites indicates a Wyéming big

sagebrush-Idaho fescue habitat type (Mueggler and Stewart 1980).
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Wisdom ‘Slope Site. This site is located approximately‘ii km

southeast of the Wisdom Flat site. This site was on an east facing'

slope, had clay loam soils, and was approximately 30 m higher in

elevation. All other characteristics were similar to the Wisdom Flat

site.

Sawmill Gulch Site. This site is located 7 km west of Divide,

Montana on a southeast-facing slope of Sawmill Gulch. This site borders

the Beaverhead National Forest, and is administered by the U.S. Forest

Service in Wise River, Montana. Mean annual precipitation at Divide is

321 mm while mean annual temperature is 4.9° C (NOAA 1995). SQils.at
this site are éilt loams. The‘burn was conducted when air temperature
was 13-21° C with a southwest wind 17-25 km per hour and a relative
humidity of 25-35%. This area has been part of a 4 pasture rotational
grazing system since the 1960’s. However, it has beenlgrazeé only 2 of
the last 7 yvears due to changes in permit holders of grazing allotments.
Vegetation in unburned treatments indicates a mountain big éagebrﬁsh—

bluebunch wheatgrass habitat type (Mueggler and Stewart 1980).

West Fork Site. This site is located approximately 2.5 km north

of Wise Rive;. The land is administered by the BLM, and borders the
Deer Lodge National Forest in Silver Bow County. Average precipitation,
temperature, habitat types, and big sagebrush composition are similar to
the Wise River sites. Soils in this area are silt loams and is parf 6f
the same grazing allotment as the Wise Riﬁer sites: . Wind speed was 19

km/hr. Relative humidity was 20% at an air temperature of 14° C.

Badger Pass Site. This site is located approximately 25 km west

of Dillon on State Highway 278. It ié part of the Beaverhead National

Forest in Beaverhead county and is administered by the U.S. Forest
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Sexrvice in ﬁillon, Montana. Mean annual precipitation in this area is
310 mm (Wambolt and Payne 1986). Averagé témpefature‘is 2.8° ¢ (Caprio
et al. 1994). ‘Soils at this site are silty cléy ldéms. Cattle grazing
in the areé follows.a four pasture rotational grazing system with 435
total A.U.M.s. Vegetatipn in unburned treatments indicates a mountain:
big sagebrush- bluebunch wheatgréss habitat type (Muéggler and Stewart

1980).

Snowline Site. This site is located apbroximately 8 km southeast

of Lima,‘Moptana. It is administered by the BLM in Dillon, Montana and
is in Beaverhead County. Mean annual precipitation in Lima is 310 mm
while mean annual temperature is 1.7°C (NOAA 1995). Soils at this site
are fine silty. Vegetation ip unbufned treatments‘indidates mbuntain‘

big ;agebrush- Idaho fescue habitat type (Mueggler and Stewart 1980).

Exclosure Site. This site is located approximately 30 km west of

Dillon, MT. The land is administered by thé BLM in Dillon; Monﬁana, and
is in_BeaQerHead county. Mean annual precipitation'is 310 mm (Wambolt
and Pajne 1986). Mean annual tempe?ature is 2.8° C (Caprio et al.
1994). The primary shrub component at this- site in Wyoming‘ big
sagebrush. Soils: at this site are clay loams with a significant
calcareous hbrizon (Wambolt and Payne 1986). Low fuel 1loads were
present at tﬁe time of the burn, reqﬁiring some‘burning of individual
plants (Wambait and Payne 1986). This‘site‘has beeﬁ iﬁ.an'exclosuré
since ﬁay, 1963. Vegetation in unburned treatments indicates a WYOming
big-sagebrush-bluebunch wheatgrass habitét type (Mueggler and Stewart

1980).

Steep Mountain Site. This site is located approximately 6 km

northwest of Walkerville, Montana. The area is administered by the U.S.
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Forest Service in Buﬁte, Monhtana, and is part of the Deerlodge‘Natidnal :

Forest. Mean annual precipitation at this site is 400-450 mm per year
. (Ross - and Hunter 1976). Mean annual temperature aﬁ the Butte FAA
airport is 3.9 ° C (NOAA 1995). Soils in the area were classified as

shallow cryochrepts with decomposing parent material and sandy loam

texture (Fraas et al. 1992). Conditions at the time of the burn were .

11° ¢ , 37% relative humidity, with -south ﬁinds 17;29vm‘per second
(Fraaé et al. 1992). The area is part of akcattlé-gFazing allotment
with 125 cow/calf pairs grazing the allotment for 1-2 months each summer
in a 4fpasture_rotationa1 system (Fraas et al. 1992). ‘Vegeﬁation in
unburned‘treatments‘shOWS.a bitterbrush-mountain big sagebrush-bluebunch

wheatgrass habitat type (Mueggler and Stewart 1980).

’

Jeff Davis Creek Site. This site is located approximately 13 km

northeast éf the Bannock PaéS‘;n the extreme southwest corner of the
state of Montana. The area 'is administered by the U.S. Forest Se?viég
in Dillon, Montana. Mean annual precipitation in'ﬁhis‘area ranges from
500-760 mm (Caprio et al. 1994). Soils in the area are sandy ioaﬁs,
Burn conditio#é were 17-22° C, 16-32% relative huﬁidity, and a wind of
9-13 km per hour. This area is part of a 4 pasture rotational grazing
system. The pastﬁresware grazed 2-3 months per year, generally over the
summer, with 344 cow/calf pairs. Vegetation in 'unburned treatments
indicates a.mountain big sﬁgebrushfIdaho fescue.habitat tjpe-(Mueggler

and Stewart 1980).
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‘ . Proceduies

Canopy Cover

Within the .burned and unburned. treatments at each sl.tudy_'si‘t:,e‘,-"
mountiain and Wyomingl big sagebrush .can§py coverage was me'a'sﬁred‘ us:Lng
the line intefcept'ion method (Canfield 1941). This parameter is one
way to measﬁre a plant’s contribution to the 'cbmrnunity_ -(_»Daubemn:i;‘z",e‘
1959). It is élso a relaﬁively easy method of meay..;.:ure:’rll‘en“t. ‘Canopy
coverage was measured along 6 stratified 30 m transect lines wa'Lth l:a
buffer stxip of at least 4 m between'burned and unbui'hed ‘Freatments.
Distance between transect lines was approximately 5 .m. 'Vigual
determinations wexre made of the ‘cm of actively growing tissue found
underneath the tape. The total 'niimber‘of cm upderneath ti'xe‘ tape was
totaled to determ;i.ne perce::;t cover. Only live, actively growing ,

tissue (perennial leaves,‘ current growth, reprdduct'ive stalks) was

measured.

Density

Density of each big sagebrush subsbecies was determined using 6
stratified belt transects'. 2 m wide,  centered on the 30 m transeci:
lines in each treatment, thus sampling 360 m? in each .burned a,r‘1d‘

unburned treatments. The same transect lines used for canopy cover,

were used for density measurements.. For piant density, Jjuvenile and
. adult sagebrush were differentiated. The major axis (maseimuin

horizontal distance across the live plant crowﬁ),. the minor axis.
(perpendicular to major axis), and 2 additional perpendicular axes at
45° to the intersection of the major and minor axes were measured to.

determine age classification. Those plants that had an average of the
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four measurements less than 15 cm weéere termed juveniles (Wambolt et

al. 1994).

Big Sagebrush Winter Forage Production .

Winter forage production of big. sagebrush was éstimated for big
sag“ebrusin by ;1sing" subspecies and browse form class (Wambolt "ef al.
1994). Big sagebrush that had been heavily browsed produc‘ed‘ éhorter,
branched crowns, .giving the plant a dense, club-like app‘earanc'e.
Lightly browsed plants had a bushy appeatrance and were less branched
than those heavily browsed (Cook and Stoddart 1960, Perspnius et al.
1987, St;::i.l?y_ et al. 1987,' Creamer '-‘1991). Thus, form class was
determined in the field by the appearance of jl:he shrub.

The major axis (maximum horizontal distahce "across the 1live

plant crown), the minor axis (perpendicﬁl‘ar to major axis), and 2

additional perpendicular axes at 45° to the intersection of the major
and minor aXes were measured on 60 réndoinly selected planté in eé.ch
treatment (Wambolt et al. 1994). Ten piaﬁts were sélécted on each of
6 transect I:i.nes, the sa.;ne lines wused for canopy‘ cover and density
measurements. "i‘he big sagebrush plant closest to tine tape measure at_

the 2 m mark was the first selected. The remaining plants were chosen

at 3 m intervals (5m, 8m, 1lim,...), with the closest plant to the .

interval being selected for production measurement. Ph_otosynthetic

tissue was the beginning and end points for each of these

measurements. However, dead crown and canopy openings were included

for ease of measurement and data analysis. These measurements

provided canopy coveragé of each plant (‘Canfiéld ,1941)‘. ‘The minimum
average of the four measurements of each plant was . 14.6 cm. This
ensured that the piants were established. - Crown height' and overall

height of each sagebrush plant were measured. Production per plant
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was determined by using the models of Wambolt et al. (1994). -Using
density measurements, the number of adult big sagebrush plants per ha
was calculated. . Given. both the number of plants per ‘ha and the
production per adult big sagebrush, winter forage production per ha

was calculated.

Age
Twenty live big sagebrush plants were Seiectéd in each treatment
for agé classificétion. Five plants were selected oﬁ 4.of the 30 m
transect lines used in the 'éanopy‘ cover,‘ density, and production
measurements. Transect lines 1;314,and 6 were used in.éll treatments
at all sites. The big sagebrush plant closest to the 2 m mark wa&l.
selected for aging on each transect line. The remaining‘plants were
selected at 6 m intervals (Zm, 8m, 14m,f..), with thé plant closest to
the tape being sampled. Twenty dead'p;ants were selected in the same
manner within each ﬁnburned treatmenf where ‘dead plants were present;
Ages were‘deterﬁined bx couﬁting tﬁe,;nﬁual growth wrings ffom‘bésal‘
stem segments(Fergu;on 1964)._ Tﬁe big sagebrush plénts‘were cut as
closé to the ground as possible. ;Anhuﬁi g;owth‘rings were coﬁnted in

the field.

Understory'vaerv

Grass and forb canopy cover weré estiﬁated by species using the
canopy-coverage method of . Qegetatibn' analysis (Daubenmife 1959).
Thirty 20 X 50 em plots wererselected in each treatment along the same
30m transects as previous measuréménts.- Ten of these plots were
located along transect lines 2,4, and 6. The first plot of each
transect liné was chosen‘byvcentering the base of the Daubenmire plot.

on the 2 m mark beginning onfthe right side of the tape. The neit
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plot was located at the 5 m mark on the oppbsite'side.of the measuring
tape. The remaining plots‘were located at 3m intervals on‘alternating
sides of the tape. Each speéies was placed in i of 6 canopy céver
classes based on <visual estimatgs‘ of percent cover according to
Daubenmire (1959). The 6 canopy covér élasses were 0-5%, 5-25%, 25-
50%, 50-75%, 75—95%; and 95-100%. The midpoint of each clags was used
for data analysis. Canopy cover was -estimated fo; each herbaceous .
species, total perennial grasses, . total perennial forbs, bare

ground/rock cover, and litter cover.

Statistical Analyses

Statistiqal differences in paréméters were tested between burned
and unburned treatments at each site. Means of each parameter were
calculated. Differences between burnea and unburned treatments in big
sagebrush canopy coverage, density, age, and herbaceous understory
canopy coverage were tested using the Student’s t-test. For canopy
cover and density at each site, the means of the 6 transect lines iﬁ
the unburned treatmént were éompared wiéh the means oﬁ_the 6 transect
lines in thé burned treatmenﬁ. Within each sité where age was
measured, thé ages of 20 planés in the burned treatment were compafed
with the ages of 20 plants’ in the unburned treatment. Witﬁin each site
the means of the herbaceous understory spécies were compared between
burned and unburned plots. Differences were considered significant at
P<0.05. | , | |

Given that each site was physiographically different from each
other in some respect, overall comparisons were made between burned
and unburned treatments among all sites. Big gagebrush canopy cover,
big sagebrush density, Idaho fescue,‘total perennial grasses, total

perennial ‘fofbs, litter cover, and soil exposed were tested for
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differences in means between'burned and uhbﬁrned treatments ét each
site. Differences were tested against the nuil’h&bothésis that the
mean difference between burnea and unburned‘trgatments.is 0; A paired
t-test was usea, This Qave us an overall P value .that indicated
whether burned apd unburned treatments. in ‘southwest;‘Montana were

statistically different. Differences were considered significant at
P< 0.05. ' In summary, an overall paired &-test was used to compare all

sites and then individual site comparisons were made using the

Student’s t-test.
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RESULTS AND DISCUSSION

‘Big Sagebrush Canopy Cover

Analysis of the overall comparison ﬁetween burngd and unburned
treatments using the paired t-test indicates that mountain big sagebrush
canopy cover‘was reduqed by burning (P<0.001). Mountai; big 'sagebrush
was greater (f<0.05) in unburned treatments at every site dominated by
mountain big.sagebrush regardless of the time since burning occurred
(Fig. 2). This provides strong evidence that burning decreaées big
sagebrush canopy cover for long periods of time.

'Eraas.(1992) reported mountain big sagebrush Canppj cover in the
burned treétment at the Steep Mountain site was 0% in 1990 and 1.0% in-
1991. In 1996{ I found canopy cover was 6.47%. This suggesﬁs big
sagebrush is not re-establishing at this site foilowﬁng burning. Fraas
(1992) reported mountain big sagebrush canopy cover .in ‘unburnea
treatments was 7.0% in 1990 and‘7.2% in 1991. In 1996, I fbund mountain
big sagebrush canopy cover was '12,9%. ' This suggests mountain bié
sagebrush éo#er "has incréased in the last 5 - years ’in unburned
treatments.

Two sites domihated‘by Wyoming big sagebrush in the Wisdom area
showed no difference (P<0.38) in-‘canppy céver betweep burnea' and
unburnéd treatments (Fig. 3). The Exclosuré'site dominated by‘WYOmihg'
big sagebrush had‘greater canopy covér (P<0.045) in ﬁnburﬁed‘treatmenté~
32 growing seasons after‘burping. Harniss énd Murréy (1973)‘and Watts
and Wambolt (1996) suggested big‘sageﬁrush required‘BO yéars béf@ie
'canopy cover was not different £from control plots. . Daﬁa‘.frbm thé‘
Exclosure site suggests greater .than ‘36 yeafé may be fequired for

recovery.




Canopy Cover(%)

Burned Unburned

Figure 2. Average (n=6) mountain big sagebrush canopy cover (%) in burned and unbumed treatments. Treatments
at all sites are significantly different at P <0.05.



Canopy Cover (%)

Burned Unburned

Figure 3. Average (n=6) Wyoming big sagebrush canopy cover (%) in burned and unburned treatments. Wyoming big
sagebrush is the dominant shrub at the Wisdom sites and Exclosure site. Treatments at all sites except the Wisdom sites
are significantly different at P<0.05.
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‘Aithoﬁéh'canoﬁy cover waS‘reducééjby burnihé in bofh Wisdbﬁ sites,
‘ﬁeitﬁer tfeatment was éignifiéantly aifferent. Both of these sites
were dominated by Wyoming big sagebrush.‘ Tﬁis‘circumstance'is somewhat
peculiar because Wyoming big sagebiush generally takes 1onge; to
recover following fire (Wambolt and Payne 1986, W;tﬁs aﬁd’Wambolt 1995).
Canopy cover waé reduced for both mounta;n and WYOﬁing big sagebrush in
the‘Sawmiil Gulch, West Fork, Badger Pass, and.Sp;wline‘sites.

{

Canopy Cover Of Other Shrubs

‘SéQeral sites had‘important shrﬁbé‘bésides mountain or Wyoming big
sagebfush. ‘ .Three—tip_ sageﬁxushf (Artgmisia tripartita. Ry&b;i was
reduced in cover . from 4.77% to 1.32% at the Snowiine #ite 9 growiﬁg
. seasons following fire (P<0.60§5). '_Green fabbit£fush (Chrysothamnus
visqidiflorus (Hook;) Nutt.) wés hof a#fecfed by fire at this site
while grey horsebrush increased in burned(treatments from 2.34% to 7.15%
(P< 0.0003). . Canopy cover of green rabbitbrush increased from 0.47% in
the unburned treatment to 1.74% iﬁ the surned treatment at the Steep
Mountain site 15 érowing seasons after the burn (P<9.014). Green
rabbitbrush canopy cover increased slightly: from 0% in -the unburne&
treatment td 0.56% in the burned treatﬁeﬁt 16 grbwing seasons after
bﬁrning at £hé Jeff Davis site‘(P<0;168);f

:_ihe Steep Mountéinﬁsite contained_significané Bitterbrush co&éf.
Bitterbrﬁsﬁ cngr was feduced by fire from 4.59% in unburhed treatments
to 3.14% in burned treatments after 15  complete growing seasons
(P<0.691). Fraas (1992) reported bitterbrush canopy cover in burnéd
treatments waﬁ 5.3% iﬁ 1990 and 4.6%‘in 1991. Bitterbrush canopy coﬁer,
in:unburned‘treatments was 13.8% in 1990 aﬁd 11.2 % in 1991. I found

bitterbrush canopy cover in 1996 was 4.59% in unburned treatments and
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~3.l4.% in burﬁéd‘tréatmbﬁté.‘ Bitﬁerﬁiush canépy céver has drasticaily
decreased since 1996 in unbﬁrnéd tfe;tments and‘siightly decreased‘ih
burned treatmqnts.  This may be due to excess bréﬁsing by ungulates.’
Nearly ever&\ bitterbrush“plant. in the area appeared to be hedvily
browsed. It is -possible that the 1loss of bitte?brush in‘ burned
treatments haé caused excess browsing.of bitterbrush in unburned areas
and harmed the ﬁitterbrush population. While Bilbrough and Ricﬂards
(1993) suggested bitterbrush was quite resistant to browsing, my data

indicate excess browsing ¢an severely damage bitterbrush.

Big Sagebrush Density

Anélysis of gha éverall‘comparison between bu;ned-and unburned
treatments using-the paired_t-test indicates that adult mountain'bié
Sagebrush-aensiﬁy,ﬁas reduced by burning (P< 6;0000001). At‘all sités‘:
where mountain big sagebrush‘dominéted( deﬁsity-pﬁiadults was giégtér
in unbu:neaﬁtggatments than-burng# treatmeﬁts”(P<0;0002)T(Fiéf_4);

 _Differ;hce§ lbefween Ltregtmenﬁg ‘weré less in“the‘ juvenile. §i2é'
cléss (Fig. 5).’ Aﬁaiy;is of the overall comparison between‘surpedvan& i
unburned treatments usihg'thé‘paired t-test indicates that there waé ﬁaf
significant differencé (P<0.1165 befween. mountain Suvenile piants in
burned and unburned ‘ﬁreatments. In all but 2 ‘sites dominated by
mountain big' sagebrﬁsh, juvenile depsity was greater in unburned
treatments versu§ burned-treatmenﬁs, and different in all but 1 of
these (P<0.907). fhe Wise Rivér quth and Wise River East sites each
had greater density in the burned treatment thaﬁ the unbu¥ned. 0n1y the

Wise River East site had  greater density in .the burned treatment

(P<.0002).
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Wise R. South Wise R. North Sawmill Ck. Badger Pass Steep Mhi.
Wise R. West Wise R. East West Fork Snowline Jeff Davis

Burned Unburned

Figure 4. Average (n=6) density (plants per ha) of mountain big sagebrush adults in burned and unbumed treatments.
Plants were considered adults if the average of the long axis, short axis, and both perpendiculars was greater than 15 cm
(Wambolt et al. 1994). Treatments at all sites are significantly different at PO.OOI.
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Figure 5. Average (n=6) density (plants per ha) of mountain big sagebrush juveniles. Plants were considered juveniles
if the average of the major axis, minor axis, and both perpendiculars was less than 15 cm (Warnbolt et al. 1994).
Treatments at all sites except Wise River West and Wise River North are significantly different at P<0.05.



35

These data indicate that adult mountain bi§ sagebrushfis reduced
by fire. . However, given a wviable seéd bank nearby, ‘5u§énilés do
establish in ﬁhe burned areas. The juvehile .éize class does sloﬁly
"_regover. However, thé‘burﬁing effecté'are~stiil‘seen_lé growihg seasons

after fire in thé Jeff bavis site. | ‘ : |

In the overalll comparison among ‘gll sites, the paired t-test
showed that adult WYOmiﬁg big sggebrush deﬁsity in burned‘treatmeﬁts was
not different (P<0.264) from‘unburned treatments.

The Wisdom"Flat site had greatéf (P<0.01) - adult: Wyoming big
Sagébfush density %n<the upbuined treatmeht while‘the Wisdom Slbpe:siﬁe
had greater (P<0;0006)‘aduit density in thé burned treatment (Fig. 6).
Treatments ag the'Exclosure site were not different (P<O.24).  In all
other 'sites where Wyoming big sagébrush was not dominant, adult density
was Jreater in unburned treatmgnts‘(P<Q;052),

 In the overaii‘quparison.of ju;eni;e W&oming,big‘sagébrﬁsh améng

all sites using the paired f—test,_m§ déta sﬁowed that there was no
difference (P<0.165’ between burned énd‘uhburhed tréatments (Fig. 7);
in sites dominated by Wyoming big sagebrush juvenile density between
treatments was neariy identical in 2 6ut of 3 sites. Density was
greater (P<0.0001) i# burned t?eatments at the Wisdqﬁ S;éﬁg sifé while
burned and unburned‘ﬁreatments were ngéfi&“identical at fhé:Ekclosure
and wistm'Flat siﬁesﬁ(P<0.5 and P<0.46‘resbéctive1y).

My results fbr Wyoming big sagebrush indicate it is difficult to
predict the affects ofrburning on the taxon in souﬁhwest Montana. It
seems that the Wisdom,site that has a greater slopé (4%5 and faces
horﬁheast had':greater big sagebrush rec§vér§ than therlat Wisddm site.
fhe Exclosure site, with a 2% slope and porthwest.exposﬁra,‘hadfan

intermediate response. Both Wisdom sites were burned 9 growing seasons
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Figure 6. Average (n=6) density (plants per ha) of Wyoming big sagebrush adults. Plants were considered adults if
the average of the major axis, minor axis, and both perpenciculars was greater than 15 cm (Wambolt et al. 1994).
Treatments at all sites except the Exclosure site are significantly different (P<0.05).
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Figure 7. Average (n=6) density (plants per ha) of Wyoming big sagebrush juveniles. Plants were considered juveniles
if the average of major axis, minor axis, and both perpendiculars was less than 15 cm (Wambolt et al. 1994). The
burned treatment in the Wisdom Slope site had significantly greater density than the unbumed treatment (P<0.05). All
others were not significantly different.
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prior to sa.mp‘lin_g while the Exclosure site was burned 32 growing seasons

prior to sampling.

Density of Othexr Shrubs

Adult three-tip sagebrush dénsity was greater (P<b.00‘8) in the
unbp.rned treatments at the Snowiine site 11 g_;rowing Seasoﬁs follc-:w‘:.i.ng
fire. Likewise, Jjuvenile three-tip sag‘ebfush dens,:i..ty was greater
(P<0.09) in the unburnea treatments. Green rabbitbrush densii:y was not
differen’cf ‘bet‘ween treatments while grey horsebrush density iricreaSed“
’ from 0.45 planfs/m? to 1.28 plants-/mé :.n burﬁgd treatments (P<0.000001). |

At the ‘Steep Mountairn s:i.te,‘ bitterbrush density wa% not different
between treatments 15 .growing seasons following fii‘e (P<.5). . Total
bitterbrush density was 1.8.7 plants/ 60 m-zl in unburned 't'feaﬁménts' and
17.8 plants/ 60 m® :.n ‘burned treatments. Fraas (19‘9\2‘).‘- ‘repof_ted no
significant déi.ffer.encé in bitte‘rbrush density between t're_atmenfé at this
site in 1990. Green rabbitbrush density in unburriea treatments was .
O'.095 plants/m? whil!.e density in burned treat.:ments was 0.233 plant'.-;/mt2

(P<0.0008). At the Jeff Davis site, ,gfeen_rabbitbrush was dreater in

burned treatments 16 growing seas‘ons afte:;' bui'ning (P<0.0016) .

‘ Big Sagebrush Winter Forage Production

Wintér forage production at ea‘ch site is shoﬁn in Fig. 8.  The
regréssion models of Wambolt et "al. (1994) were deveioéed in the
Gardiner, Montana area wher'e‘ ungulate concentratioﬁs and usége' ‘of big
sagebrush plants were likely greater ﬁhan in the Wise River, Di;llon,'
‘Butte, and Wisdom areas. Ho;»:ever, this model ‘ can still providé a
reasonably accurate estimate of big sagebruvs'h winter forage brodu_ction

in other areas of southwest Montana since the models 'a_ilow for estimates
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Wise R. West Wise R. East Wisdom Slope Snowline Steep Mtn.
Burned Unburned

Figure 8. Average big sagebrush winter forage production (kg per ha) including both mountain and Wyoming big
sagebrush. Established plants with the average of major axis, minor axis, and both perpendiculars greater than 15 cm
were measured for winter forage production estimates. Subspecies and browse form class (Wambolt et al. 1994) along
with density measurements were used in estimations. Treatments at all sites are significantly different at P<0.05.
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oflléwfuse plants as well.
| Estimates of wint‘er‘ forage production qbtaine_d on the Wesﬁ ;Fc‘>rk“
and Badger Pass sites were not feasibie. H0weve:;", ‘because ;he -West‘ Forﬁ B
sit‘e‘ had no big sagebrush present in the burned treatment one gi;owing
season after burning (Fig. 2), winter fqrage pv‘roduction'w‘as‘ obvious‘ly;‘
greéﬁ:er iﬂ“the unburned treatmént. The Badger Pass site héd' enormous
heavy-use i:>ig.sagebrush‘ p‘lan1.:5. It was common to observe ithev :plaifxté"'
havihg aver#gq crown‘cove;'between 130 énd 140 cm.‘Thé'modéi‘sgéﬁéd‘té
over-estimate produétion in unburned treatmeﬁt;. Big éagébrush. plants
in the 1'J.nbﬁrned treatments _'prbdqced : '(P<6.05) | more. forage than the"
burned ‘treatm‘ent's. It is int"eresting to consider Eﬁe Wyoming big
éagebrush winter forage production at fhé 2 Wisdom sites. valthough thé
‘burned‘ and unburned treatments at each #i,t_e did not ’dif_fer.. in canopy‘
cover or d,ens'ity (see Fig. 4 and Fig. 7), the ‘u_n].ourned‘treatment had -
over twice the winter forage'producti?:n of the burnéd treétménﬁs. .This
can Se attributed to the larger size of ‘the. p‘lants_ in the unburr.;ed“
treétmeni:. It is also inte‘restiﬁg to note tha‘t the burned treatﬁents at
the Ex’closurg site, 32 growing seasons éfter t:;'eatment, "had . less
(P<0.05) Wyoming big sagebrush forage producti'on than the un,burned “
treatmen?s. When land managers decide to burn big sagebrush‘
commun:i.ﬁiés, they must include the long-term effects of burning in their
decision-making. The big sé.gebrush may not recover after 3t0- years.
Possible short-term increases in herbaceous ' prbduction may 'Be
overshadowed by the long-term reduction in big-game ha'b:i.‘tat.-
In the overall comparison ‘a.mo?.tg all s;'i.;tes, the difference in means‘_,
analysis with each site serving as a replicate showé: tﬁat the unburned ‘

treatments produced more (P<0.00001) big sagebrush foragé than burned
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treatments after exclud‘ing the West Fork and Badger Pass ‘sites‘ from '

analysis.

Big Sageiﬁrush “J.Lgers,

Téble 3 ‘S't.:lmarizes big SagébWSh stand ages. ©No big sageb;:u#_h
were  present for aging  in ‘burn.e'd“trea'tments‘ at the West Fork a;.nd'."
Snowline sites.‘ No dead big saéebrush ‘were present in uhburned
treatments at the Badger Pass;‘ Snowline, or Jeff Davis sites.. ‘Big
sagebrush were not sampled at the Exclvosure or Steep Mountain sites
due to potential fo;r ‘f.u‘ture research in these areas.

Big sagebrush plants that: .;re-esﬁablished did so relatively soon
after the Burning treatment (Fig. 9). At sites where plants were
measured in burned treatments, peak ;e-establish:nent occurred in all
sites within the first 4 gréwing seasons after the _,bur‘n‘. Four of "l:h‘e‘
9 sites sampled had pe‘a}: re-establishment in either the vyear ;)f
treatmeni:‘-or the year jfo‘llow‘:i.:;g tfeatméht. Bartolome and Her;.'dy (19‘78‘),
rgéorted simiiar results. .They showed‘ that in 3 of 6" study .'sites; .big ‘
sagebrush plants that Iest‘a;bli-‘shed“the‘ f‘:i“.r.s‘t year.‘f'c?liyl.ow'i.hg trea.‘tmen'l‘:’
formed the 1é-z'gést age ‘c“la;s‘s'“. '.vli‘l'.iusu,v.the‘y 'suggéste& ‘;féi:ﬁvasion be.é'ins,
.immediateiy afi;er .tr,eat'}_ment."‘ 'phis may _indicate ‘t_ha.ﬁ big s'ageb:l:f'usl'i
taxa are part’:iéulariy #uited for these areas and fhat enviromnenta‘l_
conditions are favorable. Programs aimed at big sagebrt;sh eradication |
mair not be feasible or economical (Watts and Wambolt 1989) .- |

| Ages of dead ana live big s#gebrush plants in ﬁnburﬁed
treatments were quite similar; (Fig. _10)'. Likewise, the dead plants
were quite ybung. ~ This may indiqate that the big sagebrush plani:s

die due to some other mortality agent. Big sagebrush plants in these

.




Table 3. Big sagebrush stand ages at 11 sites in southwest Montana.

*Both Wisdom sites are dommated by Wyommg big sagebrush. All other sites are dominated by mountain big sagebrush

' *Exclosure and Steep Mountain sites excluded from age analysis due to potentlal for future research.

Site* ] Unburned ] ] Burned ,
- n ‘range  mean median  sd 'n range mean median sd CP<
Wise R. South (6) 20 8-41 225 205 - 9.12 20 3-8 4.85 5 1.2 70.0001
Wise R. West (7) 20 - 942 26.3 22.5 7.71 20 2-6 43 4 0.86 0.0001
Wise R. North (7) 20 ©  6-46 243 24 104 20 2-8 59 6.5 1.86 0.0001
~ Wise R. East (7) 20 8-43 27.7 305 - 114 20 3-6 4.55 4.5 1.1 0.0001
Wisdom Flat (8) 20 13-54 272 24.5 9.5 20 3-8 5.85 6 1.73 0.0001
Wisdom Slope (8) 20 958 295 29 12.3 20 5.7 5.65 6 0.67 0.0001
Sawmill Ck. (6) 20 9-42 19.1 14 10.41 20° 3-6 5.15 5.5 1.04 0.0001
West Fork (1) 20 - 15-67 325 30.5 13 ~ no plants present 7
Badger Pass (15) 20 9-28 18.8 18 5.59 20 7-14 11.5 12 1.96 0.0001
- Snowline (9) 20 10-41 242 24 8.21 no plants present
_ Jeff Davis (16) 20 1028 167 14 . 586 20 815 117 12 1.74 -0.0008
* () indicates growing seasons between burning and sampling.
‘ . Dead
, Site n  range mean median sd
Wise R. South 20 16-42 295 275 7.55
Wise R. West 20 10-46 232 215 9.5
Wise R. North 20 12-33 - 22 22 5.78
Wise R. East 20 11-56 303 31 11.8
Wisdom Flat - 20 7-48 238 19 11.5
Wisdom Slope 20 14-49  30.2 295 95
Sawmill Ck. 20 1543 278 26 8.75
West Fork 20 15-56 31 30 124
Badger Pass no dead plants present
Snowline no dead plants present
Jeff Davis 10 dead plants present

v
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Figure 9. Big sagebrush re-establishment following fire. 20 plants were sampled at each site when
present in burned treatments. The West Fork and Snowline sites had no plants present in burned
treatments. The Steep Mtn. and Exclosure sites were not sampled due to potential future research. Both
Wisdom sites dominated by Wyoming big sagebrush. All others dominated by mountain big sagebrush.
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Figure 9 (cont). Big sagebrush re-establishment following fire. 20 plants were sampled at each site when
present in burned treatments. The West Fork and Snowline sites had no plants present in burned
treatments. The Steep Mtn. and Exclosure sites were not sampled due to potential future research. Both
Wisdom sites dominated by Wyoming big sagebrush. All others dominated by mountain big sagebrush.
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Figure 10. Average (n=20) ages of dead and live big sagebrush at each site. Sites included in analysis are those where
both dead and live big sagebrush plants were present in unburned treatments. The Wisdom Flat and Wisdom Slope
sites were dominated by Wyoming big sagebrush. All others were dominated by mountain big sagebrush. Treatments
at the Wise R. South and Sawmill Creek sites are significantly different (PO.05).
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areas do not require. a disturbance such as fire to kill the plant oxr

to re-start succession in these communities.

Herbaceous Understory Cover

Idaho fescue

Analysis of ﬁhe ové;all compaﬁison‘Befwéen Surnéd.and unbﬁrhed
treatments using thg paired't—test indicaﬁes éhat Idaho fescug canbpy.
cover wasanot significahtiy reduced by burning (P< 0.09).

Harniss and Murray (1973) suggestéd Idaho>‘f65cue‘ was damaéed
severely in the short-term, but nearly recovered 30 years after
burning in ZIdaho. In the currenﬁ study - 4 OQt' of 13 sités had 
signifidanily greater (P<0.05) canopy cbver‘ of Idaho fescue in

‘unburned‘treatments.(Fig, 11). The Badger Pass site and Jeff Davis -

. sites were burned 14 and 16 growing seasons prior .to samplingj j“

respectivély,'ahd.bufning,reduce& Idaho;fescué canopy cover. This
" shows that areés burned under extreﬁély,‘hoti'ary éqnditions can harm
Idaho fescue. It is inferesting to note ti’zat the site. data mos't‘
similar to the Harhiss and Murray (1973) resﬁlﬁs were from the Jeff’
Davis site. This site is the closest geographically to where Harniss-
and Murray’ (1953) worked in Dubois, Idaho.‘ Idaho fescue was
significantly-éreater ig the burned treatments in thé Wi;e River South
site. The,;emaining 8 sites sﬁowea‘no difﬁerenée bétween burned_and‘
. unburned t:eatments;“No cléaf relationShip ﬁas»dbservedﬂbe#ween Bﬁrn‘
age and Idaﬁé féscﬁe recovéry. My data'woulé:not support Hafnissland‘
‘Murray (i973,. Tdaho fescue ma& or may nbﬁ bé'damagéd by fire. Iddhé
fescue can recover much fastexr than 30 yéars. Tﬁe degree of damage

likely depends on site~-specific burn conditions.




Burned Unburned

Figure 11. Average (n=30) canopy cover (%) of ldaho fescue in burned and unburned treatments. Pairs of bars at a
site with unlike letters are significantly different (P<0.05).
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Vegetation Cover/Soil Exposed

Anglysis of the overall comparison between burned and unburned
treatments using the paired t—ﬁest. indicates that soil and rock
exposed were greater in burned treatments (é< 0.09).

All burned t;eatments‘had‘greater soil‘exposed than in unburned
treaﬁments (Fig. 12). The aiffe;ence-was significant in 8'of'£he 13
sites (P <0.05). This respoﬁse is expected in the short-term.
However, the Badger Pass, Stéep Mountain, gnd Jeff Davis sites had
significantly (P<0.05) greater expoéed soil iﬁ the burned treatmenﬁs.'
These sites were burned 14;‘ 15, and 16 growing seasons before‘
sampling,'respectively. Burned and unburned areas were not different
at the Exclosure site 32 growing seasons following fire.

Exposed soil is more susceptible to sediment transport (Brown et
al. 1985). My data indicateslfhat burned areas may have high erosion

potential up to 16 growing seasons following fire.

Litter Cover

Analysis of the overall comparison;bgtween burned and unburned
Ytreatments usiné the paired t—tgst indicates that unburned treatments
have significaﬁtl§ gréater.~1itter cOveﬁ than burned treatments (P?l
0.025).

Litter cover was greater in unburned treatments in 11 out of 13
sites (Fig. 13). " Cover Qas significantxy greater (P<0.05) in six of
these si?es. Litter éover was significantly greater (P<0.05) in
burned treatﬁents at the Wise River East and Sawmill Creek sites
(P<0.05). This response wﬁs expected given the combustion‘of litter
by fire. However, the Badgér Pass, - Steep Méuntain,‘and Jeff Davis

sites had significantly greater litter cover in unburned treatments as




% of total surface area

Figure 12. Average (n=30) soil exposed (% of total surface area) in burned and unbumed treatments. Pairs of bars at a
site with unlike letters are significantly different (P O .05).



% Cover

Burned Unburned

Figure 13. Average (n=30) canopy cover (%) of litter in burned and unburned treatments. Pairs of bars at a site with
unlike letters are significantly different (P<0.05).
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well. This response ‘wgs. hoticablé¥'14, 15, and-,16 grqwing seasdns«
aftér‘the burn,'respéctifely. ‘Littgf céver'ﬁag ve;j éimilaf in thé 32‘
grow;ng seasons aftér fire at the Exgloéﬁre éite (;1.4% unburned vs.

11.0%'burned). |

Litter inverpebrate communities cén_be signficaﬁtly reduced by

fire in big sagebrush habitat (Christianson 1996). AMy stﬁdy did_not

look at the litter invertebrate coﬁmunitx. ' ‘However, given the decline

in 1it£er cover in burned ‘areas; we would expect the litter
invertebrate community to deéline'as Qéil. _Tﬁis may .affect 1ong;term

‘nutrient cycling and organic matter deéomPOSition‘(Christianson 1996) ..

Perennial Grasses o o S o

‘Analysis -of the overall compariébﬁ 'usipg 'Ehe ‘ﬁaired t-test
indicates that perénnial grass ganopy.covergwaé‘not'different Betﬁeén
burned and unburned treatmentsu(P<0.91),

Perennial grass response to fire.wés‘quite vaiiable. Perennial
grass canopy cover was greatéer in unbﬁrped treatﬁents at‘7 siﬁes while
céver was greater in burne§ treatments a£.6 of thé.sites (Fig; 14) .
Only the Wise River North sitg had a siénificant difference - between
burned and unburned treatments. The burnéd treatment had signifidantly
greater’ (P<0.04) perennial grass co&er .thanp‘the uanrned. treatment.
The; West Fork site had no diffe#gnée  KP<O.42)‘ between 'bufned aﬁd
unﬁurned treatments 2 grswiné seaspns-éfﬁéf‘the.fire‘.(47%U¢ovér ih‘
unburned vs. 50% in burned). This is,thé‘only site‘wﬁere theiﬁurned
treatﬁent .was ‘expected to produce significantly more perepnial
grasses than the unburned treatment because most herbaceous responses
to burning are in the first few‘years-following fire (Ha?niss and‘

Murray 1973). The Exclosure burn had‘very similar canopy cover
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Figure 14. Average (n=30) canopy cover (%) of perennial grasses in burned and unbumed treatments. Pairs of bars at
a site with unlike letters are significantly different (P<0.05).
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between burned and wunburned treatmen;s (40% in unburned vs. -39% in
burned). This data supports the claim that reducing big sagebruéh
cover may not result in additional herbaceoﬁs>understory.production
(Fraas et al. 1992, Peck et.a‘i. 1979, M._:Neal 1984, Wambolt and Payne
1986, Watts and Wambolt 1996.) 'Pérennial grass responses to fire are
quite variable and dependent on site conditions. Burning may not
increase perennial grass production for livestock or wildlife forage.

Table 4 shows.the canopy cover and frequency of individual plant
taxa in burned and unburned treatments. Richardson’s needlegraés
(Stipa richardsonii Link.) was the dominant perennial grass at the
Wise River South and Wise River East sites. This species was present
in 97% of burned plots and 93% of unburﬁed treatments and had 36%
canopy cover in the burned treatment and 28% in the uﬁburned treatmeint
at the Wise River South site (2<0.08).‘ ‘However, the exact 6pposite

. ‘

was true at the Wise River East site, with the burned treatment‘having
28% cover and the unburnea treatment having 38% cover  (P<0.05). This
grass was bresent in 90% of plots in the'ﬁnburned treétment and 87% in
the burned treatment at. this site. | "

Rough fescue was a‘major‘cOmponent_of tnde:story cover at the
Wise R. North and Wise R. East sites. Cover was greater in burned
treatments (P<0.05) only at thé Wiée R. North site. Bluebunch
wheatgrass was a dominant understory species at the Sawmill Creek,
Snowline, Exclosure, Steep Mountain, apd Jeff Davis sites. Cover was
greater (P<0.05) in burned treatments only at the Sawmill Creek‘and
Jeff Davis sites.

At the Steep Mountain site, Fraas (1992) reported perennial

grass canopy cover in burned treatments at 15:4% in 1990 and 28.1% in

1992. I found perennial grass canopy cover in burned areas sampled in




Table 4. Comparisons of Canopy Coyerage (%), and Frequency (%Occprence) of Plant Taxa in Burned and Unburned Treatments.

Taxa : ' _Location (Complete Growing Seasons Since Burn)

Wise R. South(7)

Wise R. West(8) -

B U - B. U
Stipa richardsonii - 36/97 28/93 :
Carex filifolia , 14.5/53*% 01/10
Festuca idahoensis 10/60  6/33 19/87 22/87
Festuca scabrella : :
Poa pratensis

Juncus balticus -

Geum triflorum
Achillea millefolium
Antennaria microphylla

Lupinus spp. ' 12.5/83  11/73 -
Arnica diversifolia , 7/53*  0.5/10
Arenaria conjesta : 6/53*  0.08/3

Astragalus spp. . 1I3* 8.5/43

Wise R. North(8)

Wise R. East(8)

B U

10/63  .5.5/37
17/60%  7/40

5.5/37 03720

08/23  7/43

6/40  2.5/17
16.5/73* 6/50

8/63*  3.5/40
5.5/47*  2/37

B U

28.5/87 38.5/90

10/63  5.5/40

3/17*  17.5/63
6/63 777

taxa with + 5% Canopy cover in either treatment not included in table
* indicates significant difference at P<0.05

B=buirned, U=unburned . :

measured using method of Daubenmire (1959) with 30 plots/treatment

West Fork (2)
B U
3219  23/87
10/66 1577
01/07 0720
9.5/63 7.5/57
10/37  7.5/50
5/40

10/63




Table 4 (cont). Comparisons of Canopy Coverage (%) and Frequency (% Occurence) of Plant Taxa in Bumed and Unburned Treatments.

- Taxa ) : ' Location (Complete Growing Seasons Since Burn)
Wisdom Flat(9) Wisdom Slope(9) Exclosure (32) Sawmill Ck(7)
7 B U B U B u B U

Agropyron spicatum o ’ 9/83*  14/97 46/97* 24.5/87
Carex filifolia 23/97 - 30/97 ©29/97 25.5/93
Festuca idahoensis 6/43*  14/90 5/60  7.5/60 7/77 7/63 9/60 9/50
Koeleria cristata 9.5/83* 4/66 . 9.5/83 7/66

- Stipa comata . : ) 4/23* 19.5/83
Poa pratensis ' 4.5120% 18.5/77
Antennaria microphylla  05/30  7/40
Lupinus spp. 11.5/73 18.5/90 15/66  10/40
Arnica diversifolia : : 7.5/57% 3.5/27
Arenaria conjesta ' : 5.5/33*. 1.5/13

" Geranium viscosissimum ' 1/13* ~ 8/47
Astragalus spp. '
Lycopodium spp. 11/63  10/80

’ : - 2.5/80 6/53

Taraxacum spp.

B

Badger P. (3.4)

U

6.5/63
29/100
7.5/60*

05727

2.5/10*

8.5/77*

3/33
29/100
15/87

01/07
22/83

01/07

- taxa with <5% Canopy cover in either treatment not included in table

* indicates significant difference at P<0.05

B=burned, U=unburned

measured using method of Daubenmire (1959) with 30 plots/treatment -

S§




Table 4 (cont). Comparisons of Canopy Cov‘e,rage_' (%) and Frequency (%-Occurence) Qf PIant Taxa in Burned and Unburned Treatmeﬁts.

Taxa ~ Location (Complete Growing Seasons Since Burn)
Snowline (11) Steep Mountain(15) Jeff Davis Creek(16)
B U B U B U
Agropyron spicatum , 28/90. 21.5/87 21.5/83*% 2/30
Carex filifolia 16.5/80 20/77 o 0/0%  7/43
Festuca idahoensis 13.5/83 17.5/90 0/0*  9.5/53. 14.5/77*39.5/100
Poa pratensis 7/43  9/40 6.5/40 3.5/37
Juncus balticus ' : : :
Bromus. tectorum 10.5/40* 0/0
" Lupinus spp. - 8/57 . 560

Taxa with <5% Canopy cover in either treatment not included in table -

* indicates significant difference at P<0.05
B=burned, U=unburned

meastred using method of Daubenmire ( 1959) with 30 plots/treatmé_,‘nf

EEE
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1596 was 38.8%. Likewise,‘Ffaas (1292) réporﬁéd perennial grass cover
in unburned‘afeés was 12.6% in 1990 and 20.0% in 1591. I found canopy
cover in unburned areas in 1996 was 40.0%. This response is likely
dﬁe to fgvorable growing conditions ‘in“1§95 and 1996 along with
differences in time of éampling.

‘Conrad and Poulton (1966) and Daubenmire (1968) suggested fire

followed by grazing can reduce big sagebrush, harm Idaho £fescue,’

improve bluebunch wheatgraSS/ and lead to cheatgrass (Bromus tectorum

L.) invasion. = Results from the Jeff Davis  site éupports‘.this;

Cheaﬁérass'Canopy‘qovéf.was 10.5% “4in burned plot§ and oécufred in 40%
éf plots sampied. Cheatgrass was mnot present in  ﬁﬂburnéa :plotg,
Bluebunch'wﬁgatgrass c#nopy cover was 2155%‘in burnéd plots:and,z% iﬁ
unburned plOtSw’ Idaho fescue was sevgréiy damaged by the fire.ﬁnd was
significantly reduceé‘(3<0.05) from‘39.5% cover in unburnga plots to
14.5% in burned plots. Burhing éccurred at this ﬁite under hot and

dry conditidns in‘the-fall‘(burnéd Sept. 29, 1980) air temperature 17-

22°¢c, relativé humidity 16-32%, wind 9-13 km/hr). Likewise, the soils

in the area are sandy loams. ‘These soils likely get very hot due.to
their inability to hold much moisture. These factors ‘may have
contributed to the Idaho fescue damage and‘cheatgrass establishment at
this site. The cheatgrass invasion:ﬁay have come from signifiqant
éoil movement following the'fire. The fire burned’up a‘go% slope.
This factor, along with a relatively sandy soil, probably ca;sed soil

to move downhill and significantly alter the vegetation.

Perennial Forbs

Analysis of the overall comparison between burned .and unburned

treatments using the paired t-test indicétes that_-perehnial; forb
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responses to‘ burning are quite Qariable with né ‘différenée ‘bétWeén
burned‘aﬁd unburned treétments (P<0;49)..‘ |

No clear_‘f?end'-in‘ pefeﬁniai - forb cover was evidenﬁ'.bgtween
burned and qnburned treatments. Fofb cover was greater (P<0.05) in
the burned treatmep;_at the Wisdom Slope site (Fig. .15). Forb covér--
was greater (P{0.0S) ih unbﬁrned treatments at the Wise Rivqr East  and
Jeff Davis sites. Treatﬁents“at the iémaining 10 sites  were not
significantly different.

Prairie smoke (Geym #riflorum Pursh) was'significantly‘greater
in unburned treatments at the Wise 3i§er East site (P<0.05). -Lupine'
(Lupinus ssp.) cover was greate; in burned treatment; inls‘qf 7 sites
where this plant was a major component, buﬁ significantly greater at
only 1 sité. ‘Lupiha cover wa; significantly gfeater in the unbufnéd'
treatments. at the Badger Pass site. Sahdwort (Arenaria conjesta
‘Nutt.)‘was‘s;gnifiéantiy‘greater in burmed treatmehts ét the‘3vsites
where it Wiwa#\ a,,‘maio:_' component.. éticky geranium ‘(Geranium .
viscosissimym Fiscﬁ. aﬁd‘MéyeruexLMeyer)'was‘significantly greater ‘in ‘
the unburnea‘ treatﬁénés‘ at ‘the”‘sawmill Creek site.  -Clﬁb MOSS.
(Lycopodium spp})‘_covér ‘Waé not affected by treaﬁmehtv 32 growing
seasons‘after.bu¥ning‘aﬁ“the Eﬁclésu#e‘sité.

This daté indicates that burning does not incréase forb
production{ Given that forbs‘coﬁpose‘a major portion of the summer‘
diet of mule deer and shrubsvc0mpbse‘a méjorvportion of winter diets;
burning likely does not‘genefit mule deer.‘ Burning does not improve -
forb canop& cover while burning decreases big saggbrush canépy cover.

Thus, burning may cause decreases in mule deer forage.
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Figure 15. Average (n=30) canopy cover (%) of perennial forbs in burned and unburned treatments. Pairs of bars at as
site with unlike letters are significantly different (P<0.05).
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. SUMMARY AND CONCLUSIONS -

T .examinedr'big - sagebrush population responses and‘lherbeCeous-
understory responses to fire at 13 sites in southwest Moﬁtana.‘Big

\ ‘ B .
wildlife species.

,sagebruEh ie‘an imporraﬁt‘dieﬁary componeﬁt.for many
LIt isljnutritious-'and can ‘#ew critieal ffer wiﬁter survival of many
ungulatesi‘jfire can‘eiimiﬁete;or redugerbig sagebrush Stanés ror'many.
vears. Fire cen‘alterfbig sagebrush canopy‘COVer; density( produétiqn,“

stand age, and herbaceous understory cover. Measurements and P values

are presented in the Appendix,‘Tables 5-18.

Big Sagebrush Canopy Cover

Fire significantlf reduced big eagebrush canopy coveryﬂwirh all
sites domineted by mountain big sagebrush showing e decreaeeh(P<0.05)
in canopy cover in burned treatmeﬁts. Canepy cover ranged from 8.7%
to 28.2% in'ﬁnburned mountain big - sagebrush treatmente while canopy
cover ranged from 0%‘ to 4.2% in burned mountain big sagebrush
treatments.." Two of 3 sites where Wyoming big sagebrush dominated
showed no significant difference ‘ Between burned and wunburned
treatments. In these. 3 sites dominated by Wyoming big sagebrush,

. canopy cover ranged from 11.6% te 13.9% in.unburned treatments end
9.1% to 13.4% in‘burnea treatments. Additional WYOﬁingvbig sagebrush
sites should"be analyzed before anything conclusive could be said
about rhis.habitat type. These 2. sites may be atypical, ané their‘
respohses are‘clearly'not similar to other published data on WYOming
big sagebrush‘ recruitment following fire (Wambqlt and Payne w1986,‘

Watts and Wambolt 1995).
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Big Sagebrush Density

Adult_méun?ain big sagebrush density was reduced (P<0.05) in all
burned treatﬁents. Density ranged 'f?om 0.55 to 1.14 plants/m® in
unburned treatments and 0 to 0.23 piants/nﬁ in ' burned treatments.
Juveniles seémed ;o be re-eétablighing in soﬁe sites,.while juvenile
depsity in nmst'unburﬁed treatments was still significantly higher.
Density ranged fiom 0.1§ to 0.65 plants/nﬁ in unburned treatments and 0
to 0.73 plants/m? iﬁ Burned.treatments. In sites domiﬂated with Wyoming
big sagebrush, adults wére significantly greater in burned treatments
in 1 of 3 sites. Aéu1t density ranged from 0.05 to 1,14'p1ant§/mfin
unbu:ned‘ treatménts and 0 to 1.66: plarits/m?  in ‘burnéd
treatments. Likewise;;density ofijuvenileg‘was significaﬁtly g:eatér
in‘oﬁly 1 ofitheéetéfﬁites. ‘Juveﬁile density ranged from 0 to 1735
plants/m? iﬁ uﬁburhéd tfééémeﬁt$  and-‘O to ‘0;97 plants/m* in burned.
treatments. In{ geperal; it appears that £fire - reduces bié ‘sagebrush
density.u‘ Differénce;‘betWQen burned a&and ﬁnburned treatments can be‘
detected in mountain big*sagebruéh up to 16 growing seasons following

fire.

Big Sagebrush Winter Forage Production

Eiré significantly reduced (P<0.05) big sagebrﬂ#h production.
Production inv burned treﬁtménts ranged from 0 to 431 kg/ha while
production in unburned treatments ranged from 346 to 1182 kg/ha. This
decreaée in‘production following’fire was evident up to 32 growing.
seasons following ‘fire. It 4is interesting‘ that the Wyoming big
sagebrush-dominated site that had significantly greater canopf cover
and density in burned treatments sﬁill haa 1owe¥ production in burned

tréa;ments.
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Herbaceous Understory Cover

Herbaceous understory responée# to fire were quite wvariable andA
site specific.- Idahp fescue was greéter in some burned treatments and
greater in some unburned‘treatments, This is likely‘felétéd to burn
intensity. Pereﬁnial grass canopy cover‘was Eimilar in burned and
unburned treatments. This‘supports the ciaim that'perehnial grﬁssi
increase following fire is generally short-liveé. Both the 2-growing
season burn and 32 growing- season burﬁ had very similar_ perennial
grass-‘canopy cover 'in burngd and wunburned ‘treatments. Likewise,
perenniél forb cover was similar between burned and unburned‘
treatments.

. 80il and rock cover was significantly greater_(P<0.QS)vin burned
treatments. ‘Burned treatments at all 13 sites had more soil and rock
expoéed to weathéring( This suggests thét burning can have long-term
impacts not only on the vegetaﬁion-but alsa‘on the soil. Soils,thét
have no cover may be more susceptible tole;osion. Litter‘cofer was
significantly greater in unburned treatments. This was expected given
the combustion of surface littef following fire. This diffe?ence iﬁ-

litter cover was still evident 16 growing seasons after burning.

Conclusions
I studied the population dynamics of big_sagebrush communities
at 13 differeht éites’in southwest Montana. With each site having an
environmentally‘pairéd burhéd and unburned treatment,.comparisons were
made between:  treatments. Bufning decreased mountaiﬁ' big sagebrush
canopy cover, density, and‘productiog- Burniﬁg decréased WYOming big
sagebrush canopy cover and prodﬁction ‘while density was +variable.
‘ P ‘

Burning decreased litter ' accumulation, increased soil and xrock
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exposed, and had few long-term effects on Idaho fescug, perénnial
grasses, orlpérennial forbs. | |

ﬁistorically, burning has been prescribed fdr its short—ﬁefm
behefits, with little long-term monitoring of_thé'plant community ever
occurring. My resﬁlts show‘ that. the shrub component vused so
extensively by wildlife . populations can take longer than 30 ?ears to
establish pre-burn conditions with. Né short o? long-term benefits to’

grasses or forbs were evident. Managers must clearly define their

management goals prior to burning, determine . what species the

management action is aimed at, and clearly outline the long-term costs’

and benefits.
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APPENDIX .




Table 5. Mountain big sagebrush canopy cover (%).

Table 6. Wyoming big sagebrush canopy cover (%).

- Jeff Davis

~ Site Burned Unburned  P<x
Wise R. South 0 8.7 0.0001
~ Wise R, West 3.5 127 0.0011
Wise R. North 42 134 0.0001
Wise R. East 2.9 154 0.0001
Sawmill Ck. 0.64 16.9 0.0001
West Fork 0 18.2 0
Badger Pass 3.7. 28.3 0.0001
Snowline - 0 229 . 0.0002 -
Steep Mtn. 0.47 12.9 0.0001 -
3.1 - 24 .0.0001

Grouped t-test P<0.000001.

Table 7. Total big sagebrush cover (%).

~ Site Burned Unburmned
. Wise R. South 0 9.6
Wise R. West 4 15.6
Wise R. North 4.5 14.4
Wise R. East 2.9 16.7
Wisdom Flat 11.1 11.6
Wisdom Slope 13.4 13.9
Sawmill Ck. 0.64 20.8
West Fork 0 22.3
_ Badger Pass 3.7 299
~ Snowline 0 229
Exclosure 9.1 12.6
Steep Min. 0:47 12.9
Jeff Davis 3.1 24

Site Burmmed Unburned P<x
Wise R. South 0 0.88 0.016
Wise R. West 0.54 3 0.0002

. Wise R. North 1 0.27 -1 0.047
Wise R. East 0 1.4 0.039
Wisdom Flat 11.1 11.6 0.387
Wisdom Slope 134 13.9 0.359
Sawmill Ck. 0 3.8 0.001
West Fork 0 4.1 0
Badger Piss 0 1.6 0.025
Exclosure 9.1 . 12,6 0.045

- Grouped t-test P<0.001

Table 8. Mountain big sagebrush adult detisity (plants/m2 = -

" Site. , _Bumed  Unbumed  P<x
"Wise R. South - 0.0167 0645  0.00020
Wise R. West 0.236 1.05 0.0001

. Wise R. North 0.172 1.11 0.0001
Wise R. East 0.125 0.547 0.0001 ‘
Sawmill Ck. 0.025 0.933 0
West Fork 0 0.988 0.0001
Badger Pass 022 1.08 0.0001
Snowline 0 1.01  0.0001 .
Steep Min. 0.0922 0.788 0.0001
Jeff Davis 0.155 1.14- . .0.0001

Grouped t-test P<.0000001

L
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Table 9. Total big sagebrush density (plants/m2).

VTable 10. Mountain big sagebrush juvenile density (pl/m2)

- Site Burned Unburned
Wise R. South’ 0.189 1.21
Wise R. West 0.74 1.85
Wise R. North 1.08 1.89
"Wise R. East 1.04 " 0.89
. Wisdom Flat ' 1.98 1.75
Wisdom Slope 3.96 249
Sawmill Ck. 0.255 ‘172
West Fork . 0 1.46
Badger Pass 0.298 1.53
Snowline 0.364 1.68
Exclosure 1.79 1.69
Steep Min. 0.122 0.972
Jeff Davis . 0.244 1.34

Grouped t-test P<.1159

Site ' ‘ Burned Unbumed  P<x

"~ Wise R. South 0.136 0.45 0.0009
Wise R. West -0.445 0.547 0.1593
Wise R. North 0.728 0.645 0.2508
Wise R, East 0.875 0.272 0.0002
Sawmill Ck. 0.228 - 0.578 0.0029
West Fork 0 0.2 0
Badger Pass 0.0778 0.363 0.0002
Snowline 0 0.328 0.0001
Steep M. o 0.0305 0.183 0.0021
Jeff Davis 0.0888 0.2 0.0078

Table 11. Wyoming big sagebrush adult density (plants/m2).

Table 12. Wyom_ing big sagebrush juvenile density (pl/m2)

- Site - Burned Unburned P<x
Wise R. South 0 0.08 0.0002
Wise R. West ~0.025 0.195 0.0007
Wise R. North 0.0583 0.106  0.0515
Wise R. East 0.00283 0.0472 0.0003
Wisdom Flat 0.783 1.01 0.0106
Wisdom Slope 1.66 1.14 0.0006
Sawmill Ck. 0 0.161 0.001
West Fork 0 0.247 0
Badger Pass 0 0.075 0.0001

~ Exclosure 0.992 0.92 0.234

Grouped t-test P<.2_64 1

- Site - __Bumed Unburned P<x
"Wise R. South 0.0362 0.0278 0.256
Wise R. West 0.0389 0.0583 0.184
Wise R. North 0.117 0.0445 0.0104
Wise R. East 0.0417 0.025 0.073
Wisdom Flat - 0.967 0.967 0.5
Wisdom Slope 2.3 135 0.0001
Sawmill Ck. 0.00278  0.0472 0.003
West Fork . 0 0.0278 0.0003
Badger Pass 0 0.000185  0.118
Exclosure 0.795 0.766

0.457

Grouped t-test P<.164

~J
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Table 13. Big sagebrush winter forage production (kg/ha).

Table 14, Soil and rock exposed (%).

Jeff Davis

Site Burmned Unburned
Wise R. South 3.7 907.6
Wise R, West 49.8 1035
Wise R. North 332 859.6
Wise R. East 2.34 613.6
Wisdom Flat 165.2 345.8 -
Wisdom Slope 154.9 '396.9
Sawmill Ck. 2.9 1164.9 .
Snowline 0 1136.5
Exclosure 430.7 783
Steep Min. 79.9 666.5
Jeff Davis 139.2 1182
Table 15. Litter cover (%). S ,
~ Site o Burned Unbumed ~ P<x  Overall P<x
Wise R. South - 38 446 - 0.7284 0.02587
Wise R, West 6.33 374 3E-09 :
Wise R. North 22.5 274 0.2654
Wise R. East 30.1 19.6 0.0135
Wisdom Flat 8.75 16.8 0.0092°
Wisdom Slope 18.8 35.6 3E-05 -
Sawmill Ck. 13.8 7.75 0.0509
West Fork 128 20.4 0.0384
- Badger Pass 7.5 22 7E-07-
Snowline 29.7 349 0.143
Exclosure 11 114 0.868
Steep Min. 16.8 21.5 0.16
21.8 333  0.003

Site Buined Unbumed P<x  OverallP<
Wise R. South 102 1.75 0.001  0.000522
Wise R. West 26.3 431 1E-05
Wise R. North 6.83 0.67 0.004
Wise R. East 5.07 0.08 0.11
Wisdom Flat 26.8 12.9  0.006
Wisdom Slope 25.8 475 3E-06
Sawmill Ck. 1.5 0 0.083
West Fork 2.83 .75  0.521
Badger Pass 29.9 7.08 2E-07
Snowline 5.08 3.67 0.53
Exclosure 57.5 52.5 0351
Steep Min. 36.3 24.9 0.03
Jeff Davis - 283 122 5E-05
_Table 16. Idaho fescue canopy cover (%). I

Site Bumned Unburned  P<x  OverallP<
Wise R. South 10 582 7 0.0283 00877
Wise R. West 19.3 . 218 0.5411
Wise R. North 10.2 541 0.1119
Wise R. East 3 - 0.58 0.2746
Wisdom Flat 6.08 L 1401 0.0008
Wisdom Slope 4.5 7.67 0.1653
Sawmill Ck. 9 8.75 0.9315
West Fork - 9.92. 14.75 0.103
Badger Pass 7.33. 14.8 0.0011
Snowline 13.6 17.3 0.1425
Exclosure 7.33 7 0.855
Steep Min. 0 9.75 0.0001
Jeff Davis 14.4 395 0.0001

~J
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Table 17. Perennial grass canopy cover (%).

[N

Site " Burned Unburned P<x . OverallP<
Wise R. South ‘ 54.7 36 0.03493 0.9071
Wise R. West ‘ 44.2 - 30.1 -~ 0.0906
Wise R. North 32.7 20.8 0.0358

. Wise R. East 465 449 0.7085
Wisdom Flat . 44.3 522 0.2959
Wisdom Slope 47 617 0.0827
Sawmill CK. . 599 516 0.4192
West Fork - - v 49.6 _46.8 - 0776

* Badger Pass " 432 45.5 0.697
Snowline ‘ - 487 58.1 0.1732

+ Exclosure ‘ 16.3 20.9 ©0.143
Steep Mtn. . . 388 40 0.9584 -
Jeff Davis ‘ 35.9 -48.6 0.135
Table 18. Perennial forb canopy cover (%). _ _ |

Site - Burned Unbumed P<x OverallP< :
Wise R. South 24.2 17.5 03945  0.48185
Wise R. West 344 - 309 | 07247 ‘
Wise R. North 443 449 0.9547
Wise R. East 24.5 36.3 0.0429
Wisdom Flat 21.3 1273 0.2985
Wisdom Slope 15.3 749 . 0.0131
Sawmill Ck. 31.7 432 0.0963
West Fork 407 352 . 04461 .

Badger Pass- 18.2 28.7 0.0874
Snowline 10.8 6.91 0.147
Exclosure 0 0 1
Steep Mtn. 1.83 4.25 0.1112
4 0.045 .

Jeff Davis ; 1.25 '







