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Abstract:

Mountain big sagebrush (Artemisia tridentata ssp. vaseyana [Rydb.] Beetle) is the dominant taxon on
the Northern Yellowstone Winter Range (NY WR). The purpose of this study was to aid management
by increasing ecological knowledge of mountain big sagebrush in the Gardiner basin within the
NYWR. Specific objectives included: determining age structure of mountain big sagebrush
communities, modeling site and mountain big sagebrush characteristics that influence the taxon’s
production and age structure, and studying the taxon’s response to burning.

During 1993, mountain big sagebrush plants on 33 sites were classified as "large," "small" or "dead,"
and aged by counting growth rings. "Large" and “small” plants averaged 32 and 6 years old,
respectively. Nearly half of the “small” plants were 5 years old, the result of optimal conditions for
establishment in 1988. "Dead" plants averaged 41 years of age. A bimodal peak in establishment of
mountain big sagebrush corresponded with large reductions in the northern Yellowstone elk
population.

Mountain big sagebrush stands that were heavily and lightly browsed by ungulates were compared.
Heavily browsed sites were found at significantly (P<0.05) lower elevations (2047 m on heavily
browsed sites compared to 2179 m average for lightly browsed sites) and on steeper slopes (20.6% on
heavily browsed sites and 12.7% on lightly browsed sites). Mountain big sagebrush were significantly
older and more productive on heavily browsed sites. Average stand ages were 35 years, and production
averaged 143.9 g/plant for heavily browsed sites compared to 28 years and 99.1 g/plants for lightly
browsed sites.

Models with age, production, deadcrown and "small" plant density of mountain big sagebrush as
dependent variables were developed. Variability in stand age of mountain big sagebrush was best
explained by browsing levels, the density of "small" mountain big sagebrush shrubs present, the
percentage of deadcrown, and the amount of live cover (R2=0.68, p <0.0001). Production of mountain
big sagebrush was determined by stand age, the depth of the soil A horizon, and the slope of a site
(R2=0.26, P<0.05). The amount of deadcrown in mountain big sagebrush plants was related to the
amount of live cover, the stand age, and the soil sand fraction (R2=0.59, P<0.03). The density of
"small" sagebrush plants was related to elevation, the stand age, the slope of the site, and the amount of
ungulate browsing (R2=0.42, P<0.004).

Characteristics of 7 prescribed burned mountain big sagebrush sites were compared with the 33
unbumed sites to determine the amount of recovery of mountain big sagebrush 10 to 14 years following
burning. Mountain big sagebrush canopy coverage on unbumed sites averaged 12 times that of burned
sites and shrub densities on unbumed sites exceeded burned sites by 12 times for “small" plants and 15
times for "large" plants.
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ABSTRACT

Mountain big sagebrush (4Artemisia tridentata ssp. vaseyana [Rydb.] Beetle) is the
dominant taxon on the Northern Yellowstone Winter Range (NYWR). The purpose of this
study was to aid management by increasing ecological knowledge of mountain big sagebrush
in the Gardiner basin within the NYWR. Specific objectives included: determining age
structure of mountain big sagebrush communities, modeling site and mountain big sagebrush
characteristics that influence the taxon’s production and age structure, and studying the
taxon s response to burning.

During 1993, mountain big sagebrush plants on 33 sites were classified as "large,"
"small" or "dead," and aged by counting growth rings. "Large" and “small” plants averaged
32 and 6 years old, respectively. Nearly half of the “small” plants were 5 years old, the
result of optimal conditions for establishment in 1988. "Dead" plants averaged 41 years of
age. A bimodal peak in establishment of mountain big sagebrush corresponded with large
reductions in the northern Yellowstone elk population. '

Mountain big sagebrush stands that were heavily and lightly browsed by ungulates
were compared. Heavily browsed sites were found at significantly (P<0.05) lower elevations
(2047 m on heavily browsed sites compared to 2179 m average for lightly browsed sites) and
on steeper slopes (20.6% on heavily browsed sites and 12.7% on lightly browsed sites).
- Mountain big sagebrush were significantly older and more productive on heavily browsed

sites. Average stand ages were 35 years, and production averaged 143.9 g/plant for heavily
browsed sites-compared to 28 years and 99.1 g/plants for lightly browsed sites.
Models with age, production, deadcrown and "small" plant density of mountain big
sagebrush as dependent variables were developed. Variability in stand age of mountain big
sagebrush was best explained by browsing levels, the density of "small" mountain big
sagebrush shrubs present, the percentage of deadcrown, and the amount of live cover
(R*=0.68, P<0.0001). Production of mountain big sagebrush was determined by stand age,
the depth of the soil A horizon, and the slope of a site (R>=0.26, P<0.05). The amount of
deadcrown in mountain big sagebrush plants was related to the amount of live cover, the
stand age, and the soil sand fraction (R>=0.59, P<0.03). The density of "small" sagebrush
plants was related to elevation, the stand age, the slope of the site, and the -amount of
ungulate browsing (R*=0.42, P<0.004).
Characteristics of 7 prescribed burned mountain big sagebrush sites were compared
. with the 33 unburned sites to determine the amount of recovery of mountain big sagebrush
10 to 14 years following burning. Mountain big sagebrush canopy coverage on unburned
sites averaged 12 times that of burned sites and shrub densities on unburned sites exceeded
" burned sites by 12 times for ° ‘small" plants and 15 times for "large" plants '
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CHAPTER 1
INTRODUCTION

Big sagebrush (Artemisia tridentata Nutt.)/grassland ‘con;prise's,the largest vegetation
type in the western United States (Colbert and C.olbeftv1983) dominating 60 million ha
(Beeﬂe 196Q). Since the 1930's, control of sagebrush hés‘ been a primary objé(_:’give of many
land managers, with the intent of improvipg grass and forb productiop for livestock (Best'
19%2). Today, big sagebrush is widely recognized as valuable forage and cover for many big
game spe(éies, (Kufeld et al. 1973, ‘Welch.and Peterson 1981, Wambolt and McNeal 1987, |
Ngugi et al. 1992), game and nongame birds, (Best 1972, Reynolds i981,_McAdoo et al.
1989) and other wildlifé (Mullican and Keller 1986). Ironically, land managers aré
increasingly engaged. in reducing big sagebrush for the purpose of benefiting wildlife or
-livestock. | |

There is much conjecture about the age at which big sagebmsh reaches peak
production. While some believe that big sagebrush declines in production or vigor after a
‘certain age (Pétroni 1991, West et al. 1984), details and the ihterrelationships W1th -
environmental factors related to thc;ée theorized declines are unclear. Decadencé,
degradation, and senescénce are terms commoniy used in the literétur_ce (Roughfon 1972,
Evans aﬁd Young 1978, Sinclair 1984) and in manager'nént plans relaﬁng t(_i big sagebrush
(Ahonyn;ous 1979, Anonymous 1982, Pétroni_ 1991); but their meaning is vague. This study

‘was initiated in an attempt to clarify relationships of mountain big sagebrush (Artemisi&
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tridentata ssp. vaseyana [Rydb.] Beetle) communities regarding the taxon’s viability as a
cli_ma)g dominant. A second goal vs‘/as to obtain a better unders.tandin‘g of the relationship
between age and production in moﬁntain big sagebrush. This infofmatiqn should aid the
management (;f the taxon.

The objectives of this study were 1) to determine the age structure of
ﬁmuntain big sagebrush sta_mds, 2) to model hat;itaf variables which inﬂuencé the i)resence
and age class distribution of young sagebrush, 3) to model the relationships among site and
plaﬁt characteri_stics to stand production and age strucﬁne, and 4) to e\‘/aluate the response

of mountain big sagebrush in selected burns.
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CHAPTER 2

LITERATURE REVIEW

Age Structure and Senescence of Big Sagebrush

Because plant age is -helpful ip determining the nature of the vegetative community
structure and 1n predicting successional or other ecological changes, age determination of big
sagebrush individuals and populations has been of interest to scientists si-nce the 1940's
(Cottam and Stewart 1940, Lofnr_nas_on 1948, Stewart et al. 1956). Scientists recognized.
" early on that sagebr'ush’ “size was not'necessafily proportional to age (Cottam and Stewaﬁ
1940, Pase 1956), and F@rguson (1964) established annual ring analysis.as the only
acceptab'le' méaﬂs of aging big sagebrush.. It was also established early on that while big ‘
’ sageBmsh may be a ldng liyed species with. shrubs docurﬁentéd as old as l(A)O. (Cottam and
Stewart 1940) to 200 years (Ferguson 1964), staﬂds generally reach‘a maximum age of 40
to 50 years (Lommasson 1949, ﬁlaisdell 1953, Roughtén 1972). - | | |

'Whilé. determination 'of bié sagebrush age structures is a relatively straigfl_tforx.ivard
process, the ecological status of sagebrush is oftéh an issue of controversy. Tﬁe use of the
terms senescence, decadence or degradation to describe a variety of shrub characteristics
demonstrates that éevéral viewpoints exist regarding shrub dynémics. -

S'enescence in shrubs has been described as a state of physiological decline (Reid
1985) or a pbst—reproductivg state (Gastuk et al. 1980, Zammit and Zelder 1993).

Senescence has also been defined as a class of shrubs with at least 50% dead canopy (Young
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and Palmquist 1992). Peet and Christenson (1980) considered senescence to be a shift in the
balance between compet1t1ve plant relationships as the vegetative community ages, resultmg
in success1onal replacement. Clearly_th,e use of this term is inconsistent in the literature.

Decadence is a term used even more loosely and often without a clear definition. -
Roughton (1972) described big sagebrush stands with the largest number of individuals older
than 55 years as.' decadent. However, he did not consider' subspecies differences, and
individuals' less than 9 years were not included in his. assessment. West et al. '(1984),
described plants w1th an apparent loss of vigor and reduced growth rate as decadent. Other
uses of this term havelreferred simply to woody species in a generally undesirable state in
need of human manipulation to achieve a more desirable condition (Anonymous 1979,

- Anonymous 1982, Petroni 1991).

Degradation is a third term used With little qualification to describe big sagebrush,
stands (Evans and Young 1978, ‘Sinclair 1984). ‘Again, this. term seems to connote an
undesirable condition.

The age or phys1olog1ca1 stage in which b1g sagebrush is most desirable or of most _
benefit to wildlife has not been determmed in the hterature In antelope bitterbrush (Purshia
tridentata [Pursh] DC), age and productivity were positively-related .until 60 or 70 years of
age, and then productivity declined (McConnell and Smith 1977). No relationships between ‘
age and yield have been determmed for big sagebrush | |

According to the “self- thinmng rule” (Westoby 1984), plant mortality in even-aged .
stands (those that may be produced by a disturbance such as fire, for example) is driven by

an accumulation of biomass, causing crowding and cornpetition. The result is that the




longevity of plants is not dictated by time, but rather by growth rate. Plant longevitsf is
actually increased on 31tes with poor growmg conditions. This counter-lntultlve pr1n01p1e
‘was conﬁrmed in mountain b1g sagebrush by B11brough and Richards (1991) where under

favorable growing conditions, this shrub grows‘ rapidly' and has a short lifespan.

Germination and Seedling EstaBlishment of Big Sagebrush

Germination patterns for big sagebrush have been described by Weldon etal. (1 959)
\ T .

and Payne (1957). Altheugh different germination ecotypes may occur in mountain big
saigebrush (Meyer and Monsen 1992), germination generally occurs inilate w'inter or spring
with few or no seeds remaining in the seed bank (Meyer and Monsen 1991). Greenheuse
‘studies found that eptirnal germination temperatures for mountain big sagebrush are 15-20°
C (Young e:c al. 1991), and seedling growth rnay be reduced by a below-average teinperature
| regime (Harmss and McDonpugh 1976). Seedling growth rate is rapid, reacﬁing amaximum -
at approximately 1 1. weeks (léooth etal. 1990). It then diminishes considerably, probablylrlas
a strategy to survive when available water declines. | | |

Ina natural setting, seed production is not a limiting factor for mountain big
sagebrush recruitment (Youn‘g et al. 1989). However, germination and recx;uitlnent of baein
big sagebrush‘(Artemvi'sia tridentata. ssp. tridentata Nutt.) was found to be sporadic with
numerons seedlings emerging certain years and few. or none in others (Daubenmire 1975,
‘Hu;mphrey 1984). In undisturbed stands of mountain big sagebrush, seed.ling' recruitment is
reduced due to competition by mature plants (Meyer 1994). Seedlings are generally excluded

. until older plants reach at least 40 years of age and begin to break down or. die,'allowing
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recruitment to occur in canolf;y openings (Lommasson 1948). Intérspéciﬁé comiaeﬁtion may
also negatively influence sgedling survival (Owens and N;)rton 1992). .

Or; disturbed sites where competition by mature big sagebrush shrubs does not inhibit
seedlihg growth, recfuitment is still episodic and depends on a nur.nbe£ of factors including -
precipita;cion events, seedbéd characteristics, intérspeciﬁc competition, and poss:ibly the
- ‘amount and timing of spring snowpack:(Dalibenmire 1975, Booth ét al. 1990, Owens and-
_ Norton 1990, Young et al. 1990, Meyer 1994). In addition, crowded seédlings undergo a
process of self-thinning baéed on seedling sizé and proiirrﬁty to other seedlings (Ross and
Harper 1.972). These patterns of seedling recruitment —c'omplicate efforts to predict turnover

in big sagebrush stands or to predict the recovery of this shrub from disturbance.

Production Estimation in Big Sagebrush

Managers often need to know the carrying capacity or the forage base of a given
range. Consequently, numérbus procedures have been ﬁsed to estimate forage production
of big sagebrush. Davis et\ al. (197.2) found a~stror.1g relationship between widths of big
sagébrush growth rings and productior; (subspec.ies was not considered). This method, along
' with others such as the weight estimate technique (Pechanec and Pickford 1937) involve
destruction of plants as well as 'cons‘iderable time and cost to perform (Uresk et al. 1977).. -
Scientists have since established non-destructive methods for determinjng big sagebrush
production.

Many productioﬁ estimates are basedl on an assumption' of an approi)riate shape Qf a

" shrub crown, and the dimensions associated with that shape. Using differeht plant-shapes
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to calculéte relationships varies beﬁeeﬁ species (Murray and Jacobson 1982). Rittenhouse |
and Sneva (1977) used an elliptical crown shape to predlct production i in Wyommg big
. sagebrush (Artemisia trzdentata ssp. wyomzngenszs Beetle and Young) Tausch. (1989)
measured the two longest perpendicular axes across 1n‘the crown along with cfswn height
in low sagsbrush (. arbuscula Nutt,). These measurements were alsb used by Guenther et
al. (1993) in b1tterbrush Wambolt et al. (1994) found that depending on the subspecies of -
.big sagebrush, combinations of crown measurements and height related accurately to the
amount of winter forags produced By big sagebrush. Thjs methodolo gy has been repeated
by Mehus (1995) Wambolt alnd Fortney (1995), and Hoffman and Wambolt (in press).
'Relatibnshjps between shrub dimensions and biomass are calculated ssing linear or
nonlinear regressions. Both regressions were used by Guenther et al. (1993) fos bitterbrush
'pr.oduction estimates. Although Tausch _(1989) felt tﬁat nonlinear regression was more
appropriate to reduce systematic bias pesulting in under or o%zerestirﬁatién of bioméss, linear
regression is the II'IOSt common analysis used (Rjtfenhouse and Sneva 19717, Dean e‘s al 1981,
. Wambolt et al. 1994)'. Wambolt. et al. (1994) ’determined that linear regression was
reasonable because norﬁinear relationships Iwere not 6b'séryed in plots of depgndent' Versus
independent {/s.ﬁélsles. Most sf the studies above réported strong rslatisnships between

measured shrub parameters and biomass production.

Mountaiﬁ Big Sagebrush Response to Ungglate-Browsing

The response of mountain big sagebrush to ungulate browsing is well studied-and

feﬁrly well understood. Several growth characteristics of this shrub make it less tolerant to
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browsing than other species (Bilbrough and Richards 1.991). Because r,nountain- big
sagébrush is wind pollinated),. f.lox.zvering stemé are élevate& above ﬁie canopy making them
; susqeptible to browsing. Branches and stets of this shrub grow linearly; and most of the
productive buds are on the di_stail ends of stems where théy are vulnerable to browsers. The
terminal leaders contribute the most to biomass production), and production generally
declines toward the base of the plapt. In addition, mountain big sageBrush is unable to
initiate neV.v growth from shoots older tflan 1 year- (Bilbrough and Richards 1993).
‘ Thérefore, if the current year’s growth,is_removed, compensatory responsé by mountain big
sagebrush is significantly r.educed.
Mountain big'sagebrush has been shown to lose vigor, undercompensate, or even die
f(;l.lbv.virig browsing. Bilbrough and Richards (1993)‘found that simulated browsing by
.clipping shoots resulted in decreased shoot iaiomass. This effect was iﬁcreased with
increased clipping to the point of branch mortality by the rerﬁgval of ail the current year’s
long shoots. Waindéra‘et al. (19§2) wés also able t‘o ind.u.ce mortality in mountain big
sagebrush by rémoviﬁg 90% of the previous year’s growth. Cook and Chilci (1971) observed
“1 00% mortality of big sagebmsh (subspecies not considered) that were clipped twice in one
year (winter aﬂd spring). Cdok and Stoddard (1960) found that removal of current year’s
growth on half of a big sagebrush crown (again, subspecies not considered) resulted in
mortaiity of that portion of the crown, plus mortality of a distin.ct p(;rtion of the root system.
By contrast, t}}e removalr of half' of the current year’s growth on each tw1g (thereby
distributing the effect éf the treatment more evenly) produced an o.vera'll:loss of vigor and

biomass production with mortality of only small twigs and branches. Apparently, plant parts
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that are not productive are not supported by._the ,remaining productive parts (Watson and |
Casper' 1984). |

Decline or mortality of mountain big sagebrush by browsing has been observed 1n a
natural setting by a number of researchers. As early as the 1930's, heavy browsing by elk
was credited for big sagebrush losses W1th1n Yellowstone National Park (YNP) (Vttright- and
Thompson 1935). . McArthur et al. (1988) observed 11 times as many dead mountain big.

-sagebrush plants on an area heavily browsed by mule deer than a nearby area that Was
part1ally excluded from deer by an mterstate hrghway and fence. Partial crown mortality was
64% higher on the browsed site compared to 17% in the excluded area. While studying
utilization leveIs of 4 sagebrush taxa in southern Montana, Wambolt(in press) found that
35% of meuntajn big sagebrush were killed by excessive browsing. | Browsing also caused
increased crown dieback which was estimated at 58.7% during the study. Hoffman and
Wambolt (in press) noted decreased production and vigor in Wyoming big sagebrush subject
. to heavy browsing compared to protected plants. In particular, reproductive structures were
virtually eliminated by browsing. -

Some studies have ctaimed that browsed plants ma.y respond t)y grovuing more or
growing faster than unbrowsed plants. Cook and Stoddard (i 960)_‘found that while the
clipped half of a big sagebrush crown died, the intact portion grew more vigorously than in
untreated plants. Paige and Whitham (1987) found that the removal of reproduct1ve :
structures in scarlet gilia (Ipomopszs aggregata [Pursh] Grant), a short-hved forb, resulted
in a 210% increase in blomass and a 240% increase in seed production. Dyer et al. (1991)

found that repeated mowing of a plot of smooth brome (Bromus inermis Leyss.) -resulted in
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29% more abovegrpund biomass coml;ated td untreated plots. Painter and Belsk'}; (1993)
warn however, that overcompensation by browsed or grazezi plants_ may occur oniy rarely in
a natural setting with no evolutionary or applied significance. They suggest furthet, that the
"nature of cotnpensatbry growth may depend on both the\sp'e‘.cies and_ the environmental
" circumstances that influence the plant. Pattetl (1993 )applied thisl viéwpoint to browsin;g by

elk in YNP and concluded that neither grass nor woody species (including big sagebrush)

were benefited by browsing.

Use of Fire to “Improve” Big Sagebtush Stands

Fireis perhépé the most cbthonly used tool to control or alter big sagebrush stands
The practice of burning big sagebrush has been.a source of controversy between those who
believe that fire benefits big sagebrush rangelands, and those who believe that spch
rangelands are harmed by burning. J. orgenson (1990) and Petetsotl (1995) compiled
comprehensive literature re\;iéws pertaining to the implicatiohs Qf burning big sagebrush.

Manzfgers have sometimes attempted to replicate natural burning cycles of big
sagebrush, tmt there is debate as to the length of those cycles. In ttle 'Gratlelly Mountains of
southwestern Montana, burning of mountain big sagebrush every 20 years was recommended:
to maintain stand-vigor (Petroni 1991). However, Lormhaéson (1948), following a thirty year
study in the same area, maiqtained that thése stands may maintain thertlselves indeﬁnitel}"
without distutbances such as fire. Other studies in southwestern Montana found little
recovery of Wyoming big sagebrush a/fter 12 years (Blaisdell 1953) or 18 years (Wamboit

and Payne 1986), aﬁd a similar result was found in mountain big sagebrush after 19 years
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(Mehus 1995). At least 30 years are reqﬁired for stands to show significant recovery from
burnipg (Harnisé and Murray 1973, Wafcts and Wambolt 1996). Whisenant (1996)'
determined that the natural fire frequency along the Snake River Idaho was 60-1 10. yearé.
However, he algo found that in aré;els occupié’d by cheatgrass (Bromus tectorum L.), an exotic
annual, burns r,hay occur as often as 2-4 years, efféctively -elil.ninating big sagebrush as well
as many other native species. . |

The terms decadent, degraded and‘ senescent are sometimes used as explanations for-

the necessi_ty to burn big sagebrush to improve wildlife habitat (Anonymous 1982, Petroni

1991). ﬁowever, Jorgenson (1990) found no references .relatir}g the use -of ‘ fire to
"‘rejuvenéte dec'adeﬁt saggbmsh stands.” The rédl;ction of fuel loads was the onl}; suggested
value for this Aprac.fice (Charley and West 1975). Evanko (1949) found that burning may
significantly increase the heigilt of sagebrush seédiings (éubspecies nof considered), but the
iniportancé of this finding is not clear. Peterson (1995) found that there was no relationship
between plant age and crude protein content in mountam Big sagebrush. Therefore, burning
does not necessarily.improv_e the nutritional ;:on;tent of big sagebrush. These studies, or la;:k\
~ thereof, indicate that the role of fire in big éagebmsh stand “‘imprdvemerit” is uncleart In
. fact, Rasmussen (1994) noted that fire has “very limited applicability” to maintain big
sagebrush, and Harniss and Murray (1973) warn that degradation of Vegétation and soil

‘result from haphazard burning practices.
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CHAPTER 3

STUDY AREA

Location

The study was conducted bn qportion of the Northern Yellowstone Winter Range in
southwestern Montana. The sfudy area extends from Buffaio Mountain, 6 km northeast of
Gardiner, to Dome ‘Mountai'n, roughly 23 km to the northwest (F ig;. 1). Itis bounded by the
Absoraka-Beartooth Wildemesg on the east and the Gallatin Mountains .on the west. The -
majority of sémpling sites (28) was located in the Gallatin‘National Forest on the east sidel
c;f the Yellowstone Rivef. 'Five sites were locatgd on National Park Service (2)_-or Forest

Service (3) land on the west side of the river.

Landscape

The Yellowstone River is a prominent featﬁre dividing the sfudy area in half and
serving as an elevational base away from which the foothills and mountains rise. »The river .
: ﬂoodi)la.in is narrow, and the valley is'tr01‘1gh-li.‘ke with foothills rising steeply ﬁom the-
floodplain tovrolling benchlands often at 50-60° slopes (McNeal 1984).

Volcanic acti.vity has left a prominent mark on theﬂnorthern Yellowstone valley.
Northwest of —Gardiner, basalt benches extend as far as Littie Trail Creek and throﬁghout the
stud'y area, Basaltic outcrops and talps slopes may be found.. Dacitic and andesetic bfeccias

are common extrusive volcanic rocks dating to the Eocene Epoch (Fraser et al. 1969). In
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Figure 1. Map ofthe Gardiner Basin showing study sites (1-33 unbumed and 1B-7B burned).
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" some areas, these rocks are the méterials’for extensive landslides and eartiﬁlows.

Glacial activity has also played a prominenfc role in the topographie expression of the
study area. Dulrjng the Pleistocene, 3 glacial ad‘vaeees occurred over the sﬁdy area
(Blackwelder 1915). Duﬁng the third advance, the Pinedale, which peeked around 15,000

.years ago, the study area was covered by the northern Yellowstone outlet glacier, a portion
of the northern Yellowstone' glacier (Pierce 1979). The northern Yelldwstone glacier
covered 3400 km? and averaged 700 m in thickness. In ad_ditioﬁ lto moraines and glacial
erratics deposited high on the walls "of the valley, the wi}:hdrawal of: the glaciers left the valley
walls in steep and unstable condition (Good 1.982). The result was a number(of landslides |
and slumps that extend from Yankee Jim Cenyon to Cimaber Mountain. Two' large

earthflows are still active on either side of the Yellowstone River at the motth of Slip and

Slide Creek (Fraser et al. 1969).
* Climate

The mountains surrounding the study area produce orbgraphic effects on both a large
and a local scale. The Gallatin Range creates a distinct rain ehaQOW elong the Yellowstone B ‘
River, where annuai precipifation averages 305 mm. The nearby benchlands receive 406 mm
of precipitation, while the mountains may receive 760 mm annually (Farnes 1975).

Because half of the annual preeipitatien is in the form of snow, a water deficit by late
summer is common.u June is the wettest month With about 50 mm of precipitation (U .S‘.
Weathef Burea;1 Station, Mamﬂqoth, WY). In July and Augu'.s"t,. localized thundershowers

. may be the only source of moisture.
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The growing season in the Gardiner valley is strongly influenced by elevétion, but it
is generally from mid-April to mid-September. The warmest month is July which averages

17.3 °C. A killing frost may occur in any month.

Soils’

" Glacial scouring and deposition are stroﬂg iﬂﬂuénces on the soils of th'e‘ study area.
Parent matgriais include granités' and limestones deposite;d by glaciers as well as Basalts and
breccias. The soil regolith fn the study area ma};‘range from a few cm in areas scoured b};
glaciers, to over 1.5 m in depositional areas.

Mollisols are the d.ominant soil order in the area, and soil groubé may range from
~ Aridic Haplobbrolls to Pachic Argibérolls. Alfisols ‘may be found in forested areas and
Inceptisols occur near putcrops of basalt and bedrock.

Soil textures are most commonly loams-and sandy 10an__1s, aithough a wide variety of
‘textures are present. Because much of the area is dominated by glacial till, most soils have
a skeletal structure. Coarse frégments range from gravels to lérge boulde:rs 3-4 m m

“diaméter. Glaciat.l erratics are common, especially in the southern portion of the study area.
Because the majprity of precipitation in the stud.y area comes in-the winter, the soil

moisture régiinesare typically ustic. Soil temperatures are chareicteristically cryic.

Vegetation

Sagebrhsh—grassiand habitat types dominate the study area. From cover types maﬁped

in this study (Unpublished map, Trista Hoffman, U.S.D.A. Forest Service, Gardiner
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District), sagebfush—grassland covers approximately 11617 ha. Three sagebrush species are
represented. Tali three-tip sagebrush (4rtemisia tripartita ssp. tripczrtita Rydb.)is found only
in small isolated patches of a few ha on west-facing slopes of the OTO_ranch.' Black
sagebrush (4. nova Nels.) occupies approximately 115 ha in pure'stands and 325 ha in
stands mixed with big sagebfush taxa. It occurs from ‘che OTO ranch to Eagle Creek, with
.Iocalized patches on the west sidé of the Yellowstone River. This 'sagebrush occupies
elevations below 2100 m and is associated with shallow calca‘reous'soils.

. Big sagebrush occurs throughout the Velley ghd 3 sui)species are present. Basin big
sagebcush has a patchy distribution and dominates approxima’gel}‘f 20 ha, while 315 ha are
mixed with other sagebrush taxa. Small starids of ‘oasin big_ sage‘orush may be found belov;f
2100 m along irrigation ditches'and agricultural fields, below talus slopes or in other areas
With deeo soils or conditions of hlgh soil moisture. Wyoming big sagebrush grows in
extensive stands in the dry glacial outwash along the'Yellowstone River and associated

| oenchlahds below 2100 m. Approximately 4606 ha on this taxa are found in pure stands
while 1100 ha are mixed w1th other sagebrush taxa. Mountain big .sagebrus.h is the
dominant shrob in the study area occupying 5520 ha in pure stands and 1150 ha in mixed
stands. It roay be found -fro?n 1800 m to 2500 m in elevation in ‘a wide r‘an'ge of soil types.
The above distribution areas do not include areas that were originally sagebrush habitat
types, but have since Been conver_ted.to agriculturai fields, roads or builoings, or heve not
been restored to sagebrush cover following bt‘u‘nihg (see page 19).
At loWer elevations mountain big sagebrush is associated with b_iuebunch wheatgfass

(Agropyroh spicatum [Pursh] Scribn.), but across most of the study area, it is found with
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‘ Idaho fescue (Festuca z'dahoensil; Elmer). Other prominent grasses associated with this shrub
are prairie junegrass (Koeleria macrantha Ledeb.) and needleandthre:ad (Stipa comata Trin:
- '& Rupr.) in drier areas and columbia needlegrass (S. coluﬁbiana Macoun) and basin wil&rye
(Elymus cinerus Scribn. & Metr.) iﬁ-siteS.with more moisture.' A lis‘; of most of the plant .
species found in the study area may be found in McNeél (1984).- |
Several forest habitat t};pes occur in the sfﬁdy area and are classified accordiﬁg to
Pﬁster et al. (1977). Limber pine -(Pi@.{ ﬂexilz;s James) is preseﬁt at low. elevatiqns, and
Douglas fir (Pseudotsuga m’enziesij [Mirb:] Franco). stands are found at.high elevations or

near streams. Both of these species are associated with either bluebunch wheatgrass or Idaho

fescue.

Ungulate Wildlife

As paft of the Nbrthefn Yellowstone Winter Range, the study area sustains oné of thé
largest wintering herds éf Rocky Mountain elk (Cervus elaphus nelsohi). iﬁ the world,
(Houston 1982). In the early 1960's, the Naj:ional Park Service (NPS) ,managed elk
populatiohs intensiv'ely, réduéing 1_1.erds by transplanting or intensive harvesting. In 1967, ;che
NPS adopted a phjlosophy of non-interference with elk populations, and elk riumbers
increased from less than 4000.animals to more.than 23,000 by 1988 (Coughenour and Singer "
vl'l 996). The winter of 1988-89 dfastically reduced the herd, but by 1993, it had recovered to
én estimated 25,000 ammals | |

_ | 'Some believe that e.lk are artiﬁcially concent;ated on ‘;he northern winter range due

to the disruption of traditional migration routes by human activity (Tyers 1981). Most of the
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elk spend the summer at high elevations’in YNP or the adjacent Absoraka—Beart(;oth
Wilderness. In winter, the concentration qf elk on the stﬁdy area varies, depénding on the
severity of the weather.' Large herds may ﬁove out of the YNP only every 2 or 3 years
' (Houston 1982), but they may travel as far as. 115 km to teach the Gardiner valley (Craighead |
ét,al. 1972). In the most severe winters, the area around Mammoth and Gardiner may be the -
only portion of the northern winter. range that remains open and available for animals (Turner
et al. 1994). |

" While elk are the most co'nspiéuous winter ungulates on the northern winter range,
the area is also critical habitat for mule deer (Odecoileus hemionus he;hz‘onus). beer arrive
on the winter range from the adjacent mountains in Octéber, and remain until Jurié. In the
" winter of 1992, rpule déer reached a population high of approximately 2550 animals in the
study area. Each year, 50-75% of the deer are founci on the'east side of the Yellows’;one
.River (Unpublishgd report, Tom Lemke, Montana Fish, Wildlife & Parks).

Less common oc;:u.pants of the sﬁdy area include Bighorn sheep (Ovis canadeﬁsis),
especially near MacMinn Béﬂch, Bear Creek a;ld Bassett Creek. A population of pronghorn
antélope (Antilocapra americana) occup-ies low elevations from Beattle Gulch to the
Gardiner River. Bison (Bisoh bisoh) occasionally wander out of Yelléwstone Park and into
the study area, especially duﬁﬁg se\'/ere \;\;inters. Moose (;fﬂces alces)-are other sporadic
visitors. |

Livestock G*rézing History -

In 1926, most of the public land within the study area was withdrawn from
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homesteading aﬁd added to the Gallatin National Foresf system. Many grazing allotments
. were elimi,natgd to provide more forage and cover for wildlife. Five allotments remain and
occupy approkimately 700 ha. Four allotments are grazed from June 16-_-October' 16 each
year while the fifth is grazed from june 16--September 30 annualiy (Unpubiished, US. '

Forest Service, Gardiner District, Montana).
Burhing History

By studying fire-scarred conifers, Houston (1973) determined that in the last 300-400
years, there were 8 to 10 large fires on the portion of the northern winter range inside YNP,
although it is ﬂot'clea_r how much burning occurred in sagebru;s,h'-grass habitats;. Human fire
suppréésion began in 1886 and has increased in sophi;e,tication ever since. By the 1950's,
almost completé fire suppression' in the grasslands of the Northern Yellowstone Winter
Range was accofnplished (McNeal 1984).

By the 1970's, fire was recognizéd as an integral part of the ecosystem as well asa
useful maﬁagement tool. In 1972, 12,060 ha O’f winter raﬁge vmthm the Park were designated
as range Where wildfires would not be éuppressed.‘ "i“he_ Forest Service, under pressure to |
minimize livestdck/vﬁldlife conﬂicts; began controlled burns in the late 1970's. Between
1979 and 1995, approximately 1170 ha were burned ia‘rgely by prescribed burning
@npub1ished map, Trista Hoffman, U.S.D.A. Forest Service, Gardiner District) to "improve
r'aﬁge condition"n by conjectured reduction in sagebrush and increases of ilerbéceous plants
(Tyers 1981). Nearly 280 ﬁa of the total was burned incompletely, d1_1e to a'dvel.'se burning

conditions or low fuel loads. Between 1965 and 1993, approximately 100 ha of the total
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burned as a result of Wildlﬁre:;:.' In 1994 a wildfire on Deckard Flats consumed 525 ha of
sagebrush habitat types. However, little sagebrush remained in this area due fo previous
prescribed burning énd hea.vy.browsing by ungulates miérating out of WP. Tﬁe study area

was out of the range.of the massive fires that burned YNP in 1988.
Human Settlement

Human settlement wjthin ‘the study area is one of the mbst important factors
iﬁﬂuencing wildlifg habitat and movement. Residences, roads, fences; and recreationalists
are amc;ng the obstacles that animals meet when they move from one part of the winter range
to another. The human population of the study area, including Gardiner, Corwin Springs,
Jardine, and outlying communitics? is nearly'1600‘ in 650‘houses:('U S, Eureau of the Census
1992). Most of the valley bottom between Gardiner and .Yankee J ilﬁ Canyon is priva;tely
owned: Gardiner has a population of appfoximately 375 people, and is a major entrance to
YNP. It lies direcfcly in‘me p‘athlof rﬁigraﬁng vs}il'dlife. Because large numbers of ahirﬁals
pass through this area; it is a popular stop for fhousaﬁds of tourists on their way to and from

YNP.
| Jardine, a small mining town.of about 30 persons, is 6 km northeast pthardiner.
Despite fhe small sizg of the town, the presence of the mine creates additioﬂal obstacles for -
wildlife. Wild un'gula'ltes encounter roads, heavy machinery, and leach ponds. The town of
CoMin Springs lies along the Yeliowstone River in the center of the study a:;ea. It has
 perhaps 400, people, but its population has changed dramatically in the last 15 -years due to

the activities of the Church Universa1~ and Triﬁmphént (CUT) which owns much of the
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“private lapd in the area. I;l addition to ipcreaéing housing in the Corwin Sprjngs vicim'ty,‘ the
CUT has stepped up agricultural productio.n in both crops and livestock. Theée activities,
like similar activities throughout the Gardiner valley, influence thelquali_ty of wildlife habitat

and wildlife movements on the winter range.
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CHAPTER 4
METHODS
Site Selection

During 1992, the extent of mountain big sagebrush' within the study area was mapped
using aerial photographs and ground confirination. _Betweeﬁ June and August, 1993, 33
unburned and 7 preséribéci burﬁed mountain big sagebrush sites were selected throughout the
study area (Fig. 1, Appendix A: Tables 11-;1 4). Adéquacy of sample tésting indicated that
33 sités p1;0vided a sufficient sample to account for the variation expectc;c'I during the study.

A study sitc;, was defined as a starid of mougtam big sagebrush ;chat appeared rélativel’y .
homogenous in terms of outwa_.rdly ap'parént characteristics guch as slope, aspect anél
‘elevation. Conﬁrmati.on of the mountain big saéebrush subspecies was made in the lab using
an lﬂtra\.fioiet light (Stévens and McArtHur 1974). Each study site was at least.0.25 ha in si:ze
(40x60 m) énd ranged up to 3 ha. Sites \);fére selected not by how well they appeared to
represent t};e_ study area, but by wﬁether they were .thought to heip characte;fize the full range
of 1 or more of the parameters to be measured. The full range of values could then be u's_ed
to.develop models to illus‘.traté the inﬂuenc'e of these parameAters on the age, production or

establishment of mouhtain big sagebrush.
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~Measurements

Plant Measwerﬁents

Measurements of plant parameters began near the end of June, 1953. The rﬁajority
of Sagebr;ish grox;vth for the year occurred before this time. Long shoo;cs and leaves were
ﬁilly elongated, and an annualn growth ring was well established in the stem xylem.

Therefore, measurable production increases by sagebrush plants were not expected over the =

remainder of the summer. The plant parameters measured included browse form class,

| percent cover of live and dead sagebrush, density of large, small and dead plants, peré:_ent

dead crown, production and age.
The overall appearance of a sagebrush plant'determined the browse form class

assigned to the plant. Browse form classes were described by Creamer (1991). Plants that

. receive repeated heavy browsing develop a dense canopy and a hedged appearance. Lightly

browsed plants have a more open canopy with linear growth due to the annual extension of

terminal leaderé, Usually, all of the plants on a site exhibited nearly the same browse form

class.

At eaéh site, 2 line transects, 30 m long, were established with the slope of the site.

* The transects were parallel to one another and 10 m apart. Measurements from the transects

were pooled. Belt transects of 60 m? were established by. measuring 1 m on eaéh side of the
line transect. ' | : | -
A plumb bob was used to determine live and dead cover to the nearest 1 cm along the

transects. Live cover included any leaves, current year leaders or seedheads that intercepted
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the line transect. Dead cover referred to the intercept of dead sagebrush branches that were

b

still elevated above the ground.

Plant density was determined by counting all sagebrush plants rooted within the belt -

transect. Plants were divided into “large,” ”small” and “dead” categories. A “lar;ge” plant
measurlements were derived from the minimum size requirements for use in the sagebrush
production models developed by Wambolt et al (1994). Plants émaller than these minimums
were not considered to be signiﬁcant. contributorls to the production of a site but were
important as representatives of the younger age classes. Dead plants were separated from
woody litter by the reéilﬁrement .of at-least 1 main stem still rooted in pléce, and some portioﬁ
of '1Ehe stem rémaining above the ground. “

An ocular estimate of the percentage of dead crown area was made for each “large”

sagebrush. ThlS measurement estimated the loss of potehtiai production on a site by’

mountain big sagebrush.‘ E“stima;tes were made to the nearest 10%.

Product_idn was defined after Wambolt et al. (1994) aé the amount of winter forage
available to'wilc.llifé from ﬂlountain big sagebrush plants. Prhoduction'measuremenfs were
made on, 10 "large" plants per line transeét. Each ‘li‘ne trénsect used for cover was marked
at 10 increments, 3 m ébart, and the plants most closely rooted to each mark were measured_
for production. |

| Four measurements were recérded for each plant to model production. The major
axis referréd to -the longest horizontal.line between living piant i:issue across the p.lant Crown.

The minor axis was a similar line perpendicular to the major.axis. Two additional axes were

measured at least 22 cm across the widest portion of-its crown. These minimum
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measﬁred pérpen&icular to one anothef and set at 456 angles to the intersection of the major
and minor axes. The Iﬁodeleci forage production per plant was .multiplied. l;y thé density of ‘
"large" I;Iants to determine the mass of sagebrush fofage available on.a ioer ha basis.

Each of the 20 ﬁlants measured fpr production was cut at the base and transported fo .
the lab. for aging. Twenty "small" plants were collected in the same mannci‘ for .aging. :
Twenty aead plants Were also collected, but 1b'ecaus.e dead plants were uncommon and often
not found near the 3 m marks, theée‘ plants were collec’Fed by walking: through thé site and
cutting the first 20 pl;mts encountered. Ofter, dead stems were rotted or colonized by ants
and had to be discarded, and on some gites, it was not possible to éoilec‘; 20 specimens.

Aﬁnugl- growth rings were counted in cross-.section-(F erguson 1964, Taha 1972).

_Sagebrush cross-sections were sandgd smooth'qnd a fresh razor was uéed to take a thin
veneer off the surface. | Tlﬁs 're£noyed the surface pores that we're. filled with sawdusit or
i‘mpﬁi‘ities and clariﬁed the annual growtﬁ rinés. .A light coating of vegetabl’e oil wés
sometimes used to highlight rings before counting with a 10x hand lens under é full spectrum

light.

Site Me'asurements

Site parameters included elevatioﬁ, aspect, siope, éoil characteristics and associated '
'véget'ation. The elevation of a given site was estimafed from its position on USGS
topographical maps. Aspect was, the general direction that the site .faced, and it wés
measured with a co,mpéss és the degree difference from magnetic north. Slope waé measuréd |

using a compass and plumb bob. Two measurements for slope were taken perpendicular to
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the aspect and 180° from each other. These estimates were averageci.
| Areal canopy cover of grasses and forbs was estimated using 20 x 50 cm plots spéced
3 m apart along the ﬁénsect lines (Daubenmire 1959). Ocular estimates of percent coverage
were made for the grasses and forbs-separately. Twell?ty plots were averaged for each site.

Soils were, collected from a pit dqg betweén the 2 transects. Th;e depth of the A
horizon was measured to the nearest cm, and a sami)Ie of this soil was collected at :;1 15 cm
depth. Particle size anélysis was determined using the Bouyocous method (1936), and

organic matter was analyzed according to Page et al. (1982).

Analysis

Student’s #-tests were used to compare parameters on heavily b;owsed sites versus
lightly browsed sites, and burneci sites versus unburned sites. Stepwise linear regression
(Sokal qnd Rohlf .1.981) 'was used to model habitat and mountain bié sagebrushvériables.
Initially., both forward and backward: stepwise régfessions were used. Eéch variable requifed
a significance level 6f 0.15 to enter the model. Forward regressions provided slightly
higher R? values, thllls were used in the final an;etlylsis.'

To avoid collinearity among related Variables', all Variables were entered into a
correlation matrix to deteﬁnme their associations. Next, all variablés were 'conipared 'usin'g
simple linear r_egfessions to determine which ones explain the most variatib_n independeﬂt
of the others. Variables that were likely to m'easur'e tﬁe same parameter, such as percent dead

sagebrush cover and density of dead sagebrush, were highly cqr_rela_ltéd, and were obvious -

candidates for collinearity problems. Therefore, those collinear factors that explained the
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least variation were not entered into the models (Lund, personal communication 1995).
N ' . :
Reducing the number of variables in each model also prevented regressions ﬁdm b'ecoming
artiﬁcially inflated (Wambolt and McNeal 1987). The models were based on the remaining
independent Vériables:"elevation, percent siope, percent sand, deptﬁ of the A soil horizon,

ungulate use, live sagebrush cover, density of “small” shrubs, percent deadcrown, production

per shrub, and average stand age.
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CHAPTER 5

RESULTS AND DISCUSSION

Age Distribution of Mountain Big Sagebrush

The age.dis.tribl.lti'on of individual "large" mountain big sagebrush is shown 1n Figure
2. Large (222 cm) plants are the major contributors of sagebrpsh forage in the sﬁdy area. .
Ages of individual “large” mountain big sagebrush plants raﬁged from 5 to 88 yGarS‘ with an
average age pf 32 years. Because no "large" planté were less than 5 years old, it appears that -
5 years are required for a mountain big sagebrush plant to reach an age where it is large
enough to contribute’notabl}.f to the forage base. Cﬁsp and Lange (1976) found in Australia
that in Acacia b_urketﬁi,' plants younger that 8 years had high mortality rates, and were not
considered éstablished members of the vegetative community. Roughton (1972) excluded

all plants less than 9 years old in his discussion of ségebrush age classes. When mountain

big sagebrush is burned,' recovery to pre-burn levels of forage production is not a rapid

prdcess and’réquires alfnost a decade for shrubs to attain any notable level pf préduciion.v
Therefore, frequent bﬁrning of sagebrush will result in reduced forage production by
sagebrush.

Even ’;hough 5 or more years are réquir_ed to _egtablish a mountain big sagebrush shrub
asa prodﬁctive individual, the population of sagebrush in the s;tudy area‘1 is relatively young.
The ége classes with the largest number of individual plants were betv&'leeﬁ 25 and 35 years

old. When plénts were grouped as stands (20 plants measured per stand), the average stand
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Figure 2. Age distribution of 660 “large” (>22 cm) mountain big sagebrush plants from 33 sites in 1993.
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-age (n=33) fangcd from 18 to 45 years w1th an average overall stand age' of 32 yeafs in 1993
(Table 1, Appendix A: ‘Table 11). Therefore, thg average stand age was identical to the
average individual age. Only 12% of the individuals exceeded 50 years of égé, and 5% were -

older than 60 years.

Table 1. Averages and ranges of plant characteristics for mountain big sagébrush sites.

%  Std.Dev.  Maximum  Minimum
Percent Live line: cover 14.2 0.1 .38.8 3.0
Percent Dead line cover - 55 0.0 1500 01
Density “large” plants/m? ' -0.9_ 0.3 1.5 04
Density “small” plants/m? . 1.0 1.0 4.0 0.1
Density “dead” plants/m? 02 o1 07 0.1
Production (g/plant) 127.6 73.6 33Q.1 34.8
Percent Deadcrown 22.5 7.2 : 432 1 11
Age.-;‘large” stand ' 32.2 64 - 45 18
Age “small” stand . 6.1 0.5 25 1
"Age dead stand 407 | 7.5 56 ©.20

While big ségebrush hax./e been reported to live as loné as 200 years (Ferguson 1964),

.no mountain big sagebrush in the study area had such a long lifespén. The oldest plant |
recorded.wa.s a dead individual of 109 years. Thel Qldest living plant was 88 years of age.
In southwest Montana a}nd southérn Ida:ho, .the majority of mountain big sagebrush were aged
11-20 years (Brown 1982), and the next most conim‘on aée class was 21-30 years. Although
the length of time since the last disturbance (such as ﬁre} was not discussed, only 3% of

éla:nts Wére older than 50 years. In Nevada, the average longevity of big sagebrush
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(subspecies not considered) was estimated at 30 to 40 years (Vi;allace‘ and Romne_y 19}2,
-from West et al. 1979) . The oldest big sagebrush plant (subspecies not considered) obsei'ved:
by Roughton (1972) in Colorado was 72 years old. On 2.sites, he found that 60-75% of
~ shrubs were between 5 and 35 years of age (the 0-4 year age class was excluded). By |
‘eXcluding age .élasses below 9 years, ile found that the majority of sagebrush on a.third site
was between 50 and 59 years old. He described thlS age structure as "decadent" even thoqughl
thousands more plants; were observed between 1 and 9 years old than all the other age classes
put 'together. . Tﬁ_is- description is misleading since thousands of plants werc.:' selectively
eliminated" from discussion. Although the shrub conﬁnunities ma}; have begun a éyclé of
self—rejuvenation'as described by Lommasson (1948), stands were described by Roughton
(1972) as if the young membe;rs wete of no c;)nsequenée. |

In the Gardiner valley, mountain big 's"agebruéh are ndt dec_adent. Every site has .
young age classes well represented and thé majorify of plants is less than 50 yea;rs of age.
- Because none of the 33 sites have been drastically disturbed (as with fire, spraying, etc.), this
relatively young condition has maintained itself, with sagebrush plants establishiné,
matﬁriﬁg, dying aﬁd being replaced ina rc;latively short period of time (around 50 years) in
the absence of human intervention as expected from a climax dominant. This indicates that
burning or other means of sagebrush -manipulation is not necessary to maintain sagebrush
stands in a productive state or to prevent them from becoming "decadent."

The data from dead m(';untain big sagebrusﬁ plants are also evidence that mountain~
big sagebrush stands turn over relatively rapidly without outside intervention, although

sampling was nece’ssari}y limited to plants that were generally small and free of heartrot, the .




2
éverage age of the sample of dead plants was 40.7 years (Table 1). While this does not ’ :
establish the a;ge at. which mountain big sagebrush are likely to die, the estimate comes from
440 observations, which indicates that turnover by age 41 is not uncommon. | Lommasson
(1948) reported 40 years as the stand age at ;v‘hich old mountain big.sagebrush plants beéin :
to senesce, bfeakirig down and creating ﬁatural openings in which young 'pla'nts may
establjsh. Recruitment by seedlings in closed stands of mountain big sagebrush occurs only
" infrequently due to in&aspecies competition (Meyer 1994). However, patterns for seedling
establishment are not always cle.arlly related to natural openings associated with aging stands.
They may also be inﬂuenéed- by environmental factors. such as soil moistufe or seed
produétion (I;Yrrell and Crow 1994).I .

‘The year of establishment for "small" mountain big §agébrush individuals is shown
in Figure 3 Tﬁese plants have a cro§vn dia;méter below 22 cm. Such small plant; do not .
contribute nofably to the production by moﬁntain big sagebrush in the study area. Plants that
were over 20 years old and still “small” were found 1n areas with adverse growing conditions
such as very dry, shallow soils on exposed ﬂdgefbps.

Individual "small" mc;untain big sagebrush plants range from 1 to 25. years old. Out
of 660 ‘fsméll” plants sampled, nearly one half.w_ere 5 years old (gefminated in 1.988) when
: sam"pled in 1993. Tilis age dofninateci on all 33 sites. When plants were grouped as s_tand;s,
.(20 "émall" plants per stand), the average age (n=33) ranged from 4 to 11 years with an
overall average age of 6 years (Table 1, Appendix A: Table 11).

Crisp and Lange (1976) proposed a model for age structure of shrubs that under

hypothetigial natural conditions, moftality is highest in yéung and old individuals, with
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Figure 3. Year of establishment from 1978 to 1992 of 640 “small” (<22 cm) mountain big sagebrush plants from 33 sites.
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_redﬁced mortality in matu;'e, but felatively_ young plants. Figure 4 is a simplified graph of
this distribution. A sﬂarp decline in surviving individuals woﬁld -occur early after
germination, followed by a period of reduced mortality. Eventually, mortallity ra;ces wduld
again increase after plants reached a éritical age.

The average stand establishment dates of “large” and “small” mountain big sagebrush
plants are shown in Figure 5. Data were collected from differentv populations (seé
“Methods’l’) and shéuld not be éombined to form a continuous age structure. ’

The survivorship curve (Fig. 5) ffom this study 'area is quite different from 'éhe
hypothetical curve (Fig. 4). Within the; aée distribution for “large” planté, several stands
have average ageé that date to the late 1940's and early 1950's. ‘Stand ages do not pre-date
’the 1940's because, as a wilolé, mountain big sagebrush in this area were found to average
'41 ‘years' ina sample of 440 dead plapts (Table 1). The stands at the older end of thé curve
probably represent the lifespan of mountain big sagebrush. This lifespan is influenced in part :
l;y the large ungulate population that has beeﬁ present sin;:e these plants germinated.

In the late 1950's and Qarly‘ 1960's, mountain big‘sagébrush establishmept generally
increased, reaching a peak in 1961 (Fig. ’5). This evenf was followed by a general decrease
in recruitrﬁent by the late 1960's.” This is inconéistent with the ﬁypoi:hesis that decreased
mortality is .observec_l in mature but relatively sl;)ung plants (Cﬁsp 'and Lange 1976). If one
-assumed that plants germinate and eéwblish equally each year and that survival followed the
hypothetical curve in F ig&e 4, then many more site ages should have beeﬁ observed in the

late 1960's and early 1970's. However, by the 1970's, establishment of rpountain big

: ~ sagebrush is extremely low.




Number of surviving plants

Year of plant establishment young

Figure 4. Hypothetical survivorship curve described by Crisp and Lange (1976). Shrub mortality is highest during the early years
after establishment and again long after establishment with reduced mortality in middle age classes.
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Figure 5. “Large” and “small” mountain big sagebrush stand establishment dates and elk winter counts (Unpublished report, Tom
Lemke, Montana Fish, Wildlife & Parks, Houston 1982, Coughenour and Singer 1996), on the NYWR (X = poor count).
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Accordmg to the hypothetical age distribution model (Fig. 4) “small” mountam big
sagebrush should have high mortal1ty rates that perhaps slow as the plants get older and
begin to mature. Because nearly half of the “small” plants measured were 5 years old, the1r
distribution also contrasts with the h}}pothetieal model. Establishment peaks dramatieally -
in 1988. This type of establishmentl is not apparent during other years.

The bimodal curve of the 2 age distributiOns of mountain big sagebrush corresponds
to2 dlstmct reductlon events for the Yellowstone elk populatlon (Unpubllshed report, Tom
Lemke Montana Fish, Wildlife & Parks, Houston 1982) Removals of 6365 ammals in’
1955-56 (mostly from outside YNP) and of 5135 (mostly from within YNP) in 1961-62,
p_rimarily'by shooting, cut the elk population approximately in half each year (Houston
1982). During the winter of 1988-89, snow conditions, coupled with habitat loss from the
.Yellowstone fires, resulted in approximately a 40% losé of the herd (Unpublished report,
Tom Lemke, Montana Fish, Wildlife & Parks). ) |

Declines in the elk herd during these 2 periods may partl}r explain the difference
beMeen the curves in this study and the hypothetical edrve. A reduction in herbivory and
trampling may have resulted ln'increased establishment and surviYal of mountain big
sagebrush, while declines in establishment occurred while elk populations were high.

Episodic germination due to otheren\./ironmental conditione may also play a role in
detenninlng the age distribution observed in this study. Daubenmire (1975) found that in
basin big sagebrush, recruitment of seedlings may be delayed for years until favorable

moisture conditions occur for germination and establishment. Humphrey (1984) also fodnd

similar results, although big sagebrush subspecies was not considered.. Mierotopographic .
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| chareicteristiés of the seedbed and timing .of _precipitaﬁon aré critical for gérniination of
mountain big sagebrush (Bpoth et al. 1990, Young et al. 1990). S.ucc‘essfpl emergence .of :
mountain big sagebrush seedlings may depehd on the amount and t1m1ng of spring snowpack

" (Meyer 1994)'. In addiﬁon, weather c.onditions, espgcially’ ea._rly drought are the primary
factors in causing seedling mortality ‘(Me'yer 1994), although seedlings may be able to
withstand water shortages By early summer (Booth et al. 1990). | |

_ Temperafure and precipitation records fr&n the years 1977 to 1992 show uriusual .

climatic conditions that may have contributed to the large number of plants thét germinated.- |
iq 1988 (Table 2). The late summer of 1987 was one of the wettest in the 15 year interval.
This moisture corresponded with a period of mountain big sagebrﬁsh flowering and seed

. production. An i_n&ease in Wa’ger availability during late summer ilas been shown to increase’
fhe growth of reproducﬁve tissues of big sagebrush (subspecies not considered) (Evans and
Black 1993). The spring of 1988 was also one of the wettest of the 15 years sampled, but
was followed ‘by a drought in the summer and fall. A moist spring Would promote seéd

f germina‘.tion of many plant species, but a summer drought would likely hamper grthh of

' competing plants. Mountain big sagebrush, which is drought tolerant relatively soon after

_emergence (Booth et al. 1990), would have higher survival rates.
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Table 2. Precipitation extremes during the 15 year period between 1977 and 1992.

Month Precipitation (mm) Ranking for 15
1987: Cnly 910 " Wettest
August - 410 4th Wettest
1988: | oApil 490 2nd Wettest
May 920 Wettest
June 120 ' Driest
July . 246 3rd Driest |
Augus"c - 36 : Driest

The age structure of “large” and “small” mountain big sagebrush illustrates 2 rﬁajor
episodes of establishmer}t. The event in the late 1950's and eariy 1960's may be accoﬁnted
for in pért by the (ir'amatié declines in the elk population. Detaﬂed climatic conditions for
this period weré not found. .In 1988? unusual ciimatic conditionsl, coupled with
approxilﬁately a 40% red_uétiqn in the Yellowstone elk herd may have'cr'eated an ide_ai

-situation for mountain big sagebrush establishment.

) Ung_ulate Use of Mountain Big Sagebrush

Several significant correlations were found between the ungulate use of a mountain
big sagebrush site as determined by browse form ¢lass and other characteristics of that site.
, The'élope of a site, the age of the plants and the mass of forage produced per plant were

positively correlated with the use of sagebrush ‘(Ps0.0S,, Téble'3). Results from Student #-
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tests indicated that winter forage produced per piant was higher (P<0.09, Table 4) on sites

that were heavily used by ungulates. SeVeral studies flave' shown that plants that aré A,
defoliated may initiate comlaensatory grthh that exceeds the growth prior to defoliation
(Paige and Wh.ithafn 1987, Dyer et al. 1991). However,'mountain big sagebrush is not
considered to be browsing tolerant (McArthur et al. 1988, Wandera et al. 19_92, Bilbrough
and Richards 1993), and‘the amount of difference' in plant growth between high and low use _
sites cannot be 'entirely attributed to compensatory growth: In fact, mountain big sagebrush
compensates poorly for lost tissue (B11brough and Richards 1993). Sites that are heav11y
used by ungulates are probably partlcularly productlve Even when browsed, they produce
more forage than lightly used 51tes Ungulates often use sites with steep slopes and southern
exposures which are free of snow in the winter (McNeal 1984, Wambolt etal. 1987). The
model showﬁ on page 51 indicates that sites’ with steeper slopes ﬁave mountain big sagebr'ush‘
stands that are more productive. These sites may be attractive to u;lgulates for their forage .
potential or for other characteristics such as hiding ‘aod thermal cover.

The age of mountain big sagebrush is also an important factor that determines
ungulate use of a site. High use sites had an average age of 35 years, while low use sites had’
an average age of 28 years. Student’s - tests found that sites that reeeive the most use by
'ungulates are genefallly older (P<0.002, Table 4). Tl;js observation demonstrates the serious
implications for management plans that advocate frequent burning of blg sagebrush to

produce young stands for the benefit of wildlife.
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Table 4. Student’s (—teét comparisons of heavy and light'brc;wse use on mountain big
- sagebrush as determined by shrub form class (Wambolt et al. 1994).

, H/L! n R stderr  #-stat Prob > |f|
Elevation H 21 2047 264 2.9 0.006
(m) ' L 12 2179 36.6
Percentslope @~ H 21 20.6 2.6 -2.0 0.05

L 12 12.7 2.4
Age (years) H 21 35 -12 . 35 0.002
| L~ 12 28 1.7
Forage H 21 1439 151 ° <17 0.09
per plant (g) L 12 9.1 21:9
Percentforb ~ H 21 26.6 34 28 0.009
cover. L . 11 43.1 5.1
 Soil organic Ho 21 - 30 03 2.0 0.05

matter L 112 3.9 0.4

"'H=heavy use site, L=light use site
? Data for this variable were not collected from one site.

A significant negative relationship (r.= -0.47, Ps0.0I) was observed between browse
form class of mountain big sagebrush and elevation. Student’s t-tests c'omparing' form
. classes showed that more heavily used sites were found at low elevations (P<0.006, Table

4). These results are similar to those of Guenther and Wambolt (1993) who found elevation
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" .to be the most.important factor in deer utilization of bitterbrush winter range. - Snow depths
over 460 mm prevent use of an area by deer (Regelin et al. 197-7). In the Gardiner basin
during the winter of 1980-81, deer were not observed at elevations above 2300 m (McNeaI
1984). Althouéh elk were capable of feeding above 2500 m m 1.5 m of snow, they éenefally

concentrated below 2100 m in the winter of 1981-82.

Mountain Big Sagebrush Models

Introduction

The following 4 models describe the relationships between site and/or mountain big
sagebrush characteﬁeﬁcs and the follewing dependent variables: the average age ef
~ mountain big sagebrush stands, the percentage of deadcrown obeerved ina etand of mountdin '
big sagebrush, the density of “small” modntain big sagebrush, and the forage produced by
“large” fnountain bigjsageiarush. These deﬁendent variables were selected because they
describe “decadence” or “seneecence” in terms of any of the definitions 'ueed by the
iiteratufe: age echtme, pfoductivity, or a post-reproducti\'fe state. Uﬁderstanding the
- underlying influences that affect fhese variables give insights to what causes “decadence” or

“senescence” in a mountain big sagebrush stand.

Average Age of Mountain Big Sagebrush Stands

Six parameters were entered into a model to characterize the‘méturity of mountain
big sagebrush stands (Table 5). These parameters are included in the correlation matrix in

Table 3. The following model had higher predietiVe power than any other model in this -




44
stu;ly.
| Brdv'vse- form class is the primary variable in the mbdel. This aoes not imply that
" browsing increases the age of a sagebrush stand, but demonstrates tha;c older Stand_s may have
characteristics that are at&activé to ungulates. These stands subsequently receive more use
which is reflected in their form class.

Table 5. Forward stepwise linear regression analysis using the "average age of a stand of
mountain big sagebrush as the dependent variable (Y)'.

Step Independent ‘Cumulative R? Individual Model signif.
variable (X) . signif. of F of F
1 Browse form class 25 ~.004 .004
2 Density “small” 36 04 002
shrubs (number/m?) )
3 - Percent deadcrown , 46 : .03 - .0006
4 Live line cover (m) - 55 o .03 0002
-5 Elevation (m) : 62, .04 . .0001

6 Percent sand _ .68 .05 ‘ .0001

Y =36.0 + 4.6X, - 11X, - .04X, + 6X, + 2X; - .004X,

e

‘ Thg ncgétive, relationship between "small" plant density and stand age typifies the
‘recruitment pattern observed by Lommasson (1948) wheré sagebrush seedlings did not occur .
in stér;ds that averaged <40 years of age. Only 4 sites in this stﬁdy averaged >40 years. The
lack-of "small" plants on the sites is a function of the relative}y young age of ,"largé" i)lants—. |

If older stands had been found, the negative trend may not have been observed.
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This‘model agrees with Martin et al. (1981) that a Asta.nd of sagebrush that éxh;ibits
little deadcrovyn is likely to be young. However, &eadcrown in this study contributes only
10.10 to the cumulative RZ. Managers should exercise caution when describing the maturity
of a sagebrush st;md by the amount of deac_ic_:rown observed. Mountain Big sagebrush plants
that grow rapidi& under favorable coﬁditions often die at a relatiyely ‘young age (Bilbrough
and Richards (1993). Therefore, one cannot assume that plants vﬁth large amounts of

deadcrown are old plants.

The amount of live cover had ﬁearly th;e same predictive power for age as the amount
of deadcrown. This is another indication that as stands mature, they may be cﬁaracterized
by' a greater amount éf both live and dead materiél produced. -Beca'use line cover is a
commonly measured parafneter in range studieé, it should also be used with cautioﬁ to
descﬁbe the niéturify of sagebrush. Although older plants are likely to be larger, they masl
alsq be more wid.ely'spaced or have déad portions that would reduce the amouﬁt of cover ‘
observed. Therefore, measuring cover alone is not enough to determine the maturity o.f. a
stand c;f mountain b1g sagebrush. Intermediate aged star‘lds méy have the most canopy
coverage. .

‘The age model exemplifies some of the readily éonspicupﬁs qualities of mountain big
_sagebrush stands in tﬁe Gardiner Valley. S@nds on this winter range that appear mature are
ofteri heavily hedged by ungulate browsing and ;have nuinefous plants with visible
deadcrown that may be I;resent. due tq both hétural mortality and browsing. The high amount
of living\ piarﬁ cover is qlso appareﬁt although most sites have few éeedling shrubs.

According to the model, older stands are not only used more by ungulates, but they have
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charaeteristies, such as increased cover, that are attractive to ungulates. As demonstrated in
the age distribution section (pages 28-38), nlature stands are ddminated t;y relattively young
plants which turn over rapidly. -This model suggests that ungulates may benefit most from

the oldest stands available.

Percentage of Deadcrown in Mountain Big Sagebrush

The amount of deadcrown observed in a stand of mountain big sagebrush plants was

negatively related to the amount of live sagebrush cover and the percentage of sand (Table
6). Age was positively related to the amount of deadcrown.

Table 6. Forward stepwise linear regression analysis using the percentage of deadcrown of
mountain big sagebrush as the dependent variable (Y).! :

Step Independent . Cumulative R Individual =~ Model signif.
variable (X) signif. of F of F
1 - Liveline cover (m) - 36 .003 .0003
2 Ave. stand age (years) 47 N 0001
3 ‘Percent sand ' 59 01 - .0001

Y =23.1-1.6X, + 5%, - 3X,

The amount of live or dead cover meaeured on a line is dependent on 3 variables:
shrub size, shrub density? and the percent of live shrub crown. Ocular observattions‘ of
deadcrown agree vrith Tauch (1989) that emall plants have less dead material in their crown
than large plants. However, shrube that have high amounts of deadcrown and appear
"decadent" are not necessarily senescent or dying. Site 32 had among the lowest dead cover

and density values observed (2.7% and 0.13/m? respectively), but had the highest percent
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deadcrown on living plants (43.2%). This suggests that dead cover is mo'rela function of the

-~ density of dead shrubs than the amount of dead material in the crown of a plant.

As the average age of a stand of sagebrush incréased, the percent of deadcrown also
increased (R*= 0.47, P< 0.02). Martin et 2_11. (1981) suégested that young sagebrush have
little deadcrown compared to older shrubs. A relatively old sagebrush stand that is dense aﬁd
has a high percentage of deadcrdwn, fits the loosely deﬁned term of "decadent." However, | _
as the modei for Wiﬁter forage production per plant indicates (Téble 8), older plants are more
productive thgn younger plants_'. Although young stands may have little dead material, the};

have not attained the size, density or productivity necessary to produce the amount of forage

- that older stands produce. Thérefofe, despite the amount of deadcrown or the "decadent" or

"overmature” condition of older mountain big sagebrush stands, these stands are the most

‘ ) : -
important producers of forage. Such stands perhaps should not be viewed as decadent or in

- need of manipulation simply because they contain considerable amounts of dead plant

material.

' Density of “Sﬁdl” Mqunfain’Big Sagebrush

A good indicator of the recruitment df seedlings and young established mountain big
sagebruéh plants is the den;ity of plants below (22 cm crown diameter). The density of these
"Qmali" plants was negatively related to elevation, age and percent slope, while the amount
of browsing had a positive relationship (Table 3). Thé model is shovyn in Table 7. Elevation
and age contribﬁfed fairly equally to the t("lnail R?,

* Forb cover is positively corr_elafed with elevation (r = 0.40; P< 0.05). The increase

. &
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in precipitation and organic matter ‘asso'.c,iated with increasing elevation results in sites that
" are potentially very productive. The inverse relation between "small" shrubs and elevation
may be attributed td' competition of these éhrubs with a productive\\forb corﬁmunit_y. At
several high elevation sites, small sagebrus;h were completely covered by a dense cémopy of
forbs such as arrowleaf .ba_llsamroot (Balsamorrhiza saggitata [Pursh] Nutt.) and sticky
geraniﬁm (Gefdnium viscossissimum Eisch). McConnei and Smith (1977) 'believed that
- similar competition in bitterbrush commﬁnitieg reduced the survival rate of séedling shrubs.

Table 7. Forward stepwise linear regression analysis using the densit.y of "small" mountain
big sagebrush on a site as the dependent variable (Y).!

Step  Independent . CumulativeR?  Individual signif. ‘Model
' variable (X) ' of F - signif. of F
1 Elevation (m) 15 .03 .03
2 Ave. stand age ' 28 03 - 01
(years) ’ ‘ .
3 Percent slope - 36 .06 .005
4 Browse form class 42 13 . 004

TY=611.7 - 37.7%, -4.4X, - .06X, +2.0X,

The aver;alge age of "large" shrubs had a negative relationsﬂip with the density of
“small” plants (Table 7). As plants become older, they become largef (see model for "age"),
increasiﬂg the' canqpy coverage of a site and leaving few available recruitmeﬁt sites for-
establishing §hrubs. A:;: ‘'seen in thé model] for average age of sagebrush stands (page 4.4), fevsé
s£é.nds were old enough to‘ Break down and allow seediings to establish in shrub interspaces.

Intréspecies competition by mature mountain big sagebrush severely restricts seedling
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recruitment (Meyer 1994). Lommasson (1948) determined that sagebrush seedlings did not
establish under thick stands, and even when stands Had aged sufﬁéiently for thé canopy to
- break down at.1.d open up, seedlings o‘nl'y established during periods of favorable moisture
conditipns. Sagebrush reérﬁitment was most succeséful in stands 6ver 50- years of ;'slge.
Simila'f fesults were found in chaparral where seedlings were seldom observed in mature
stands that were under 50 years of age (Keeley 1992). Although individual plants in this
study were oldér than 50 years (as old és 88 years), the highest average age of a staﬁd was
45 years. | Perhaps "small" plants aré negativély ';clsso,ciated with increasiné age because
mature stands in the study‘.area are not particularly old:
The negative relatiQnship in the model between "small" plant nurﬁbers and percent -

. slope (Table 7)is prc;bably related to microclimatic charécteﬂétiqs of a site. Steep slopes
have a high.er‘in'cidence of solar radiation and are less likely to retain surface'runoff.‘
Moisture availability during early establishment of seedling r.nountain Big sagebrush is
critical (Méyer 1994). 'Steep; dry sites prc;bably have ;1 higher mortality rat¢ of young
moﬁntain big sggebrush. Slope is not correlated w1th the density :of ""large" plants, so
m’icroclim‘atic effectls are more proﬁouriced in seedling plénts and have less influence on
those plants ;[hat sgrvive and are able to establi‘sh. Appargntly, survivorship is high enough
that ove;ali densities of mature stands are not affected by slope.

_ The positive relationship between broWsiﬂg by méul_ates and "small" plant density
(Table 7) is probably.' attributed to a reduction i‘n» competition by assoqiafed planf species.
Although grass cover shows no correlation witﬁ ungulate use of sagebrush, forl‘)A cover has

a significant negative association (r = -0.45, P<.0.01, Table 3). Either forb competition is
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naturally low on heqvily browse& sités, or it is reduced by ungulate browsing. Forb co‘ver is
positively co'rrelatéd with e}evation (r=0.40; Ps'0.0S.) while ungulate ﬁse i_s negatively
correlated with elevatibn (r = -0.47; P<0.01). McArthur et al. (1988) suggested that
sagebrush seedlings did not survive because of competition w1th annual forbs. Pechanec et
al. (1954) found that sagebrush abundance was increased with livestock grazing.

Mountain big sagebrush stands that have numerous "small" plants may be
characterized as being located at low ele{/ations on sites ﬁth shallow 'slopés. They are
usually older stands that are heavily used by ungulates. These fac;cors make sense
biologicaliy because iower elevation sites are knO\;;zn to receive fnoré use, older stands are
more likely to have characteristics favorable for seedling recr_uitment, and moister soil; may

'belfound on shallbwer slopes.

Mountain Big Saget;msh Winter Forage Production'
Three variables, ége, soil depth, and percent slope were entered inté the model with
. winter’forage prodﬁction per plant the dependeﬁt vari'al.ale (Table 8). Age was signiﬁcant '
(P<0.05) as was s"oil depth (Ps 0.10). Percent slope was not significant individually, but
became significant upon entry into the mgdel. ‘The low predictive value of thls .mod‘el (R?
=0.26) indicates that 6th¢r factors or interactions besides those meas;ured, or ‘parameters on
a different temporél or spatial ‘scale are‘respc')n/sible for the growth'pptential of mountain big
sagebrush (Pearsqn et al. 1995).
| Although its contribution -to the model is small, avefage stand age is the most

import@.nf parameter to predicf the forage produced by mountain big sagebrush. The
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relationshjp between stand age and production is positive which suggests that older plants |
are likely to be more p'roductive. McConnel and Smith (1977) found'that bitterbrush
productivity increased with age until shrubs were 60-70 years old. Further studreé may
' détermine whether such a relattionship exists Wiﬂl sagebrush. \

Table 8. Forward stepwise linear regression analysis using winter forage production in g per
plant of mountain big sagebrush as the dependent variable (Y)!.

Step Varlable. Cumulative R? Ind1v1dnal Model signif. of
: ~ signif. of F F
1 .Average stand age - 12 .05 : .05
(years) ‘ ' '
2 Soil ‘A’ horizon ' 20 10 .04 -
depth (cm) ' '

3 Percent slope .26 14 ' .03

Y =-.101.6 + 4.6X, + 1.3X,+ 1.66X,

The depth of the soil A horizon was also important in the modet although it did not
appear significant in the correlation'matrix (Table 3). This variable ,oontributes'only 0.08 to
the cumulative model. L1kew1$e the correlation between percent slope and forage
production was not significant, although the model indicated that slope hada slight mﬂuence
on forage production (0.06 contribution to the cumulative model). Clearly, the growth and |
forage production of mountain big sagebrush is a complex process not easily quantified by
simple field measurements. Management of this species sh_ould therefore reflect the -
difficulty in predicting production. ‘ |

- Although no significant correlation was found between plant size and density in this

study, the 8 sites that ranked the highest in production per plant, which is a function of plant
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“size, also had less than the average density of plants (0.87/m2) in the "large" category
(Appendix A: Table 11). Si’Fes with low production per plant were observeci to have variabie
-plant densities. Thjs may indicate that for some sites, environmental factors suéh as ﬁﬁtﬁent
E or water availability may affect shrub density as much or more than plant size. As sagebrush - |
plants grow lafge?r, they often bécome more widefy spaced (Westoby 1984). McNeal (1984)
found a signiﬁcé.nt ﬁega;tive relationship betweeﬁ the size and density of saéebrush plarits on
sites within the study arez;.

This model suggests that as mountain big sagebrush plants age, their level of forage
production increases. If this is the case, then the most important contributors to tlile forage
base of mountain big sagebrush are the oldest i)lants in a stand. Eliminaﬁng the older plants
will result in a decline in available winter forage. This will probably result in more browsing
pressure on younger plants, perhaps arresting stand development in areas where herbivore

numbers are high.

Other Correlations and Relationships

Correlations among several soil pmametérs were. consistent with other studies
.conducted in Mbntana (Table 3). For examp'le, elevation was weil correlated with. soil _ﬂ
orgaﬁic matter (r = 0.39, P<0.05). Sims and Nielsen (1986) found similar results and'
concluded that as élevation increases, precipitation increases and decorﬂposition rate declines
resulting in higher organic matter content. The lack of correlation between Qrgé.nic rﬁatter

and clay content was also-consistent of both studies. Munn et al. (1978) found a strong

relationship between overall site production and both soil organic matter and A horizon '
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thickness. In this study, a relationship was obsefved between organic matter aﬁd production-
of grass (r = 0.55, Ps'0.0l), and forbs (r = 0.56, PsO.bl). Sagebrush production.was not

correlated with any soil pérametefs. | |
Several correlations in this study differ from Fhose found by'l\‘/I'cNeal (1984). He |
found that grass préduction ﬂad‘a significant negati;/e association with increaéing sagebmsil
density (r=-0.47, Psd.Ol_). This association was not observed in the current study. Because
McNeal (1984) inc‘luded 3 Big sagebrush subspecies found in the Gardiner basin to gether in
his correlation matrix, one would expect a?lifferent grass/shrub dynamic than in a mat_rix

- with only ﬁlountain big sagebrush. |

' McNeal (1984) also found that slope was posmvely correlated w1th elevation (r =
0.42, PsO 01), relating to the rise of the Absoraka Mountams This was not observed in the
current study probably because of the way sites were selected. This study purposely selected
sites that appeared to have 1 or more extremes for. the parameters of ihterest. For example,
a th elevation site with low slope would be unusﬁal, and would be selected to repregent an
extreme for 1 or more of the parameters studied. McNeal (1984) had no such requirement .

for selection of sites.
Mountain Big Sagebrush Recovery from Burning

All 7 burned areas that were sampled indicated that within the study area recovery
of mountain big sagebrush following fire is slow. Maximum, minimum and average values
for site and shrub parameters may: be found in Table 9, while individual observations are

shown in Appendix A:Tables 13-14. The sites had burned between 9 and 13 years previous
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to sampling, but none showed signiﬁc;cmt recoivery. Mountain big sagebrush canopy .cpt/er
averaged 1.7%, but this number was highly dependent on a single site (5B) _wlﬁch had 6.7% -
sagebrush cover. This was the only burned site to exceed 1% canopy cover of sagebrush.
Three sites (1B, 3B, and 4B) had 0% canopy cover. This 'compate's with an average cover
of 14.2% for unburned sites. These résults also agree with Mehus (199%) Wht) observed in
a burn near Gardiner, Montana, that 3 big sagebrush taxa produced a total of 2.5% cover on
a site burned 19 years previqus to sampling. Mountain' big sagebrush contributed 0.07% of

this percentage.

Table 9. Characteristics of mountain big sagebrush on 7 burned sites.

Site Year Burned  Percent live Density -Density  Total density
cover “large” “small” shrubs/m’
plants/m? plants/m?

B 1982 0.0 00 00 00
2B 1979 : 04 | >0.1 _ 0.0 Q.l
3B 1978 0.0 0.0 0.0 0.0
4B 1979 . 0.0 00 o 0.1. 0.1
5B 1984 .67 - 02 03 0.5
6B 1984 0.8 0‘.1 ‘ 0.1 . 0.1
7B 1982 03 0.0 01. . 01

" Average 12 . 0.1 : 0.1 0.1

Student’s #-test comparisons between burned and unburned sites are shown in Table
10. The results show that canopy coverage of unburned sagebrush is over 12 times that on

' burned sites. Mehus (1995) found that the combined coverage of 3 sagebrush taxa was 11
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times higher in unburned sites.

- | Mountain big sagebrush density was also reduced b}f burning. Two sites (1B and 3B) '
had no plantcs at all rooted within the belt transect. Two addifional sites (4E and 7B) ﬁad
only 1 “large” pianf rootled within the belt transect. The highest density of h“large” plants ‘
observed on a burned site was 14 per transect (0.23 plants/m®) at site‘ 5B. These values
compare ‘with,a'n avera;ge density of 52 plants per tr.ans’ect (6.86/m2) on unburned siteé.

Student’s #-tests (Ta‘ble 10) indicate that this difference is highly significant (P<0.0000).

Table 10. Student’s #-test co'm;iari‘sons of burned and unburned mountain big sagebrush

sites. .

. B/U! n % stderr - zstat - Prob> [t
Percent coverof B 7 12 03 . 46  0.0001
sagebrush | U . 33 . 142 0.4 '
Density of B 7. . 0.06 1.9 75 < 0.0000
“large” plants/m? U 33 0.86 2.9 ‘

Density of . B 7 0.08 21. . 22 = 0.04 -
C“small” U 33 091 10.5
- plants/m?*- .~
Percent grass B 7 52.6 10.8 2.2 0.04
cover U 322 35.9 - 2.9
Percent forb B 7 290 7.8 0.4 0.67
cover . u 32 323 ° 3.

1 B=Burned site, U=Unburned site .
2 Data for this variable were not collected from 1 site.
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The de_hsity of “small” mountain big sagebrush plants followed a siﬁiilar trend as that
of “large;’ plants. iTwo sites (1B and 3B) had no “‘sméll” plants within'the belt transect, and
the maximum density was observed on site 6B witﬁ 16 blants.(0.0S/mz). Whiie some
unburned areas also had low numbers of “small” plant.s (as low as 6.03/m2) the average |
density of “small” plants on unburned sites exceeded the avera;ge on burned éites by 11 tirﬁes.
These results are simil& to Mehus (1995) wﬁo- found that mountaltin big sagebrush
' was} significantly reduced by burning in the Gardiner basin. He found mir.limal recovery of

- this taxon 19 years after wildfire with qnly 0.07 plants/m? compared With 0;54 pl:ualh’ts/m2 on
unburned sites. The results also follow Blaisdell (1953) who found little r.e-'establish'mgnt | _
of mountain big sagebrush 12 years after burning. Harni;e,s and Mmay (1973) examined &e
same area as Blaisdell (1953) after 30 years and found that ségebrush had alrrllo'st recover;ad :
" to pre-burh leyels. Wambolt and Payne (1986) and Wéﬁs and Warﬁbolt (1996) found that
Wyoming big sagebrush exhibited a Similar pattern. Eigh’c’een years after i)u_rning,. thié
subspecies had only recovered 12%, b‘u‘t after 30 'year;, it had returned to just Below its
original level of canopy cox:lerage. The olciest. burned site in this étudy was burned 14 years
before sampling. |

One of the most iﬁpoﬁmt facto;s that influences the recovery of mountain big
sagebrush from bufning is the degree of elimination of parent plants by fire (Johnson and

Payne 1968). ‘ Bif;r, sagebrush does not resprout after fire nor does it rely on seed stored in the

soil for recovery following disturbance such as fire (Noble and Slatyer 1980). Instead, big
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sagebr_ush’is dependent on seed dispersal. Big sagebrush seed genérally does no.t persist in
" the soil seedbapk for more than 1 year (Young and Evans 1989). While plaﬁts as yéung as
2 years are capable of I;roduqing seed (Young et al. 1989), no plants growing in buméd'
areas less than 10 yeé.rs old had reproductive stalks.. Some of the plants aged we;‘e ol“der
tﬁan the burns, indicating that they had not established after the ;Eﬁe, but had merely survived
it. These residual plé’nts represent the most important seed sourc;e fbr stand regeneratiori
(Frischknect and Bleak 1957). However, either because there was low density of parent '
. plants for seed productipn or because condi;ions for seedling récrﬁitment wc;,re not favorable,
né sagebrush seedling recruitment appeared tc; accompany surviving shrubs.
Although seed dispersal by big sggeb_rush haé been documentéd as far aé 30m ,'
(Young and Evans 1989), 75-90% of the seed fall within 1 to 3 m of the parent plént (Young
‘ (and Evaﬁs‘1989, Wagstaff and Welch 1990). Wind is the primary carrier of séed (Wagstaff
and Welch 1990), i)ut is ineffective as a long-dis',taxice means ;)f dispersal for re-colonization
of disturbed areas (Frischnect and Bleak 1957, J_ohnson and Payne 1968). In a ‘large,
thorough burn that leaves few or no remnaﬁ’_c seedbearing sagebrush, recovery may be
hindered by the difficulty 1n dispersing to the centc_er of the burned area.
Site conditions including precipitation, soil moisture, and plant 'competition ére

a_dditional factors that play a role in the recovery of mountain big sagebrush aftef burning.
~ As discussed in the age distribution 'sectiqn (pages 28-38), mountain bié sagebrush
establishment is spora.dic and is often related to favorable precipitation patterns. Because of |
the delay in r‘eestablishment of big sagebrush after disturbance, thlS sh;ﬁb is d_escribed'as

“late successional” requiring either a mature community or specific conditions for




58
. establisMent to occur (Humphrey 1984, Noste and BUShéy 1987). .

Suﬁival of mountain big sagebﬁish seedlings is also influenced by interspeciﬁc-
competition. While Noble and S'lélyter t'l 980) Ade'scribed big sagebrush as tolerant to
corﬁpetition'by other species, others found that competition reduced the recovery ;)f big “ ,
sagebrush-(Humphrey 1984, McArthur et al. 1988, Owens and Norton 1990). Competition
by grasses inhibits the establighment of sagebrush seedlings (Pechanec et al. 1954,
Frischknect and Harris 1968, Owéns and N(;rton 1990). High grass vigor in this study area
may have reduced the establishmenfcof seedlings after burning (Mehus 1995). In the present
study, Student’s t—tes;cs comparing grass and forb_cover of burned and ngwned site found

, ﬁ‘o difference in forb cover, but foun(i signiﬁcaptly (P<0.03) hjghe;r grass cover on burned

sites (Table 10). These results dis'agrée with McNeal,(l984) who found significantly higﬁer,
forb cover on 1 of 2 burned sites in the same study area while grasses WeréAdecreased‘by _
' burmng The differences can probably be attributed t-o.the length of tiﬁe between burning

and sampling. McNea;I (1984) sampled only months after burning, while in t1V1iS study, -
sampling took plaée betwe‘en 10 and 14'years pqst—burn giving grasses time to recover.

Other studieé have found variable résponses of grasses and forbs to burning. Sorﬂe
reported no change in forb composition (Duvall and Lipnartz 1965) while othérs reported
increases (Muegglér and Blaiédell. 1958). Decreases in forB pfoduction have corﬁrﬁpnly

-l-)'een observed (Blaisdell 1953, Wambolt and Payne 1986, Watts anci Wambblt 1996).
Resp(;nses by grasses are als;. variable and often dgpend on the species or season of burning.
McNeal (19845 found no difference in gfass production on burnedi and unburnéd sites in the

Gardinef basin. Fraas et al. (1992) reported an ihcréase in canopy coverage of Kentucky




59

bluegrass | (Poa pratensis L.), a decline in Idaho .fescue, and no' change in bluebunch
wheatgrass 8 years aﬁer burﬁing. Jorgensén (1990) and Péterson (1995) explore in detail
the effects of burning on the forbs and grasses associated with big sagebrush. |

In addition to seed dispefsal, sporadic germination and plant competition, the degree
of ungulate browsing in the study area is another factor that has -resuited in slow recovery of
mountain big sagebrush after'bﬁrning. All of the sites sampled within burns were in éreas
x;vhere quulate bfowsing was classified as “high” according to the browse form class of
neighboring unburned shrub stands." Mountain big sagebrush is the sagebrush taxon most
prefeﬁed by browsing unguiates on thé study area (Wambolt in press) aqd is a particularly
important' shrub for mule deer on the winter range (McNeal 1984, Wamboljt and McNeal
1987, Mehus ,(1995), Wambolt in press). In severe winters in the Gardiner basin, utilizétior;
by urigulates is fnagniﬁed, especialiy at lo'we; ,ele'vationé oron steep'south facing slopes, and
is credited with mortality of me;.ny shrubs (Wambolt in press). Because mbfuntain big
sagebrush is intolér_ant to browsing (Bilbrough and Richards 1993), the high numbers of '
ungulates oﬁ the winter range have created a 1(;ng term impact for this .shrub, (Fortney and
Wambolt 1995, Wambolt in pre_ss). Burning mogntain big sagebrush simply concentrates
browsing on surv1v1ng or reestablishing shrubs. Overall, this browse species is declining on
the winter range and burning will probably accelerate thisldecline.

Erowsing has the capacity to substantiaily reduce seed production in sagebrush. |
Heavy browsing on Wyoming big sagebrush at lower elevations of the‘study area néérly
preciuded the growth of reproductjve structures (Hoffman and Wambolt in press). These

" results concur with Decker and Pyke (1989) where reproductive stems and flowers increased
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| in big sagebrush after browsing was excluded.‘ In YNP, Kay and Chaddie (1991) found a
similar effect ;)n heavily browsed wiliows, ‘which produce'd no aments on stems w1thm reach
of ungulates. Combined éffécts such as browsihg Wlth the difficulty of seed dispersal by a
limited number of parent plants that May .SI.JI'ViVC burning will greatly restrict tl%e ability of

mountain big sagebrush to re-establish after fire. -

~
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CHAPTER 6
SUMMARY AND MANAGEMENT IMPLICATIONS

Although management and manipulation of big sagebrush have been studied
extensively, they remain controversial. On the Northern Yellowstone Winter Range,
controversy is -magniﬁed by the large size of the ungulate populations,éheir economic
importance to the region, and the fgct.that\wlinter habitat is the priméry determinate of their
survival (Houstoh 1982, Pearson et al. 1995). Management decisions. for the. climax
dominant sagebrush taxa in tﬁe Gardiner basin’ havé serious biological and social
implica’;ions.

- If “decadence” is a term defined in plants as a post-reproductive state (Gastuk etal. -
1980) or a state of physiological deférioraﬁon (Reid 1985), then the stands of mountain big
sagebrﬁsh in th'e Gardiner basin are not decadent. Undis:turbed stands were much younger
on average 1;han the “de;:adent’_’ stands déscribed by Roughton (1972) with only 12% of
individuals as old or older than Roughton’s averages. In addition, plants often died and were
replaced by 41 years of age; indicating that stands furn over at a relatively young age.
Burning mountain big'.s.agebrush on the Northern Yeliowstone \Wihter Range for the purpose
of creating young noﬁ-decédenf stands of sagebrush is. counter-productive because , with the
exception of heavy browsing effects, the t;c_lxon shows little decé_derice.

Mountain ].3ig sagebrush éstablishment and survival is largely dependent on

) .

envitonmental conditions that include both climatic factors and the presence of browsing

ungulates. In this study, “large’; shrub establishment coincided with déclines in the northern
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Yellowstone elk herd. “Small” plant establishment was related to both a decline in the elk

:‘herd and unusual pre01p1tat1on pattems An increase in shrub survival with reduced pressure
from browsing indicates that ungulates is .importan't in the age dynamics of the mountain big |
sagebrush population. Decreased browsing or trampling on seedling shrubs may allow
establishmen;t‘ in years when elk numbers are low. This establishment may also be dependent
on fdvoruble climatic conditions. These forces complicate the predictability. of -
establishment and therefore the results of nranagement decisions. For example it would
be difficult to determine establishment or productlon levels of mountain big sagebrush :
following prescribed burning 1l' ungulate numbers and climate play key roles in determining
shrub establishment.

The impact of ungulate browsing on‘establishe.d stands of mountain big sagebrush
on the Northern Yellowstone Winter Range is documented. ”The utilization levels found on
th1s winter range (Mehus 1995, Wambolt in press) exceed the amount believed to reduce '
vigor in this taxon (Cook and Stoddard 1960, Bilbrough and Richards 1993). Shrub declines
associated with browsing in the Gardlner valley are descnbed by Fortney and Wambolt

a 995) Mehus (1995), Hoffman and Wambolt (in press), and Wambolt (in press). Thrs study
found that sites heavily used by ungulates were characterlzed by older plants that produced |
more forage than plants on lightly used sites. These sites have more productive potential.

* Therefore, while mountain big sagebrush on these sites are vigorous in terms of 'forage'

production, this production is attributed to sile potential and may be reduced,'especially over
the long term, by er(cessive brouvsing. Regardless of the- site potential, once a plant

~cornmunity has been altered, as with fire, wildlife respond to the existing vegetation, not the
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potent-ial (Scott et al.-1993). For example, if a site has the potential t;) produce-a sh‘rub
community, but a grassland comﬁmnity exists because of freqﬁent Burning, wildlife that
depend on shrub communities will be detrimentally affected. |

Models-illustra’;ed several points _regarding the community structure of m01.mtain big
sagebrush stands. Séverai moaels sharea 1 or more of 4 independ’eﬁt vaﬁables:. stand age,
elevation, percent slope and browing intensity.. For example, the dependent vgriables of
percentage of deadcrown, forage production and density of “small” shrubs were ali '
influenced by the age of a mountain big sagebrush stand. Likewisé, elevation was an
important factor in chéracterizing the age of a stand as well as the density of “small"’ plants.
The commonality of these iﬁdependent varia;bles among mbdeis suggests that the rﬁodels
themselves are related, and that each model reflects é pait of the complex community
structure of moﬁntain big sagebrush.

,. The models indicate that ’s_‘tands of mountain big sagebmsh that are older are more
beneﬁcial to wildlife. They exhibit more browsing by ungulateé and they produce more
forage than youhger stands, even though they also have larger axﬁounts of deadcrown. The .
age. distribu’.c'ioﬁ data indicate 'tha:t stands are able to maintain a relatively );oung~ age struéture
in the absence of disturban;:e. Therefore, the models emphasize that artificial manipulation
of mountain bi;g sagebrush to benefit wildlife is not necessary in the Gardinef ‘basin.

~ These results ‘agree with Mehus (1995), that mountain big sagebmgh recdverjf
following fire on the Northern Yellowstone'Wintelr'Range ‘is\ insigﬁﬁcmt. " Sagebrush
pfodﬁctivity has been significantly: reduced in burned areas. Burning oftgr; does nc;f increase

. plant diversity, but concentrates the abundance of certain species, especially annuals such as
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cheatgrass (Hassen and West 1986). Burned areas in the Gardiner basin are not attractive to

elk and are avoided by mule deer (Wambolt~ and McNeal 1987). Burning mountain big
sa;gebrush stands that provide cover and forage_té ungulates will only concentrate h;erds onto
remaining undisturbed areas and accelerate the decline of mountaih big sggebrush that is
already hez;.vi‘ly_ browsed.

Wildlife winter range in the United States is declining due to encroacﬁment of human
development (Regelin et al. 1977), and the Northern Yellqwstone Winter Rangé is no
~ exception. Because undisturbed stands of mqunfain big sagebrush provide numerous

bgneﬁts to wildlife anci are capable of remaining in a productive state without human
- intervention, managers must carefully lCOI‘_lSidCI‘ the consequences of manipﬁlating them.
B@ing may reduce or remove big sage‘prush as a contributor to the forage base (Mehus
19955. In some unburned areas in southern Montana, big sagebrush has increased (Arno and
Gruell 1983). | However, browsing précludes increases on the No@em- Ye'llowstone. Winter
Range (F 6rtney and Wambolt 1995, Mehus 1995, Hofﬁnén and Wambolt (in press), and .
Wambolt (in press). Highvuﬁgulate popuiations may alsp pfeclude establishment of this
shrub,’ regai‘dless of burning. The magnitude of the ungula_te population is an important force
'causin‘g declines in mountain big sagebrush, but burrﬁng wil_l cause a cumulative impact by

removing established plants-and concentrating browsers on the plants that remain.

1
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APPENDIX A

CHARACTERISTICS OF INDIVIDUAL MOUNTAIN BIG SAGEBRUSH SITES -




Table 11. Characteristics of mountain big sagebrush on 33 unburned sites

Site Browse Percent live Percent Density Density Density Forage Percent Avg age Avg. age Avg. age
form line cover dead line "large" “small” dead production deadcrown “large- “small” dead plants
class* cover plants/m2 plants/m2 plants/m2 (g/plant) plants (yrs)  plants (yrs) (yrs)b

| L 20.83 7.72 1.08 0.23 0.22 62.03 18.22 23 39
2 L 14.33 6.71 0.70 0.42 0.22 73.40 18.82 33 5 44
3 H 5.89 3.20 0.83 0.92 0.25 140.59 20.75 29 6 31
4 H 12.70 4,17 0.80 0.63 0.17 201.48 19.47 34 8 46
5 L 38.81 8.18 153 2.53 0.27 117.07 14.65 29 5 39
6 H 4,98 1.37 0.63 0.35 0.13 45.57 30.57 34 1 20
7 H 1321 3.19 1.05 157 0.12 136.67 21.18 29, 6 43
8 H 22.45 5.84 0.93 2.10 0.23 150.37 1161 31 6 43
9 H 9.55 8.69 0.82 4.02 0.35 166.15 30.08 31 7 29
10 L 1111 9.30 113 1.08 0.32 70.84 28.27 29 8 28
n H 8.79 4.06 0.97 0.70 0.33 93.18 25.17 34 8 -
H 6.55 1.78 1.03 0.93 0.10 94.32 24.70 26 7 56
13 H 12.85 5.74 0.73 0.28 0.27 174.97 30.71 44 5 43
14 H 14.17 0.54 0.77 0.07 0.17 91.04 31.30 42 7 45
15 H 11.48 3.76 0.57 0.27 0.22 259.49 20.87 45 7 40
16 H 10.11 8.94 0.72 0.32 0.13 324.59 22.80 33 7 34
17 H 11.33 2.59 0.70 0.68 0.12 143.84 20.30 36 8 48

18 H 9.55 3.61 0.62 0.05 0.12 219.67 15.47 35 5 31



Table 11 (continued)

Site Browse Percent live Percent Density Density Density Forage Percent Avg. age Avg. age Avg. age
form line cover dead line “large- “small” dead production deadcrown “large- “small- dead plants
class' cover plants/m2 plants/m2 plants/m2 (g/plant) plants (yrs) plants yrs) (yrs)"

21 L 11.43 8.13 0.55 0.35 0.45 85.78 33.95 34 4 41

22 L 17.53 12.95 0.52 0.23 0.28 84.67 15.81 22 5 26

23 L 11.02 2.59 0.75 0.17 0.32 68.83 24.46 36 5 45

24 L 13.26 15.09 0.58 0.48 0.72 330.07 31 64 32 5 37

25 H 19.36 2.79 0.98 0.33 0.12 110.79 17.78 34 6 —

26 H 8.38 4.83 0.83 0.67 0.10 34.76 28.02 30 8 41

27 H 10.62 7.77 0.57 1.82 0.58 116.31 25.07 41 5 50

28 H 13.47 7.55 0.68 0.07 0.23 190.09 27.71 36 7 50

29 L 15.29 3.45 0.90 0.07 0.37 57.87 15.87 24 5 39

30 L 31.45 4.32 147 1.20 0.15 130.58 12.86 33 5 38

31 L 18.90 1.02 1.25 2.88 0.07 51.25 1111 18 7 -

32 H 2.95 2.69 0.42 3.28 0.13 74.88 43.24 34 7 —

33 H 26.87 869 137 0.45 0.11 137.54 21.57 42 10

'H=Heavy browse form class, L=light browse form class (Wambolt and McNeal 1987).
* Sample size varied according to available plants.



Table 12. Physical characteristics of 33 unburned mountain big sagebrush sites.

Site

10

13

14

16

17

18

19

20

Legal Description

T7S R7E Sec.26 SW/INW
T7S R7E Sec 35 NW/SW
T7S R7E Sec 35 SE/NW
T7S R8E Sec 35 SW/SE
T7S RSESec 31 SW/SE
T7S RSESec 6 SW/SW
T8S R7E Sec 12NE/NE
TSSRSESec 5 SE/SW
T7S RSE Sec 8 NE/NW
TSS RSESec 17 NE/NW
TSS RSE Sec 20 SE/NW
T9S RSE Sec 4 NE/NE
T9S RSE Sec 10NW/NE
T9S RSESec 10NW/NE
T9S RSE Sec 11 SE/SE
T9S RIE Sec 18 NW/SE
T9S RSE Sec 13 NE/SW
T9S RSESec 13 NE/SW
T9S ROE Sec 7 SW/NE

T9S ROE Sec 12 NE/SW

Elevation
(m)
2195
2073
1963
1871
2103
2088
2073
2085
1951
2109
1951
2316
2188
2027
1975
1975
1975
1975
2134

2243

Percent
Slope

16
16
35

23

19
25
14

21

16

43

25
36
23
37
14

28

Aspect
(degrees)
279
293
311
215
291
175
235
123
135
293
259
220
275
245
166
345
90
150
214

82

SoilA
horizon
depth (cm)

32
32
24
27
20
23
47
31
39
25
24
65
39

41

33
28
53

48

Percent sand

49

51

52

46

32

50

45

42

35

43

41

60

65

61

23

50

60

33

55

Percent clay

14
20
18
21
25
15
20
22
25
19

21

13
35
19
15
25

14

Percent
grass cover

68

39

18

58

19

24

23

45

65

43

23

36

35

24

57

35

10

35

49

Percent forb
cover

58

40

46

14

25

10

41

35

30

19

36

19

30

52

43



Table 12 (continued).

Site U

21

22

23

24

25

26

27

28

29

30

31

32

33

Legal Description

TI9SRIE Sec 12 NE/SW
T9S RIE Sec 7 NW/SE
T9S R8E Sec 6 SW/SE
T9S ROE Sec 5 SWZSW
T9S RIE Sec 8 SW./SW
T9S ROE Sec 8 SWZNE
T9S ROE Sec 17 SWZNE
T9S ROE Sec 16 SWZSE
T9S ROE Sec 21 SEZSE
T9S ROE Sec 13 NEZNE
TI9SRIE Sec 13 NEZNE
T8S R7E Sec 22 SWZSW

T9S R7E Sec 22 SWZSE

Elevation
(m)
2256
2207
2271
2323
2109
2073
2024
2353
2377
1966
1996
1935

1975

Percent
Slope
1
20
14
2
26

37

18

Aspect
(degrees)
178
240
282
260
70
219
281
245
340
85
65
209

73

SoilA
horizon
depth (cm)
30
49
30
59
48
33
22
48
39
60
95
23

28

Percent sand

48

45

46

38

42

37

52

36

52

44

40

46

Percent clay

18
22
14

24

35
21

20

20
27
40

25

Percent
grass cover

30

42

22

48

59

35

23

41

Percent forb

cover

59

53

46

57

61

30

29

46

14

49

34
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Table 13. Characteristics of mountain big sagebrush on 7 burned sites.

Site Year Burned  Percent live Density Density Total density
line cover “large” “small" shrubs/m2
shmbs/m2 shrubs/m2
1B 1982 0.00 0.00 0.00 0.00
2B 1979 0.36 0.08 0.03 0.11
3B 1978 0.00 0.00 0.00 0.00
4B 1979 0.00 0.02 0.05 0.07
SB 1984 6.70 0.23 0.27 0.50
6B 1984 0.80 0.05 0.08 0.13
B 1982 0.30 0.02 0.10 0.12

Average 117 0.06 0.08 0.13



Table 14. Physical characteristics of burned sites.

Site

1B

2B

SB

4B

SB

6B

7B

Legal Description

T9S R8E Sec 11 SE/SE
TI9SRIE Sec 18NW/SE
T9S R8E Sec 12 NE/SW
T9S ROE Sec 8 SW/SW
T9S ROE Sec 16 SW/SW
T9S ROE Sec 16 SW /SW

T8S R7E Sec 22 SW/SW

Year burned

1982

1979

1978

1979

1984

1984

1982

Elevation

(m)
2097
1987
2164
2109
2085
2353

1942

% slope

n

31

9

34

Aspect
(degrees)

193
337
91
49
245
245

241

Soil A horizon
depth (cm)

24
22
95
52
37
76

20

% sand

66

46

56

51

53

52

43

% clay

21
14
14
20
14

28

% grass
cover

32
72
88
70
54
68

52

% forb
cover

19

61

46

57

30

34
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APPENDIX B

MOUNTAIN BIG SAGEBRUSH PRODUCTION EQUATIONS
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Table 15. Mountain big sagebrush forage production equations’ from Creamer (1991).

Low use mountain big sagebrush:

In(F) = .647 + .034(MJ) + .031(AC) - .002(C1) |

High use mountain big sagebrush:

In(F) = 489 +.037(MJ) + .OSO(AC) - .0003(C1)

1Equatlon parameter abbreviations: F = forage (g), MJ = major axis (cm) AC = average
cover(cm), C1 = c1rcular area (cm2 , HT = height (cm).
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