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Abstract:

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) establishment in big sagebrush (Artemisia
tridentata Nutt.) communities is often controlled by the use of prescribed fire, which also kills big
sagebrush, an important component of wildlife habitat. Knowledge of the effects of Douglas fir
establishment in big sagebrush communities is essential to determining when control of establishing
Douglas fir by fire or other means may be warranted. Three southwestern Montana mountain big
sagebrush (A.t. ssp. vaseyana [Rydb.] Beetle) communities with establishing Douglas fir were selected
for study. Twenty-five sites, representing different levels of Douglas fir establishment were selected
within each study area. The effects of Douglas fir growth on mountain big sagebrush and herbs were
described and quantified. Data were collected on Douglas fir and mountain big sagebrush canopy
cover, density, and age, Douglas fir basal area and height, mountain big sagebrush winter forage
production, and herbaceous canopy cover. Models were developed for big sagebrush canopy cover and
density of "large" sagebrush (average crown cover > 15 cm), grass, and total herbaceous canopy cover.
Negative correlation values indicated that as Douglas fir canopy cover, total basal area, and density
increased, mountain big sagebrush and herbaceous variables decreased. Overall, Douglas fir canopy
cover had the strongest negative relationship with sagebrush canopy cover (r = -0.86), density of
"large" sagebrush (r =-0.93), sagebrush production per plant (r = -0.87), and total sagebrush production
per transect (r = -0.84). While increases in Douglas fir growth caused declines in mountain big
sagebrush and herbaceous variables at all study areas, models were often quite variable between study
areas. Both linear and curvilinear declines in mountain big sagebrush and herbaceous variables were
recorded. Model validation results indicated that individual study area models were generally not
precise or accurate. Overall models for density of "large" sagebrush and sagebrush cover did predict
well. Douglas fir canopy cover had the greatest impact on mountain big sagebrush and herbaceous
variables. Mountain big sagebrush canopy cover declined to < 15%, as Douglas fir canopy cover
increased beyond 20%. Sagebrush canopy cover declined to < 5%, as Douglas fir canopy cover
increased beyond 35%.
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ABSTRACT

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) establishment in big
sagebrush (Artemisia tridentata Nutt.) communities is often controlled by the use of
prescribed fire, which also kills big sagebrush, an important component of wildlife
habitat. Knowledge of the effects of Douglas fir establishment in big sagebrush
communities is essential to determining when control of establishing Douglas fir by fire
or other means may be warranted. Three southwestern Montana mountain big sagebrush
(A.t. ssp. vaseyana [Rydb.] Beetle) communities with establishing Douglas fir were
selected for study. Twenty-five sites, representing different levels of Douglas fir
establishment were selected within each study area. The effects of Douglas fir growth on
mountain big sagebrush and herbs were described and quantlfled Data were collected.-on
Douglas fir and mountain big sagebrush canopy cover, density, and age, Douglas fir basal
area and height, mountain big sagebrush winter forage production, and herbaceous
canopy cover. Models were developed for big sagebrush canopy cover and density of
"large" sagebrush (average crown cover > 15 cm), grass, and total herbaceous canopy
cover. Negative correlation values indicated that as Douglas fir canopy cover, total basal
area, and density increased, mountain big sagebrush and herbaceous variables decreased.
Overall, Douglas fir canopy cover had the strongest negative relationship with sagebrush
canopy cover (r = -0.86), density of "large" sagebrush (r.=-0.93), sagebrush production
per plant (r = -0. 87), and total sagebrush production per transect (r = -0.84). While
increases in Douglas fir growth caused declines in mountain big sagebrush and
herbaceous variables at all study areas, models were often quite variable between study

-areas. Both linear and curvilinear declines in mountain big sagebrush and herbaceous
variables were recorded. Model validation results indicated that individual study area
models were generally not precise or accuraté. Overall models for density of "large”
sagebrush and sagebrush cover did predict well. Douglas fir canopy cover had the
greatest impact on mountain big sagebrush and herbaceous variables. Mountain big
sagebrush canopy cover declined to < 15%, as Douglas fir canopy cover increased
beyond 20%." Sagebrush canopy cover declined to < 5%, as Douglas fir canopy cover
increased beyond 35 %




INTRODUCTION

Conifers have i'ncreased. dramatically in southwestern Montana over .fche last 100
years (Mno and Gruell 1986): Wright and Bailey (1982) stated that Douglas fir is'
becoming est_ablished in grassslands Vthroughout its raﬁgeﬁ Gruell et ai. (1986) st'ated that
Douglas fir and other conifers haye b‘ecome. eétablished in sevgral million .acres of

e

Moﬁtaﬁa seral grasslands.

The establishment (encroachment, in\}ésion, colonization) of Douglas fif
(Pseudotsugd mengziesii (Mirb.) Franco) in big sagebrush (Artemi&ic; tridentata Nutt.) -
communities poses questions for wildlife haBitat management. Establishing Douglas fir
may provide additional security cover to mule deer (Odocoileus hemionus) aﬁd elk
(Cervus elaphﬂs nelsoni) using big éégebrush communities for foraging. .The; benefits
~ provided by additional cover will be tempered, however, if browse is lost due to Douglas.
fir encroachment. Land managers must balance the needs for available forage areas,. |

cover for wildlife security, and thé reduction of available fofage as a result of thé |
.negative impacts of increases inm tree cover. The -di'lemma is in ascertaining at what point
the benefi'ts provided by cover in wildlifé foraging areas are being outwei‘ghea by the ioss |
of forage dﬁe to establishing conifers. | |
| Natural resource agéncies st;ate that establishing conifers afe often controlled to
'mainta'in or improve forage for domestic livestock and wildlife, and to Iﬁaintain di\(erse,
he.a_lthy and dynamically stable ecosystems (USDA 1986, USDA 1987, BLM 1997).
Prescribed burning is of£en uséd to. control eétablishing conifers (USDA 1986, USDA

1987). However, the use of prescribed burning in big sagebrush communities where

Douglas fir has bécomé established will eliminate big sagebrush and other non—sbroutihg
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~shrubs (Blaisdell 1953, Harnissand Murray 1973, Wambolt and Payne 1986), while
. possibly only having a marginal effect on Douglas fir. Because big sagebrush is
important wildlife erwse (Ku;feld1973;, Welch and Wags‘taff 1990, Wambolt 1996),

determining at what point the control of Douglas fir outweighs the loss of big sagebrush

is a critical decision for land managers.

My objectives were first to examine and quantify the effects of Douglas fir .

. establishment in mountain big sagebrush (Artemisia tridentata ssp. vaseyana [Rydb.]

Beetle) comrﬁunities, as to rﬁy knowledge no other study has-quantified the'effects of .
encroaching Douglas fir on mountain big sagebrush. Secondly, to determine the Douglas
fir growth variable having the Zc'greatest impact on mountain big. sagebrush corﬁmunities,
énd third, to build regression quelé that .predict the effects. of Douglas fir establ_ishment
on mountain big sagebrush and herbacedus related variables. My goal Wa; to provi(ie

land managers with information as to when control of Douglas fir in mountain big

 sagebrush habitats might be warranted.
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LITERATURE REVIEW

Causqs of Tree Establishmént

Conifer establishment in mountain big sagebrush comfnuniﬁeg and rangeland
succession can be viewed from 2 schools of thought: 1) the Cleméntsi%m theory of
ecology (Clements 1916).; and 2) the state-and-transition model (Westoby et al. 1989).
Under the Clementsian theory of succession, Douglas fir establishmept in mountain big
sagebrush communities may be thought of as a Stage in succession. Clements‘ (1916)
referred to succession as a series of invasiéns by diffefent plant communitie:s, while
Sampson (191.7) defined suécession as "the establishment of 1 plant species by a series of _
invasions in a given habitat causing the replacement of 1 set of plants by another"”. Smith
(1986) referred to suc.cession as the "replacement of 1 community by another over timg".
Those who subscribe to the state-and-transition model'cite increasing tree dominance as

an example of a transition'ffom one "state" (vegetative g:ommunity)- to an alternative
"state" (Néy-Meir and Walker 1986, Westoby et al. 1989, Laycock 1991).

Regardless of the rangeland succession model one adheres to, tree establishment
or encroachment generally has been perceived rjlegative.ly. However, Strang and
farminter (1980) regarded enéroachm'ent of trees into grasslands as a natu;;al process
fostered by human activities, and that its.perception as being "gc.>od" or "Bad" depended
on management 6bj eétivés. Because encroachfnent h;ls often been thought of as "bad" or
unwanted succession, studies related to Douglas fir or other tree encroachment have
generally focused on the cause or causes of encroachment. Research has identified and

focused on 4 primary factors working separately or in unison to cause encroachment.
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These factors are overgraziﬁg, changes in the microenvironment, fire suppression, and
climétid c;hangé. Under the state-and-transition model these factors would cause a
transition between alternative steady states (Westoby et al. 1989). _ |
' Overgrazing has been citéd as-causing conifer encroachment by a host of'

researchers (Foster 1917, Rummel 195\1, Springfield 1976, Valé 1975, Zirﬁiﬁerman aﬁd
Neuenschwander 1984, Waugh and Fisser 1986). Overgrazing acts to change the
microenvironment.by- reducing C(émpetition from herbaceous species and increasing the.
amount o_f bare mineral soil availabie for cﬁnifer establishment (Rummel 1951, Cooper
1960, Vale 1975 , Strang.and Parminter 1980, Zimmerman and Neuensc_hwander 1984).
Exposed min'eral soil is considered a prime seedbcd for tree sgedling est.ablishment
(Miller 1921, Shearer 1974}. Shearer (1974) stated th_at conifer'r‘egeneration is dependent
c;n 1) seedbed cpndition; 2) seed supply; and 3) environmental characteristicé affecting

. seedling survival. Cénifefl@eédling_ survival is affected by soil mo'isture and soil .
; temperatﬁre (Isaac 1938, Patten 1963). Tree im)asions generally occur in'.plulses when -

- years of good seed production are followed by years of favorable moisture (Rummel

1951, Amnold et al. 1964, Sindelar 1971, Amo and Gruell 1986). Hoffman (1924) stated

that in the PacifickNorthW'est, Doﬁglas fir generally had good seed production ex}ery 2-3
years. |

| Douglas fir encroachment is often preceded by an increase in big sagebrush
(Gruell 1983, Amé and'GrueH 1983, Gruell et al_. 1986). Increases in big sagebrush may‘
be due to overgréziné, ﬂre suppreésion or a combiﬁation of the two. Big s‘agebr.ush
provides shaded microsites conducive tb 'the establishment of Douglas fi; seedlings

" (Sindelai'1971, Gruell 1983, Gruell et al. 1986). Sindelar (1971) reported that Douglas




fir saplings were strongly associated with big sagebrush plants, as the majority of
Douglas fir seedlings emerged directly through big sagebrush crowns. Sagebrush has '
-been documented as acting as a "nurse” plant for other tree species as well. .B'urkhardt
(1969) renorted that Western juniper (Juniperus occidentalis Hook.) seedlings. were often
found under mountain big sagebrush plants. Waugh and Fisser (1986) reported that Utah

juniper (Juniperus osteosperma (Torr.) Little) seedlings became established

- predominantly under black sagebrush (Arteinisia nova Nels.)'.

Direct fire suppression or the lack of fire plays a major role in tree establishment. |
Burkhardt (1969) attributed the establishment of western juniper in mountain b1g
sagebrush communities directly to the cessation of periodic fires. L1kew1se :
encroachment by Douglas fir has been attributed to fire suppression (Gruell 1980, Gruell
1983, Arno and Gruell 1986). - Even when fire supbression is not concidered the primary
calise of encroachment, it allows encroachment to continue unabated (Rlimmel 1951,
Cooper 1960, Patten 1.96.3, Sindelar 1971).

Overgrazing may contribute to the lack oi fire by reducing the amount or density

of herbaceous vegetation, thus reduc1ng the abihty of an area to sustain or carry a fire

(Foster 1917, Springfield 1976, Zimmerman and Neuenschwander 1984 Arno and Gruell

1986). While overgrazmg may reduce the ability of an area to carry a fire, encroachment
and the subsequent increases in treel density and canopy colver cansed by overgrazing may
increase the potential for catastrophic crown rires as ladder fuels increase (Zimmerman
1979, Davis et al. 1:980, Gruell et al. 1982_). ‘

In addition to -overgrazing, changes in the microenvironment, and fire

suppression, climatic change has also-been cited as a factor contributing to encroachment
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" (Blackburn and Tueller 1970). Johnsen (1962) state_d that long droughts killéd grasses
and reduced competition with one-seeded juniper (Junipéms monosperma (Engelm.)
Sarg:) seédlings. Veile (1975) statedl that droughts could accentuate plant cover
decreases, thereby encouraging tree establishment when more moist conditions retuin.
Patten (1963) stated that forest ;fdva_nce and free establishment iﬁ oi_ven areas was in part

dependent on optimum climatie conditions.

. Fire History in Douglas Fir Forests of the Rocky Mountain Region

The lack of fire'in the last 100 years has resulted in extensive areas of Douglas fir.

and other tree encroachmert in the Rocky Mountain region (Gruell 1983, Amo and
Gruell 1983, Arno and Gruell 1986). Prior to fire. suppr_essiori, Douglas fir habitat types
were open and patchy as periodic grbund fires restricted develdpmeﬁt of Douglas fir |
forests (Loope and Gruell 1973, Davis et al. 1'9180, Gruél’l 1983). Douglas fif was often
restricted to moist sites, rocky outcrops and talus slopes (Arno éﬁd Gruell 1983, Gruell
‘ 1983, Arno and Grue;il 1986). Arno and Gruell (1983) §£ated that with fire suppfession
Douglas fir has invaded grass and sagebrush habitats downslope from more rocky areas.
While fire frequency in the Rocky Mountain re‘gion is variable to begin with, fire
suppression has geﬁerally resulted in longer fire-free intervals. Arno and Gruell (1983)
~ stated that prior to 1910, ﬁean fi.re intervals-in the Douglas fir/ grassland ecotone of
southWestern Montané ranged frorﬁ 35-40 years, but that no fires had been recorded in |
their study areas the previous 61 yeérs. Arno @d Gruell (1986) recorded a fnean fire -
interval of 26 yeéré in the Galena Gulch area outside of Boulder,‘ Montana for the pefi‘od

1690—1979, but only 1 fire had occurred in the 94 years prior to their study. The longest

0 | S




I/ L Y S |

fire intervals prior to 1890 were 72-82 years. In'the southern Elkhorn Mountains east of
Boulder, Lehman (1995) reported post fire suppression mean fire intervals of 13.8 to-25.8

years in 4 study areas. The mean post suppression fire interval for Douglas Fir/Idaho

fescue (Festuca idahoensis Elmer) habitat types in this area was 13.8 years compared to a -

historical MFI of 8.2 years (Lehman 1995). Lehman (1995) reported that over much of
the.: study aréa the time elapsed since the last fife was up to 3x longer than the hisrtoric ‘
average .interval between fires. | |

Arno (1976) found fire frequencies ranging from 6-19 years in bouglas
fir/grassland haBitat types on the Bitterroot National Forest of Montana. Howevér; Arno '
| '(1976) stated that there has been a marked. decrease iﬁ fire since i920, and tﬁat in many
areas the time elapsed sincé the last fire now exceeds the longes;c fire free interval from
1735-1900. Goldbh_im and Véblen (1992) reported a mean fire 'interval' of 15.2 years for
the period 1920-1949 for .their entire study area on the Colorado froﬁt—range; however,
when the- time period was ihcreased to cover the whole fire suppression era (1920-1989),
the' interval was 28 years. Goldblum and Véblen ('19._92) recorded a rlnean fire interval of

31.8 years prior to 1859; however, they felt that they probably had underestimated the

" number of fires that had occurred. Tande (1979) found that Douglas fir forests in Jasper -

National Park had an average mean fife return interval of 17.6 years for the period 1665-

1975, but prior to 1913 when fire suppression began, the interval was 6n1y 5.5 years.
Tande (1979) reported that‘fire;s covering more than 1.2% (500 ha) of the study areas had
a mean fire return interval of 8.4 years, while fires cdvering more than 50% of the study

area had a mean fire return interval of 65.5 years.
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. While fire frequencies historicall)'/ ﬁay have been shorter than they are today, fir¢
intensity was generally lov.ver, and fire size was generally smaller. Loope and Gruell
(1973) stated that in the Jackson Hole, WY area, very large fires were rare and crown
- fires only occurred under the most extreme conditions. Arno (1976) stated that short fire
intervals, and the presence of multiple age class conifer stands in his 3 Bitterro_of National
Forest study areas', indicate that fire intensity usuaily Wés not great. Fires generally_only
covered a portion of the 3 study areas (Amo 1976). Tande (1979) found that only 5 8.5*% :
of the recorded fires in his 43,200—ha study area covered more than 1.2% of the study

area. Sixty-eight perce;it of the fires coyerea less than 5% of the study area. Fires di,d

not kill the entire stand, but rather left many different age classes on the landscaf)e.

Susceptibility of Douglas Fir to Fire Treatment

Knowledge of the potential effécts of fire on Douglas fir is needed if prescribed
burning is to be considered for treatir_lg Douglas fir éncrogchfnenp vBecausc-a of their very
thick bark, mature Doﬁélas fir are considered tcl)_be very fire resistant (Flint 1925). It -
takes Douglas fir approximately 40 years on moist sites to devel.op this corky, fire-
resistant 6uter bark (Arno and Grueil 1983, Fischer and Bradley 1987). While generally
firé resistant, mature Douglas fir may be injﬁred by fire because of resin streaks in the
. bark, and because branches run the full length of tﬁe bole (Fischer and Cle;yton 1983).
This brénch habit may lead to crown fires, which are generally needed to kill mature.
Douglas fir (Starl;ér 1934). In-addition, dense unde;s;coﬂes created a;e, aresult of a -
prolonged fire-free period may provide ladder-fuels for crown fires (Arno 1976, Fischér

and Clayton 1983).
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Although mature Douglas fir are resistant to most fires, Gruell et al. ( 1986)- stated

that seedling (trees < 1.5 m tall), sapling (2-13 cm Dbh), énd pole (18-30-cm Dbh)

invasions of Douglas fir may present opportunitiés for the use'éf prescribed fire. Ground
or low intensity fires will kil_l unglas fir seedlings (Grueil et al. 1986), and saplings .(5—.
10 cm Dbh5 are Vulnerat;le to fire as well (Davis et al. 1980, Fischer and.Clayton 1983,
Fischer and Bradley 1987). Pole-sized Douglas fir are more fire resistant; and may -
survive low to possibly low-moderate intensity. fires (Bradley et al. 1992). Kalabokidis

and Wakimoto (1992) reported that fire kilied 97-100% of the Douglas fir trees under 3

m on their study areas, but that only approximately 10% of fhe trees taller than 3 m were

- killed. Bushey (1986) reported that only trees taller than 1.37 m survived after 3 post-

burn seasons on 2 study transects, while on another transect, Dougias fir seedlings and
saplings had incurred at least 80% mortality after oply 1 post-burn groWing season. |
Moderate fires generally result in rﬁorel open, park—like-stands of maturg trees as these
fires are unlikely to kill large overstory trees (Davis et al. 1980, Fischer and Bradley
1987, Bradley et al. 1992). |

While fire may kiil existing trees, the ﬁsé of fire may also result in a mineral
seedbed ?erfec;t'for Douglas fir seedlings (Davis et al. 1980; Fischer and Bradley 1987,
Bradley et al. 1992). Therefore, knowledge of how Douglas fir‘may r.esponc.i to fire is
essential. Fife—relatéd successiénal pathways for Douglas fir habitat types have be_en
described for much of the Rocky Mouﬁtain. region (Davis et al. 1986; Fischer and Clayton
1983, Fischér and Bradley 1987, Bfadléy et al.l 1992). Stickﬁey (1980) stated that "a
fundamental understanding of forest su;:cessibn requires basic infdrmatioh on -th_e

response of component species to disturbance and subsequent successional change." -
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Effects of Fire on Mountain Big Sagebrush and Herbaceous Species.

Mountain Big Sagebrush

The decision to control Douglas fir establishment in mountain big sagebrush
communities with prescribed fire may be influenced by the effects of fire on mountain

big sagebrush and herbaceous species. Mountain big sagebrush is easily killed by fire

'(Blais'dell'l953, Harniss and Murray 1973, Bushey 1986). Bec_ause mountain big

sagebrush is a non-sprouter and must recover from seed, the time required for recovery to -

bre—burn levels is extremely variable.
Buntmg et al. (1987) stated ‘that mountain b1g sagebrush might return to pre—burn

density and cover levels w1th1n 15-20 years however, no data was pr0V1ded to support

this claim. Studies have indicated that recovery time may be significantly longer.

r - ¢
Walhof (1997) reported that burned mountain big sagebrush sites measured up to 16

years after burning had considerably less canopy cover and sagebrush density than paired

unburned sites. Fraas et al. (1992) reported that canolay cover of mountain big sagebrush

on burned sites 8 years after burning was significantly less than on paired unburned sites.

.Harniss and Murtay (1973) reported that mountain big sagebrush made little increase in .

production the "first.'I.Z years following burhing, and that 30 years after burning, density of
mountain big sagebrush on burned areas was only 83% of unburned areas. Blaisdell |
(1953) found that 15 years after burning, motmtaih big sagebrush density on burned sites
was only 50% of unburned sites.

Although it may take many years for mountain big sagebrush to reach pre-burn
levels of density and cever, mountain big sagebrush may reestablish rapidly following

burning (Blaisdell 1953, .Bushey 1986, Walhof 1997). Walhof (1997) showed that in his
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study areas, peak reestablishment of mountain big sageﬁrush occurred within the first 4
growing seasons after the burn.” Peak -reestablishment occurred in either the .year of
treatment or the }\/:ear following treatment in.4 out of 7 moﬁntain big ‘sagebrl_lsh locz;tions
’(Walhof 1997).
..How qqickly mount.ain big sagebrush piants become reestablished may depend on

“burn inténsity related to-how many sagebrush plants survive the burn, as well as seed’
Production prior to bﬁrrﬁng (B;laisdéli 1953). Johnson and Payne (1968) reﬁorted that the
number of big sagebrush (subspecies not given) surviving spraying and ploWing
treatments was the most important factor inﬁuencing sagebrush fe—invasi;)n. Witiward
(1970) notéd that mountain big saéebmsh often becomes dense following a dis'turbaﬁce.
The rapid re'estéblishmént of mountain big sagebrush rriayf \be afctributed to the fact thaf it
gene;ally occupies more. mégic sites than the other 2 :subsiaécies of big sag@brﬁsh
(Winwérd ;and Tisdalé 1977). The fact that mountain big sagebrush méy reach
reproductive maturity in 3-5 yeafs may also allow it to recover more rapidly in burned |

areas (Bunting et al. 1987).

Herbaceous Species

: : , )
Because prescribed fire is often used or recommended to control encroaching

Douglas fir (Bushey 1986, USDA 1986), knowledge of the effects of fire oﬁ herbéceous
species is impc;rtant for deciding on an individual case basis whethér or not to use

preécribed fire. Lyc;n (1971) re,porteci that the numBer of herbaceous species doubled. '
\';s_/ithih' 7 years éfter burning a Douglas fir community in southvce\ntrél Idaho. Bushey -
(1986) reporte(.i"theit herbacéous production doubled and even Itriplled following burping

of mountain big éagebrush and-Douglas fir. Wambolt and Payne (1986) found that basal
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cover of perennial gfasses Iwas over 6 times higher 3 years after burning Wyoming 'big. :
sagebrush (Artemis’i-a trider;tata ssp. wyomingensis Beetle and Young), and that
p'roductionlwas still 3 timeé ﬁigher than- the pre;burh level 17 years after burning.-
Blaisdell (1953) and Mueggler and Blaisdell (1958) afso documentéd increases in
herbaceous production folléw‘ing bufniﬁg of big sagebrush-grasslands.

- While burning may have a posi_tive effect on herbaceous species, the positive
effects 'often de'cr.c;,ase over tfme. .Blaisdell (1953) stated th.at increases in grass and forb
production might be short-lived. Fraas et al. (19925 reported that \;vhile there were more
he'rbaceoﬁs species in burned areas 8 years after 1t.>urning, total gfasg canopy cover was
similar to unburned sites. Harniss. and Murray (1973) repc')rted'that herbaceous species
increased the first 12 years after burning, but t'hat 30 years after burning, relatiye yields of
various grasses were near pre-burn levels. Walhof (1997) reﬁorted that perennial grass
canopy cover was not sighificantly different overall bétween 13 paired burned and
unburned aréas of different ages.

| The effects of fire‘ on Idaho fes:cue.and bluebunch wheatgrasé (Agropyron

spicatum (Pursh)-Scribn. & Smith) are of particular importaﬁce, because these 2‘species
often form habitat types with big sagebrush aﬁd Douglas fir (Pfister et al. 1977, Mu'e’:gg‘ler
and Stewhart 1980). These 2 speciés are also important forage spc‘cies' for both wildlife
and cattle. Idaho fescue can be seriously injured by fire (Blaisdell 1953, Countrymen and
- Cornelius 1957, Conrad and Poulton 1966, Harniss and Murray 1973, Young 1982). The
amount of damage to Idaho fescue api)ears to 1;6‘ related to factors affecting burn intens'ity
such as the émount .of saéebrush cover and the arﬁounf of dead fescue present (Conrad

and Poulton 1966, Gruell et al. 1986). While initially damaged, Idaho fescue niay
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recover from injury fairly quickly, as Antos et al. (1983), in grasslands, and Bushéy
(1986);\in Douglas fir e;,ncroached mountain Big sagebrush communities, reported that
Idaho fescue had recovereé:l tc; at least pre-burn levels 3 years after buminé. Walhof
(1997), in southwestern Montana big 'sagebrush—grasslands, reported that overall Iaaho
fescue cover did not differ significantly between burned and unburngd a'reaS of different
ages. Gruell et al. (1986) re;coinmended burning Idaho fescue in the spring or in the fall,
after plants are dormant to reduce injury. |
Bluebunéh wheatgrasg appears to be less affected by fire than Idaho fescue in big
sagebrush-grasslands (Conrad and Poulton 1966). Antos et al. ’(1983) reported no |
significant difference in bluebunch Wheatgrass.cover‘between burned and unburned sites
1 growing season after burning. Conrad and Poulton (1966) ’reported that fire affected .
.bluebunch wheatgrass plant size and not plant density. Blaisdell (1953) reported that
bluebunch wheatgfass \;vas slightly affected initially by fire in mounta’lin big sagebrush- '
grasslands, bu.t responded well following burning. Harniss and Mﬁrraj (1973) reported
“that after an initial decline, production of bluebunch wheatgrass was nee;rly' double 12
years after Burning of mountain big sagebrush—grasslaﬁds. Hov;/ever, Fraas et al. ('1992)'
reported no difference in bluebunch wheatgrass canopy cover betWeen paired burned and . .
unburned sites 8 years after Burning of mountain big sagébrush—bluebunch wheatgraéé

commiunities.

Importance of Cover to Big Game

Cover, a significant component of big game habitat in the northwestern United

States, may influence the microclimate of an area and obstruct visibility, thereby -
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provrdrng securrty from a distance (Peek et al. 1982) Lyon and Jensen (1980) stated that
| in the case of clear-cuts, the wrllrngness of anrmals to enter an opening is influenced by -
requirements for security. Security (hiding) cover appears to be a requirement for elk in
the presence of human disturbance (Peek et al. 1582). Gruell et al. (1982) etated that
spaise cover subjects elk to harassment anid allows hunters'to belmore effective. Lyon
(1979) found that tree cover rnodified use of a roaded area by elk, and that increasing tree-
cover resulted in elk losing less habitat effectiveness due to roads. While elk use df _
different tree canopy .coyer classes in northwestern Montana is season and sex dependent, -
they use areas with no' tree canopy cover the least (Marcum 1975, ‘Marcum et al. .1,9' 84).
| Thomas et al. (1979) defrned hiding cover as "vegetation capable of hrdrng 90%
of a standrng adult deer or elk from the view of a human at a distance equal to or less than
61m (200 feet). The distance away an elk or deer (Odocoileus spp.) is seen is called the
site distance. Site distance is a function of the horizental shielding effects of low
growing vegetation and tree stems (Skovlin 1982). Lyon and J. ensen (1980) stated that
elk in western Montana would not fully n_tilize a clear-cut until vegetation reached a
minimum of 1 m in height. Lyon and Jensen (1980) feund that deer use of clear-cuts in
western Montana dramatically increased after vegetation nei ght exceeded 0.3 m, and then
leveled .off after vegetation reached 1 m in height. For eastern Montana deer, use of
clear-cuts increased as vegetation height in the opening inereased (Lyon and Jensen |
'1980). Maximum use occurred shortly before grewth reached 1 m in neight.' Canfield et
al. (1986) stated that steep viewing angles reduce the effectiveness of cover,-but that this
is buffered by tree height due to a trigonomic_layering effect. Taller trees provide better

| security cover with a threshold anpearing to exist at around 7.6-9.1 m.
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The security benefits ef increases in canopy cover may be tempefed ‘ey reduced
forage amounts. Lyon and Jensen (1980) stafed that .both elk and deer preferred clear-
cuts with cover in the opening except when cover inhibited- forage gr_thh. “Suring and
Vohs (1979) reported that communities thet provided botﬁ hidi'n;g cover and forage were .
more heavily utilized by Columbian white-tailed deer (Odocoileus virginian;[s leucurus)
~ than communities providing: only hi:ding cover or forage: Loft and Menke (1984) stated

that Colum‘eian bleck.—tailed deer (Odecoileus hemionus" columbianus) used plo;cs that had
llo_w tree canopy cover, I-ligh"amounts of hiding.cover from vegetation 0-0.5 m tail, ﬁigh

, herbaceous production, and higher amounts of shrubs. Short et al. (1977) and Reynolds
(1964) reported that mule deer and elk use of pinyon-pine (Pinus edulis Engelm.)—juniper A
(.]uniperus spp.) woodlands 'decreased as tree density increa.sed' énd sﬁrub and herbaceous
brodﬂctio_n decreased. ‘However, Reyﬂolds (1964) repo,r’ted that pellet group numbers |
were lowest where deneities of trees and shru_bs were the lowest, ihdicating that some tree

" presence was desired.

While increaeing security cover may benefit elk and muie deer, it has a ﬁegative
1mpact on bighorn sheep (Ovzs canadenszs) -Visibility is an important habltat variable to
blghorn sheep (Rlsenhoover and Baﬂey 1980, Wakelyn 1987, Etchberger et al. 1989).
Bighorn sheep avoid tall vegetation habitat types that -fedgce visibility such as i)ou glas fir
habitat types (kisenhoover and Bailey _i§85). Wakelyn (1987) stated that encroachment
| of tall dense shrublaﬁds aed forest in the absence-o.f fire .has led to the 1oss of bighorn
“sheep haeitat. Lotan and Browri (1985) reported that burning forest canopy im’pre;/ed'

bighorn sheep habitat conditions in British Colurribia.
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The Importance of Douglas Fir and Mountain Big Sagebrush to Wildlife

Cover and Habitat

Douglas fir establishment in mountain big sagebrush communities may provide

valuable habitat to wildlife. Reports by Schw.arzk(')ph (1973) and Steerey (1979) indicate

. that Douglas fir and big sagebrush habitat tflpes play an important role for mule deer in

the Bridger Mountains of Montana. Douglas fir and mountain big sagebrush may benefit
wildlife by-providing both security cover and forage. Dotiglas fir provides good security
cover because 1) branches are moderately low and dense in saplings, and run the length

of the 1t'_)ole in mature trees (Flint 1925, Fischer and Bradley 1987); and 2) ’Dougla§ fir

: géherally forms moderate to dense stands (Flint 1925).

.Big sagebrush rﬁay provide protective cover for mule deer fawns and elk calves,
nesting hzibjtat for songbirds, and habitat for small mammals (Peterson 1995). Sagébrush'

also prof/ides the dominant nesting cover for sage grouse (Wallestad and Pyrah 1974).”

Sagebrush habitats are also ifnportant during the sage grouse breeding and b;o'od rearing

pc:riodsf (Klebenow 1969, Wallestad and Schladweiler 1974). ‘Roberson (1984) stated tﬁat

sage grouse are sagebrush obligates.

Forage

The use of big sagebrush as forage by mule deer and elk has Been well
documented (Wilkihs 1957, Schwarzkoph 1973, Kufeld 1973, Kufeld et al. 1973, Steerey = -

1979, Welch and Wagstaff 1990, Wambolt_1996). Wambolt (1996) and Personius et al.

" (1987) reported that mountain big sagebrush was the preferred subspecies of big

" sagebrush. However, Striby (1985) stated that Wyoming big sagebrush was the most
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preferred-subsbecies based on form class assessment, with mountain big saggbfush being
the second most preferred. In addition to being important to big game, big sagébrush is
also the primary staplé forlsage gr(;use, especiaﬂy du.ring the winter (Wallestad et ‘ali
1975). . |

Mule deer use 6f small to- trace aniounfs of Déuglas fir as fogage has beer_l '
reported in the'Bridger and Little Belt Mountains of Montana (Wilkins .195‘7, Lovélss ,
1958, Schwarzkoph 1973, Steerey 1.97.9).. While d@age té Douglas fir seedlings by both
black-tailed deer and elk (Cervys elaphus roosevelti) has been réported in western
Washingtoﬁ- and Oregon (Carﬁpbell and-Evans 1975), mulg deer generally select needles
from lafger diaméter trees rather than smaller dia:méter ones (Tucker et al. 1976, Dawson
_ | et al. 1990). Mule, deer also select needles from trees in openings 6ver those in gullies

(Tucker et al. 1976).
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METHODS

Study Areas

Selection

Three mountain big sagebrush cbmmunitiés With encroaching Douglas fir were
selected for study. Aerial photographs taken over a numBer of years verified that
eﬁcroachment was actually occurriné. Studyl areas were geographically separated to
increase the study’s range of inference. The minimum distance between study a%eas was
41 km, while the maximum distance was 148 km. The areas exhibited the following. |
characterisﬁics: 1) levels of encroachrrient_that were characterized by a range of Douglas'
fif canopy cover fromllow to ﬁigh; 2) an area large enough to contain 25 study sites. 30.5
x 30.5 m'in size; and 3) no recent impacts on the communities from burnir_lg, sprayiﬁg or

cutting.

Description

Study areas were located in southwestém Montana (Fig. 1). Legal descriptions
and sampling dates fcér each study aréa are in Table 1. All study areas were classified as
. Douglas fir/Idaho fescue habitat 1;ypes (Pfister et al. 1977). The Douglas fir/Idaho fescue
* habitat type is part of the cool-dry Douglas fir habitat types fire group (Fischer and. - |

Clayton 1983).
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Figure I. Map of 3 study areas in southwestern Montana.
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Table 1. Legal descrlptlons and samphng dates for 3 study areas.

SITE Legal Description . - Date Sampled
Sugerloaf Mountain 6N 4W SW S7, NW S18 July, August, 1996
"~ 6N 5W SE S12, NE NE S13
Medicine Lodge Peak: 12S 12W S SE 810, SESE  June, July, 1997
o : SW S10 . - :
12 S 12W NE S15, NE NE
: o NW S15. _
. Hells Canyon 1S 6W NW SW S32, SW July, August, 1997
NW $32 : :
1S 6W NW S31

Sugerloaf Mountgin Study Area

The Sugerloaf Mountain (SLM) study area .is located in Jefferson County
approximately 6 kin northwest of Boulder, MT on Bureau of Land Management (BLM)
land. The area is part of the Beulder Batholith formation end is several kilometers r;orth
of Arno and G_ruell's (1986) Galena Guleh study area. Parent materiéi is intrusive
igneeus rock (Montagne et al. 1982). The soil was classified as a sandy, mixed Typic
Cryoboroll (Soil Survey Staff 1994). Slope, aspecf, eleva‘eion and A horizon ébﬂ texture
for each of the 25 study sites are given in Table 2. Mean annual air temperature is 3.9°.C
(Caprio et al. 1994). The length of the freeze free season is 70-90 days w1th an annual
precipitation of 357—4~06 mim, with most of this occur'ring May-July (Caprio et al. 1994).
A Vegetation species list for the area is provided in 'Appendix A. Ceitt.le graze the area in
the summer. -Mule deer‘ appears to be the primary big game species using the area,

although some elk fecal pellets were seen in the study-area.
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Table 2. Slope, aspect, elevation, and A horizon soil texturé of Sugerloaf Mountain

study sites.

Soil Texture of A

Site# Degree of Aspect . Elevation
- Slope. (m) Horizon
1 .12 E 1820 Loamy Medium Sand
2 .9 E-NE 1829 Loamy Medium Sand
3 14 E 1823 Loamy Medium Sand
4 9 ‘B - 1817 Loamy Medium Sand
5 . 10 SE 1811 Loamy Medium Sand -
6 12 E 1811 Loamy Coarse Sand
-7 11 E-SE 1804 Loamy Medium sand
8 7 S 1792 Loamy Medium Sand
9 6 .S 1817 Loamy Medium Sand
10 9 S 1817 Loamy Medium Sand
11 10 S 1823 Loamy Medium Sand
12 14 " E-SE 1826 Medium Sandy Loam"
13 12 E 1826 Loamy Coarse Sand
14 14 E 1826 " Loamy Medium Sand
15 14 ‘E 1835 Loamy Medium Sand
16 16 E 1841 Loamy Medium Sand
17 17 ‘NE-E 1853 Medium Sandy Loam
18 11 SE - 1841 - Loamy Medium Sand
19 9 SE-S 1841 Loamy Medium Sand -
20 12 SE 1853 Coarse Sandy Clay Loam
21 10 SE 1853 Loamy Coarse Sand
22 9 .S 1823 Loamy Coarse Sand -
23 13 E-SE 1865 . Coarse Sandy Loam -
24 14 . NE-E 1871 . Coarse Sandy Looam
- 25 14 E 1868 Coarse Sandy Loam

Medicine Lodge Peak Study.Area

- The Medicine Lodge Peak -(MLP)' study area is located in Beaverhead County

apprbximately 24 km south of Grant, MT on BLM land. The study area lies in the

.- foothills of the Beaverhead Mountains. Parent material is intrusive igneous rock

(Montagne et al. 1982). The soil was classified as a clayey-skeletal, mixed Argic

Cryoboroll (Soil Survey Staff 1994). Slope, aspect, elevation and A horizon soil texture . .

for each of the 25 study sites are given in Table 3. The mean annual air temperature is

© 1.7° C (Caprio etal., 1994). The length of the freeze-free season is 10-30 days with

f




22

Table 3. Slope, -aspeét, elevation, and A horizon soil texture of Medicine Lodge Peak

study sites.

Soil Texture of A

Site#  Degree of Aspect " Elevation
_ Slope . (m) Horizon
1 10 288 2231 Silty Clay Loam
2 11 344 2231 Clay Loam
3 10 324 2231 Clay Loam
4 9 344 12243 Clay Loam
5 11 304 2237 Clay Loam
6 12 324 2256 Clay Loam
7 18 314 2268 Clay Loam
8 7 357 2231 "Clay Loam
9 10 352 2256. Clay Loam
10 9 346 2237 Clay Loam
11 18 328 - 2268 Clay Loam
12 14 318 2243 Clay Loam - -
13 12. 332 2237 Silty Clay Loam
14 <14 320 2249 Clay
15 14 342 2280 Clay Loam
16 10 0 2286 Silty Clay Loam
17 9 334 2259 - Silty Clay Loam
18 10 0 2261 Clay Loam
19 9 0 2261 . Clay Loam
20 9 356 2268 Silty Clay Loam
21 7 354 2262 Clay Loam
22 T 4 2274 Clay Loam
23. 8 348 2274 Clay Loam
24 7 - 24 2280 . Sandy Clay Loam
25 14 342, 2280 Clay Loam

annual precipitation of 357-406 mm, with most of this occurring from April-J uly. ‘A

vegetation species list for the area is provided in Appendix A. Cattle graze the area in the

summer. Mule deer were seen in the study area, and elk were seen in the vicinity of the

study area. Mule deer, elk, and moose fecal pellets were seen in the .study area.

Hells Canyon Study "Arqa

The Hells Canyon (HC) study area is located in Madison County dpproximately

20 km northwést of Twin Bridg'es,, MT on BLM and Big Sky Lumber Company land.
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The study area lies in the foothills of the Highland Mountains. Parent material is
intrusive igﬁeous rock (Mon.tagne et al. 1982). The sbil was classified asa coﬁse—loamy,
| mixed Argic Cryoboroll (Soil Survey Staff 1994). Slope, aspect, elevation and A horizon
soil texture for each of the 25 study sites are given in Table. 4. Mean annual air |
temperature is 2.2°. C. The length of the freeze-free season is 70—I9O days with an annual
precipitation of 254-305 mm, with most of this .coming from April-J uly (Caprio et al.

_ 1994). The annual precipitation level is probably higher than that reported based on the
plant species compoéition of the area. A vegetation specig:s iist for the area is provided in
' Apﬁendix A. Cattle graze the area in the. summer. .Both mule deer and elk were seen in
the study area, although very few fecal pellets were geen iﬁ the area. Moose were seen in

the vicinity of-the study area, and moose fecal pellets were seen in the study area.

Field Procedures

Twenty-five study sites were subjectively selected in order to sample across a
continuum of Douglas fir establishment levels from low to. high. Areas that were
severely impacteci Bly livestock such as bedding areas were avoided. At each site Douglas
fir canopy-cover, density, diameter at breést height (Dbh) [breast hei ght = 1.5 m], height,
and age were measured along with mountain big sagebmsﬁ canopy cover, density, winter

forage production, and age. Herbaceous canopy cover was also determined.

Ca_nopy Cover

Douglas fir and mountain big sagebrush canopy cover was measured using the
line intercept method (Canfield 1941). At each study site, canopy cover was measured

along 6 stratified 30.5-m transect lines. Transect lines were placed approximately 4.6 m
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Table 4. Slope, aspect, elevation, and A horizon soil texture of Hells C,anyon study

sites. .
Site#  Degree of Aspect . - Elevation . Soil Texture of A
Slope =~ . - (m) . - Horizon
1 5 192 . 2134 Sandy Clay Loam
2 6 194 - 2140 Sandy Clay Loam -
3 9 202 2134 " Sandy Clay Loam
4 9 196 7040 Sandy Clay Loam
5 7 196 2134 - Sandy Clay Loam
6 8 184 - 2164 Sandy Clay Loam
7 9 172 , 2156 - " Sandy Clay Loam
8 6 180 - 2182 Sandy Clay Loam
9 7 170 2188 Sandy Clay Loam
10 8 166 2195 Sandy Clay Loam
1 6 173 . 2200 . Sandy Clay Loam
12 5 182 . 2207 Sandy Clay Loam
13 8 185 2158 Sandy Clay Loam
14 14 126 2207 . Sandy Clay Loam
15 - 12 - 109 2231 Clay Loam
16 16 .- 89 . 2237 © Clay
17 15 117 12237 Sandy Clay Loam
18 "6 158 2173 : Clay
19 18 100 2207 Clay Loam
20 18 ' 97 2219 . Clay Loam
21 14 106 . 2219° Sandy Clay Loam .
22 16 - 74 , 2231 _ Sandy Clay Loam
23 13 90 2280 " Sandy Clay Loam
24 10 169 2146 * Sandy Clay Loam
25 10 - 187 2128 - Sandy Clay Loam

aparf on a 30.5-m baseliﬁe tr‘a'nséct starting at the 4.6 m mark. Canopy cover was
measureci in 3-cm increrﬁents. Only Douglas fir and mountain big sagebrush live,
actively growipg tissue was; ﬁeasured. ‘Gaps in the canop:y 2 3-cm were not counted. A
1.8-m metal rod was placed perpendicular to the transect line to determine \;vhére bouglas'
fir intercepted-the line. A visual vertical projection of the rod Was required when the rod |

did not fnake physical contact with the Douglas fir foliage.
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~ Density
Density of mountain big sagebrush and Douglas fir was determined at each site_

using 6 belt transects 2 x 30.5 m in size. Belt transects were centered on the line -
intercepts used for estimating shrub and tre;a canopy cover. These belt t'ransec-ts were
.also used for height, Dbh, age, winter forage proauction, 'and hérbaceous canopy cover
measurements. Douglas fir density was det¢rrhined for total trees and for trees 2 1.5 m in
height. Big sagebrush denéity was measured for "little" sagebrush (average éfown cover
<15 cm), "large;" big sggebfush (average crown cover = 15 cm), and for dead plants. -
Avera;ge CrOWN COVer was determinéd by taking the average. of 4 1iv_e canopy cover
measuremenjcs. Measurements were made along the major axis of the plant (thg'e‘ '
ma)'(imum horizontal diStanc;e'élc;oss the plant canopy from living plant tissue t6 liviﬁg
plant tissue), the minor axis (the max1mum crown width perpendilcula.r to the major axis,
also measured from liviﬁg tissue to living tissue), and 2 perpendicular measurements
taken at 45 degree angles to the .intersect'ion_ of the.major and minor axis (Wambolt et al.
1994). Canopy éovqr Was.defined as actively growing plant material such as leaves,
- current growth twigs and reproductive st‘alks (Creamér 1991). Gaps of .noln—activ.elil
growing plant material > 3 cm were excluded for the Sugerloaf Mountain study area,
while gaps = 1 cm were excluded for the o’tﬂgr study areas. Idid not realize th%s
~ discrepancy in measurements until after my field saﬁpling was completed. I believe that
its impact on the nﬁmﬁér of sagebrush in each size class was insignificant, as the
appropriate size class for most plants was eésily recognfzed. Plants We£e défined as

being dead when live crown cover was < 25% of total crown cover. -
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Tree Height

The hei ght of ali trees occurring in the belt transects was measured or estimated to
. the nearest 0.15 m fo.r the Medicine deg'e Peak and Hells Canyon study areas. Tree
heights were measured if they were short enough to measure with a meter stick. A 1.8-m
'metallrod was used to helf) estimate tree heighf when it could not be measured with a
mete'r'sti'ck. For the Su gér1<).af Mountain study area all tree heights were measured .or
estimated in thosé belt transects having < 7 trees. In those transects having > 7 trees, 5
tree heights were measured or esti‘mate'd to the nearest 0.15 m. Taller treé hei gflts were
estimated with a clinometer for the Sugerloaf Mountain study area. Idid not use. this
technique fér the othgf study areas, as I fel;c éomfértable in my ability to accurately
estimate tree heights Witlhi)ut a clinometer. Trees selected for height measurements when
more than 5 trees were pres,en"c were selected in an attempt to get the best average height

possible.

Basal Area.

Dbh was measured in centimeter§ using a meter stick fér ali .trees 2 1.5-m’in
height in the bélt transects. Dbh readings were later converted to basal are;cl u.sing the
formula for area of a circle.(A = ITr?). "_["otal basal area per transect was determined by

summing individual tree basal areas.

Mountain Big Sagebrush Winter Forage Production -
Winter forage production of mountain big sagebrush was estimated usiﬁg models
developed for épecifi_c browse form classes (Wambolt et al. 1994). The equations used

are given in Appendix B. Heavily browsed plants had a dense, hedged, club-like
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appearance, while lightly browsevd plants had a more bushy appearance and exhibited
longer leaders. Browse form classes are the result of brows&ng pressure over a number of
years.. | |
Where possible, 10 mountain big sagebrush plants in each belt tfa‘nsegt were
. éelected for estimatiﬁg Wintgr forage production. Mount'ain big sagebrush plants were: |
selected in an attempt to proioortionatelysarﬁpl?e Eplants of different sizes (Crealﬁer 1951). .
An initial measurément was made along the major axis of the; plant using a meter .stick.
Tﬁis mee.lsureme;nt was the maximum distance across.the plént from p'hot(-)syn’;hefcic tissué
to photosynthetic tis‘sue iﬁ'centimeters and included ﬁoh—pbotosynt'hetic gaps. Four
canopy cover measurements 'Were taken with a meter stick to determine average crown
_cover, as pfeviously described in the sagebrush. .density section. Tﬁe initial rﬁajor axis
measurement (.MJ ) ana average crown cover were used in the formulas ._fou'nd in |
Appendix B. Afte_r.field sampling was completed, I discévered that the origiﬁal
technique did not exclude canopy gaﬁs in the measurement of average CIOWN COVer. My
mistake was the result of a rﬁisinterpretation of the ériginal techniqué description in
Creamer (1991). Due to my mistake, I ’effectively- shrunk the size of each iﬁdividuaf
plant meas'ured, which fesult_ed in an undere;timation of winter forage production/plant.
| iny "large" mountain big sagebrush plants (average crovv.n'covef > 15 cm) were used for
. determining winter forage productioﬁ (Creamer 1991). Tétal_sagebrush
production/traﬁsect was determined by multiplying the density of "large" mountain big

sagébrﬁsh by the average winter forage production/plant.

Age

" Douglas fir-and mountain big sagebrush were aged in tﬁe field by ébunting annual
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growth rings. An increment borer was used to collect core samples in larger trees.’

Smaller Douglas fir trees and big sagebrush were cut with a saw as close to the ground as

possible. Where present at least 5 Douglas fir trees and 5 big sagebrush plaﬁts were
selected for aging in each d‘ensit}-/ transect. Douglas fir of varying heights were selected
for aging when more than 5 trees were present in aﬁ attempt to get the best average age
estimater Big sagebrush plants were selected for aging by selecting the plant closést to

given increment marks (intervals of 6 m) on the line transect tape.

Herbaceous Understory Cover

‘Herbaceous canopy cover was determined using the Daubenmire (1959).canopy '
cover method with modification. I only measured canopy cover of plants rooted inside

the quadrat. Ten 20 x 50 cm plots were recorded in each belt transect for a total of

60/study site. Plots were placed along the line intercept transect every 3 m starting at the

1.5 m mark. Estimates for total herbaceous canopy cover (grasses and forbs), grass
canopy cover, and forb canopy cover were placed into 1 of 6 canopy cover classes. The 6
canopy cover c_:lasses were 0-5%; 5-25%, 25-50%, 50-75%, 75-95%, 95-100%, with the

mid-point of each class used in data analysis.
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Statistical Procedures

- Site means were used in ali statistical analysis. (n = 25). Summary statistics for

~ site means were obtained by using PROC MEANS (SAS 1988). Si)té means were
-generally determined by ‘taking the average of the data coilected fro;h the 6 line/belt
transects.; however, weighted averages wgre'used for Douélas fir age and height, and
sagebrush age and wintér forége production per plant. ‘Wei ghted averagés were required -
béca;usé t-ransect averages fqr the variables were b?:lSCd on differen.t' nﬁmbers of
6bservations. Weighted averages were det@rmined by addir.lg the data. from all 6 belt
‘traflsects together and dividing by the total —riumber of observations.

individual regression models for each study area were developed for 4 dependent
_ variables: 1) mountain b'ig sagebrlish canopy cover; 2) fhe density of "large”.m(‘)un'tain'
big sagebrush; 3). grass canopy cover; and 4) total herbaceous canopy cover. Mlodels‘
were also developed for mountain big sagebrush ’vs'/inter f;)rage,prqduction per plant and
total mountain big sagebrush winter forage production per transect. However, because of
the error in measuring average crown cox./er, which resulted in.the underestimation of -
these variables, I decided to dlop these quels. I felt that any predictions from these
models would be inaccﬁrate.

Correlation matrices for all indepéndent and dependent yariabies were produced .
using PROC CORR (SAS 1988) for éach study area and for overall. In order to reduce
the potential for multicollinearity and rvariabl'e redundancy, it was arbitrarily decidea, '
after consultation with a statistician, ti'lat ény 2 independent va;iables having anr =0 .70
~ would not be used in the same rﬁodel. Because the independent variables Douglas fir

canopy cover, total Douglas fir basal area, total Douglas fir density and density of
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Douglas fir > 1.5 m in heighf were highly cérrelated, eé,ch of these 4 predictor variables
'qu used with the tree height variables, avere_lgé totall 't;ee height and average heigh:t of
trees > 1.5 m in height, and Douglas ﬁr age to créate 4 variable groups for model
developinent. In addi'fion, independent Varia'bleé were plpttéd'against depe‘nd.e,ntl
variablps to determine if a c.urvilin.ear relationship existed. .When-a potential ctllrvili'ne'ar
relationship e)gisted, a quadratic term was added to the list of predictor variables for that
respénse Variablg. While some models mi ght contain a quadratic term, all models were
liﬁear in form in that they were linear in the variables; that is, no regression coefficients
occurred.a.ié eipoﬁents (Netér et ai. 1996). The list of predictor vﬁiables for each
response Variabié is given by study area in Tables 5-7. |

* Models for. each response variable were run using PROC REG (SAS 1988) for
each study area. Models were selected for final diagnostic analysis based on having the
highest R?, Values'.. The R?, .value is derived by dividing each sum of squares by its
associated degrees of freedom, and thereby adjusts for the number of predictor variables' -
in the model (Neter et al. 1996). When there were mode‘ls; for a given response variable |
with s.imﬂ‘ar R?, values, diagnostic procedﬁres were done on all selected quels;ll When
more than one model was considered, the final "best" model was determinéd by |
evaluating the Press,, statistic for eaéh model. The Press; stati.stic isa me'asurel of how
well the fitted values for a ‘give.n model prédict the observed resp‘onserivalues (Neter et'_al.
1996). The model with the lowest l;fessp sta,tisti.c was generally. selected. If models had
similar Pre;ssp sfatiétics, then problems with non-constant variénce, normality, or highly .
influential observations were also taken iqtd consideration.

The presence of any highly influential observations was detérmined by examining
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Table 5. Predictor variables used in ﬁodels for the.Sugerloaif Mouﬁfain study area.

Response DF Cover Total Basal Total DF DBH Density
Variable Group Area Group . Density Group | Group
. ' DFLINT TOBAREA TDFDENS DBHDENS
SAGELINT DFLINT? . TOTREEHT TDFDENS? DBHDENS?
TOTREEHT | DFAGE TOTREEHT TOTREEHT
DFAGE : e DFAGE DFAGE
DFLINT TOBAREA . | TDFDENS DBHDENS
ARTRGI5 DFLINT? TOTREEHT | TDFDENS? DBHDENS?
TOTREEHT | DFAGE TOTREEHT TOTREEHT
DFAGE ' DFAGE DFAGE
DFLINT TOBAREA TDFDENS DBHDENS
GRASSCOV | DFLINT? TOBAREA? TDFDENS? TOTREEHT
TOTREEHT | TOTREEHT TOTREEHT | DFAGE
DFAGE " | DFAGE DFAGE - .
DFLINT TOBAREA | TDFDENS DBHDENS
HERBCOV . |TOTREEHT |TOTREEHT | TOTREEHT TOTREEHT
- DFAGE .DFAGE DFAGE . DFAGE

Variable abbreviations: DFLINT - DF cover, TOBAREA - total DF basal area,
TDFDENS- total DF density, DBHDENS - density of DF > 1.5 m in height, TOTREEHT
- average height of DF, (*Note: the variable HTG15M - average height of DF > 1.5 m in
height was not measured for this study area), DFAGE - DF age, SAGELINT - big

. sagebrush cover, ARTRG15 - density of ."large" big sagebrush plants (= 15 cm average

crown cover), GRASSCOV - grass cover, HERBCOV - total herbaceous cover.
Note: TOTREEHT & DFAGE were not used in the same model as r'> 0.70.

studgﬁtized residuals, Cook's D value, DFFITS values; and DFBETAS values.

Studentized residuals detect outlying response values; Cook's D values determine

influence on all fitted values; DFFITS values determine influence on a single value; and

DFBETAS values determine influence on regression coefficients (Neter et al. 1996). If

an observation in a "best" model was highly influential overall then it was omitted, and

the model was run without that observation. An observation was considered to be highly

influential, if dropping it from the mbdel resulted in an average change of > 5% in the. -

fitted values.

The “best” models were validated by comparing the 80% prediction intervals for
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Table 6. Predictor variables used in models. for the Medicine Lodge Peak study area.

Response DF Cover Total Basal Total DF DBH Density
Variable Group Area Group Density Group | Group
‘ DFLINT TOBAREA TDFEDENS DBHDENS
SAGELINT - | DFLINT? TOTREEHT TDFDENS? DBHDENS?
TOTREEHT - | HTGI5M TOTREEHT | TOTREEHT
HTG15M DFAGE | HTG15M HTG15M
DFAGE - DFAGE DFAGE
DFLINT TOBAREA . | TDFDENS DBHDENS
ARTRGI15 DFLINT? TOBAREA® | TDFDENS? DBHDENS?
TOTREEHT | TOTREEHT | TOTREEHT | TOTREEHT
HTG15M HTG15M HTG15M HTG15M
DFAGE DFAGE DFAGE DFAGE .
DFLINT TOBAREA TDFDENS DBHDENS
GRASSDAU | DFLINT? TOBAREA? | TDFDENS? DBHDENS?
' TOTREEHT | TOTREEHT |TOTREEHT | TOTREEHT
HTG15M HTGI15M - ' | HTGI5M HTG15M
DFAGE DFAGE . | DFAGE DFAGE
- | DFLINT TOBAREA . | TDFDENS DBHDENS
HERBDAU DFLINT” TOTREEHT | TOTREEHT | TOTREEHT
TOTREEHT | HTG15M HTG15M HTG15M
HTG15M DFAGE DFAGE DFAGE
DFAGE

Variable abbreviations: DFLINT - DF cover; TOBAREA - total DF basal area,
TDFDENS- total DF density, DBHDENS - density of DF > 1.5 m in height,
TOTREEHT - total average DF height, HTG15M - average height of DF > 1.5 m in
height, DFAGE - DF age, SAGELINT - big sagebrush cover, ARTRG15 - density of
"large" big sagebrush plants (= 15 cm average crown cover), GRASSDAU - grass cover,

HERBDAU - total herbaceous cover. ,
Note: TOTREEHT & HTG15M were not used in the same model as r > 0.70.

an individual observation with the observed values from the other study areas. The 80%

prediction intervals were generated by rerunning the models with the statistical package

MINITAB ( 1996), as SAS (1988) could not geﬁerate prediction‘interv_als at that

confidence level. Models were also validated by 'comparing.a: graph of the predicted

values versus observed values with a line representing perfect prediction (slope = 1).

In addition to de\/eloping individual “best” models for each of the 3 study areas,
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Table 7. Predictor variables used in models for the Hells Canyon study area.

Response DF Cover Total Basal Total DF - DBH Density
Variable Group Area Group Density Group. | Group
. . DFLINT TOBAREA TDFDENS ' DBHDENS
SAGELINT DFLINT? TOTREEHT | TDFDENS? DBHDENS?
' TOTREEHT HTG15M TOTREEHT TOTREEHT
HTG15M DFAGE HTG15M HTG15M
DFAGE DFAGE DFAGE
DFLINT - . TOBAREA TDFDENS DBHDENS.
ARTRG15 DFLINT? TOTREEHT TDFDENS? TOTREEHT
-' TOTREEHT | HTGI5M - TOTREEHT HTGI5M
HTGI5M DFAGE HTG15M DFAGE .
DFAGE , DFAGE L
DFLINT . TOBAREA TDFDENS DBHDENS
GRASSDAU TOTREEHT TOTREEHT TOTREEHT . | TOTREEHT
' HTG15M HTGI5M HTG15M HTG15M
DFAGE DFAGE | DFAGE | DFAGE
DFLINT TOBAREA TDFDENS DBHDENS
HERBDAU | DFLINT? TOBAREA?- | TDFDENS? DBHDENS?
: TOTREEHT TOTREEHT TOTREEHT . | TOTREEHT
HTGI5M HTG15M HTG15M HTG15M
DFAGE | DFAGE DFAGE DFAGE

Variable abbfeviations: DFLINT - DF cover, TOBAREA - total DF'bésaI area,

TDFDENS- total DF density, DBHDENS - density of DF > 1.5 m in height, TOTREEHT
- total average DF height, HTG15M - average height of DF > 1.5 m in height, DFAGE -

DF age, SAGELINT - big sagebrush cover, ARTRG15 - density of "large" big sagebrush
plants (= 15 cm average crown cover), GRASSDAU - grass cover, HERBDAU - total .

herbaceous cover. o
Note: TOTREEHT & DFAGE were not used in the same model as r > 0 .70.

;Iariable by combiniﬁg the data from the 3 'study areas. Overﬁll “best” models were
developed by the same method as that used for the individual study areas. However,
instead of running many different models, a "best subsets" procedure was used to :
determine the models with the highest R%, values for each response variable. This was
accomplished by using the rﬂodel selection procedure in PROC REG (SAS 1988).
Predictor variables used for generating Io’ver_all regfession mo.dels are given in Table 8.

Models with the highest R?, values were run through diagriostic analyses like the




Table 8. Predictor variables used in overall models.
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Response -| DF Cover Total Basal Total DF DBH Density
Variable Group Area Group Density Group | Group
: DFLINT | TOBAREA 'TDFDENS | DBHDENS
SAGELINT DFLINT? TOBAREA? TDFDENS? DBHDENS?
TOTREEHT TOTREEHT TOTREEHT TOTREEHT
DFAGE DFAGE DFAGE DFAGE
DFLINT TOBAREA TDFDENS DBHDENS
ARTRG15 TOTREEHT TOTREEHT | TOTREEHT TOQTREEHT
DFAGE DFAGE DFAGE DFAGE
. DFLINT TOBAREA TDFDENS DBHDENS
GRASSDAU | DFELINT? TOBAREA? TDFDENS? DBHDENS?
' TOTREEHT | TOTREEHT TOTREEHT TOTREEHT
| DFAGE DFAGE DFAGE DFAGE
_ DFLINT TOBAREA - | TDFDENS DBHDENS
HERBDAU DFLINT* TOBAREA? TDFDENS? DBHDENS?
' TOTREEHT TOTREEHT TOTREEHT TOTREEHT
DFAGE DFAGE DFAGE DFAGE

Variable abbreviations: DFLINT - DF cover, TOBAREA - total DF basal area,
TDFDENS- total DF density, DBHDENS - density of DF > 1.5 m in height, TOTREEHT -
- total average DF height, (*Note: HTG15M - average height of trees >1.5 m in height
was not used in the models since, it was not measured in all three study areas), DFAGE -
DF age, SAGELINT - big sagebrush cover, ARTRG15 - density of "large" big sagebrush
plants (= 15 cm average crown cover), GRASSDAU - g1ass cover, HERBDAU - total

herbaceous cover.

Note: TOTREEHT & DFAGE were not used in the same model asr>0 70

individual study area models.

The iﬁitial overall models were “validation” miodels based on only 60 sites.

Model validation may be done by splitting a data set (Neter et al. 1996), so a random

sample of 15 observations was removed from the data set prior to the modeling process

for validation purposes. The following observations were withheld from the model

building process to validate the models: SLM numbers 4, 6,and 14; MLP numbers 1, 2,4,

6,21 and 22; HC numbers 8, 11, 16, 17, 21 and 25. Models were then validated by the
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same methods used for the 3 study areas, " After model validétipn was completed the

“validation” models were run with all 75 sites to determine the “full”’ models.
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'RESULTS AND DISCUSSION

Relationship of Douglas Fir, Mountain Big Sagebrush and Herbaceous Végetation®

The relationship of Doﬁglés fir variaBles to mountain big sagebrush and
hefbaceous Variableé were similar across the 3 study aréag; thus, they are dis.cussed '
together. Bécause o:f the l:;lrge volume of data, means'for all measured variables at the 3
st'udy areas are in Appendix C, while summary statistics for all variab'les; are given in

Appendix D. o . ' o /

_ Méuntain Big Sagebrush Canopy Cov;r

Negative coﬁelation Vaiues indicated that as Déi;glas fir canopy cover,.t;)tal basal
area, and tree density iﬁcreased mouﬁtain big sagebrush canopy cover decreased in eéch
study.afea (Table 9. Dogglas fir canopy cover had the highest negative correlation with
sage‘b'ru.sh canopy cox)er at each of the study areas.- For the Sugerloaf Mountaiﬂ (SLM) |
study arear =' -0.82 (P = 0.0001); for the Medicine Lodge Peak (ML?) study arear = - |
- 091 (P ='0.0001), and for the Helié Canyon (HC) study afea r=-092 (P = 0.000l), aﬁd
for the combined data r = -0.86 (P =0.0001).. Sagebfush canopy .‘cov.er generally declined
curvilineéfly as Douglas fir canopy cove1‘¢ increased (Fig. 2). As Ddugfas fir canopy
cover increased to around 20% sagebrush canopy cbver dropped below 15%. As Douglas
fir.canopy cover increased to 30-40%, sagebrush canopy cover generglly decreased to
© about 5% or less. | |

Douglas fir canopy cover-was the priinary v-ariable in the “best” models for each

| of the study areﬁs and overall (Table 10) ’[standard erfor; of re.gression coefficients for all .

¢ .

models given in Appendix E].. Although sagebrush canopy cover declined cur\filinearly :
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Table 9. Pearson correlation coefficients between Douglas fir variables' and mountain big
sagebrush canopy cover.

Area DFLint ToBarea TDFden DbhDen ToTrHt HTGI15 DFage

SLM -0.82 -0.79 -0.65 -0.68 -0.30 -0.58
P-value  0.0001 0.0001 0.0001 0.0001 0.1413 0.0026
MLP -0.91 -0.85 -0.81 -0.76 -0.25 -0.55 -0.34
0.0001 0.000 0.000 0.000 0.2295 0.004 0.092
HG -0.92 -0.77 -0.90 -0.91 -0.48 -0.36 -0.39
0.0001 0.0001 0.0001 0.0001 0.0152  0.0751 0.0512
Overall -0.86 -0.80 -0.74 -0.69 -0.27 -0.48 -0.40

0.0001 0.0001 0.0001 0.0001 0.0183  0.0004  0.0004

I: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.

¢ SLM
= MLR
a HG

Percent Douglas Fir Cover

Figure 2. Douglas fir canopy cover versus mountain big sagebrush canopy cover.

overall, as Douglas fir canopy cover increased (Fig. 2, Table 10), this was not the case in
all the study areas, as the model for the SLM study area was linear in form. The models
involving Douglas fir canopy cover reduced the amount of variation associated with

sagebrush canopy cover to a high degree (Table 10). All models yielded high R21values
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Table 10. "Best" regression models for mountain big sagebrush canopy cover.

Area © Model R’a MSE
'SLM -~ 17.4-0.238DFLINT - 0.170DFAGE 0.71 8.3
MLP . 23.2-0.711DFLINT + 0.005DFLINT> 0.89 7.0
HC 23.8 - 0.636DFLINT + 0.004DFLINT> ' 0.86 . 7.4
Overall! . 22.2-0.669DFLINT + 0.005DFLINT> *© .~ 0.83 = 87

1: SLM site number 21 not include‘d. _ .
Model abbreviations: DFLINT = Douglas fir canopy cover, DFAGE = average Douglas
fir age, MSE = error mean square (estimate of variance associated with the model).
ranging from 0.71 (SLM) to 0.89 (MLP).

The overall model did no£ include SLM site number 21. The regression
" influential-observation diagnostic techniques used (Neter et al. 1996) indicated that this
site exerted undue inﬂuénce on the regression relationship. Douglas fir .canopy cover for
this site measured 1%, whilé sagebrusﬁ canopy cover measured 8.5% (Appt‘;ndix O).
However, Doug.lés fir canépy co;/er on the site as a whole was > 1%, but as a result of
~ where the line intercepts happened ‘.[o fall, this was not measured. Because of this, .and
the _fa’ct that the normal inference range for this model should be for higher Douglas fir
cano,py cover amounts, I depided to omit this site to obtain a better éverall model.

My finding of Douglas fir's negative impact on mountain big sagebrush canopy
cover supports the Qi)inion of Gruell et al. (1986) who stated thaf big sagebrush (no
subspecies given) in southwestern Montana was declining due to competition from
Douglas fir. Patten (19695 reported that as density ana basal area of lédgepole pine
(Pz"nus contortus Dougl.) in Yellowstone National Park iﬁcreased, big sagebrush (no
subspecies given) canopy cover decreased. Burkhardt and Tisdale (1969) reported that as
westém junipér canopy cover a‘nd.density increased mountainl big sagebrush canopy

cover decreased. Arnold et al. (1964) re];;orted that shrub canopy cover decreased as
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piﬂyon pine ~juniper (Juniperus deppeana Steud., Juniperus osteosperma (Torr.) Little,
Juniperus monospérma (Engelm.) Sarg.) canopy cover increased. Mueggler (1965)
reported an r = -0.708 between tree canopy cover and sprouting shrub canopy- cover in the
cedar (Thuja plicata Donfl)fher_nlock (Tsuga heterophylla (Raf.) Sarg.) zone of northern

Idaho.

Mountain Big Sagebrush Density

Negative correlation Value?s indicated that the density 6f "large"” mountain big.
saéebrush declined as Douglas fir caﬁopy covér,. basal area, and tree density increased in -
the 3 study areés and overall (Table 11). Correlation values indiqated that as the meaéurés
of tree height and-Doﬁglas fir age increased the number of "large” mountain big
sagebrush decreased (Table 11). Douglas fir canopy cover had the strongest negative
relationship with- the dehsit_y of "iarge" mountain big sagebrush at each study area and
overall (Tablé 11). Correlation Valugs ranged from r =-0.92 (P = 0.0001) at the MLP _
‘study area to r = -0.94 (P = 0.0001) at the HC study area. Density of "large" mountain
big sagebrush generally decline(_i curvilinearly as Douglas fir éanopy céver increased
(Fig. 3 and Table 12); however, thé HC study area was an ekception as it had a linear
modél, |

. Two overall modéls are presented for density of "large" mountain big éageﬁrush
(this will also be true for grass candpy cover and to'tal herba_ceous canopy covef). One
modei is for the "best" overall model and the other 1s for when only Douglas fir canopy
cover is used in the modei. Dougias- fir candpy cover, total basal area, total tree density,
and density of trees > 1.5m inﬂ height were all often highly correlated for the indiviaual ,

study areas (Tables 13-15), and overall (Table 16). In addition, the 2 tree density .
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Table 11. Pearson correlation coefficients between Douglas fir variables' and "large"
mountain big sagebrush density.

Area DFLint ToBarea TDFden DbhDen ToTrHt HTG15 DFage

SLM -0.93 -0.88 -0.82 -0.78 -0.24 -0.35
P-value  0.0001 0.0001 0.0001 0.0001 0.2537 0.0880
MLP -0.92 -0.87 -0.84 -0.79 -0.202 -0.52 -0 38
0.0001 0.0001 0.0001 0.0001 0.3341 0.0072  0.0581
HG -0.94 -0.79 -0.91 -0.91 -0.48 -0.39 -0.42
0.0001 0.0001 0.0001 0.0001 0.0161 0.0548  0.0359
Overall -0.93 -0.83 -0.82 -0.77 -0.23 -0.47 -0.30

0.0001 0.0001 0.0001 0.0001 0.043 0.0005 0.0098

I: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.

m |
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Figure 3. Douglas fir canopy cover versus density of "large™ mountain big sagebrush.

Table 12. "Best" regression models for density of "large™ mountain big sagebrush.

Area Model R MSE
SLM 80.1 - 2.238DFLINT + 0.013DFLINT2+ 3.891T ofrHt 0.88 70.5
MLP 99.6 - 2.718DFLINT + 0.018DFLINT?2 0.90 113.6
HG 84.3 - 1.435DFLINT 0.87 92.4
Overalll 77.5-2.165DFLINT + 0.011DFLINT2+ 4.582ToTrHt 090 74.3
Overalll 88.9 - 1.949DFLINT + 0.008DFLINT2 0 88 85.7

I: MLP site number 24 not included.
Model abbreviations: DFLINT = Douglas fir canopy cover, ToTrHt = average total tree
height, MSE = error mean square (estimate of variance associated with the model).



Table 13. Correlatlon matrix for the Sugerloaf Mountain study area Douglas fir
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variables’. .
DFLint ToBarea  TDFdens  DbhDens ToTrHt DFage
-DFLint 1 0.94 0.85 0.90 0.38 . 0.46
. P-value 0 0.0001 0.0001 0.0001 0.0604 0.0218
ToBarea 1 0.74 0.83 0.44 0.52 .
0 0.0001 0.0001 0.0289 0.0082
TDFdens 1 0.76 0.07 '0.08
0 -0.0001 0.7346 0.7028
DbhDens 1 033 - 042
: 0 0.0151 - 0.0362
ToTrHt 1 0.82 .
_ 0 0.0001
DFage 1
0

1: DFLint = DF cover, ToBarea = total DF basal area, TDFdens = total DF density,

DbhDens = density of DF > 1.5 m in height, ToTrHt = average total DF height, DFage.=
average Douglas fir age.

Table 14. Correlatlon matrix for the Medicine Lodge Peak study area Douglas fir-

variables’.
DFLint ToBarea TDFden DbhDen ToTrHt HTGIS DFage
DFLint 1 096 095 0.93 0.17 0.39 0.38
P - value 0 0.0001 0.0001 0.0001 04110 0.0570 0.0635
ToBarea - 1 0.93 0.91 0.23 .0.44 0.36
: 0 0.0001 0.0001 0.2610 0.0280 0.0760
TDFden 1 0.98 0.02 0.24 0.33
. 0 0.0001 0.9350 0.2520 0.1070
DbhDen ' 1 0.12 0.21 045
. -0 ©.0.5790 0.3060  0.0240
ToTrHt ' 1 0.73 0.58
0 0.0001  0.0023
HTG15 1 0.31
' 0 0.1350
DFage. 1
0

1: DELint = DF cover, ToBarea = total DF basal area, TDFden = total DF density,
DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height, HTG15 =
average height of DF > 1.5 m in height, DFage = average Douglas fir age.

measures and total basal area were usuélly more highly correlated 'thh' Douglas fir -

canopy cover than with each .other. Thus, canopy cover may b‘é the only Douglas fir
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. Table 15. Correlation matrix for the Hells Canyon study area Douglas fir variables'.

DFLint ToBarea TDFden DbhDen ToTrHt HTGI5 DFage
DFLint 1 0.89 0.95 0.95 0.58 0.41 0.50
P - value 0 -0.0001 0.0001 "  0.0001 0.0025  0.0417 . 0.0103
ToBarea 1 0.89 0.85 0.59 0.59 0.60
o 0 0.0001 0.0001 0.0021  0.0020 0.0016
TDFden 1 0.99 0.47 0.35 0.46
0 0.0001 0.0173  0.0875 0.0203
DbhDen 1 0.50 028 . 046
0 0.0108  0.1763 00211
ToTrHt 1 0.36 0.86
.0 '0.0771  0.0001
HTG15 1 - 0.36
0 0.0797
DFage 1
. 0

1: DFLint = DF cover, ToBarea = total DF basal area, TDFden = total DF density,
DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height, HTG15 =

average height of DF > 1.5 m in height, DFage = average Douglas fir age.

Table 16. Correlation matrix for Douglas fir V.ariables1 from combined data.

DFLint ToBarea TDFden DbhDen = ToTrHt HTGI15 DFage
DFLint 1 0.91 0.88 0.87 0.31 0.38 0.36 -
P - value 0 - 0.0001 0.0001 0.0001 0.0077 - 0.0071  0.0017
ToBarea 1 0.83 0.77 0.36 0.47 0.44
0 0.0001  0.0001 0.0017- 0.0007  0.0001
TDFden 1 0.91 0.07 0.28 ~0.16
0 0.0001 0.5640  0.0535 0.1703
DbhDen ' 1 0.17 0.24 0.25
: 0 0.1403  0.0932 - 0.0341
ToTrHt 1 0.63 0.76
0 0.0001  0.0001
HTGI15 1 0.31
0 0.0270
DFage ' 1
-0

1: DFLint = DF cover, ToBarea = total DF basal area, TDFden = total DF density,
DbhDen = density of trees > 1.5 m in height, ToTrHt = average total DF height, HTG15
= average height of DF > 1.5 m in height, DFage = average Douglas fir age.

fir variable managers need to determine the effects of D_ouglas fir establishment on big

mountain big sagebrush communities. It would be beneficial if good results could be .
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obtained by only measuring 1 variable. : Douglas fir éanopy cover 'would be the idégl .
pick, as it is quick and easy to measure.
]Souglas fir canopy cover was the primary variable in all the "bést” mpdels (Table
12), although average total tree height was included in 2 of the models. However,
comparing the "best"-overall model with.the overall ﬁodel that oﬁly included Douglas fir
canopy cover 1.reve.aled that adding average total tree height only increased the R?, value
by 0.02. The modeis accounted for a large propbrtion of the variation associated witﬁ
. "large" mountain blg ségebrush deﬂsity as the R?, values fof all the models were quite "
high (Table.12).
| Medicinq Lodge Péak site number 24 was not included in either overall model.
The regressi'c')n. influential-observation diagnostic techniques used (Neter et al. 1996)
indicated that this site exerted an undue influence on the regression rélationship. This
site had a Douglas-fir canopy cover of 0.1% and was extremély productive, with an
average of .1‘23.5 "large" r'nountai‘n big sagebrush/belt transect (Appendixl C). 1 décided to
omit £his outlying obserVaﬁion because the normal fange of inference for this- modél
" should be for higher lévels Qf Douglas fir canopy cover. Orﬁitting this sife should }}ield a
bettér model for the other sites. .

Douglas fir canopy co-ver total basal area, and density had strong negative
relationships with the density of "little" mountain big sagebrush at the MLP study arca
(Table 17). Correlatlon values ranged from r=-0. 79 (P=0. 0001) for dens1ty of trees >
1.5min helght tor= -O 92 (P =0.0001) for Douglas fir canopy cover (Table 17) All
Douglas fir \{ariables had a negative correlation (P < 0.05) with the number of "little"

mountain big sagebrush at the SLM study area. Correlation values ranged fromr = -
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~ “Table 17. Pearson correlation coefficients between Douglas fir variables’ and "little"
mountain big sagebrush density.

Area - DFLint ToBarea TDFden ~DbhDen ToTrHt HTGI15 DFage

SLM -0.66 -0.61 -0.63 -0.64 -0.50 - -0.45
P-value  0.0003 0.0012 0.0007 0.0006 0.0105 - 0.0239
MLP -0.92 -0.87 , -0.84 -0.79 -0.20 -0.52 ° -0.38
0.0001 0.0001  0.0001 0.0001 0.3341 0.0072  0.0581
HC -0.13 -0.17 -0.04 -0.02 -0.18 -0.41 -0.08
' 0.5506 04317 - 0.8424 0.9234 0.3878  0.0432 0.6935
Overall -0.30 -0.37 - -0.39 -0.31 -0.10 -0.16 -0.18

0.0101 0.0012 0.0006 0.0077 04107 02749 0.1192

1: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height, -
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.
045 (P = 0.00Ql) for Douglas fir age tc; r= —0.66.(P = O.‘OQO'l) for Douglas fir canopy .
cover. The effect of Dbuglas fir canbpy cover on density of "little" mountain big |
sagebrush is illustrated in Figure 4.

increases in DougIa-s fir canopy cover, total basal area, and density measu'res were
'pos'itively correlated with the number of dead sagebrush. Correlation values for these 4
variables were highest at the HC and MLP study areas (T.able. 18). Overall, average total

- tree height and Douglés fir age were not signiﬁcantly correlated with the number of dead

sagebrush (P > 0.10), but the average height of trees > 1.5 m in height was significantly

‘correlated (r = 0. 47, P = 0.0006). Q\}erall, the number of trees > 1.5 m in height had the -

highest correlation with the numBer of dead sagebrush (r = 0.69, P = 0.0001), followed .
by Douglas fir canopy cov'er (r =0.66, P =0.0001). The relationship between Douglas
fir canopy cover and the dehsity of dead sagebrush is illustrated in Figure 5. |
My findings of Douglas fir's negative irﬁpact on live mountain big sagebrﬁéh
deﬁsity concur"w_ith Gruell's (1983) observation that Douglas fir growth and subsequqnt

canopy closure in south central Montana had resulted in mortality of big sagebrush (no
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Figure 4. Douglas fir canopy cover versus density of "little” mountain big sagebrush.

Table 18. Pearson correlation coefficients between Douglas fir variables' and density of
dead sagebrush.
Area DFLint ToBarea TDFden DbhDen ToTrHt HTGI15 DFage

SLM 0.39 0.35 0.27 0.50 0.25 0.49
P-value  0.0568 0.087 0.187 0.0106 0.2292 0.0132
MLP 0.81 0.85 0.74 0.69 0.22 0.60 0.20
0.0001 0.0001 0.0001 0.0001 0.2822  0.0014 0.351
HC 0.77 0.60 0.78 0.79 0.37 0.31 0.26
0.0001 0.0014 0.0001 0.0001 0.068 0.1364  0.2153
Overall 0.66 0.54 0.58 0.69 0.18 0.47 0.17

0.0001 0.0001 0.0001 0.0001 0.1228  0.0006  0.1547

I: DFLint = Douglas fir canopy cover, ToBarea = total basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.
subspecies given). In addition to my study, the occurrence of dead sagebrush under
Douglas fir has been reported by Arno and Gruell (1983) and by Bushey (1986). The
negative impact of other tree species on big sagebrush has been reported elsewhere

(Cottam and Stewart 1940, Burkhardt and Tisdale 1969, Patten 1969). Cottam and

Stewart (1940) reported that big sagebrush (no subspecies given) declined as Utah
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Figure 5. Douglas fir canopy cover versus density of dead sagebrush.

juniper increased, and that more dead sagebrush occurred in stands with higher amounts
of juniper. Burkhardt and Tisdale (1969) reported that as western juniper canopy cover
and density increased mountain big sagebrush density decreased. Patten (1969) reported
that as lodgepole pine matured and became dense, big sagebrush (no subspecies given)

was eliminated.

Mountain Big Sagebrush Winter Forage Production

Negative correlation values indicated that mountain big sagebrush winter forage
production per plant declined as Douglas fir canopy cover, total basal area, and density
increased (Table 19). Overall, mountain big sagebrush production per plant also
decreased as tree height and Douglas fir age increased (Table 19). Douglas fir canopy
cover, total basal area, and density measures all had a strong negative relationship with
individual sagebrush production for the 3 study areas and overall (Table 19). Douglas fir
canopy cover generally had the highest negative correlation with individual sagebrush

production for each of the study areas and overall. Douglas fir canopy cover had an r = -
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Table 19. Pearson correlation coefficients between Douglas fir variables' and mountain
big sagebrush winter forage production per plant. = -

Area DFLint ToBarea TDFden DbhDen ToTrHt HTGIS ‘DFage

SILM " -0.81 -0.80 -0.76 -0.65 -0.14 e -0.28
P-value  0.0001  0.0001 0.0001 0.0001 04991  -———-—mmm- 0.183
MLP -0.92 -0.88 -0.83 -0.80 -0.32 -0.54 -0.39
‘ 0.0001  0.0001 0.0001 0.0001  0.1183  0.0056 ° 0.0563
HC ©-0.93 -0.80 -0.93 -0.92 . -045 -0.31 -0.41
0.0001  0.0001 0.0001  0.0001  0.0249 0.1318 0.0438
* Overall -0.87 -0.77 -0.77 -0.75 024 . -047 -0.25

0.0001  -0.0001-  0.0001 0.0001 0.0419  0.0006  0.0001

1: DFLint = Dou gla.s fir canopy cover, ToBarea = t_otaf DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in heighfc, DFage = average Douglas fir age.
0.81 (P = 0.0001) for the SLM study érea, an r =-0.92 (P = 0.0001) for the MLI‘D study’
area,-an r =-0.93 (P = 0.0001) for the HC study area, and anr = -0.87 (P = 0.0601)
overall. Individual mountain big sagebrush plnant production declined curvilinearly
overall as Douglas fir canopy cover increased (Fig. 6). |

I found no studies that have documented the impact of increases in tree-related
variables on mountain big sagebrush forage productioq. Some related work has been.
done with other species. Shorf et al. (1977) reported that current annual growth of shrubs
in pinyon pine-juniper woodlands decreased as over—sto.ry density increased. McConnell
‘and Smith (1970) reported that production of antelope bitterbrush (Purshia ti'fidentata
(Pursh)) and other shmbs increased as ponderosa pine canopy cover was reduced through
thinning. |

Increases in Douglas fir canopy cover, total basal area, and tree density decreased
total mountain big s;agebrush winter forage production per transect as well (Table 20).
This Wés not surprising because total sagebrush production is-a function of the density of

"large" mountain big sagebrush and individual sagebrush plant production, both of which
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Figure 6. Douglas fir canopy cover versus mountain big sagebrush winter forage
production (g) per plant.

Table 20. Pearson correlation coefficients between Douglas fir variablesland total
mountain big sagebrush production per transect.

Area DFLint ToBarea TDFden DbhDen ToTrHt HTGI15 DFage

SLM -0.88 -0.86 -0.80 -0.73 -0.23 -0.38
P-value  0.0001 0.0001 0.0001 0.0001 0.2722 0.0607
MLP -0.84 -0.80 -0.72 -0.68 -0.42 -0.70 -0.44
0.0001 0.0001 0.0001 0.0001 0.0360 0.0001 0.0274
HC -0.91 -0.74 -0.89 -0.88 -0.46 -0.38 -0.40
0.0001 0.0001 0.0001 0.0001 0.0197  0.0634 0.0449
Overall -0.84 -0.74 -0.71 -0.66 -0.31 -0.62 -0.32

0.0001 0.0001 0.0001 0.0001 0.0071 0.0001  0.0001
I: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.
were reduced as Douglas fir variables increased. Douglas fir canopy cover, total basal
area, and density measures all had a strong negative relationship with total mountain big
sagebrush winter forage production/transect for the 3 study areas and overall (Table 20).
Tree height measures and Douglas fir age were also negatively correlated (P < 0.05) with
total mountain big sagebrush winter forage production/transect overall (Table 20).
Douglas fir canopy cover had the strongest negative relationship with total sagebrush

production for the 3 study areas and overall. Correlation values ranged from r = -0.84 (f
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= 0.00QI) for the combined data to r = -0.91 (P = 0.6001) for the HC study area. Total
mountaih-big sagebrush production declined curvﬂineaﬂy overall as Dougias fir canopy
cover iﬁcreased (Fig. 7).

The negative impact of Douglas fir on mountain big saéebrush winter fél'age
production is of particular importance to those managing m(;untain big sagebrush
dominated winter ranges for large ungulates. Decreased forage availability may éffect‘
the foraging tactics of lar;ge ungulates. Collins et al.- (1978) reported that elk'habitat'
selection was strongly iﬁﬂueﬁced by forage availability, which in turn influenced
consumption rates. Wickstrom et all (1984) found that elk foraged in conifer understory
sites ranging f_rom 339-826 kg/ha total biomass prodﬁction, while mule deer used sites
ranging from 180-669 kg/ha total biomass production. Wickstrom et al. (1984) reported

. that absolute availability of food did not become important for deer in grass—dominéted
~ communities until total biomass fell below 50-100 kg/ha.

Hobbs (1989), using a simulation médel, suggested that mortality of mule deer
does would increase dramatically during a severe winter if initial shrub biomass was less.
than 133 kg/ha. Figure 7 shows that production levels did n/ot drop this low until
generally about 35-40% canopy cover had been achieved. Ibelieve that these results are
valid eveﬂ though I underestimated winter forage production (see methods). Hobbs
" (1989) statéd that during severe winters deer density ciid not affect deer mortality until
shrub biomass dropped belo;’v approximately 267 kg/ha. Mountain big sagebrush winter
forage production did not drop to this level until appréximately 30% canopy cover had
been reached (Figuré 7). It should be noted that Hobbs (1589) stressed that the qualit.y of

forage available was more important than the quantity.
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Figure 7. Douglas fir canopy cover versus total mountain big sagebrush winter forage
production (kg/ha) per transect.

Mountain Big Sagebrush Age

In 2 of my study areas and overall, mountain big sagebrush age declined as
Douglas fir canopy cover, total basal area, and tree density increased, as indicated by
negative correlation values (Table 21). Mountain big sagebrush age was negatively
correlated (P < 0.05) with Douglas fir canopy cover, total basal area, and tree density at
the MLP and HC study areas and overall (Table 21). For the MLP study area total
Douglas fir density had the strongest negative relationship with sagebrush age (r = -0.80,
P =0.0001), while for the HC study area total basal area had the strongest negative
correlation with sagebrush age (r = -0.57, P = 0.0028). Overall, total basal area had the
strongest negative correlation with sagebrush age (r = -0.52, P = 0.0001).

Declining mountain big sagebrush age under increasing Douglas fir canopy cover
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Table 21. Pearson correlation coefficients between Douglas fir variables! and mountain

big sagebrush age.

Area DFLint ToBarea TDFden DbhDen ToTrHt HTGI15 DFage
SLM -0.21 -0.01 . -0.36 -0.14 0.15 e 0.25
P-value - 0.3035 0.7099  0.0757 0.5034 04746 - 0.2244

- MLP .-0.70 -0.71 -0.76 -0.80 -0.00  -0.05 -0.36
0.0001 0.0001 0.0001 0.0001 0.9931  0.8290 0.0754

HC -0.51 -0.57 -0.50 -051  -0.51 0.00 -0.63
. '0.0097 0.0028 0.0113 0.0095 - 0.0096  0.9926 0.0007

‘Overall -0.43 0.52 -0.50 -0.42 -0.07 ~ -0.06 ~0.21

0.0001 0.0001 ~ 0.0001 0.0002 0.5697  0.6801  0.0650

i: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age:

could be part of the reason why I observed that sagebrush plants under higher Douglas fir
canopies appeared to be browsed less than piants in the open. Along with declining aée,
reéults from the sagebrush production section iﬁdicated that individual sagebrush
production and total sagebrush production declined as Douglas fir canopy cover
increased. Hoffman (1996) reported that mountain big sagebrush winter férage
broduction‘ was related to both mountain big sagebrush age and use levels. Older and

more heavily used plants produced more forage. Hoffman (1996) reported that high use

mountain big sagebrush sites had significantly older sagebrﬁsh plants than low use sites.

Grass Canopy cover

Increases in Douglas fir canopy covef, total basal area, and density had a negativé
effect on grass canopy cover (Tables 22). Negative correlation values for grass canopy
cover were highest at the SLM and HC study areas for the aforementioned Douglas fir
' VariaBIes (Table 22). Correlation values were considerably lower at the MLP study area

for Douglas fir canopy cover, total basal area, and density (Table 22). -
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Table 22. Pearson correlation coefficients between Douglas fir variables' and grass
canopy cover. :

Area DFLint ToBarea TDFden'v DbhDen . ToTrHt HTGI15 DFage

SLM -0.82 -0.79 -0.78 -0.69 -0.23 - -0.25
P-value - 0.0001 0.0001 0.0001 0.0001 0.2594 - 0.2327
" MLP -0.49 -0.49 -0.50 -0.50 0.16 0.12 -0.11
0.0130 0.0120 0.0111 0.0114 0.4474.  0.5733  0.6091
HC -0.80 -0.69 -0.74 -0.73 -0.48 -0.34 -0.38
0.0001 0.0001 0.0001 0.0001 ~ 0.0160  0.0993 0.0578

Overall -0.60 -0.63 -0.61 -0.54 -0.11 -0.11 -0.17
: 0.0001"  0.0001 0.0001 0.0001 0.3485 - 0.4480 0.1441

1: DFLint = Déuglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTGI15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.
Measures of tree height and Doﬁglas fir age were generaliy not correlated (P <-O'.05) with
grass canopy cover (Table 22). unglas fir had the strongest negative relationship with
grass canopy cover at the SLM (r = —0.82, P =0.0001) and MLP (+'=-0.80, P =
0.0001) study areas, while total Douglas fir densi‘;y had thé strongest negative
relationship _(r =-0.50, P = 0.0111) with grasé canépy cover at the MLP study area.
Overall, total basal area had the highest negative correlation with grass canopy cover (r =
-0.63, P = 0.0001). The relationship betweep Doﬁglas fir total bgsal area and grass
canopy cover is illust.rated in Figure 8, while Figure 9 shows the relationship between
. Douglas fir canopy cover and grass canopy cover. Grass canopy cover declined liﬁeariy
as Douglas fir canopy cover increased at 2 of the 3 study areas, and declined curvilinearly
in the other (Table 23). The R?, values wer 0.71 for the SLM study area model, 0.37 for
the MLP model, and 0.63 for the HC model.

| The MLP regfession model was the result of omitting sites number 2 and 24 frc;m
a regression model containing the variables Douglas fir canopy cover and average' height

of trees > 1.5 m in height. The regression influential-observation diagnostic techniques

~
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Figure 8. Total Douglas fir basal area versus grass canopy cover.
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Figure 9. Douglas fir canopy cover versus grass canopy cover.

used (Neter et al. 1996) indicated that these 2 sites exerted undue influence on the
regression relationship. The fact that the variable average height of trees > 1.5 m in
height was deleted from the model, when these 2 observations were omitted, is an
indication of their influence on the model. Site number 2 had a Douglas fir canopy cover

of 7.2% and a grass canopy cover of 24.4% (Appendix C) which was considerably higher
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Table 23. "Best" regression models for grass canopy cover.

Area Model . R’a MSE-
SLM 27.5 — 0.593DFLINT + 0.005DFLINT? 071 109
MLP! 14.0 — 0.098DFLINT - . 0.37 5.5
HC 28.0 — 0.285DFLINT 0.63  14.1
Overall® 3.150 — 0.085TDFDENS + 0.001 TDFDENS? 0.52 0.078
Overall® 3.149 - 0.016DFLINT ' 0.46 0.086

1: MLP site numbers 2 and 24 not included. i
2: MLP site number 24 not included, natural log transformation done on grass canopy
cover. ‘

Model abbréviaﬁ'ons: DFLINT = Doéuglas fir canopy cover, TDFDENS = total DF
density, MSE = error mean square (estimate of variance associated with the model).

than the grass canopy cover measured at any other site. Site number 24 had a Douglas fir
canopy cover of 0.1% with a grass canopy cover of 6.8% (Appendix C). While Douglas
fir canopy cover was very low at this site, saéebrush ‘canopy cover was 27.9% and might
have been part of the reason for the low grass canopy cover. The combined effects of
Douglas fir and sagebrush can;)py cover on grass and total herbacg:ous canopy cover were
not exaﬁi—ned because of the potential for multicollinearity due to fhe st.rOng negative
relationship between Douglas fir‘ canopy cover and szigcbrush canopy cover. Becausé
both of these sites were outliers, and probably out of the normal inference range of
Douglas fir canopy canopy cover, I decidéd to omit them from the model.

" Two overall models are presented for grass canopy cover (Table 23). The first
model, the "best" overall model, is a _curvilinear model Wifh the variable total Douglas fir
density. The second model only uses Douglas. fir canopy cover, which was included in |
‘the 3 study area moaels. A natural log transformation was doﬁe on grass canopy cover 'to
correct for non-constant variance in both overéll models. Medicine Lodge Peak site
number 24 (discussed previously) was omitted from both overall models.. The regression

influential-observation diagnostic techniques used (Neter et al. 1996) indicated that this
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site exerted undue influence on the regression model. As mentioned previously, because

. this site was outside of what I felt would probably be the normal inference range of

Douglas fir canopy cover values, I decided to omit it from the mode]. Correlation Vah_les
(Table. 22), and models for the individual study aréas (Table 23) indicated that the effécts
of Douglas fir on grass canopy cover at the MLP study area were not similar to the other
study areas. However, I felt that any overall model should incorporate individual study

area variation, if inferences were to be. made across a wide geographic area.

Total Herbaceous Canopy Cover

Negative correlation values indicated that increases in Douglas fir canopy cover,
total basal area and density resulted in a decrease in total herbaceous canopsl coVef (Table
245. Douglas fir canopy cover, total basal ar.ea, and tree density measures had the '
strongest negative _relationsﬁips with total herbaceous canopy cover at the SLM and the

HC study areas (Table 24). Cortelation values at the MLP study area were considerably

- loWer (Table 24). Tree height measufe_s and Douglas fir age were only correlated (P <

0.05) with total herbaceous canopy covef at the HC study area. Do_uglas fir canopy cover
had the stroﬁgest negative relationship with total herbaceous canopy cover at the SLM (r
= ;0.77,.P =0.0001) and HC' (r=-0.72, P = 0.0001) study areas. Density of trees = i.S m
in beight had the strongest ﬁegative: relationship 'with total ﬁerbaceoﬁs canopy cover at
the MLP study area (r = —0:52, P =0.0072), while tofal basal area had the highest |
cqrrelation value overall (r =-0.61, P = 0.0001). |
Individual regression models for the 3 study areas énd overall regression models

describe the impact that Douglas fir had on total herbaceous canopy cover (Table 25):
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Table 24. Pearson correlation coefficients between Douglas fir variables' and
total herbaceous canopy cover. .

Area DFLint ToBarea TDFEden  DbhDen ToTtHt HTGI5 DFage

SLM -0.77 -0.75 -0.57 -0.60 -024 - -0.32
P-value  0.0001 0.0001 - 0.0001 0.0001  0.2452 - 0.1147
MLP -0.44 -0.46 -0.48 -0.52 0.16 0.24 -0.06
. 0.0299 0.0208 0.0144 0.0072 0.4581 0.2435  0.7949

HC -0.72 -0.66 -0.65 -0.64  -0.47 -0.41 -0.41.
0.0001 0.0004 0.0005 0.0006 0.0180  0.03998 0.0448

Overall -0.56 -0.61 . -045 -0.39 -0.16 0.02 -0.30

- 0.0001 0.0001 0.0001 0.0001  0.1749  0.8683  0.0093

o

1: DFLint = Douglas fir canopy cover, ToBarea = total DF basal area, TDFden = total DF
density, DbhDen = density of DF > 1.5 m in height, ToTrHt = average total DF height,
HTG15 = average height of DF > 1.5m in height, DFage = average Douglas fir age.

Table 25. "Best" regressmn models for total herbaceous canopy cover.

Area Model R’a . MSE
SLM " 37.9 - 0.363DFLINT , 0.57 24.3
MLP 28.0 — 0.015TOBAREA + 3.642HTG15 0.407 35.9
HC - 40.4 — 0.160DFLINT — 0.009DFLINT? 058 31.9
Overall 40.2 — 0.015TOBAREA ' 0.358 47.1
Overall 37.6 + 0.052DFLINT - 0.005DFLINT? 0.35 47.9

Model abbreviations: DFLINT = Douglas fir canopy cover, TOBAREA = total DF basal
. area, HTG15 = average height of DF > 1.5 m in height, MSE = error mean square
(estimate of variance associated with the model)

7

. Individual study area models were quite variable. Models for the SLM (linear) and HC
(curvilinear) study areas inch_lded the variable Douglas fir canopy cover, while the linear
model for the MLP study area ihcluded the.var'iat.)l'es total basal area and éverage height
of trees > 1.5 m in hei gﬁt (Table 25). The R?, Values} were not particularly high for any of
the s’uidy afeas, as for the SLM study area R2a = 0.57, for MLP R?, = 0.41, and for the HC
study area R%, = 0.58. | |

Two overall models are presénted. The first is the "best" overall model and uses

total basal area in a linear model. The second overall model only uses Douglas fir
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canopy cover. Similar to grass canopy cover, the effect of Douglas fir on total
herbaceous canopy cdver. at the MLP study area was not similar to the other 2 study areas
(Tébles 24 and 25). However, as explained fc;r grass canopy cover, any overall model
should incorporate individual study area Vélriafion, if inferences want to be made across a
wide geographic area. - The relationship between Dou glés fir canopy cover and total
herbaceous canopy cover is in Figure 10, while the relationship between total basal area
and total herbaceous canépy‘cover is in figure 11. |

The negative effecf that increases in tree 'canopy cover, basal area and density has
on graé:% and total herbaceous canopy cover has been documented in thé literature
(Arnold 1950, Pase 1958, Clary 1971). Clary (1971) found r = -0.37 between total under-
story production and increases in Utah juniper. Schott and Pieper (1'985) reported that
canopy shading by one-seeded juniper negatively inﬂuenééd -the basal area of fnost
grasses studied.

It was not surprising that some of the grass and total herbaceouls canopy cover ’
models were linear in form, while others were curvilinear. Previous research involving
the effects of .incr_easing tree canopy cover or basal area on herbaceous canopy cover and
production has shown both Iinéar and cﬁrvilinear declines (Arnold 1950,‘.P:;1_se 1958,
McConnell and Smith 1970). Arnold (1950) reported that both herbaceous density and
grass yield had a negative linear relationship with ponderosa pine canoﬁy cover. Pase.

_ (1958) stated that herbage production declined curvilinearly with increases in both tree
basal area and canopy cbver of ponderosa pine. McConﬁelI and Smith (1970) founci a
highly significant negative linear trend between ponderosa pine canopy cover and

average increase in total yield of herbaceous species. McConnell and Smith (1970)
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Figure 10. Douglas fir canopy cover versus total herbaceous canopy cover.
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Figure 11. Total Douglas fir basal area versus total herbaceous canopy cover.

reported that grass production decreased faster than forb production. W hen tree canopy
cover exceeded 45%, forb production was greater than grass production. Arnold (1964)
reported that both grass basal intercept and herbage yields declined curvilinearly as
canopy in pinyon-juniper woodlands increased. Negative impacts to herbaceous species
from increases in tree species have also been reported by Cooper (1960), Kranz and

Linder (1973), Froeming (1974), and by McPherson and Wright (1990).
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Model Validation Results

Sugerloaf Mountain

The models developed for mountain big sagebrush canopy cover, density of
"large" mountain big sagebrush, grass canopy cover and total herbaceous canopy cover
for the SLM study area are in Table 26. ‘The approximate width of the 80% prediction
intervals, the percentage of observed values from the other 2 study areas falling within
the predictioni intervals, and the correlation between predicted and observed values for

“each study area are in Table 27 [predicted values, prediction interva_ls',_ and observed
values for all models afe given in Appendlx F].

The percentage of MLP and HC observed values that fell within the 80%
predict_ion intervals was variable between models and study areas (Table 27). The model
for density of "large" mountain big sagebrush had the hi ghest percentages of observatrons
falling within prediction intervals (84% for MLP, 84% for HC) while the model for total
herbaceous canopy cover had the lowest (32% for MLP, 48% for HC). The SLM models
for mountain big sagebrush canopy cover, density of "Iarge" mountain big sagebrush, and
grass canopy cover would appear to be validated, while the model for total herbaceous
canopy coyer would appear not to be validated. However, the 80% prediction intervals
for the validated models are fairly wide ("l‘able 27), indicating that the precision of the

. estimates is not nigh. For example, with a predicted value of 10% mountain big |
sagebrush canopy cover, the true value of mountain big sage‘orush canopy cover could lie
anywhere between 6% and 14% canopy cover with a prediction interval width of 8%.
The wide prediction intervals reflect the variation in observed Values. within the study

area.
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Table 26. "Best" regression models for the Sugerloaf Mountain study area.l '

Variable Model S R MSE

SageLint 17.4 - 0.238DFLINT - 0.170DFAGE - 0.71 8.3

ArtrG15 80.1 — 2.234DFLINT + 0.013DFLINT” + . 0.88 70.5
. ' 3.891ToTrHt '

GrassCov 27.5 - 0.593DFLINT + 0.005DFLINT? 071" 109

HerbCov 37.9 — 0.363DFLINT 0.57 - 24.3

Model abbreviations: SageLint = mountain big sagebrush canopy cover, ArtrG15 =
density of “large” mountain big sagebrush, GrassCov = grass canopy cover, HerbCov =
total herbaceous canopy cover, DFLINT = Douglas fir canopy cover, ToTrHt = average
total DF height, DFAGE = average DF age.

Table 27. Sugerloaf Mounta.m validation results.

Medicine Lodge Peak Hells Canyon |
Model Width of Pl % Obs. in r %O0Obs. in 80% T
= 80% P.1. ' P.L
SageLint 8% ' 76 093 - 64 0.92
ArtrG15 ' 23 plants/tran 84 0.95 84 . 093
GrassCov © 9% 72 0.40 56 0.73
HerbCov 13% 32 0.43 48 0.72

Observed values may fall within a given prediction interval due to good model
performance, or because'tﬁe intervals or so wide that only extrerﬁe values fall outside
their range. Because of this, graphs of predicted versus observed Valﬁeé plotted with a
line representirbg.perfect predictioﬁ were alsé usgd to validate the models. This. techniqué

_provides a better indication of model acuﬁgcy than the pr'edictioﬁ interval informa.ti'on..
| Corrglatiém values (;ften indicated a strong linéar relationship between the
predic;ted values from one stﬁdy area and the observed values from the other study areas
(Table 27). Co_frelation values were especially high between predicted ar‘ld o_bserved'
' values for mountain big saéebr_ush canopy cover (r = 0.93 for MLP, r = 0.92 for HC), and
density of "large" mountain big sagebrush (f = 0.95 for MLP, r = 0.93 for I:-IC). However,

even though the correlation values indicated a strong linear relatibnship between
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: predictc_ed and obsqrved Value;c,, this .in itself does‘not.indicate. good predictive capability,
as any linear relationship will yield a high correlatiop value. For tIllis reason, predicted
VErsus obsérved‘ values were graphed with a line representing perfect predictibn.

Graphs of prediéted versus observed values, with a line representing perfect '
prediction, showed that the SLM mountain big éagebrush canopy cover model génerally
did not pfedict well (Fig.12, 13). The SLM model's predicted values were generaliy
greater than the MLP obsefved values when sagebrush canopy cover was < 10%, and the
predicted Values; were generally less than the MLP observed values Wheﬁ sagebrush . -

canopy cover was > 10% (Fig. 12). The SLM model's predicted sagebrush cahopy cover

values were generally less than the HC observed values (Fig. 13). The model for density -

of "large" mountain big sagebrush appeared to perform the best (Fig. 14, 15). The SLM
models for grass and total herbaceous canopy cover did not accurately predict the MLP
and HC study area observed values (Fig. 16-19).

!

Medicine Lodge Peak

Medicine Lodge Peak study afea's "best'.' ﬁodels and validation results are

- presented in Tables 28 and 29 respectivelyl/. Thel mountain big sagebrush canbpy cover,
density of "large" mountain big sagebrush, .and total hérb'aceous canoi)y cover models - .
appeared to be validated, as nllost'oflt'he observéd valiles for t-he'-SLM' and HC study .ﬁreas
fell within the 80% _predictibn .i'ntervals (Table 29): The model for "large" mountain big
s'agebrush density had the highest percentage of observation falling Wi;chiﬁ the prediction
intervals (88% for SLM, 849% for HC), while the modél for grass. cénopy cover had the
least (36% for SLM, 16% for HC). ' : | : _

Correlation values indicated a strong linear relationship between predicted and .
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Figure 12. Sugerloaf Mountain validation results: predicted versus observed for Medicine
Lodge Peak mountain big sagebrush canopy cover. (Line represents perfect
prediction)
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Figure 13. Sugerloaf Mountain validation results: predicted versus observed for Hells
Canyon mountain big sagebrush canopy cover. (Line represents perfect
prediction)
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Figure 14. Sugerloaf Mountain validation results: predicted versus observed for Medicine
Lodge Peak density of “large” mountain big sagebrush. (Line represents
perfect prediction)
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Figure 15. Sugerloaf Mountain validation results: predicted versus observed for Hells
Canyon density of “large” mountain big sagebrush. (Line represents perfect
prediction)
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Figure 16. Sugerloaf Mountain validation results: predicted versus observed for Medicine
Lodge Peak grass canopy cover. (Line represents perfect prediction)
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Figure 17. Sugerloaf Mountain validation results: predicted versus observed for Hells
Canyon grass canopy cover. (Line represents perfect prediction)
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Figure 18. Sugerloaf Mountain validation results: predicted versus observed for Medicine
Lodge Peak total herbaceous canopy cover. (Line represents perfect
prediction)
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Figure 19. Sugerloaf Mountain validation results: predicted versus observed for Hells
Canyon total herbaceous canopy cover. (Line represents perfect prediction)
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Table 28. "Best" regression models for the Medicine Lodge Peak study area.

Variable Model : R*a MSE
SageLint 23.2 — 0.711DFLINT + 0.005DFLINT* 0.89 7.0
ArtrG15 99.6 — 2.718DFLINT + 0.018DFLINT* 0.90 113.6
GrassCov'! 14.0 — 0.098DFLINT 0.37 55
HerbCov . 28.0 - 0.015TOBAREA + 3.642HTG15 0.41 35.9

1: MLP site number 2 and 24 not included in the model

Model abbreviations: SageLint = mountain big sagebrush canopy cover, ArtrG15 =
density of “large” mountain big sagebrush, GrassCov = grass canopy cover, HerbCov =
total herbaceous canopy cover, DFELINT = Douglas fir canopy cover, TOBAREA = total
DF basal area, HTG15 = average héight of DF > 1.5 m in height.

Table 29. Medicine Lodge Peak validation results.

Sugerloaf Mountain Hells Canyon
Model Width of PI. % Obs. In I %0Obs. in - r
' = 80% P.L . 80% P.1.
SageLint 7% 68 - 0.84 -84 .0.93
ArtrG15 29 plants/tran = 88 0.93 84 -0.92
“ GrassCov 6.5% 36 . 082 16 - 0.80
HerbCov 16% - - 84 __0.60

1: HTG15 not measured at SLM study area.

observed values for density of "large" mountain big sagebrush (0.93 for SLM, 0.92for
HC) (Table 29). The correlation between predicted and observed values of mountain big
sagebrush canopy cover for the HC study area was also high (r = 0.93). The MLP,

mountain big sagebrush canopy cover model often did not predict SLM or HC observed

“values accurately' (Fig- 20, 21). The MLP model for dénsity of "large" mountain big

sagebrush generally did an adequate job of predicting SLM and HC observed values (Fig.
22,23). Grass canopy cover v.vas under predicted at both validation.study areas (Fig. 24,
25). ‘Total herbaceous canopy cover at the HC study area was not predicted well by the
MLP model (Fig. 26). The model used for total herbaceous canopy cover could not
p'redict values for the SLM study area because the average height of trees (= 1.5 m in

height) was not measured.
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Figure 20. Medicine Lodge Peak model validation results: predicted versus observed for
Sugerloaf Mountain mountain big sagebrush canopy cover. (Line represents
perfect prediction)
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Figure 21. Medicine Lodge Peak model validation results: predicted versus observed for
Hells Canyon mountain big sagebrush canopy cover. (Line represents perfect
prediction)



68

100 i

Predicted Density of ""Large” Mountain Big Sagebrush

Figure 22. Medicine Lodge Peak model validation results: predicted versus observed for
Sugerloaf Mountain density of "large” mountain big sagebrush. (Line
represents perfect prediction)
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Figure 23. Medicine Lodge Peak model validation results: predicted versus observed for
Hells Canyon density of “large” mountain big sagebrush. (Line represents
perfect prediction)
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Figure 24. Medicine Lodge Peak model validation results: predicted versus observed for
Sugerloaf Mountain grass canopy cover. (Line represents perfect prediction)
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Figure 25. Medicine Lodge Peak model validation results: predicted versus observed for

Hells Canyon grass canopy cover. (Line represents perfect prediction)
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Figure 26. Medicine Lodge Peak model validation results: predicted versus observed for
Hells Canyon total herbaceous canopy cover. (Line represents perfect
prediction)

Hells Canyon

The "best" regression models for the HC study area and model validation results
are in Tables 30 and 31 respectively. The percentage of SLM and MLP observed values

falling with in the 80% prediction intervals varied by model and by study area (Table 31).

The models for mountain big sagebrush cover and density of "large"™ mountain big

sagebrush were validated the best based on the percentage of observations falling inside

of prediction intervals. Density of "large" mountain big sagebrush had the highest
percentage of observations falling inside prediction intervals (92% for SLM, 76% for

MLP), while mountain big sagebrush cover had 64% (SLM) and 84% (MLP) of

observations falling with in the 80% prediction intervals. Prediction intervals were fairly

wide for all models, as was the case with the other 2 study areas.
Similar to the other study areas, a strong linear relationship was indicated between

the predicted and observed values for density of "large” mountain big (r = 0.93 for
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Table 30. "Best" regression models for the Hells Canyon study area.

Variable Model R’a MSE
SageLint 23.8 — 0.636DFLINT + 0.004DFLINT? 0.86 7.4
ArtrG15 84.3 — 1.435DFLINT . 087 924
GrassCov - . 28.0—0.285DFLINT ' " 0.63 14.1
HerbCov 40.4 — 0.160DFLINT — 0.009DFLINT? 0.58 31.9

Model abbreviations: SagelLint = mountain big sagebrush canopy cover, ArtrG15 =
density of “large” mountain big sagebrush, GrassCov = grass canopy cover, HerbCov = -
total herbaceous canopy cover, DFLINT = Douglas fir canopy cover, TOBAREA = total _
- DF basal area, HTG15 = average height of DF 2 1 5 m in height.

Table 31. Hells Canyon validation results.

Sugerloaf Mountain Medicine Lodge Peak

Model Width of PI. % Obs. in r %0Dbs. in r
= 80% P.1 80% P.L

SagelLint 7.5% 64 0.84 84 . 0.95

ArtrG15 26 plants/tran 92 0.93 76 0.94

GrassCov 10% . 60 0.82 28 0.49

HerbCov 15% . 52 0.72 68 0.61

SLM, r = 0.94 for MLP). The C(;rrelation between predicted and <;bser§eci values for
mountain big sagebrush. canopy cover at the MLP study area was also strong (r = 0.95).
The HC model for mountain big Isagebrush canopy cover generally over predicted
the SLM and MLP observed values (Fig. 27, 28). The HC model for density of "large"
mountain big ségebrush did an adequate job of predi.ctingr both SLM and MLP'obseryed '
values (Fig. 29, 30) .. Alfhough, itdid a be.tter job of predicting the MLP observed Valﬁes.
Thére was not a strong linear relationship between the MLP predicted and observed
Values' for either gr’éss canopy. cover (r = 0.49) or totai herbaceous canop& cover (r =
0.615. Grass canopy covér was greatly overestimated for both the SLM and MLP study

areas (Fig. 31, 32). Total herbaceous canopy cover was generally not predicted well (Fig.

33, 34).
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Figure 27. Hells Canyon model validation results: predicted versus observed for
Sugerloaf Mountain mountain big sagebrush canopy cover. (Line represents
perfect prediction)

Predicted Mountain Big Sagebrush Cover

Figure 28. Hells Canyon model validation results: predicted versus observed for
M edicine Lodge Peak mountain big sagebrush canopy cover. (Line represents
perfect prediction)
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Figure 29. Hells Canyon model validation results: predicted versus observed for
Sugerloaf Mountain density of “large” mountain big sagebrush. (Line
represents perfect prediction)
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Figure 30. Hells Canyon model validation results: predicted versus observed for
M edicine Lodge Peak density of “large” mountain big sagebrush. (Line
represents perfect prediction)
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Figure 31. Hells Canyon Model validation results: predicted versus observed for
Sugerloaf Mountain grass canopy cover. (Line represents perfect prediction)
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Figure 32. Hells Canyon model validation results: predicted versus observed for
M edicine Lodge Peak grass canopy cover. (Line represents perfect prediction)
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Figure 33. Hells Canyon model validation results: predicted versus observed for
Sugerloaf Mountain total herbaceous canopy cover. (Line represents perfect
prediction)
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Figure 34. Hells Canyon model validation results: predicted versus observed for
M edicine Lodge Peak total herbaceous canopy cover. (Line represents perfect
prediction)
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Overall Regression Models

The overall "validation" regression models for southwe'ste£n Montana (3 study
areas combi.ned),- for m_OuntéLin big sagebrush canopy. cover, density of "large" mountain
bfg sagebrush, grass canopy cover and total herbaceous canopy cover are in Table 32.. '
The models in Table 32 are based on fewer sites than the "full" overall models presented
earli'er' in the results sec’éion, as 15 sites were withheld in 6rder to validate the mbdel
(refer.to methods). Sites omitted from the "full" models because of undue influence on
the regression relationship were also not included in the "v.ali’dation” models. A natural
.log transformaﬁén was also done on the "validation" models for grass canopy cover.

Most of the validation siteé (withheld sites) were within the 80% prediction
intervals for the different models (Table(33). The mountain big sagebrush canopy cover
model had the lowest percentage of observations falling.within the 80% prediction
intervals (73%). Models only using Doﬁgla's fir canopy cover as a predictor pé'rforme‘c.i as
well as.the "béét” models (Table 33). Prediction intervals were fairly wide (Téble 33.), as
they were with the individual study areas. The prediction interval for density of "léfge"
mountain big sagebmsh usiné oniy Douglas fir as a predictor was 2 plants wider than the
prediction interval for the "best” model. Prediction intervals for grasé_ and total
herbaceoué canopy cover were similar between the "best" modelé aﬁd Douglas fir canopy -
cox./er only mociels. |

Correlétion vaiues between predicted and observed values for mbﬁn‘gain big
sagebrusﬁ canopy-cover (r=0.91) and for density of "larg.e_” mougtain big sagebrlisﬁ (r=
0.94 for."best", r =-O.94 for DF only) indicated a strong linear relationship .'between

predicted and observed values. The motuntain big sagebrush caﬁopy cover "validation"

Y
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Table 32. "Best" overall "validation" regression models.

. Variable Model R’ MSE.
SageLint' 21. 8 0.661DFLINT + 0. 005DFLINT” 0.83 8.7
n=>59
ArtrG15> - 75.6—2.111DFLINT + 0.01 1IDFLINT ? + 0.90 69.3
n=>59 4.375ToTrHt _ '
ArtrG15? 86.9 - 1.866DFLINT + 0.008DFLINT? 0.88 83.5
n=>59 .
GrassCov’ 3.160 — 0.088TDFDENS + 0.001 TDFDENS? 0.56 0.076
n=>59 ‘ .
GrassCov° , 3.161. - 0.016DFLINT 0.50 0.860
n=>59 ) : B
- HerbCov . 40.3 -0.015TOBAREA 0.41 46.8
n=060 '
HerbCov 37.7 - 0.054DFLINT - 0.006DFLINT? 0.41 46.8
n =60 :

1: SLM number 21 not included in model.
2: MLP number 24 not included in model.

3. MLP number 24 not included-in model, natural log transformatlon done on GrassCov.
Model abbreviations: SageLint = mountain big sagebrush canopy cover, ArtrG15 = .
density of “large” mountain big sagebrush, GrassCov = grass canopy cover, HerbCov =
total herbaceous canopy cover, DFLINT = Douglas fir canopy cover, TDFDENS = total

DF density, TOBAREA = total DF basal area, ToTrHt = average total DF height.’

Table 33. "Best" overall regr_essibn model validation resuits.

Model ‘ ~ Width of P.I. % Obs. in 80% P.I. r
SageLint 8% ' 73 0.91
ArtrG15 22 plants/tran 93 0.94
ArtrG15! . 24 plants .87 0.95
GrassCov min. — 6%, ' 80 0.48
max. — 17% ,
GrassCov' min. - 9%, .80 0.43
: max. - 16%
HerbCov ' - 18% - 80 0.21
HerbCov’ : 18% . 80 0.11

. 1: Douglas fir canopy cover only models.

model generally predicted observed values of mountain big sagebrush canopy cover < '

15% well, but not for values above that (Fig. 35). The 2 models for density of "large"

mouﬁtain big sagebrush generally predicted observed values fairly well (Fig. 36, 37).




78

coO

Predicted Mountain Big Sagebrush Cover

Figure 35. Overall model validation results: predicted versus observed for mountain big
sagebrush canopy cover. (Line represents perfect prediction)
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Figure 36. Overall model validation results: predicted versus observed density of "large
mountain big sagebrush. (Line represents perfect prediction)

There was not a strong linear relationship between predicted and observed values for

grass and total herbaceous canopy cover (Table 33). However, the different models for

grass and total herbaceous canopy cover were still occasionally fairly accurate (Fig. 38-

41).
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Figure 37. Overall model validation results: predicted versus observed density of "large"
mountain big sagebrush using Douglas fir canopy cover in the model only.
(Line represents perfect prediction)
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Figure 38. Overall model validation results: predicted versus observed for grass canopy
cover. (Line represents perfect prediction)
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Figure 39. Overall model validation results: predicted versus observed for grass canopy
cover using Douglas fir canopy cover in the model only. (Line represents
perfect prediction)
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Figure 40. Overall model validation results: predicted versus observed for total
herbaceous canopy cover. (Line represents perfect prediction)
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Predicted Total Herbaceous Canopy Cover

Figure 41. Overall model validation results: predicted versus observed for total
herbaceous canopy cover using Douglas fir canopy cover in the model only.
(Line represents perfect prediction)
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MANAGEMENT IMPLICATIONS AND CONCLUSIONS

Douglas fir establishment in mountain big sagebrush communities had an effect
on those communities in my study. Mountain big éagebrush canopy cover, density, and
production all declined with incrgasing'Dou gias fir'canopy’cover, total basal area, and
d-ensity. The‘ specific relationships, as indicated by the rﬁoc;els developéd f;)r the different
* response variables, were quite variable between study areas. _'This variation between

study areas was reflected in the validation results for the individual study area models.
Except for density of "large"" mountain big sagebrush, comparis'ons of prediqted Versus
ob;erved values, with a line represe;nting perfect prediction; indicated that the modéls
generally did nét prédict accurat@ly from 1 study area to anothe_r. However, when
variation wa; incorporated into the predictiv‘e brocess by comparing observed vélugs with
80% prediction intervals, mode_ls for mountain big sagebrush canopy cover, and grass and
total herbaceous caﬁopy cover were-often validated.

While individual study area models were often not accurate, overall models
derived by combining the variation from the 3 study _a:reas often were accurate. Both
overall "validation" models for density of "largg" sageBrush performed reasonabiy well
(Fig. 36, 37). "fhe overall-".validation” model for sagebrush cover also performed well
when sagebrﬁsh cover was. < 15% (Fig. 35). "Validation" models for grass and total
herbaceous canopy cover were occasionally accurate as well (Fig. 38-41). The model
validation results indicated that tﬁe overall "full" models for mountain big sagebrush .
canopy cover (Table 10), and density of "large" mouﬁt'ain big ségébrush (Table 12)
would generally provide reason'ably accurate estimates of the effects of Dougias fir

establishment on mountain big sagebrush. The overall "full" models for grass canopy
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cover (Table 23) and total herbaceous canopy cover (‘Table 25) may also be useful;
however, they apbeaf to be less precise. .t . | |

The effects of Douglés fir establishment on grass and total herbaceous canopy
varied more than did the effects of Douglas fir establishment on rﬁountain big sagebrﬁsh
| variables. Obviously, besidgs Douglas fir eétablishment, other factofs such as past
grazing ‘history were inﬂueﬁcing grass and total herbaceous 'canbpy cover. ’l;he Medicine
Lodge Peak study area had a large amount of hair-cap moss (Polytrichu;'n Juniperinum
Hedw.) present which may have influenced graés and forb production at that study area.

I found fhat Douglas fir canopy cover was the most important tree-related va.riable
- affecting mountain big sagebrush communities. Model results indicated that the cffeéts
- of Douglas fir establishment in mountain big'sagebrush commuﬁities could be
" determined by measuring Dou glas fir canopy cover alone. ngebrllls}% cover declineq to
less than 15% canbpy cover (Fig. 2), while tofal sagebrush production generally declined
to around 300 kg/ha (Fig. 7) as Douglas fir cover increased beyond 20%. As Doqglas fir
cover increased to 35-40%, sagebrush cover genérally declined to less than 5% canopy
cover (Fig. 2), and total sagebrush production declined to less than 200 kg/ha (Fig. 7). '

The ability to predict the amount of bouglas fir canopy cover present at a given
future point in time would be beﬂeficial. Unfortunately, I do not have thét capability with
my dat‘a. In addition, I do not think aﬂy vegetative measurement will provide thgt :
information because of the effc;,cts such factors as climate, grazing practicesA, and wildlife_ '
browsing have on the growth and spread of Douglas fir. The level of Douglas fir canopy
cover that will be toléfated before some form of C(')ntrol is desired will depend on what

species are being managed for and the overall desired manét_gement goals. Any form of
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control will have fo take .into consideration that a gi\‘/en level c;f Dou glas fir c.ariop'y. co‘vef
- will rarely occur ata landséape level, but .rath'er different patches will have different
levels,of canopy cover. |

If prescribed fire is considered as a tool to control establishing Douglas fir, it
should be remembered that fire has a long-term negative impact on mountain big
sagebmsh (Harniss and Murray 1973, Walhof 1997). Douglas fir é_ta'nd charaéteristics _
that affect fire's ability to spread and to be c;)ntrolled spéh as cgﬂopy covér and density-
will ﬁeed to be considered 'elllso. In addition, factors th’at affect fire's ability to kill
Douglas fir such as Douglas fir age and candpy height wili need to be considered.

Futur’e research should attempt to focus on use levels of mountain big sagebrush - ‘
communities by large ungulates and other wﬂdl‘ife species .at different levels of ]jou‘glas
fir establishmént. Howevler, I recognize that it will bé extremely comlﬂlicateci‘to monitor
use at any specific location du'e to fluctuatinglungul’aite popﬁlatiop levels, .and éeasonal
anci'annual variations iﬁ Végetétive i)roduction and use. I.fofmd that sagebrush growth.
was selver.ely affected under higher canopy cévers, and‘plant growth form was often

altered. Future research may want to focus on the effects to forage quality or secondary

. compound production in big sagebrush as canopy cover increases.
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APPENDIX A

PLANT SPECIES LISTS




Table 34. Plant species occurring in the Sugerloaf Mountain study area.

Scientific Name

Pseudotsuga mengiesii
Pinus flexilis .
Juniperus scopulorum

Artemisia tridentata vaseyana

Purshia tridentata
Juniperus communis
Tetradymia canescens

‘Chrysothamnus nauseosus
Crysothamnus viscidiflorus

Festuca idahoensis
_Agropyron spicatum
Poa pratensis

Poa sp.

Koeleria macrantha
Stipa comata

Stipa viridula
Juncus balticus
Bromus tectorum
Taraxacum officinale
Artemisia frigida
Sedum sp.

Crepis acuminata
Tragopon dubius
Castilleja-pallescens.
Lupinus spp.

Allium textile

Phlox hoodi

Lewisia rediviva
Linaria dalmatica .
Commandra umbellata
Oxtropis spp.

Gaura coccinea
Vicia sp.

Eriogonum umbellatum
Eriogonum sp. .
Thlapsi arvense
Collinsia parviflora
Potentilla argentia
Chrysopsis villosa -
Geum triflorum

" Common Name

Douglas fir

limbet pine

Rocky Mountain juniper
mountain big sagebrush
antelope bitterbrush
common juniper
gray horsebrush ..
rubber rabbitbrush
green rabbitbrush
Idaho fescue
bluebunch wheatgrass
Kentucky bluegrass
bluegrass

prairie junegrass |
needleandthread
green needlegrass
Baltic rush
cheatgrass

common dandelion
fringed sagewort -
stonecrop
hawksbeard

salsify. -

paintbrush

lupine

nodding onion
Hood's phlox
bitterroot
Dalmation toadflax
bastard toadflax
stemless locoweed
gaura

vetch

buckwheat

. buckwheat

penny cress
blue-eyed Mary
cinquefoil

hairy goldenaster
prairie smoke avens
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" Table 34, cont.

Frageria vesca
Arenaria congesta
' Antennaria parvifolia
Penstemon laricifolius - -
Arnica sororia |
Phlox longifolia
Hieracium albiflorum
Arabis drummondi
~ Collomia grandiflora.
Viola sp.
. Chenopodium album
Lithospermum sp.
Astragalus adsurgens
Astragalus tenellus
Senecio sp.
Polytrichum juniperum
Selaginella densa

wild strawberry
ballhead sandwort
Nuttall's pussy-toes
beardtongue

arnica

phlox

hawkweed
Drummond's rockcress

~ collomia

violet

lamb's quarters
stoneseed
milk-vetch

" milk-vetch

groundsel
hair-cap moss
spike moss .




Table 35. Plant species oc.curring in the Medicine Lodge Peal_i study area.

Scientific Name

~ Pseudotsuga menziesii
Pinus flexilis

Juniperus scopulorum
Artemisia tridentata vaseyana
Juniperus communis
Tetradymia canescens
Chrysothamnus nauseqsus’
Chrysothamnus viscidiflorus
Rosa woodsii

Ribes cereum

Ribes sp.-

Festuca idahoensis
Agropyron spicatum
Agropyron trachycaulum
Bromus carinatus

Poa arida

~ Carex sp.

Juncus sp.

Zigadenus sp.

Lupinus sp. -
Delphinium nelsoni
Achillea millefolium
Castilleja spp. '
Dodecathon spp.
 Crepis accuminata
Taraxacum officinale
Sedum sp. '
Antennaria sp.
Heuchera parvifolia
Phlox longifolia

Phlox sp.

Vicia sp.

* Potentilla spp.

Saxifraga sp.
Eriogonum spp.

Arnica sororia

Arabis sp.

Common Name

.,Douglas fir
Timber pine

Rocky Mountain juniper
mountain big sagebrush
commoi juniper

gray horsebrush

‘rubber rabbitbrush

green rabbitbrush
Wood's rose
currant

gooseberry

Idaho fescue
bluebunch wheatgrass -
slender wheatgrass
mountain brome
plains bluegrass
sedge

rush

death camas

lupine

low larkspur
western yarrow
paintbrush
shooting star
hawksbeard
common dandelion

~ stonecrop

pussy-toes

- alum root

phlox

_phlox

vetch
cinquefoil
saxifrage
buckwheat
arnica
rock cress
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Senecio sp.

Viola sp.

Agoseris glauca

. Frageria virginiana
Frageria vesca
Arenaria congesta
Lomatium sp. .
- Geranium richardsoni
Stellaria longipea

" Erysium asperum

- Phacelia heterophylla

Lithospermum sp.

Collomia grandiflora

Geum triflorum

Tragapogon sp.

Perideridia sp.

Polytrichum juniperum.

Selaginella densa

groundéel
violet

" mountain-dandelion

wild strawberry
wild strawberry
ballhead sandwort
biscuit-root

Richardson's geranium

chickweed
wallflower
phacelia

stoneseed

collomia

praire smoke avens
salsify
yampah _
hair-cap moss
spike moss




Table 36. Plant species occurring in the Hells Canvon studv area.

Scientific Name

Pseudotsuga menziesii
Pinus flexilis .

 Pinus contorta
Juniperus scopulorum
Artemisia tridentata vaseyana
Juniperus communis
Tetradymia canescens
Chrysothamniss viscidiflorus
Ribes cereum

Ribes sp.

Festuca idahoensis
Agropyron spicatum
Agropyron trachycaulum
Bromus carinatus
Stipa comata

Stipa nelsonii

Stipa richardsonii

Poa pratensis

Poa secunda

Koeleria macrantha
Danthonia intermedia
Agrostis scabra

Carex sp.

Juncus sp.

Artemisia ludoviciana -
Artemisia frigida
Lupinus sp.
Delphinium sp.
Achillea millefolium
Castilleja spp.
Dodecathon spp.
Taraxacum officinale
Sedum sp.

Antennaria parvifolia
Vicia sp.

Potentilla spp.

" Eriogonum Spp.
Arnica sororia

Arabis sp.

Common Name

Douglas fir

limber pine

lodgepole pine

Rocky Mountain juniper
mountain big sagebrush
common juniper

gray horsebrush

green rabbitbrush
currant

gooseberry

Idaho fescue
bluebunch wheatgrass
slender wheatgrass
mountain brome
needleandthread
Nelson's needlegrass
Richardson's needlegrass
Kentucky bluegrass
Sandberg's needlegrass
prairie junegrass
timber danthonia
winter bentgrass

sedge

rush

cudweed sagewort
fringed sagewort
lupine

lackspur

western yarrow
paintbrush

shooting star

common dandelion
stonecrop
Nuttall's pussytoes
vetch

cinquefoil

buckwheat

arnica

rock cress
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Table 36. cont.

Viola sp.

Agoseris glauca
Frageria virginiana

Frageria vesca
Arenaria congesta
Geranium richardsoni
Geum triflorum
Tragapogon sp.

- Penstemon Sp.

Pedicularis sp.

Townsendia parryi

Oxytropis sp.

- Iris missouriensis
Chrysopsis villosa
Lewisia rediviva
Erigeron spp.

Allium cernuum
Frasera speciosa
Haplopappus acaulis
Cynoglossumn officinale
Galium boreale '
Anemone patens
Synthyris pinnatifida
Polytrichum juniperum
Selaginella densa

violet )
mountain-dandélion
wild strawberry

wild strawberry
ballhead sandwort
Richardson's geranium
praire smoke avens
salsify _
beardtongue
lousewort

* Parry's townsendia

stemless-locoweed -
Rocky Mountain flag
hairy goldenaster
bitterroot

fleabane

nodding onion
frasera

‘goldenweed

Hound's tongue

‘bedstraw

anemone
synthyris
hair-cap moss
spike moss
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APPENDIX B

‘ SAGEBRUSH WINTER FORAGE PRODUCTION MODELS




105

Table 37. Models used to esﬁmate bi ¢ sagebrush winter forage production.

" Low use mountain big sagebrush

In (F) = 0.647 + 0.034 (MJ) + 0.031 (AC) - 0.0002 (C1)

High use mountain big_sagebrush‘

In (F) = 0.489 + 0.037 (MJ) + 0.050 (AC) -0.0003 (C1) ~

Equation abbreviations: F - Forage (g), MJ - Major axis (cm), AC - Average crown cover
(cm), C1 - Circular area for the major axis (sz) [C1l= pi(MJ/?_)Z]. )
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APPENDIX C

SITE MEANS |




Table 38. Sugerloaf Mountain study area means' for Douglas fir, sagebrush age and cover, grass cover, and total herbaceous cdvef.
Site DFLint ToBarea TDFdens DbhDens ToTreeHt DFAGE SageAge SageLint GrassCov HerbCov :

(%) (cm%tran) (#/61m”) (#/61m”) (m) . (years) (years) (%) (%) (%) . .
1 268 - 5953 97 . 25 2.4 12.1 11.0 7.7 108 273"
2 520 .'1000.4 14.5 5.8 4.0 20.7 132 . 12 123 23.8
3 188 250.4 6.8 3.0 23 145. © 153 12.3 198 408
4 -+ 18.7 473.9° 37 - 20 3.1 194 18.3 11.0 164 31.3
5 349 929.8 62 30, © 48 . 228 18.3 6.6 14.7 275
6 184 . 3729 4.7 25 . 29 ~17.1 179 . 113 193 40.5
7 36.8 631.1 14.7 2.0 .23 14.4 14.3 39 . 104 25.1°
8 384 7932 . 95 3.5 2.6 204 - 19.0 43 10.0 194 -
9 0.0 0.0 0.0 0.0 - 00 0.0 11.2 20.0 256 - 319
10 77 - 1845 1.0. 0.8 4.6 26.8 12.9 134 207 30.7
11 199 495.1 1.8 1.8 53 372 18.1 9.5 - 255 366
12 158 2997 . 1.8 1.5 3.6 25.7 19.3 7.1 20.3 29.0
13 261 428.2 6.2 2.8 3.1 - 205 19.3 6.0 . 12.6 25.5
14 117 2289 42 - 22 2.8 18.9 19.7 153 175 345 —
15 397 757.1 6.3 35. © 38 . 28.1 15.8 24 147 297 . 3
16 207 3743 23 - 20 . 45 . 274 16.2 6.6 17.3 28.1 ‘ : -
17 615 10263 115 7.2 - 3.6 268 . 124 0.8 92 - 119 : ‘ : -
18 62 . 615 05 . 05 41 _ 108 -202 20.3 22.7 337
19 4.1 17 0.8 03 . 12 10.8 20.2 10.3 21.0 337
20 21.0 4227 . 23 2.0 4.2 275 214 - 65 205 29.5
21 1.0 0.1 03 02 13 15.0 20.8 85 . 335 ' 440
22 333 803.3 45 120 34 - 273 17.8 1.7 9.7 16.0
23 162 448 .8 42 22 28 - 193 18.4 7.6 22.0 29.7
24 454 13290 85 . 50 3.8 28.4 21.4 2.2 9.6 . 195
25 309 655.3 72 53 3.4 25.6 20.4 53 14.3 28.0

1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF'density, DbhDens = ‘dens'ity of DF >21.5min
height, ToTreeHt = average total DF height, DFAGE = average DF age, SageAge = average sagebrush age, SageLint = sagebrush
canopy cover, GrassCov = grass canopy cover, HerbCov = total herbaceous canopy cover.




Table 39. Sugerloaf Mountain study area means' for Douglas fir, sagebrush density and production.
- Site DFLint ToBarea TDFdens DbhDens ToTreeHt DFAGE " ArtrG15 Artll15 Dead ProdAve Tsagepro
(%) (cm’fran)” (#/61m») (#6lm’)  (m)  (vears) (#61m’) (#6lm) (#/61m’) (g/plant) (Kg/Ha)

"1 268 5953 97 . 25- 24 12.1 37.0 170 © 167 33.9 . 2084
2 520 - 10004 145 5.8 4.0 20.7 113 217 25.5 15.0 28.7
3 188 250.4 68 ° 3.0 23 145 48.2 245 . 350 445 391.8
4 187 4739 3.7 2.0 . 3.1 19.4 50.5 23.3 17.5 509 3139
5 349 929.8 6.2 3.0 48 22.8 362 - 275 275 26.9 163.3
6 184 3729 4.7 25 .29 171 558 282 267 47.6 4309 .
7 368 631.1 14.7 2.0 2.3 14.4 222 27.2 18.3 20.2 724
8 384 7932 95 3.5 26 204 -320 160 32.3 2712 1456
9 00 0.0 0.0 0.0. 0.0 0.0 87.5 67.5 4.8 53.1 780.5
10 77 1845 -+ 1.0 0.8 46 _ 268. 857 347 9.3 38.1 539.8

©11 199 4951 1.8 18- 53 372 61.7 295 268 575 . 5516
12 158 . 2997 1.8 1.5 36 - 257 565 285 35.3 339 - 3115
13 261 428.2 6.2 2.8 31 20.5 482 33.8 258 . 355 292.9
14 11.7. 2289 42 22 - 2.8 189 923 -, 315 39.0 453 701.2 |
15 397 757.1 6.3 35 . - 3.8 28.1 29.7 262 358 26.7 155.3 -
16 207 -+ 3743 2.3 2.0 4.5 27.4 54.8 37.3 337 46.7 455.5
17 615 10263 11.5 72 3.6 26.8 7.2 213 263 19.0 21.2

18 62 615 0.5 0.5 4.1 10.8 76.7° 31.5 8.7 55.4 717.6
19 4.1 17 0.8 0.3 1.2 10.8 698 - 470 - 177 480 5349
20  21.0 4227 2.3 2.0 4.2 27.5 615 33.2 16.3 44.5 448.5
21 1.0 0.1 03. - 02 1.3 15.0 72.0 46.2 23.2 39.5  462.6
22 333 803.3 . 45 2.0 34 - 2713 15.7 312 - 252 192 511
23 162 4488 - 42 22 . 28 19.3 553 502 20.5 36.9 3368
24 454 13290 85. 50 38 284 18.8 263 27.3 16.6 56.1
25 309 655.3 7.2 .53 3.4 25.6 36.7 193 390 36.6 231.6

1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF density, DbhDens = ciensity of DF 2 1.5m in
height, ArtrG15 = sagebrush With’ an average crown cover = 15.cm, ArtrL’15 = sagebrush with an average crown cover < 15 cm, Dead
= number of dead sagebrush, ProdAve = average sagebrush production per plant, Tsagepro = total sagebrush production per transect.
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Table 40. Medicine Lodge Peak study area means’ for Douglas fir, sagebrush age and cover, grass cover, and herbaceous cover.
Site  DFLint ToBarea TDFdens DbhDens ToTreeHt HTG15M DFAGE - SageAge SageLint GrassDau HerbDau

: (%) . (cm2/tran) (#61m2) (#/61m2) (m) (m) (years)  (years) (%) (%) (%)
1 230 533.5 5.0 3.7 3.7 4.8 18.8 202, 120 12.5 295 .
2 72 - 7137 13 12 3.4 3.8 17.9 259 - 116 244 45.3°
"3 331 7982 7.8 4.3 35 . 6.0 162 - 232 - 44 11.4 36.2
4 426 661.6 80. 58 3.8 5.0 19.0 20.5 2.7 11.8 29.9
5 283 . 4209 85 27 17 4.7 10.6 20.9 61 . 113 = 407
6 465 776.6 15.7 100 = 25 3.6 19.2 15.7 0.5 10.5 40.7
7 427 521.6 11.5 73 25 . 3.6 20.3 20.5 1.4 115 375
8 . 212 4319 3.8 2.5 35 52 17.9 19.4 9.5 10.5 439
9 384 788.0 8.3 55 29 43 7 212 . 200 53 9.8 35.9
10 374 8242 7138 55 37 50 19.4 20.2 53 1.7 . 326
11 733 1416.9 26.0 19.8 3.2 4.1 23.6 0.0 0.0 5.5 16.4
12 539 808.6 . 122 8.5 32 44 20.5. 18.4 1.4 8.4 31.8
13 287 4763 6.8 50 33 43 196 208 7.4 104 349
14 .314 652.8 8.7 5.7 3.1 4.4 16.8 26.2 44" 11.4 39.8
15 366 568.2 90 . 65 33 43 19.2 215 2.6 9.9 39.0
16 144 311.0 © 3.0 27- . 43 47 22.0° 16.3 17.2 103 - 509
17 . 5.6 1125 2.0 1.2 3.0 T 49 172 .25.0 16.3 13.5 41.1
18 15.0 282.4 3.7 23 297 . 43 163 - 292 14.1 17.7 44.3
19 7.2 143.6 2.0 13 28 3.8 16.1 27.3 20.7 19.4 42.0
20, 09 37" 07 07 1.9 1.9 21.3 22.8 20.1 13.0 39.1
21 128 2216 .23 22 4.0 43 . . 195 31.7 149 - 138 34.4
22 150 237.0 35 2.7 33 42 19.1 27.8 19.3 9.5 282
.23 1.3 7.1 0.7 07 2.6 26 195 24.9 214 . 94 29.6
24 01 . 00 . 02 00 - 1.1 0.0 8.0 21.8 27.9 68 = 246
25 594 1203 .4 20.5 12.3 2.7 4.2 18.2 17.6 0.3 J17 0 240

1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF density, DbhDens = - density of DF > I'5m in
- height, ToTreeHt = average total DF height, DFAGE = average DF age, SageAge = average sagebrush age, SageLmt = sagebrush
canopy cover, GrassCov = grass canopy cover, HerbCov = total herbaceous Canopy cover.
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Table 41. Medicine Lodge Peak study area means' for Douglas fir, sagebrush density and production.
Site  DFLint ToBarea - TDFdens DbhDens ToTreeHt HTGISM DFAGE ArtrGi5. ArtrL15  Dead  ProdAve Tsagepro

(%) (cm2/tran) (#61m2) (#/61m2)  (m) (m) (years) (#61m2) (#/61m2) #61m2) (g/plant) (Kg/Ha)
1 230 5335 50. 3.7 3.7 4.8 188 532 43.0 342 39.4 342.9
2 7.2 73.7 13 1.2 3.4 3.8 17.9 166.2 33.5 22.8 46.4 4942
3 331 798.2 7.8 43 3.5 6.0 16.2 207 22.8 59.2 28.7 89.2
4 426 661.6 8.0 58 38 5.0 19.0 19.7 235 49.7 20.6 73.8
5 283 4209 8.5 2.7 1.7 47 10.6 26.8 22.5 49.7 30.9 146.9
6 465 776.6 15.7 100 - 25° 3.6 19.2 3.5 6.0 . 427 14.7 8.4
-7 427 521.6 11.5 73 25 - 36 203 9.7 8.5 34.8 17.1 28.9
8 212 4319 38 25 35 5.2 17.9 51.3 18.3 40.8 337 303.5
9 384 7880 . 8.3 55 2.9 43. 212 203 - 250 45.7 214 71.3
10 374 824.2 7.8 5.5 3.7 5.0 19.4 29.8 18.0 48.7 22.0 114.0
11 733 1416.9 2600 .19.8 3.2 4.1 . 23.6 0.0 1.0 61.7 0.0 0.0.
12 539 808.6 12.2 8.5 3.2 4.4 205 - 9.8 6.3 46.0 15.9 258
13" 287 476.3 68 50 33 43 19.6 47,3 24.8 388 . 275 224.2
14 314 652.8 8.7 5.7 3.1 44 168~ 29.7 16.2 522 28.2 149.1
15  36.6 568.2 9.0 6.5 33 43 - 192 19.3 7.8 36.7 233" 764
16 144 311.0 3.0 2.7 43 47 22.0 79.8 412 23.8 36.7 4933
17 5.6 1125 2.0 12 3.0 49 17.2 738 212 337 72.1 889.7
18 15.0 282.4 3.7 2.3 " 2.9 43 163 755 . 162 30.5 473 602.8
19 72+ 1436 2.0 1.3 28 38 16.1 86.5 19.7 13.7 50.3 7137 -
20 09 3.7 0.7 07 19 1.9 21.3 76.2 145 192 . 802 998.0
21 128 221.6 2.3 2.2 4.0 43 19.5 62.2 215 26.2 60.3 615.2 )
22 150 237.0 3.5 2.7 3.3 42 19.1 71.0 223 327 598 - 692.2
23 1.3 7.1 0.7 0.7 2.6 2.6 19.5 913 - 147 277 61.4 915.7
24 0.1 0.0 0.2 0.0 1.1 00 - 80 1235 "28.0 14.8 824  1665.3
25 594 12034, . 205 12.3 2.7 42 18.2 3.0 43 48.2 124 - 6.1

" 1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF density, DbhDens = density of DF > 1.5 m in
height, ArtrG15 = sagebrush with an average crown cover 2 15 cm, ArtrLL15 = sagebrush with an average crown cover < 15 cm, Dead
= number of dead sagebrush, ProdAve = average sagebrush production per plant, Tsagepro = total sagebrush production per transect.
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" Table 42. Hells Canyon study area means’ for Douglas fir, sagebrush age and cover, grass cover and total herbaceous cover.
.Site# DFLint ToBarea TDFdens DbhDens ToTreth HTG15M DFAGE SageAge SageLint GrassDau HerbDau

(%) (cm2/tran) @#/61m2) (#/61m2) - (m) (m) (years)  (years) (%) (%) (%)
1 16.5 136.3 35 32 3.1 34 18.8 21.9 14.4 234  ° 46.1
2172 258.4 3.0 2.2 31 4.1 172 297 154 23.8 43.6
3 89 . 413 1.2 0.8 3.1 7 .40 189 - 256 - 155 213 36.0
4 3.4 343 . 0.5 05 39 3.9 220 20.3 20.4 26.0 38.8
5 5.7 31.6 2.0. 1.8 29 . 3.1 175 27.4 216 293 . 439
6 166 . 1094 25 2.0 3.0 3.7 15.9 315 . 196 204 - 387 -
7 32.7 342.2 25 .20 39 45 21.3 29.0 11.9 19.9 33.2
8§ 255 2752 . 52 - 38 2.8 35 165 29.3 10.1- 300 498
9. 265 4051 38 . 28 33 4.1 17.1 31.6 117 . - 248 43.9
10- 175 2334 3.5 3.0 33, 3.7 18.8 25.4 89 263" 460
11 234 3980 . 4.2 35 35" 4.0 18.7 277 . 10.1 25.2 42.4
12 228 3212 - 5.3 4.0 3.1 3.9 19.8 30.8 132 23.7 443
13 2.8 44.1 0.8 0.3 2.1 46 . 13.0 38.0 17.1 . 308 46.5
14 646  1556.7 118 85 4.0 53 . 242 7.0 0.4 8.2 16.0
15 402 450.8 6.3 5.2 3.2 3.8 168 23.7 22 13.5° 27.8
16 - 402 - 4907 8.0 67 3.4 40 171 28.2 25 146 284
17 .229 184.5 40 - 30 3.0 3.6 17.1 26.5 10.3 144 26.4
18 202 2829 " 47 - 3.2 2.7 3.8 18.4 31.9 9.7 25.2 41.2
19 473 675.1 7.5 6.0 3.2 3.8 18.9 143 5.1 14.2 30.5
20 439 4634 6.8 5.5 3.2 3.8 17.5 289 25 131 27.1
21 117 1886 3.0 1.8 2.7 4.0 15.7 306 194 - 184 33.0
22 434 641.8 © 7.8 6.8 3.7 42 19.8 274 4.0 16.4. 27.9
23 541  559.1° 9.2 8.0 34 38 201 122 20 127 23.9
24 6.0 37.3 0.8 0.5 2.7 43 - 162 311 22.4 22.7 335
25 0.6 08 02" 02 - 27 - 27 “16.0  16.8 26.1 25.4 41.1

1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF densxty, DbhDens = density of DE>15min
~ height, ToTreeHt = average total DF height, DFAGE = average DF age, SageAge = average sagebrush age SageLmt =.sagebrush
canopy cover, GrassCov = grass canopy cover, I-IerbCov total herbaceous canopy cover.
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Table 43. Hells Canyon study area means' for Douglas fir, sagebrish density and production.
Site# DFLint ToBarea TDFdens DbhDens ToTreeHt HTG15M DFAGE ArtrG15 ArtrL15 Dead  ProdAve Tsagepro

(%) (cm2/tran) . (#/61m2) @#61m2)  (m) (m) (years) (#/61m2). (#/61m2) (#/61m2) (g/plant) (Kg/Ha)-
1 165 1363 . 3.5 3.2 3.1 - 34 18.8 63.0 87.8 20.2 41.8 426.6
2 172 258.4 3.0 2.2 3.1 4.1 17.2 75.7 67.2: 202 382  .4677
3 8.9 41.3 12 0.8 3.1 4.0 18.9 ‘63.7 27.8 32.3 39.7 4194
4 3.4 34.3. 0.5 0.5 3.9 39 22.0 71.8 18.8 20.5 49.6 584.8
5 57 316 2.0 1.8 29 3.1 175 71.3 38.8 18.7 53.0 636.1
6 166 = 109.4 25 2.0 30 37 15.9 81.2 658 - 12.8 46.5 619.9
7 327 342.2 25 20 . 3.9 45 21.3 438 . 253 - 278 38.2 273.3
8 25.5 275.2 52 3.8 2.8 35 16.5 415 603 26.8 31.6 - 2631
9 26.5 . 405.1- 3.8 " 2.8 33 4.1 171 52.3° 32.8 345 40.9- 346.8 -
10 175 2334 . 35 '3.0 33 37 - 188 - 598 108.3 26.0 37.8 374.5
11 234 . 3980 - 42 35 35 4.0 18.7 58.0 84.8 22.0 31.2 293.6
12 -228 3212 53 - 40 - 3.1 3.9 19.8 568 ~ 53.8 270 360 332.2
13 2.8 44.1 0.8 03 . 21 46 - 13.0 617 . 222 208 - 525 575.7
14 646 15567 118 8.5 4.0 53 242-° 13 16.8 48.2 95 2.1
15. 402 450.8 6.3 5.2 3.2 " 38 16.8 132 27.7 49.5 "18.7 40.3
16 402 4907 - 8.0 6.7 3.4 4.0 17.1 13.8. 35.7 673 - 179 41.2
175 229 | 1845 40 © 3.0 3.0 3.6 17.1 448 3238 437 269 201.0
18. 202 282.9 47 3.2 27 - 38 18.4 41.8 84.2 415 27.0 186.7
19 -473 6751 15 . 6.0 3.2 3.8 18.9 167 - 735 33.5 14.0 38.1
20 439 463.4 6.8 55 32. 3.8 17.5 11.3 335 523 16.7° 32.1
21 11.7 188.6 3.0 1.8 2.7 4.0 15.7 707 - 38.8 273 36.1 418.0
22 434 6418 7.8 6.8 37 42 - 19.8 205 . 185 54.7 20.1 64.9
23 541 559.1 9.2 8.0 - 3.4 38 201 9.7 50.2 49.8 14.1 236 -
24 6.0 37.3 0.8 05 27 43 16.2 73.0 32.5 21.2 514 608.0
25 0.6 0.8 02 02 - 27 2.7 16.0 96.8 48.8 11.3 54.2 -857.7

1: DFLint = DF canopy cover, ToBarea = total DF basal area, TDFdens = total DF density, DbhDens = density of Df > 1.5 m in
height, ArtrG15 = sagebrush with an average crown cover 2 15 cm, ArtrL15 = sagebrush with an average crown cover < 15 cm, Dead
= number of dead sagebrush ProdAve = average sagebrush productlon per plant Tsagepro = total sagebrush production per transect.
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APPENDIX D -

'SUMMARY STATISTICS FOR STUDY AREA SITES
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Table 44. Sugerloaf Mountain study area summary statistics for Douglas fir canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (%)
| 6 26.8 145 115 53.6 5.9
2 6 52.0 11.0 34.4 66.6 4.5
3 6 18.8 5.0 13.0 26.5 2.1
4 6 18.7 9.5 7.8 29.8 3.9
5 6 34.9 13.2 24.2 59.9 5.4
6 6 18.4 8.8 9.6 32.4 3.6
7 6 36.8 16.9 17.0 61.9 6.9
8 6 38.4 8.9 29.7 50.7 3.6
9 6 0.0 0.0 0.0 0.0 0.0
10 6 7.7 7.9 0.0 19.0 3.2
n 6 19.9 15.8 6.3 41.0 6.4
12 6 15.8 8.8 4.2 28.1 3.6
13 6 26.1 8.5 14.9 40.5 3.5
14 6 11.7 7.2 2.0 19.9 2.9
15 6 39.7 18.7 16.2 62.8 7.6
16 6 20.7 11.1 8.8 35.4 4.5
17 6 61.5 15.4 40.9 80.4 6.3
18 6 6.2 6.0 0.0 13.7 2.4
19 6 4.1 5.6 0.0 11.3 2.3
20 6 21.0 7.3 11.0 31.8 3.0
21 6 1.0 2.0 0.0 5.0 0.8
22 6 33.3 12.2 14.6 50.1 5.0
23 6 16.2 8.0 5.6 29.2 3.3
24 6 45.4 13.5 28.5 64.9 5.5
25 6 30.9 12.6 17.7 52.8 5.1

Table 45. Sugerloaf Mountain study area summary statistics for total basal area.

Site N Mean Std. Dev. Min. Max. Std. Error
(cm?2 (cm?2) (cm2
| 6 595.3 523.5 0.0 1234.6 213.7
2 6 1000.4 290.2 594.5 1285.0 118.5
3 6 250.4 151.0 1.6 443.1 61.7
4 6 '473.9 516.9 25.1 1420.0 211.0
5 6 929.8 450.6 516.0 1715.0 184.0
6 6 372.9 239.4 0.0 640.8 97.6
7 6 631.1 631.4 63.6 1555.8 257.8
8 6 793.2 357.9 105.2 1128.4 146.1
9 6 0.0 0.0 0.0 0.0 0.0
10 6 184.5 223.5 0.0 581.2 91.2
1 6 495.1 466.4 0.0 1145.0 190.3
12 6 299.7 296.4 3.1 821.1 121.0
13 6 428.2 388.0 0.0 1045.8 158.4
14 6 228.9 232.3 0.0 588.0 94.8
15 6 757.1 564.1 0.0 1514.0 230.3
16 6 374.3 268.4 0.0 793.2 109.6
17 6 1026.3 869.6 293.7 2727.2 355.0
18 6 61.5 139.8 0.0 346.4 57.1
19 6 1.7 2.9 0.0 7.1 1.2
20 6 422.7 114.1 283.5 564.6 46.6
21 6 0.1 0.3 0.0 0.8 0.1
22 6 803.3 397.5 0.0 1038.3 162.3
23 6 448.8 247.3 0.0 706.9 101.0
24 6 1329.0 336.5 784.5 1753.8 137.4
25 6 655.3 268.3 330.6 1103.2 109.5
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Table 46. Sugerloaf Mountain study area Summary statistics for total Douglas fir density.

Site N Mean Std. Dev. Min. Max. Std. Error
#) #) #)
| 6 9.7 1.4 8.0 12.0 0.6
2 6 145 7.5 9.0 27.0 3.1
3 6 6.8 3.5 3.0 12.0 14
4 6 3.7 2.3 2.0 8.0 0.9
5 6 6.2 3.4 2.0 11.0 1.4
6 6 4.7 4.6 1.0 13.0 1.9
7 6 147 7.4 4.0 25.0 3.0
8 6 9.5 5.9 4.0 20.0 2.4
9 6 0.0 0.0 0.0 0.0 0.0
10 6 1.0 0.9 0.0 2.0 0.4
1n 6. 1.8 15 0.0 4.0 0.6
12 6 1.8 1.2 1.0 4.0 0.5
13 6 6.2 4.6 1.0 14.0 1.9
14 6 4.2 4.6 0.0 13.0 1.9
15 6 6.3 5.6 0.0 16.0 2.3
16 6 2.3 1.4 0.0 4.0 0.6
17 6 11.5 5.0 6.0 19.0 2.0
18 6 0.5 0.5 0.0 1.0 0.2
19 6 0.8 0.8 0.0 2.0 0.3
20 6 2.3 1.5 1.0 5.0 0.6
21 6 0.3 0.5 0.0 1.0 0.2
22 6 4.5 3.7 0.0 9.0 15
23 6 4.3 1.0 3.0 6.0 0.4
24 6 8.5 2.6 6.0 13.0 11
25 6 7.2 5.0 4.0 17.0 21

Table 47. Sugerloaf Mountain study area summary statistics for density of Douglas fir > 1.5 in in height.

Site N Mean Std. Dev. Min. Max. Std. Error
#) (#) #)
| 6 2.5 21 0.0 5.0 0.8
2 6 5.8 1.7 4.0 9.0 0.7
3 6 3.0 2.0 2.0 7.0 0.8
4 6 2.0 0.6 1.0 3.0 0.3
5 6 3.0 1.3 2.0 5.0 0.5
6 6 2.5 3.3 0.0 9.0 1.4
7 6 2.0 13 1.0 4.0 0.5
8 6 3.5 1.2 2.0 5.0 0.5
9 6 0.0 0.0 0.0 0.0 0.0
10 6 0.8 0.8 0.0 2.0 0.3
11 6 1.8 15 0.0 4.0 0.6
12 6 15 0.8 1.0 3.0 0.3
13 6 2.8 2.6 0.0 7.0 11
14 6 2.0 15 0.0 4.0 0.6
15 6 3.5 2.4 0.0 6.0 1.0
16 6 2.0 11 0.0 3.0 0.4
17 6 7.2 3.8 4.0 14.0 1.6
18 6 0.5 0.5 0.0 1.0 0.2
19 6 0.3 0.5 0.0 0.0 0.2
20 6 2.0 0.9 1.0 3.0 0.4
21 6 0.2 0.4 0.0 1.0 0.2
22 6 2.0 1.3 0.0 3.0 0.5
23 6 2.3 1.5 0.0 4.0 0.6
24 6 5.0 13 3.0 7.0 0.5
25 6 5.3 4.4 2.0 14.0 1.8



Table 48. Sugerloaf Mountain study area summary statistics for total Douglas fir height.

Site N Mean
(m)
| 29 2.6
2 35 3.8
3 26 2.3
4 18 3.1
5 22 4.6
6 24 2.7
7 30 2.2
8 32 2.6
9 | 0.0
10 6 4.6
1 1 5.3
12 12 3.6
13 25 3.1
14 17 2.8
15 22 3.9
16 14 4.6
17 32 3.6
18 3 4.1
19 5 1.2
20 14 4.2
21 2 13
22 20 3.4
23 20 2.9
24 30 3.8
25 27 3.4

Table 49. Sugerloaf Mountain study area summary statistics for Douglas fir Age.

Site N Mean
(years)

1 31 121
2 33 21.9
3 26 14.5
4 19 19.9
5 25 22.8
6 19 171
7 29 14.4
8 30 19.8
9 | 0.0
10 5 26.8
1 10 36.9
12 10 25.7
13 24 211
14 17 18.9
15 23 27.8
16 14 27.4
17 32 26.6
18 3 19.7
19 4 10.8
20 14 27.5
21 | 15.0
22 19 27.3
23 25 171
24 31 28.3

28 25.6

N
o

Std. Dev.

2.9
3.0
2.0
2.9
3.0
2.6
2.9
2.1
0.0
2.3
0.5
2.6
2.7
2.2
2.8
2.2
2.3
2.9
0.9
1.9
0.5
3.4
2.4
2.7
1.9

Std. Dev.

13.8
18.2
11.8
16.3
18.3
13.2
18.7
16.4

0.0

7.2

8.9
15.7
14.0
12.9
18.8
12.7
17.9
11.9

6.7
13.0

0.0
20.7
15.1
18.0
13.3
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Min.

(m)

0.20
0.15
0.30
0.30
0.30
0.05
0.05
0.20
0.00
1.20
4.60
0.20
0.20
0.10
0.15
0.80
0.15
1.80
0.30
0.30
0.95
0.10
0.40
0.20
0.30

Min.
(years)
1.0
1.0
3.0
2.0
1.0
3.0
1.0
2.0
0.0
18.0
23.0
3.0
3.0
1.0
1.0
6.0
1.0
10.0
5.0
2.0
15.0
1.0
1.0
3.0
3.0

Max.
(m)
9.1
9.7
6.5
8.8
9.1
7.9
10.4
6.7
0.0
7.3
6.1
8.7
8.5
6.9
9.5
7.0
7.3
7.3
2.5
6.2
16
9.8
9.1
8.7
7.5

Max.
(years)
42.0
52.0
43.0
56.0
53.0
42.0
60.0
55.0

0.0
35.0
55.0
51.0
43.0
44.0

62.0
44.0
66.0
33.0

17.0
46.0

15.0
63.0
55.0
60.0
47.0

Std. Error

0.5
0.5
0.4
0.7
0.6
0.5
0.5
0.4
0.0
1.0
0.1
0.7
0.5
0.5
0.6
0.6
0.4
1.6
0.4
0.5
0.3
0.8
0.5
0.5
0.4

Std. Error

2.5
3.2
2.3
3.7
3.7
3.0
35
3.0
0.0
3.2
2.8
5.0
2.9
3.1
3.9
3.4
3.2
6.9
3.3
3.5
0.0
4.7
3.0
3.2
2.5
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Table 50. Sugerloaf Mountain study area summary statistics for mountain big .sagebrush canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (%)
| 6 7.7 4.4 3.2 14.5 1.8
2 6 1.2 1.2 0.0 2.7 0.5
3 6 12.3 4.6 6.6 18.7 1.9
4 6 11.0 4.0 7.0 17.4 1.6
5 6 6.6 3.7 3.3 131 15
6 6 11.3 2.9 8.0 149 1.2
7 6 3.9 2.9 2.0 9.8 1.2
8 6 4.3 2.8 13 9.6 11
9 6 20.0 6.7 10.8 28.6 2.8
10 6 13.4 3.4 10.5 20.0 14
1 6 9.5 0.8 8.8 10.5 0.3
12 6 71 1.7 4.8 9.2 0.7
13 6 6.0 2.3 2.4 9.5 0.9
14 6 15.3 3.3 121 21.2 1.3
15 6 2.4 2.7 0.0 6.4 11
16 6 6.6 3.6 3.0 11.8 15
17 6 0.8 0.8 0.0 2.2 0.3
18 6 20.3 7.9 10.5 30.7 3.2
19 6 10.3 3.0 5.6 13.8 1.2
20 6 6.5 2.3 3.1 9.8 1.0
21 6 8.5 3.3 55 15.0 14
22 6 1.7 2.0 0.1 4.3 0.8
23 6 7.6 15 5.3 9.4 0.6
24 6 2.2 1.2 0.2 3.6 0.5
25 6 5.3 1.3 3.8 7.2 0.5

Table 51.Sugerloaf Mountain study area summary statistics for density of "large” mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
(#) (#) #)
| 6 37.0 4.3 30.0 42.0 1.8
2 6 11.3 7.9 4.0 26.0 3.2
3 6 48.2 12.7 29.0 65.0 5.2
4 6 50.5 8.0 41.0 63.0 3.3
5 6 36.2 6.6 30.0 48.0 2.7
6 6 55.8 9.8 41.0 68.0 4.0
7 6 22.2 6.6 14.0 32.0 2.7
8 6 32.0 5.3 26.0 39.0 2.2
9 6 87.5 155 68.0 110.0 6.3
10 6 85.7 8.6 72.0 94.0 3.5
1 6 61.7 7.8 52.0 73.0 3.2
12 6 56.5 10.5 40.0 68.0 4.3
13 6 48.2 12.2 27.0 60.0 5.0
14 6 92.3 11.0 80.0 107.0 4.5
15 6 29.7 30.1 0.0 77.0 12.3
16 6 54.8 21.3 28.0 86.0 8.7
17 6 7.2 3.9 2.0 12.0 1.6
18 6 76.7 10.6 59.0 88.0 4.3
19 6 69.8 6.9 61.0 78.0 2.8
20 6 61.5 6.6 55.0 71.0 2.7
21 6 72.0 135 48.0 85.0 55
22 6 15.7 10.7 6.0 31.0 4.4
23 6 55.3 14.6 36.0 80.0 5.9
24 6 18.8 125 7.0 42.0 5.1
25 6 36.7 6.4 29.0 45.0 2.6
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Table 52. Sugerloaf Mountain Study area summary statistics for density of "little" mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
#) #) #)
| 6 17.0 51 9.0 23.0 21
2 6 21.7 15.4 3.0 41.0 6.3
3 6 245 10.6 12.0 41.0 4.3
4 6 23.3 5.0 17.0 32.0 2.1
5 6 27.5 6.0 20.0 36.0 2.4
6 6 28.2 6.9 22.0 41.0 2.8
7 6 27.2 154 16.0 57.0 6.3
8 6 16.0 7.9 8.0 31.0 3.2
9 6 67.5 23.4 37.0 100.0 9.6
10 6 34.7 9.8 19.0 46.0 4.0
n 6 29.5 10.2 20.0 43.0 4.2
12 6 28.5 5.5 23.0 35.0 2.2
13 6 33.8 7.1 27.0 47.0 2.9
14 6 31.5 20.3 15.0 70.0 8.3
15 6 26.2 14.1 8.0 49.0 5.7
16 6 37.3 21.2 21.0 76.0 8.6
17 6 21.3 8.8 12.0 32.0 3.6
18 6 315 9.3 22.0 44.0 3.8
19 6 47.0 10.7 35.0 64.0 4.4
20 6 33.2 12.0 21.0 55.0 4.9
21 6 46.2 12.6 26.0 60.0 5.1
22 6 31.2 3.2 27.0 36.0 13
23 6 50.2 22.6 25.0 87.0 9.2
24 6 26.3 15.3 5.0 41.0 6.2
25 6 19.3 13.9 9.0 47.0 5.7

Table 53. Sugerloaf Mountain study area summary statistics for density of dead sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
(#) (#) (#)
| 6 16.7 3.4 11.0 22.0 1.6
2 6 25.5 6.4 15.0 35.0 2.6
3 6 35.0 10.9 19.0 46.0 4.4
4 6 17.5 4.6 13.0 26.0 1.9
5 6 27.5 9.6 15.0 42.0 3.9
6 6 26.7 9.1 13.0 39.0 3.7
7 6 18.3 8.7 4.0 24.0 3.5
8 6 32.3 4.5 25.0 37.0 1.8
9 6 4.8 2.2 3.0 9.0 0.9
10 6 9.3 3.9 3.0 13.0 1.6
1 6 26.8 4.6 23.0 34.0 1.9
12 6 35.3 4.2 29.0 41.0 1.7
13 6 25.8 6.6 22.0 39.0 2.7
14 6 39.0 4.5 33.0 46.0 18
15 6 35.8 8.6 22.0 44.0 3.5
16 6 33.7 2.8 30.0 37.0 11
17 6 26.3 7.2 17.0 35.0 3.0
18 6 8.7 3.6 3.0 13.0 15
19 6 17.7 5.4 11.0 24.0 2.2
20 6 16.3 2.5 13.0 19.0 1.0
21 6 23.2 4.9 16.0 30.0 2.0
22 6 25.2 5.3 20.0 32.0 2.2
23 6 20.5 5.1 15.0 27.0 2.1
24 6 27.3 10.3 16.0 40.0 4.2
25 6 39.0 5.5 31.0 48.0 2.3
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Table 54. Sugerloaf Mountain study area summary statistics for mountain big sagebrush age.

Site N Mean Std. Dev. Min. Max. Std. Error
(years) (years) (years)
| 30 10.6 4.5 5.0 22.0 0.8
2 29 12.2 6.8 4.0 27.0 1.3
3 30 15.3 6.6 5.0 37.0 1.2
4 30 18.3 8.0 7.0 42.0 1.5
5 30 17.0 7.7 5.0 41.0 1.4
6 30 17.9 8.3 5.0 42.0 15
7 30 14.3 5.7 5.0 29.0 1.0
8 30 18.4 7.0 2.0 32.0 1.3
9 30 11.2 4.7 4.0 21.0 0.9
10 30 12.9 7.7 5.0 39.0 1.4
1 30 18.4 8.2 7.0 43.0 1.5
12 31 19.2 8.9 8.0 42.0 1.6
13 30 19.0 8.9 7.0 39.0 1.6
14 30 19.7 8.9 6.0 44.0 1.6
15 24 15.8 6.3 4.0 31.0 13
16 30 16.2 7.2 6.0 37.0 1.3
17 25 124 6.4 6.0 38.0 1.3
18 30 13.8 7.3 3.0 29.0 1.3
19 30 19.9 9.2 7.0 44.0 17
20 30 21.7 12.0 5.0 52.0 2.2
21 30 20.8 12.2 6.0 45.0 2.2
22 30 17.8 9.5 5.0 39.0 1.7
23 30 21.9 13.4 5.0 55.0 2.4
24 30 21.4 145 7.0 52.0 2.7
25 30 20.4 8.0 9.0 39.0 15

Table 55. Sugerloaf Mountain study area summary statistics for individual mountain big sagebrush plant production.

Site N Mean Std. Dev. Min. Max. Std. Error
(g/plant) (g/plant) (g/plant)
| 60 33.9 46.2 5.6 243.6 6.0
2 44 15.0 12.3 5.9 61.2 1.9
3 60 44.5 94.0 6.2 680.6 12.1
4 60 50.9 55.2 4.7 297.1 7.1
5 60 26.9 20.9 5.7 98.4 2.7
6 60 47.5 63.2 5.0 409.0 8.2
7 60 20.2 22.7 5.4 133.7 2.9
8 60 27.2 27.9 7.1 178.5 3.6
9 60 53.1 54.8 6.9 236.0 7.1
10 60 38.0 36.3 6.3 174.3 4.7
n 60 57.4 158.1 6.3 1203.0 20.4
12 60 33.9 50.6 5.8 357.4 6.5
13 60 35.5 30.9 7.8 131.5 4.0
14 60 45.3 55.2 6.4 296.1 7.1
15 45 26.7 25.2 5.6 128.6 3.8
16 60 46.7 47.7 6.7 209.6 6.2
17 33 21.0 27.9 5.8 152.6 4.9
18 60 55.0 88.4 5.7 582.7 11.4
19 60 47.5 84.2 6.4 636.6 10.9
20 60 44.7 54.7 6.4 285.6 7.1
21 60 39.5 66.2 6.0 492.9 8.5
22 48 19.6 19.4 5.8 126.1 2.8
23 60 36.9 38.5 7.1 198.1 5.0
24 48 16.6 12.6 5.6 78.3 1.8
25 59 37.0 386 6.2 202.6 5.0
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Table 56. Sugerloaf Mountain study area summary statistics for total mountain big sagebrush production/transect.

Site N Mean Std. Dev. Min. Max. Std. Error
CgzZblmi) (9/61m2z) (g/61nr)
| 6 1271 773 417 2367 315
2 6 175 155 44 463 63
3 6 2389 2418 803 7053 987
4 6 2600 852 1914 4265 348
5 6 996 383 493 1541 156
6 6 2627 1032 1502 4076 421
7 6 442 147 196 630 60
8 6 887 373 473 1373 152
9 6 4758 2167 1624 7755 885
10 6 3290 970 2182 4557 396
1 6 3363 2319 1523 7561 947
12 6 1898 757 904 2952 309
13 6 1785 794 572 2813 324
14 6 4275 1560 2266 5732 637
15 6 947 1154 0 2672 471
16 6 2777 1853 1018 5857 757
17 6 129 125 23 315 51
18 6 4375 2346 2112 8712 958
19 6 3261 1337 2110 5838 546
20 6 2734 604 1837 3522 246
21 6 2820 1484 1536 5108 606
22 6 312 262 59 769 107
23 6 2053 856 1102 3432 349
24 6 342 334 102 1000 136
25 6 1412 773 566 2583 316

Table 57. Sugerloaf Mountain study area summary statistics for grass canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (%)
1 6 10.8 2.0 8.3 13.8 0.8
2 6 12.3 3.3 7.5 17.5 1.4
3 6 19.8 4.4 135 25.0 1.8
4 6 16.4 2.1 145 19.5 0.9
5 6 14.7 3.4 8.8 19.3 1.4
6 6 19.3 2.6 16.8 24.0 1.0
7 6 10.4 2.8 6.8 135 11
8 6 10.0 1.4 8.5 12.0 0.6
9 6 25.6 8.3 19.3 40.8 3.4
10 6 20.7 4.2 14.5 27.5 17
1 6 25.5 6.8 18.3 36.8 2.8
12 6 20.3 4.1 14.8 26.5 1.7
13 6 12.6 1.8 11.0 16.0 0.7
14 6 17.5 4.6 12.0 23.3 1.9
15 6 14.7 6.1 7.3 20.5 2.5
16 6 17.3 3.2 12.8 20.5 1.3
17 6 9.2 3.2 6.5 13.8 13
18 6 22.7 3.9 18.0 26.5 16
19 6 21.0 3.9 16.0 26.5 1.6
20 6 20.5 6.2 13.3 27.5 2.5
21 6 33.5 6.4 21.8 39.0 2.6
22 6 9.7 31 6.3 13.8 1.3
23 6 22.0 5.3 17.0 ' 29.0 2.2
24 6 9.6 4.2 4.3 14.8 1.7
25 6 14.3 2.7 10.8 18.3 11
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Table 58. Sugerloaf Mountain study area summary statistics for forb canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (*)
1 6 16.1 9.5 6.0 31.3 3.9
2 6 11.7 5.7 4.0 19.3 2.3
3 6 16.7 6.7 9.5 24.3 2.7
4 6 14.0 3.9 8.3 20.0 1.6
5 6 11.3 5.7 4.0 215 2.3
6 6 17.2 8.4 9.8 33.8 3.4
7 6 14.9 4.3 7.3 20.5 1.8
8 6 9.9 1.8 7.5 13.0 0.7
9 6 5.5 3.0 2.3 9.0 1.2
10 6 7.5 2.9 4.0 11.0 1.2
n 6 10.5 71 4.3 24.5 2.9
12 6 9.0 2.8 4.5 12.0 1.2
13 6 12.6 4.6 8.3 21.3 1.9
14 6 16.0 8.3 8.5 31.3 3.4
15 6 13.7 6.8 5.0 22.8 2.8
16 6 10.3 7.8 3.5 21.8 3.2
17 6 3.8 2.2 1.8 7.3 0.9
18 6 7.8 3.8 4.0 14.5 15
19 6 10.8 7.6 4.5 235 3.1
20 6 8.7 3.4 3.8 13.3 1.4
21 6 8.0 6.0 4.5 20.0 2.4
22 6 6.1 1.6 35 8.3 0.7
23 6 9.2 3.8 3.6 145 15
24 6 10.3 7.4 0.8 18.8 3.0
25 6 13.2 3.5 8.3 18.5 14

Table 59. Sugerloaf Mountain study area summary statistics for total herbaceous canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(*) (%) (%)
| 6 27.3 12.5 135 475 5.1
2 6 23.8 7.7 13.3 34.5 31
3 6 40.8 9.3 25.3 52.5 3.8
4 6 31.7 5.7 22.3 37.3 2.3
5 6 27.5 4.5 22.3 34.8 1.8
6 6 40.5 7.8 31.0 54.8 3.2
7 6 25.1 6.7 12.0 30.0 2.7
8 6 19.4 4.2 13.3 25.0 17
9 6 31.9 9.2 21.3 45.3 3.7
10 6 30.7 8.1 23.8 43.0 3.3
11 6 36.6 8.0 27.5 48.8 3.3
12 6 29.0 3.7 243 33.3 15
13 6 255 5.4 20.0 34.8 2.2
14 6 34.5 7.8 23.8 47.8 3.2
15 6 29.7 119 13.8 42.5 4.8
16 6 28.1 8.9 17.8 42.8 3.6
17 6 11.9 3.3 7.8 14.8 13
18 6 33.7 5.9 26.3 40.8 2.4
19 6 33.7 12.5 24.0 57.3 5.1
20 6 29.5 5.0 24.0 38.0 2.1
21 6 44.0 8.4 28.8 54.5 3.4
22 6 16.0 2.7 12.0 19.5 11
23 6 29.7 5.7 22.7 38.0 2.3
24 6 19.5 10.8 4.3 31.8 4.4
25 6 28.0 7.7 19.0 40.3 3.1
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Table 60. Medicine Lodge Peak study area summary statistics for Douglas fir canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(*) (*) (%)
| 6 23.0 12.7 6.0 43.9 5.2
2 6 7.2 4.4 0.0 13.1 1.8
3 6 33.1 111 17.5 47.2 4.5
4 6 42.6 16.5 145 59.3 6.7
5 6 28.3 4.3 24.2 35.4 1.7
6 6 46.5 11.0 37.8 64.6 4.5
7 6 42.7 14.4 21.6 63.3 5.9
8 6 21.2 143 8.2 43.5 5.8
9 6 38.4 139 20.0 61.7 5.7
10 6 37.4 8.5 25.4 50.1 3.5
1 6 73.3 12.0 52.6 87.3 4.9
12 6 53.9 12.7 33.5 711 5.2
13 6 28.7 9.2 18.0 42.6 3.8
14 6 31.4 125 14.2 48.7 5.1
15 6 36.6 17.1 19.6 67.6 7.0
16 6 14.4 9.8 2.0 23.2 4.0
17 6 5.6 2.9 0.0 8.1 1.2
18 6 15.0 6.5 7.5 26.1 2.6
19 6 7.2 4.5 0.0 13.2 18
20 6 0.9 16 0.0 4.2 0.7
21 6 12.8 8.4 5.1 25.6 3.4
22 6 15.0 5.7 6.1 22.1 2.3
23 6 13 15 0.0 3.2 0.6
24 6 0.1 0.2 0.0 0.5 0.1
25 6 59.4 20.1 29.0 838 8.2

Table 61. Medicine Lodge Peak study area summary statistics for total basal area.

Site N Mean Std. Dev. Min. Max. Std. Error
(cm') (cm-3 (cm’)
| 6 533.5 294.8 183.0 855.5 120.3
2 6 73.7 53.2 0.0 132.9 21.7
3 6 798.2 403.8 333.8 1519.2 164.8
4 6 661.6 290.3 98.2 890.7 118.5
5 6 420.9 123.3 205.0 544.3 50.3
6 6 776.6 369.1 435.1 1456.0 150.7
7 6 521.6 219.8 292.2 920.1 89.7
8 6 431.9 422.9 69.3 1081.9 172.7
9 6 788.0 567.2 277.3 1669.4 231.6
10 6 824.2 318.9 478.3 1398.0 130.2
1 6 1416.9 292.9 1047.5 1677.1 119.6
12 6 808.6 309.1 398.6 1134.1 126.2
13 6 476.3 214.8 265.0 762.7 87.7
14 6 652.8 482.0 6.7 1182.2 196.8
15 6 568.2 246.0 282.8 1027.1 100.4
16 6 311.0 245.0 28.3 624.4 100.0
17 6 1125 106.8 0.0 270.4 43.6
18 6 282.4 136.7 153.9 534.3 55.8
19 6 143.6 73.1 0.0 201.9 29.8
20 6 3.7 7.0 0.0 17.5 2.9
21 6 221.6 148.3 33.2 476.9 60.5
22 6 237.0 74.8 146.3 348.9 30.6
23 6 7.1 115 0.0 28.3 4.7
24 6 0.0 0.0 0.0 0.0 0.0
25 6 1203.4 645.6 448.6 2057.5 263.6
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Table 62. Medicine Lodge Peak study area summary statistics for total Douglas fir density.

Site N Mean Std. Dev. Min. Max.
#) #) #)
| 6 5.0 1.9 2.0 7.0
2 6 13 0.8 0.0 2.0
3 6 7.8 2.6 4.0 110
4 6 8.0 3.3 3.0 11.0
5 6 8.5 2.1 7.0 12.0
6 6 15.7 6.2 8.0 25.0
7 6 115 5.2 6.0 21.0
8 6 3.8 2.2 1.0 7.0
9 6 8.3 3.4 5.0 14.0
10 6 7.8 2.3 5.0 12.0
11 6 26.0 6.8 18.0 34.0
12 6 12.2 3.3 7.0 17.0
13 6 6.8 1.7 5.0 9.0
14 6 8.7 3.9 4.0 13.0
15 6 9.0 4.4 5.0 15.0
16 6 3.0 11 1.0 4.0
17 6 2.0 13 1.0 4.0
18 6 3.7 2.8 1.0 9.0
19 6 2.0 0.6 1.0 3.0
20 6 0.7 12 0.0 3.0
21 6 2.3 1.8 1.0 5.0
22 6 35 14 1.0 5.0
23 6 0.7 0.8 0.0 2.0
24 6 0.2 0.4 0.0 1.0
25 6 20.5 4.1 16.0 28.0

Std. Error

Table 63. Medicine Lodge Peak study area summary statistics for total density of Douglas fir > 1.5 m in Height.

Site N Mean Std. Dev. Min. Max.
(#) (#) (#)
| 6 3.7 1.6 1.0 6.0
2 6 1.2 0.8 0.0 2.0
3 6 4.3 21 2.0 8.0
4 6 5.8 2.6 2.0 9.0
5 6 2.7 0.8 2.0 4.0
6 6 10.0 4.6 6.0 19.0
7 6 7.3 2.8 3.0 12.0
8 6 2.5 2.1 1.0 6.0
9 6 5.5 2.2 3.0 9.0
10 6 55 1.9 4.0 9.0
n 6 19.8 5.4 14.0 28.0
12 6 8.5 2.9 5.0 13.0
13 6 5.0 0.6 4.0 6.0
14 6 5.7 2.9 2.0 8.0
15 6 6.5 3.7 3.0 12.0
16 6 2.7 1.4 1.0 4.0
17 6 1.2 0.8 0.0 2.0
18 6 2.3 2.0 1.0 6.0
19 6 13 0.8 0.0 2.0
20 6 0.7 1.2 0.0 3.0
21 6 2.2 1.8 1.0 5.0
22 6 2.7 0.8 1.0 3.0
23 6 0.7 0.8 0.0 2.0
24 6 0.0 0.0 0.0 0.0
25 6 12.3 5.1 6.0 21.0

Std.

0.8
0.3
1.0
1.4
0.8
2.5
2.1
0.9
1.4
0.9
2.8
13
0.7
1.6
1.8
0.4
0.5
11
0.3
0.5
0.7
0.6
0.3
0.2
17

Error

0.7
0.3
0.8
1.0
0.3
1.9
1.2
0.8
0.9
0.8
2.2
1.2
0.3
1.2
15
0.6
0.3
0.8
0.3
0.5
0.7
0.3
0.3
0.0
21
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Table 64. Medicine Lodge Peak study area summary statistics for lolal Douglas fir height.

Site N Mean Std. Dev. Min. Max. Std. Error
(m) (in) (m)
| 30 3.6 2.6 0.20 7.6 0.5
2 8 3.4 1.3 0.30 4.3 0.5
3 47 3.5 31 0.10 8.8 0.4
4 48 3.8 2.6 0.20 8.2 0.4
5 52 17 2.2 0.10 6.4 0.3
6 94 2.5 1.7 0.15 6.1 0.2
7 69 2.6 1.8 0.15 6.1 0.2
8 23 3.5 2.6 0.20 6.7 0.5
9 50 2.9 2.2 0.10 6.4 0.3
10 47 3.7 2.3 0.15 7.0 0.3
1 156 3.2 21 0.15 7.9 0.2
12 73 3.2 2.0 0.15 6.4 0.2
13 42 3.3 21 0.10 6.1 0.3
14 54 3.0 2.2 0.15 6.2 0.3
15 54 3.3 2.0 0.10 5.9 0.3
16 18 4.3 15 0.45 6.2 0.4
17 12 2.6 2.1 0.10 5.5 0.6
18 22 2.9 2.0 0.20 5.8 0.4
19 12 2.8 21 0.10 5.2 0.6
20 4 2.0 0.6 1.50 2.9 0.3
21 14 4.0 1.2 0.50 5.2 0.3
22 21 3.4 1.7 0.25 6.6 0.4
23 4 2.6 0.8 1.80 3.7 0.4
24 | 11 0.0 1.10 11 0.0
25 123 2.7 21 0.15 8.2 0.2

Table 65. Medicine Lodge Peak study area summary statistics for Douglas fir height > 1.5 m in height.

Site N Mean Std. Dev. Min. Max. Std. Error
(m) (m) (m)
1 22 4.8 1.9 18 7.6 0.4
2 7 3.8 0.3 3.5 4.3 0.1
3 26 3.0 1.8 1.8 8.8 0.4
4 35 5.1 1.8 1.6 8.2 0.3
5 17 4.5 1.7 2.0 6.4 0.4
6 60 3.6 1.2 15 6.1 0.2
7 44 3.7 13 1.6 6.1 0.2
8 15 5.2 14 15 6.7 0.4
9 33 4.3 13 1.5 6.4 0.2
10 33 5.0 1.4 1.7 7.0 0.2
11 119 4.1 15 1.5 7.9 0.1
12 51 4.3 1.3 15 6.4 0.2
13 31 4.2 1.6 15 6.1 0.3
14 35 4.3 15 1.6 6.2 0.3
15 39 4.3 1.2 1.6 5.9 0.2
16 16 4.7 1.0 2.3 6.2 0.2
17 7 4.1 11 2.4 5.5 0.4
18 14 4.2 1.2 1.8 5.8 0.3
19 8 4.0 11 1.6 5.2 0.4
20 4 2.0 0.6 1.5 2.9 0.3
21 13 4.3 0.8 2.7 5.2 0.2
22 16 4.2 0.9 3.0 6.6 0.2
23 3 2.8 0.8 2.3 3.7 0.4
24 0 0.0 0.0 0.0 0.0 0.0
25 74 4.2 15 1.6 8.2 0.2
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Table 66. Medicine Lodge Peak study area summary statistics for Douglas fir age.

Site N Mean Std. Dev. Min. Max. Std. Error
(years) (years) (years)
| 26 18.8 9.5 2.0 33.0 1.9
2 8 17.9 6.9 3.0 23.0 2.4
3 31 16.2 11.0 1.0 33.0 2.0
4 29 19.0 10.5 2.0 35.0 1.9
5 29 10.6 10.6 2.0 34.0 2.0
6 30 18.9 10.3 2.0 31.0 1.9
7 31 20.2 9.7 4.0 34.0 1.7
8 21 17.9 9.3 4.0 31.0 2.0
9 31 20.3 11.2 2.0 38.0 2.0
10 31 19.4 8.8 3.0 33.0 1.6
1 30 23.7 9.1 3.0 35.0 1.7
12 31 20.5 8.8 2.0 38.0 1.6
13 31 19.7 8.0 8.0 33.0 1.4
14 28 16.6 8.6 2.0 28.0 1.6
15 32 19.2 9.4 3.0 30.0 1.7
16 18 22.0 5.0 11.0 27.0 1.2
17 12 17.2 10.4 1.0 29.0 3.0
18 17 16.3 8.5 2.0 26.0 2.1
19 12 15.9 9.1 1.0 29.0 2.6
20 4 21.5 1.9 19.0 23.0 1.0
21 14 19.5 6.3 9.0 29.0 1.7
22 20 19.2 7.5 6.0 30.0 1.7
23 4 195 4.1 14.0 24.0 2.1
24 | 8.0 0.0 8.0 8.0 0.0
25 30 18.2 9.2 4.0 34.0 1.7

Table 67. Medicine Lodge Peak study area summary statistics for mountain big sagebrush canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (%)
| 6 12.0 3.3 7.3 15.1 1.4
2 6 11.6 1.8 9.6 14.7 0.7
3 6 4.4 2.4 1.6 8.3 1.0
4 6 2.7 31 0.1 8.2 1.2
5 6 6.1 4.0 1.7 12.7 1.6
6 6 0.5 0.3 0.0 0.7 0.1
7 6 1.4 2.0 0.0 5.2 0.8
8 6 9.5 51 2.9 16.2 2.1
9 6 5.3 2.6 3.9 10.6 11
10 6 5.3 4.0 1.4 12.0 1.6
1 6 0.0 0.0 0.0 0.0 0.0
12 6 1.4 2.4 0.0 6.3 1.0
13 6 7.4 2.9 3.3 10.7 1.2
14 6 4.4 3.2 0.0 7.8 13
15 6 2.6 21 0.4 5.4 0.9
16 6 17.2 4.2 12.1 24.4 1.7
17 6 16.3 4.9 111 24.0 2.0
18 6 14.1 5.7 7.7 239 2.3
19 6 20.7 2.8 17.8 24.4 LI
20 6 20.1 2.5 17.0 23.7 1.0
21 6 14.9 4.7 8.4 20.4 1.9
22 6 19.3 4.5 15.1 27.6 1.8
23 6 21.4 4.5 15.5 28.0 1.9
24 6 27.9 3.8 21.0 31.3 15
25 6 0.3 0.5 0.0 1.2 0.2
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Table 68. Medicine Lodge Peak study area summary statistics for density of "large” mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
#) (#) (#)
| 6 53.5 14.3 31.0 69.0 5.8
2 6 66.2 121 56.0 86.0 4.9
3 6 20.7 6.1 11.0 29.0 2.5
4 6 19.7 22.4 1.0 57.0 9.1
5 6 26.8 15.8 4.0 53.0 6.5
6 6 3.5 2.1 1.0 7.0 0.8
7 6 9.7 10.3 0.0 28.0 4.2
8 6 51.3 17.0 31.0 76.0 6.9
9 6 20.3 7.9 6.0 28.0 3.2
10 6 29.8 16.2 10.0 59.0 6.6
1 6 0.0 0.0 0.0 0.0 0.0
12 6 9.8 9.5 2.0 27.0 3.9
13 6 47.3 15.5 25.0 69.0 6.3
14 6 29.7 14.8 8.0 49.0 6.0
15 6 19.3 15.3 0.0 37.0 6.2
16 6 79.8 14.3 61.0 98.0 5.8
17 6 73.8 18.5 42.0 94.0 7.5
18 6 75.5 25.0 53.0 117.0 10.2
19 6 86.5 7.1 76.0 95.0 2.9
20 6 76.2 5.9 69.0 83.0 2.4
21 6 62.2 13.0 43.0 76.0 5.3
22 6 71.0 17.7 40.0 93.0 7.2
23 6 91.3 8.9 83.0 106.0 3.6
24 6 123.5 10.6 104.0 136.0 4.3
25 6 3.0 3.8 0.0 10.0 15

Table 69. Medicine Lodge Peak study area summary statistics for density of "little" mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
(#) (#) (#)
| 6 43.0 19.5 23.0 78.0 7.9
2 6 33.5 8.0 25.0 45.0 3.3
3 6 22.8 7.3 14.0 35.0 3.0
4 6 23.5 131 10.0 43.0 5.4
5 6 22.5 6.3 13.0 28.0 2.6
6 6 6.0 4.3 2.0 14.0 1.8
7 6 8.5 6.6 1.0 17.0 2.7
8 6 18.3 35 14.0 23.0 1.4
9 6 25.0 15.8 5.0 53.0 6.5
10 6 18.0 9.7 6.0 35.0 3.9
1 6 1.0 15 0.0 4.0 0.6
12 6 6.3 31 2.0 11.0 1.3
13 6 24.8 11.0 14.0 43.0 4.5
14 6 16.2 7.3 6.0 28.0 3.0
15 6 7.8 3.8 4.0 14.0 1.6
16 6 41.2 28.4 12.0 84.0 11.6
17 6 21.2 10.0 12.0 35.0 41
18 6 16.2 7.2 7.0 27.0 2.9
19 6 19.7 5.2 10.0 25.0 2.1
20 6 14.5 5.6 10.0 25.0 2.3
21 6 21.5 10.0 6.0 32.0 4.1
22 6 22.3 12.3 8.0 40.0 5.0
23 6 14.7 8.1 3.0 27.0 3.3
24 6 28.0 15.2 9.0 48.0 6.2
25 6 4.3 3.4 1.0 8.0 1.4
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Table 70. Medicine Lodge Peak study area summary statistics for density of dead sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
(#) (#) #)
1 6 34.2 9.7 22.0 49.0 4.0
2 6 22.8 3.1 19.0 28.0 1.2
3 6 59.2 6.9 51.0 68.0 2.8
4 6 49.7 9.7 37.0 60.0 4.0
5 6 49.7 8.6 33.0 57.0 35
6 6 42.7 2.7 38.0 45.0 11
7 6 34.8 7.5 26.0 45.0 3.1
8 6 40.8 9.4 25.0 50.0 3.9
9 6 45.7 13.9 27.0 66.0 5.7
10 6 48.7 10.5 34.0 60.0 4.3
n 6 61.7 115 48.0 75.0 4.7
12 6 46.0 11.2 35.0 67.0 4.6
13 6 38.8 8.1 33.0 55.0 3.3
14 6 52.2 13.2 37.0 76.0 5.4
15 6 36.7 7.3 22.0 42.0 3.0
16 6 23.8 7.1 13.0 30.0 2.9
17 6 33.7 7.8 22.0 46.0 3.2
18 6 30.5 135 10.0 51.0 55
19 6 13.7 7.9 8.0 29.0 3.2
20 6 19.2 3.4 15.0 24.0 1.4
21 6 26.2 10.5 17.0 38.0 4.3
22 6 32.7 11.6 21.0 50.0 4.7
23 6 27.7 8.4 14.0 38.0 3.4
24 6 14.8 6.9 4.0 24.0 2.8
25 6 48.2 10.6 33.0 65.0 4.3

Table 7 1. Medicine Lodge Peak study area summary statistics for mountain big sagebrush age.

Site N Mean Std. Dev. Min. Max. Std. Error
(years) (years) (years)
| 30 20.2 7.0 7.0 42.0 1.3
2 30 25.9 8.9 10.0 43.0 1.6
3 30 23.2 9.5 8.0 47.0 1.7
4 24 20.8 11.0 6.0 44.0 2.3
5 29 20.9 9.4 10.0 41.0 1.7
6 20 14.8 5.0 6.0 25.0 LI
7 21 20.0 7.9 8.0 37.0 17
8 30 19.1 7.8 7.0 33.0 1.4
9 30 20.0 10.5 9.0 47.0 1.9
10 30 20.2 12.5 8.0 52.0 2.3
1 0 0.0 0.0 0.0 0.0 0.0
12 25 19.6 9.1 8.0 41.0 1.8
13 30 20.8 10.1 8.0 42.0 1.8
14 30 26.1 9.7 7.0 52.0 1.8
15 25 21.5 7.2 6.0 34.0 1.4
16 30 16.3 9.5 6.0 49.0 17
17 30 25.0 8.0 10.0 43.0 15
18 30 29.0 9.6 11.0 52.0 1.8
19 30 27.3 8.1 9.0 46.0 15
20 30 23.1 8.1 8.0 38.0 15
21 30 31.7 11.2 10.0 50.0 2.0
22 30 26.5 11.6 9.0 55.0 2.1
23 30 24.9 5.8 12.0 37.0 LI
24 30 21.8 9.1 8.0 45.0 17
25 14 17.4 7.0 9.0 33.0 1.9



128

Table 72. Medicine Lodge Peak study area summary statistics for individual mountain big sagebrush production.

Site
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N

60
60
60
35
54
21
36
60
56
60
0
38
59
58
44
60
60
60
60
60
60
60
60
60
18

Mean
(g/plant)
39.4
46.4
28.7
20.6
30.9
14.7
17.1
33.7
21.4
22.0
0.0
15.9
27.5
28.2
23.3
36.7
72.1
47.3
50.3
80.2
60.3
59.8
61.4
82.4
12.4

Std. Dev.

29.6
39.4
32.7
15.9
28.8
7.6
9.6
34.8
16.0
14.0
0.0
10.5
18.4
21.9
13.9
35.0
95.9
42.8
35.0
64.0
40.9
46.0
50.2
92.3
4.7

Min.
(g/plant)
55
11.9
6.0
6.0
6.3
5.9
6.7
7.1
5.5
6.7
0.0
5.8
6.7
6.2
75
6.0
10.9
9.5
10.8
16.2
7.1
8.6
7.7
8.1
5.8

Max.
(g/plant)
163.5
220.9
212.7
78.7
139.6
411
46.8
217.6
89.8
71.2
0.0
54.9
76.8
132.5
70.3
200.3
603.6
301.2
168.1
300.0
170.8
207.7
241.0
457.6
21.0

Std. Error

3.8
51
4.2
2.7
3.9
17
1.6
4.5
21
18
0.0
1.7
2.4
2.9
2.1
4.5
12.4
5.5
4.5
8.3
5.3
5.9
6.5
11.9
11

Table 73. Medicine Lodge Peak study area summary statistics for total mountain big sagebrush production/transect.

Site
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Mean

(g/transect)

2091
3013
544
450
895
51
176
1850

1367
909
466

3007

5423

3675

4351

6084

3750

4220

5582

10152
37

Std. Dev.

742
684
140
592
740
39
216
1065
197
471

159
614

401
1493
2816
1699
831

974
1186
1093
2470
43

Min.
(g/transect)
1224
2436
367
7
101
12
0
553
105
166
0
16
456
108
0
1796
2168
1864
3276
4671
2136
2686
4167
8144

Max.

(g/transect)

3309
4205
704
1534
2259
123
582
3099
690
1533

388
1927
1709

925

5961
9618
6324
5630
6866
4692
5729
6912
14656
108

Std. Error

303
279
57
242
302
16
88
435
80
192
0
65
251
243
164
609
1150
693
339
359
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Table 74. Medicine Lodge Peak study area summary statistics for grass canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
*) (%) (%)
| 6 12.5 3.4 8.3 18.0 14
2 6 24.4 8.6 1.8 33.3 3.5
3 6 11.4 3.9 6.0 16.8 1.6
4 6 11.8 2.7 9.3 17.0 11
5 6 11.3 1.0 9.8 12,5 0.4
6 6 10.5 2.0 6.8 12.3 0.8
7 6 115 35 55 14.5 14
8 6 10.5 2.6 8.3 155 1.0
9 6 9.8 2.4 6.0 13.3 1.0
10 6 11.7 3.6 7.0 17.0 15
1 6 5.5 31 1.8 8.8 13
12 6 8.4 2.4 4.8 11.0 1.0
13 6 10.4 1.2 8.8 12.3 0.5
14 6 114 14 10.0 13.5 0.6
15 6 9.9 2.2 7.5 125 0.9
16 6 10.3 2.6 7.3 14.8 11
17 6 135 4.6 8.8 21.5 1.9
18 6 17.7 3.9 145 25.3 1.6
19 6 19.4 4.9 14.5 28.8 2.0
20 6 13.0 2.3 9.8 15.8 0.9
21 6 13.8 5.9 7.3 23.5 2.4
22 6 9.5 14 7.5 11.3 0.6
23 6 9.4 2.2 6.0 12.3 0.9
24 6 6.8 2.8 3.0 10.8 11
25 6 7.7 2.0 5.5 10.8 0.8

Table 75. Medicine Lodge Peak study area summary statistics for forb canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
™) (%) (*)
| 6 13.5 3.8 9.8 19.0 1.6
2 6 16.0 2.2 13.8 19.0 0.9
3 6 23.0 4.6 17.0 30.0 1.9
4 6 19.4 7.5 11.8 30.3 3.1
5 6 24.6 55 16.0 31.3 2.2
6 6 25.2 5.3 18.8 335 2.2
7 6 23.1 4.4 16.0 26.5 18
8 6 31.8 8.2 20.5 40.8 3.3
9 6 25.3 4.3 17.3 29.8 1.7
10 6 18.7 5.1 13.0 27.3 2.1
n 6 12.7 3.7 8.3 16.5 15
12 6 23.9 5.9 155 32.0 2.4
13 6 23.0 6.8 16.8 32.3 2.8
14 6 25.4 6.7 17.0 35.5 2.7
15 6 29.0 11.9 16.0 45.3 4.8
16 6 38.4 5.5 29.8 453 2.3
17 6 26.8 5.8 18.3 34.5 2.4
18 6 24.4 6.1 17.3 345 2.5
19 6 19.2 4.5 12.3 25.0 1.9
20 6 24.8 3.6 18.3 28.8 15
21 6 18.4 3.9 14.5 25.0 1.6
22 6 19.1 4.4 13.8 24.8 1.8
23 6 21.3 3.4 18.3 27.5 1.4
24 6 17.2 2.8 14.8 21.8 1.2
25 6 16.9 3.8 12.0 23.0 15
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Table 76. Medicine Lodge Peak study area summary statistics for total herbaceous canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(*) (%) (*)
| 6 29.5 4.3 22.5 33.5 1,8
2 6 45.3 7.7 34.3 54.8 31
3 6 36.2 4.2 31.3 43.8 1.7
4 6 29.9 8.3 22.5 43.0 3.4
5 6 40.7 8.0 28.8 50.0 3.3
6 6 40.7 12.7 22.3 54.5 5.2
7 6 37.5 8.9 26.8 47.5 3.6
8 6 43.9 8.0 28.8 52.8 3.3
9 6 35.9 6.7 27.3 44.0 2.7
10 6 32.6 8.5 21.0 45.5 3.5
1 6 16.4 4.3 9.3 20.5 1.7
12 6 31.8 6.9 20.3 40.5 2.8
13 6 34.9 6.0 29.0 43.0 2.4
14 6 39.8 8.1 31.0 52.5 3.3
15 6 39.0 13.7 21.8 56.8 5.6
16 6 50.9 5.3 41.8 57.0 2.2
17 6 41.1 5.8 32.0 48.8 2.4
18 6 443 8.1 38.0 59.3 3.3
19 6 42.0 5.0 35.8 50.5 2.0
20 6 39.1 4.6 333 45.3 1.9
21 6 34.4 3.2 29.8 38.0 13
22 6 28.2 4.6 22.3 345 1.9
23 6 29.6 4.8 21.8 35.8 2.0
24 6 24.6 31 20.5 28.8 1.3
25 6 24.0 3.3 19.0 28.3 14

Table 77. Hells Canyon study area summary statistics for Douglas fir canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) (%)
| 6 16.5 10.3 4.6 29.9 4.2
2 6 17.2 9.6 5.0 26.8 3.9
3 6 8.9 6.0 2.6 19.3 2.4
4 6 3.4 41 0.0 9.7 17
5 6 5.7 7.4 0.0 20.0 3.0
6 6 16.6 5.3 11.5 26.3 2.2
7 6 32.7 5.9 26.4 42.0 2.4
8 6 25.5 71 14.0 31.7 2.9
9 6 26.5 8.0 14.3 36.0 3.3
10 6 17.5 11.6 3.8 35.7 4.7
1n 6 ' 23.4 12.1 6.6 38.4 4.9
12 6 22.8 11.0 7.9 39.0 4.5
13 6 2.8 5.1 0.0 12.8 21
14 6 64:6 18.1 32.7 83.9 7.4
15 6 40.2 71 32,5 49.7 2.9
16 6 40.2 17 38.1 42.6 0.7
17 6 22.9 6.8 15.0 32,5 2.8
18 6 20.2 7.4 14.0 34.2 3.0
19 6 47.3 6.1 38.9 55.6 25
20 6 43.9 16.3 25.8 70.3 6.6
21 6 117 5.1 5.1 20.2 2.1
22 6 43.4 15.8 17.7 64.1 6.5
23 6 54.1 10.2 38.0 67.8 4.2
24 6 6.0 55 0.0 135 2.2
25 6 0.6 15 0.0 3.7 0.6



131

Table 78. Hells Canyon study area summary statistics for total basal area.

Site N Mean Std. Dev. Min. Max.
(cm?) (cm?2) (cm?2)

| 6 136.3 137.2 28.3 389.0

2 6 258.4 219.0 0.0 572.2
3 6 41.3 39.9 0.0 86.6
4 6 34.3 70.7 0.0 176.7
5 6 31.6 30.3 0.0 84.0
6 6 109.4 34.8 63.6 161.2
7 6 342.2 200.9 0.0 596.1
8 6 275.2 197.9 69.9 557.3
9 6 405.1 253.1 170.6 821.7
10 6 233.4 211.6 22.2 506.7
1 6 398.0 305.6 15.9 830.3
12 6 321.2 210.2 88.2 651.7
13 6 44.1 81.0 0.0 201.1
14 6 1556.7 767.6 251.4 2547.0
15 6 450.8 293.6 68.7 897.7
16 6 490.7 212.6 237.2 763.0
17 6 184.5 131.1 0.8 297.6
18 6 282.9 185.7 7.5 581.0
19 6 675.1 606.9 188.3 1840.5
20 6 463.4 355.0 6.3 842.2
21 6 188.6 150.0 53.4 415.5
22 6 641.8 266.3 227.0 1063.3
23 6 559.1 154.5 416.2 853.5
24 6 37.3 58.8 0.0 128.8
25 6 0.8 2.0 0.0 4.9

Table 79. Hells Canyon study area summary statistics for total Douglas fir density.

Site N Mean Std. Dev. Min. Max.
(#) (#) (#)
| 6 35 2.2 1.0 7.0
2 6 3.0 11 2.0 4.0
3 6 1.2 0.8 0.0 2.0
4 6 0.5 0.5 0.0 1.0
5 6 2.0 1.4 0.0 4.0
6 6 2.5 0.8 2.0 4.0
7 6 2.5 1.2 1.0 4.0
8 6 5.2 1.5 3.0 7.0
9 6 3.8 1.8 2.0 6.0
10 6 3.5 2.0 2.0 6.0
n 6 4.2 21 2.0 8.0
12 6 5.3 2.6 2.0 9.0
13 6 0.8 0.8 0.0 2.0
14 6 11.8 3.9 5.0 15.0
15 6 6.3 1.2 5.0 8.0
16 6 8.0 2.4 5.0 11.0
17 6 4.0 13 3.0 6.0
18 6 4.7 1.0 3.0 6.0
19 6 7.5 2.9 3.0 11.0
20 6 6.8 2.2 3.0 10.0
21 6 3.0 13 1.0 4.0
22 6 7.8 5.0 1.0 14.0
23 6 9.2 41 2.0 14.0
24 6 0.8 1.0 0.0 2.0
25 6 0.2 0.4 0.0 1.0

Std. Error

56.0
89.4
16.3
28.8
12.4
14.2
82.0
80.8
103.3
86.4
124.7
85.8
331
313.4
119.8
86.8
53.5
75.8
247.8
144.9
61.2
108.7
63.1
24.0
0.8

Std. Error

0.9
0.4
0.3
0.2
0.6
0.3
0.5
0.6
0.7
0.8
0.9
11
0.3
16
0.5
1.0
0.5
0.4
1.2
0.9
0.5
2.1
17
0.4
0.2
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Table 80. Hells Canyon study area summary statistics for density of Douglas fir > 1.5 min height.

Site N Mean Std. Dev. Min. Max. Std. Error
*) ) *)
| 6 3.2 1.6 1.0 5.0 0.7
2 6 2.2 15 0.0 4.0 0.6
3 6 0.8 0.8 0.0 2.0 0.3
4 6 0.5 0.5 0.0 1.0 0.2
5 6 18 15 0.0 4.0 0.6
6 6 2.0 0.6 1.0 3.0 0.3
7 6 2.0 1.4 0.0 4.0 0.6
8 6 3.8 15 2.0 6.0 0.6
9 6 2.8 1.2 2.0 5.0 0.5
10 6 3.0 18 1.0 6.0 0.7
1 6 3.5 1.6 1.0 6.0 0.7
12 6 4.0 2.2 1.0 7.0 0.9
13 6 0.3 0.5 0.0 1.0 0.2
14 6 8.5 4.3 2.0 13.0 1.8
15 6 5.2 1.7 3.0 7.0 0.7
16 6 6.7 2.6 3.0 10.0 11
17 6 3.0 14 1.0 5.0 0.6
18 6 3.2 1.8 1.0 5.0 0.7
19 6 6.0 1.8 3.0 8.0 0.7
20 6 5.5 2.4 1.0 8.0 1.0
21 6 18 1.0 1.0 3.0 0.4
22 6 6.8 4.7 1.0 13.0 19
23 6 8.0 3.8 2.0 13.0 16
24 6 0.5 0.8 0.0 2.0 0.3
25 6 0.2 0.4 0.0 1.0 0.2

Table 81. Hells Canyon study area summary statistics for total Douglas fir height.

Site N Mean Std. Dev. Min. Max. Std. Error
(m) (m) (m)
| 21 3.1 11 0.50 4.7 0.2
2 18 3.1 21 0.25 6.4 0.5
3 7 3.1 18 0.25 4.9 0.7
4 3 3.9 18 2.10 5.8 11
5 12 2.9 0.7 1.30 4.0 0.2
6 15 3.0 15 0.05 4.7 0.4
7 15 3.9 16 1.00 5.5 . 0.4
8 31 2.8 16 0.20 5.5 0.3
9 23 3.3 18 0.40 5.3 0.4
10 21 3.3 15 0.55 5.8 0.3
11 24 3.6 16 0.30 5.8 0.3
12 32 3.1 16 0.20 5.3 0.3
13 5 21 2.3 0.30 5.2 1.0
14 71 4.0 2.7 0.10 8.8 0.3
15 36 3.2 16 0.50 5.8 0.3
16 48 3.4 1.6 0.15 6.4 0.2
17 24 3.0 1.7 0.30 6.1 0.3
18 31 2.7 19 0.15 5.8 0.3
19 45 3.2 18 0.30 6.1 0.3
20 41 3.2 1.8 0.25 7.0 0.3
21 18 2.7 2.0 0.10 6.4 0.5
22 50 3.5 1.8 0.30 6.4 0.2
23 55 3.4 14 0.50 55 0.2
24 5 2.7 2.2 0.30 4.4 1.0
25 | 2.7 0.0 2.70 2.7 0.0
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Table 82. Hells Canyon study area summary statistics for height of Douglas fir > 1.5 m in height.

Site N Mean Std. Dev. Min. Max. Std. Error
(m) (m) (in)
| 19 3.4 0.9 18 4.7 0.2
2 13 4.1 1.6 17 6.4 0.4
3 5 4.1 0.5 3.7 4.9 0.2
4 3 3.9 1.8 2.1 5.8 11
5 11 3.1 0.6 2.3 4.0 0.2
6 12 3.7 0.5 3.0 4.7 0.2
7 12 4.5 0.9 21 5.5 0.3
8 23 3.5 11 1.7 5.5 0.2
9 17 4.1 1.2 1.8 5.3 0.3
10 18 3.7 11 1.6 5.8 0.3
11 21 4.1 11 18 5.8 0.2
12 24 3.9 0.9 1.7 5.3 0.2
13 2 4.6 0.9 4.0 5.2 0.6
14 51 5.3 19 15 8.8 0.3
15 30 3.7 13 1.8 5.8 0.2
16 40 3.9 11 1.8 6.4 0.2
17 18 3.7 13 1.6 6.1 0.3
18 20 3.8 13 1.6 5.8 0.3
19 36 3.8 14 1.6 6.1 0.2
20 33 3.8 1.4 1.8 7.0 0.2
21 11 4.0 13 21 6.4 0.4
22 41 4.1 13 15 6.4 0.2
23 48 3.8 11 1.6 5.5 0.2
24 3 4.3 0.3 4.0 4.4 0.2
25 | 2.7 0.0 2.7 2.7 0.0

Table 83. Hells Canyon study area summary statistics for Douglas fir age.

Site N Mean Std. Dev. Min. Max. Std. Error
(years) (years) (years)
| 18 18.8 4.7 10.0 27.0 11
2 16 17.2 11.3 3.0 36.0 2.8
3 7 18.6 6.6 7.0 26.0 2.5
4 2 22.0 11.3 14.0 30.0 8.0
5 12 17.5 3.8 11.0 23.0 11
6 15 15.9 6.3 1.0 25.0 1.6
7 15 21.3 8.0 8.0 34.0 2.1
8 29 16.5 7.9 2.0 35.0 15
9 23 17.0 6.8 5.0 26.0 1.4
10 21 18.8 6.2 7.0 33.0 1.4
1 22 18.7 7.1 7.0 34.0 15
12 26 16.7 6.9 3.0 28.0 1.4
13 5 13.0 11.9 3.0 30.0 5.3
14 30 24.2 12.0 3.0 42.0 2.2
15 31 17.2 8.7 5.0 36.0 1.6
16 31 17.1 5.7 5.0 33.0 1.0
17 21 17.0 7.5 3.0 30.0 1.6
18 27 18.4 8.8 4.0 39.0 1.7
19 29 18.9 9.0 3.0 40.0 17
20 28 17.5 6.3 3.0 30.0 1.2
21 18 15.7 10.5 1.0 38.0 2.5
22 28 19.8 7.7 6.0 34.0 15
23 27 20.1 6.9 8.0 32.0 13
24 5 16.4 8.0 5.0 24.0 3.6

| 16.0 0.0 16.0 16.0 0.0

N
3]
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Table 84. Hells Canyon study area summary statistics for mountain big sagebrush canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(%) (%) *)
| 6 144 2.0 12.5 17.4 0.8
2 6 15.4 2.6 121 18.7 11
3 6 15.5 3.5 10.4 19.5 14
4 6 20.4 4.3 149 24.4 18
5 6 21.6 3.3 17.2 26.1 13
6 6 19.6 3.0 16.5 25.0 12
7 6 119 6.7 6.8 24.9 2.7
8 6 10.1 3.9 6.3 17.6 1.6
9 6 11.7 4.4 7.0 19.2 18
10 6 8.9 3.0 4.8 12.3 1.2
1 6 10.1 2.5 8.0 14.2 1.0
12 6 13.2 2.2 10.8 15.9 0.9
13 6 17.1 4.9 11.8 25.9 2.0
14 6 0.4 0.5 0.0 13 0.2
15 6 2.2 15 0.8 4.5 0.6
16 6 2.5 0.6 1.8 3.4 0.3
17 6 10.3 4.2 5.0 16.6 1.7
18 6 9.7 3.0 5.3 143 12
19 6 51 2.7 3.4 10.2 11
20 6 2.5 18 0.3 4.4 0.7
21 6 19.4 3.2 15.1 24.2 1.3
22 6 4.0 2.2 11 6.7 0.9
23 6 2.0 1.9 0.2 4.3 0.8
24 6 22.4 51 16.5 28.9 2.1
25 6 26.1 4.2 18.5 30.9 1.7

Table 85. Hells Canyon study area summary statistics for density of "large” mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
#) #) (#)
| 6 63.0 6.3 57.0 70.0 2.6
2 6 75.7 154 57.0 98.0 6.3
3 6 63.7 9.8 49.0 73.0 4.0
4 6 71.8 16.2 48.0 89.0 6.6
5 6 71.3 17.3 46.0 89.0 7.1
6 6 81.2 8.7 70.0 92.0 3.5
7 6 43.8 9.6 34.0 59.0 3.9
8 6 47.5 9.9 39.0 65.0 4.0
9 6 52.3 10.0 35.0 63.0 41
10 6 59.8 8.5 46.0 69.0 3.5
1 6 58.0 15.2 42.0 85.0 6.2
12 6 56.8 2.9 52.0 59.0 1.2
13 6 67.7 8.0 580 80.0 3.3
14 6 13 1.4 0.0 4.0 0.6
15 6 13.2 7.0 7.0 25.0 2.8
16 6 13.8 3.6 8.0 19.0 15
17 6 44.8 9.2 34.0 59.0 3.8
18 6 41.8 9.1 32.0 58.0 3.7
19 6 16.7 5.3 7.0 22.0 2.2
20 6 11.3 5.2 4.0 19.0 2.1
21 6 70.7 5.6 62.0 76.0 2.3
22 6 20.5 15.3 6.0 44.0 6.3
23 6 9.7 51 4.0 18.0 2.1
24 6 73.0 15.8 60.0 100.0 6.4
25 6 96.8 11.0 87.0 118.0 4.5
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Table 86. Hells Canyon study area summary statistics for density of "little" mountain big sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
#) (#) #)
| 6 87.8 28.4 44.0 119.0 11.6
2 6 67.2 20.8 43.0 95.0 8.5
3 6 27.8 15.6 1.0 47.0 6.4
4 6 18.8 7.4 6.0 26.0 3.0
5 6 38.8 9.1 24.0 50.0 3.7
6 6 65.8 17.7 54.0 101.0 7.2
7 6 25.3 9.8 12.0 41.0 4.0
8 6 60.3 36.6 23.0 130.0 14.9
9 6 32.8 16.9 15.0 60.0 6.9
10 6 108.3 57.0 31.0 170.0 23.3
1 6 84.8 63.0 31.0 193.0 25.7
12 6 53.8 15.5 35.0 74.0 6.3
13 6 22.2 145 11.0 51.0 5.9
14 6 16.8 3.3 14.0 23.0 14
15 6 27.7 104 16.0 45.0 4.3
16 6 35.7 15.0 15.0 54.0 6.1
17 6 32.8 4.5 27.0 39.0 1.9
18 6 84.2 28.6 55.0 127.0 11.7
19 6 73.5 16.7 42.0 86.0 6.8
20 6 33.5 13.2 13.0 49.0 5.4
21 6 38.8 12.3 27.0 55.0 5.0
22 6 18.5 17.1 2.0 42.0 7.0
23 6 50.2 17.7 22.0 76.0 7.2
24 6 32.5 22.7 14.0 62.0 9.3
25 6 48.8 ' 36.9 21.0 121.0 15.1

Table 87. Hells Canyon study area summary statistics for density of dead sagebrush.

Site N Mean Std. Dev. Min. Max. Std. Error
(#) (#) (#)
| 6 20.2 6.1 10.0 28.0 2.5
2 6 20.2 7.7 11.0 34.0 3.1
3 6 32.3 9.6 24.0 48.0 3.9
4 6 20.5 4.0 16.0 26.0 1.6
5 6 18.7 6.9 9.0 30.0 2.8
6 6 12.8 4.4 6.0 19.0 1.8
7 6 27.8 7.3 16.0 38.0 3.0
8 6 26.8 5.4 21.0 33.0 2.2
9 6 34.5 4.6 28.0 40.0 1.9
10 6 26.0 6.2 17.0 33.0 2.5
1 6 22.0 14.5 2.0 37.0 5.9
12 6 27.0 3.6 23.0 32.0 15
13 6 20.8 5.4 14.0 27.0 2.2
14 6 48.2 9.2 37.0 61.0 3.7
15 6 49.5 5.2 41.0 54.0 2.1
16 6 67.3 6.3 58.0 73.0 2.6
17 6 43.7 8.8 28.0 52.0 3.6
18 6 41.5 9.2 30.0 50.0 3.8
19 6 33.5 5.2 26.0 39.0 2.1
20 6 52.3 7.0 42.0 60.0 2.9
21 6 27.3 31 22.0 30.0 1.3
22 6 54.7 135 32.0 74.0 5.5
23 6 49.8 8.6 42.0 66.0 3.5
24 6 21.2 4.4 17.0 27.0 1.8
25 6 11.3 5.0 7.0 21.0 2.0
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Table 88. Hells Canyon study area summary statistics for mountain big sagebrush age.

Site N Mean Std. Dev. Min. Max. Std. Error
(years) (years) (years)
| 30 21.9 7.3 8.0 38.0 13
2 30 29.7 105 13.0 55.0 19
3 30 25.6 7.0 5.0 42.0 1.3
4 30 20.3 51 8.0 34.0 0.9
5 30 27.4 125 9.0 52.0 2.3
6 30 31.5 6.8 18.0 46.0 12
7 30 29.0 9.0 12.0 47.0 1.6
8 30 29.3 13.2 6.0 56.0 2.4
9 30 31.7 13.7 12.0 60.0 2.5
10 30 25.4 9.8 6.0 49.0 1.8
11 30 27.8 115 8.0 54.0 21
12 30 30.8 13.7 10.0 54.0 2.5
13 30 38.1 12.4 14.0 57.0 2.3
14 8 7.0 3.9 4.0 16.0 14
15 30 23.7 17.0 4.0 54.0 3.1
16 30 28.2 9.9 9.0 44.0 18
17 30 26.5 111 10.0 58.0 2.0
18 30 31.9 135 5.0 58.0 2.5
19 30 143 9.5 5.0 48.0 17
20 29 28.9 143 6.0 62.0 2.7
21 30 30.2 7.9 12.0 44.0 15
22 30 27.4 115 7.0 45.0 21
23 29 12.4 8.0 4.0 33.0 15
24 30 311 8.0 4.0 50.0 21
25 30 16.8 3.7 11.0 24.0 0.7

Table 89. Hells Canyon study area summary statistics for individual mountain big sagebrush production.

Site N Mean Std. Dev. Min. Max. Std. Error
(g/plant) (g9/plant) (g9/plant)
| 60 41.8 29.7 9.2 138.1 3.8
2 60 38.2 28.3 9.2 122,4 3.6
3 60 39.7 225 7.3 102.9 2.9
4 60 49.6 28.2 12.4 144.2 3.6
5 60 53.0 42.9 6.7 292.1 5.5
6 60 46.5 32.8 5.6 180.7 4.2
7 60 38.2 24.8 7.2 111.7 3.2
8 60 31.6 24.2 6.3 113.2 3.1
9 60 40.9 27.8 6.7 169.1 3.6
10 60 37.8 28.7 8.0 163.3 3.7
n 60 31.2 26.4 8.7 179.6 3.4
12 60 36.0 26.0 7.0 146.7 3.4
13 60 52.5 47.5 11.0 360.2 6.1
14 8 9.5 3.1 6.7 15.6 11
15 52 18.7 9.8 6.0 42.6 1.4
16 58 17.9 7.8 6.8 34.5 1.0
17 59 26.9 15.4 7.0 86.6 2.0
18 60 27.0 16.3 7.2 76.6 2.1
19 57 14.0 6.1 6.2 34.0 0.8
20 52 16.7 8.0 6.0 37.6 11
21 60 36.1 21.2 9.3 106.9 2.7
22 56 20.1 10.4 7.1 64.3 1.4
23 48 141 7.0 5.8 36.9 1.0
24 60 51.4 33.6 6.6 196.6 4.3
25 60 54.2 35.4 8.6 221.6 4.6
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Table 90. Hells Canyon study area summary statistics for total mountain big sagebrush production/transect.

Site N Mean Std. Dev. Min. Max. Std. Error
(g/transect) (g/transect) (g/transect)
| 6 2600 244 2123 2778 100
2 6 2851 753 1958 4077 308
3 6 2557 714 1484 3345 292
4 6 3565 911 2331 4483 372
5 6 3878 1822 2186 6345 744
6 6 3779 837 2571 5009 342
7 6 1666 469 1112 2384 191
8 6 1604 1175 735 3930 480
9 6 2114 460 1595 2785 188
10 6 2283 574 1407 3067 234
1 6 1790 834 1163 3418 341
12 6 2025 437 1723 2879 178
13 6 3509 505 2963 4451 206
14 6 13 16 0 44 6
15 6 246 134 108 471 55
16 6 251 80 121 359 33
17 6 1225 376 743 1868 153
18 6 1138 312 804 1625 128
19 6 232 81 122 337 33
20 6 195 116 54 354 47
21 6 2548 390 2245 3221 159
22 6 396 295 85 909 120
23 6 144 114 55 367 47
24 6 3706 1006 2188 4838 411
25 6 5228 1205 4185 7280 492

Table 9 1. Hells Canyon study area summary statistics for grass canopy cover.

Site N Mean Std. Dev. Min. Max. Std. Error
(*) (*) (%)
1 6 23.4 6.1 17.3 31.0 2.5
2 6 23.8 6.3 15.8 33.3 2.6
3 6 21.3 4.5 15.8 28.3 1.8
4 6 26.0 6.5 18.3 34.5 2.7
5 6 29.3 7.4 19.5 38.3 3.0
6 6 20.4 3.4 17.3 25.0 1.4
7 6 19.9 2.8 17.0 24.0 11
8 6 30.0 2.9 26.3 33.5 1.2
9 6 24.8 4.0 21.3 32.3 1.6
10 6 26.3 3.8 19.5 29.8 15
1 6 25.2 6.9 14.3 32,5 2.8
12 6 23.7 5.3 14.5 285 2.2
13 6 30.8 4.0 23.8 35.5 1.6
14 6 8.2 2.8 5.5 11.3 11
15 6 13.5 4.4 8.3 19.5 1.8
16 6 14.6 2.3 10.8 17.0 0.9
17 6 14.4 35 9.8 18.3 14
18 6 25.2 4.0 20.5 31.0 1.6
19 6 14.2 3.7 9.5 19.0 15
20 6 13.1 1.5 11.0 14.8 0.6
21 6 18.4 4.8 12.0 25.3 2.0
22 6 15.8 5.3 8.8 22.3 2.2
23 6 12.7 51 6.0 20.5 2.1
24 6 22.7 4.2 17.0 27.0 1.7
25 6 25.4 4.1 19.8 29.8 1.7



Table 92. Hells Canyon study area summary statistics for forb canopy cover.
Min.
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Table 93. Hells Canyon study area summary statistics for total herbaceous canopy cover.
Std. Dev.

Site
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Mean

17.2
15.3
14.7
13.3
12.8
14.8
12.0
15.9
14.3
14.3
16.3
16.8
12.7
9.8
141
14.6
13.0
15.9
17.5
14.2
134
11.6
10.1
12.3
12.8

Mean

(%)
46.1
43.6
36.0
38.8
43.9
38.7
33.2
49.8
43.9
46.0
42.4
44.3
46.5
16.0
27.8
28.4
26.4
41.2
30.5
27.1
33.0
27.9
23.9
335
41.1

Std. Dev.

4.0
3.8
4.7
3.5
3.4
2.7
4.5
3.0
2.1
13
2.9
4.3
2.0
3.7
3.8
4.0
4.0
4.7
3.5
3.4
6.1
6.9
2.8
2.2
2.5

9.2
8.2
5.7
12.7
6.7
5.6
4.1
6.6
7.4
4.5
5.7
6.9
2.5
4.4
9.6
5.9
6.6
3.4
5.4
7.0
8.0
12.0
7.4
6.2
8.2

138

(%)
10.8
10.0
8.8
9.8
8.8
10.0
6.8
12.5
12.3
12.5
12.5
12.3
9.8
4.8
9.3
9.3
10.0
9.5
12.3
8.5
9.5
4.0
6.3
9.8
9.8

Min.

(%)
35.0
36.0
29.5
28.8
36.8
31.0
29.5
39.5
35.8
40.3
345
36.8
42.8
10.8
18.0
19.8
20.0
,38.0
235
18.3
235
16.5
16.5
22.0
26.3

Max.

(%)
20.5
20.5
23.0
19.3
19.0
17.3
20.5
19.8
17.3
15.8
20.5
22.8
14.8
13.8
19.3
19.5
20.8
23.0
20.8
18.0
25.5
23.5
13.3
14.8
16.8

Max.

(%)

57.0
55.0
43.8
60.8
54.8
44.5
41.0
57.0
57.3
52.5
47.5
52.5
50.3
21.8
40.3
36.0
38.3
45.5
37.0
36.8
45.0
48.8
37.8
38.5
50.0

Std. Error

Std.

1.7
1.6
1.9
1.4
14
11
1.9
1.2
0.8
0.5
1.2
1.7
0.8
1.5
1.6
1.6
1.6
1.9
1.4
1.4
2.5
2.8
11
0.9
1.0

Error

3.8
3.4
2.3
5.2
2.7
2.3
17
2.7
3.0
1.8
2.3
2.8
1.0
1.8
3.9
2.4
2.7
1.4
2.2
2.8
3.3
4.9
3.0
2.6
3.3
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. APPENDIX E

REGRESSION COEFFICIENT STANDARD ERRORS
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Table 94. Regression coefficient standard errors for mountain big sagebrush canopy

cover models. :

Study Area . bg b b, - bs
SILM 1.67 0.042 0.084 - -
MLP 1.19 0.084 0.001 -

HC '1.37 _ 0.109 0.002 -

. Overall 0.85 "~ 0.063 0.001 -

Confidence intervals of the form by + t(1-0/2;n-p)s{by)

Table 95. Regression coefficient standard errors for density of "large" mountain big
sagebrush models. '

Study Area by b b, " bs
SL.M 5.25. 0.380 0.006 1.639
MLP 4.79 0.337 0.005 -

HC 3.39 0.114 - -
Overall 4.15 0.195 0.003 1.330
Overall’ 2.68 0.198 0.003 -

1 - Only using Douglas fir canopy cover in the model.
Confidence intervals of the form by = t(1-0/2;n-p)s{bx)
Table 96. Regression coefficient standard errors for grass canopy cover models.

Study . Area by by b, ' bs

- SLM 1.71 0.134" 0.002 -
MLP 0.91 0.026 - -
HC 1.32 0.044 - -
Overall - 0.067 0.017 0.001 -
Overall' 0.061 0.002 - -

1 - Only using Douglas fir canopy cover in the model.
Confidence intervals of the form by t(1-0/2;n-p)s{by)

“Table 97. Regression coefficient standard errors for total herbaceous canopy cover

models. .

Study Area bo by b, bs
SLM . 1.83 0.064 - -
MLP 4.43 - 0.004 1.156 -

HC 2.85 0.225 0.004 B
Overall 1.27 0.002 - -
Overall’ 1.93 0.144 0.002 -

1 - Only using Douglas fir canopy cover in the model.
Confidence intervals of the form by + t(1-o/2;n-p)s{by) - '
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APPENDIX F

PREDICTED VALUES 'AND PREDICTION INTERVALS
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Table 98. Mountain big sagebrush canopy cover model validation results for the Sugerloaf Mountain study area.

Medicine Lodge Peak Hells Canyon
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval

| 8.7 4.8-12.6 12.0 10.2 6.3-14.1 14.4*
2 12.6 8.6-16.6 116 10.3 6.4-14.2 15.4*
3 6.7 2.8-10.7 4.4 12.0 8.1-16.0 15.5
4 4.0 0.0-8.0 2.7 12.8 8.7-16.9 20.4*
5 8.8 4.7-12.9 6.1 13.0 9.0-17.0 21.6*
6 3.0 0.0-7.1 0.5 10.7 6.8-14.6 19.6*
7 3.8 0.0-7.8 14 6.0 2.1-9.9 11.9
8 9.3 5.4-13.2 9.5 8.5 4.6-12.4 10.1
9 4.6 0.7-8.6 5.3 8.1 4.2-12.1 11.7
10 5.2 1.2-9.1 5.3 10.0 6.1-13.9 8.9
1 0.0 0.0-0.6 0.0 8.6 4.7-12.5 10.1
12 11 0.0-53 14 8.6 4.7-12.5 13.2*
13 7.2 3.3-11.1 7.4 145 10.4-18.5 17.1
14 7.0 3.1-11.0 4.4 0.0 0.0-2.3 0.4
15 5.4 14-9.4 2.6 4.9 0.9-9.0 2.2
16 10.2 6.3-14.1 17.2* 4.9 0.8-8.9 2.5
17 131 9.1-17.1 16.3 9.0 5.1-12.9 10.3
18 11.0 7.1-14.9 14.1 9.4 5.5-13.3 9.7
19 129 8.9-16.9 20.7* 2.9 0.0-7.0 5.1
20 135 9.4-17.6 20.1* 3.9 0.0-8.0 2.5
21 11.0 7.1-14.9 14.9 119 7.8-15.8 19.4*
22 10.5 6.6-14.5 19.3* 3.7 0.0-7.7 4.0
23 13.7 9.7-17.8 21.4* 11 0.0-5.3 2.0
24 16.0 11.8-20.1 27.9* 13.2 9.2-17.2 22.4*
25 0.1 0.0-4.5 0.3 145 10.4-18.5 26.1*

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Table 99. Density of “large” mountain big sagebrush model validation results for the SugerloafM ountain study area.

Medicine Lodge Peak Hells Canyon
Site Predicted Value 80 % Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval
| 49.8 38.4-61.3 53.2 58.8 47.3-70.2 63.0
2 77.9 66.1-89.8 66.2 57.5 46.1-68.9 75.7*
3 33.7 22.2-45.3 20.7* 73.3 61.7-84.9 63.7
4 22.8 11.2-34.5 19.7 87.9 75.2-100.5 71.8*
5 33.7 21.4-45.9 26.8 79.1 67.2-90.9 71.3
6 13.5 1.4-25.6 3.5 58.2 46.8-69.6 81.2*
7 17.6 5.7-29.6 9.7 35.8 24.3-47.4 43.8
8 52.1 40.6-63.5 51.3 42.3 30.7-53.9 47.5
9 24.4 12.6-36.1 20.3 42.7 31.2-54.2 52.3
10 28.7 17.2-40.3 29.8 57.7 46.3-69.2 59.8
1 0.0 0.0-16.7 0.0 48.4 36.9-59.9 58.0
12 9.2 0.0-21.7 9.8 47.8 36.3-59.3 56.8
13 39.3 27.8-50.8 47.3 82.1 70.1-94.2 67.7*
14 34.6 23.0-46.2 29.7 4.6 0.0-20.0 13
15 28.2 16.6-39.8 19.3 23.3 11.7-35.0 13.2
16 67.3 55.5-79.1 79.8* 24.1 12.5-35.7 13.8
17 79.7 67.8-91.6 73.8 47.3 = 35.8-58.8 44.8
18 60.7 49.3-72.2 75.5% 50.7 39.1-62.2 41.8
19 75.6 63.9-87.3 86.5 15.4 3.5-27.3 16.7
20 85.5 73.2-97.9 76.2 19.0 7.3-30.8 11.3
21 69.2 57.5-80.9 62.2 66.2 54.7-77.7 70.7
22 62.3 50.9-73.7 71.0 21.5 9.9-33.2 20.5
23 87.4 75.0-99.8 91.3 9.8 0.0-22.3 9.7
24 84.2 71.6-96.8 123.5* 77.7 65.9-89.5 73.0
25 2.9 0.0-16.6 3.0 89.3 76.8-101.9 96.8

Note: Negative values were truncated to 0.
+ Values fell outside of prediction inter
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Table 100. Grass canopy cover model validation results for the Sugerloaf Mountain study area.

Medicine Lodge Peak Hells Canyon
Site Predicted Value 80 % Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval
| 16.5 12.0-21.0 12.5 19.1 14.6-23.6 23.4
2 23.5 18.9-28.1 24.4 18.8 14.3-23.3 23.8*
3 133 8.7-17.8 11.4 22.6 18.1-27.2 213
4 11.2 6.6-15.8 11.8 25.6 20.8-30.3 26.0
5 147 10.1-19.2 11.3 24.3 19.7-28.9 29.3*
6 10.6 5.9-15.2 10.5 19.0 14.5-23.5 20.4
7 11.2 6.6-15.7 11.5 13.4 8.8-17.9 19.9*
8 17.2 12.6-21.7 10.5* 15.6 11.1-20.1 30.0*
9 12.0 7.5-16.6 9.8 15.3 10.7-19.8 24.8*
10 12.2 7.7-16.8 11.7 18.6 14.1-23.1 26.3*
11 10.5 3.0-18.1 5.5 16.3 11.8-20.8 25.2*
12 9.9 4.9-14.8 8.4 16.6 12.0-21.1 23.7*
13 14.5 10.0-19.1 10.4 25.9 21.1-30.6 30.8*
14 13.7 9.2-18.3 11.4 9.8 3.8-15.7 8.2
15 12.4 7.9-16.9 9.9 11.6 7.1-16.2 13.5
16 20.0 15.5-24.5 10.3 11.6 7.1-16.2 14.6
17 24.3 19.7-29.0 13.5* 16.5 12.0-21.0 14.4
18 19.7 15.2-24.2 17.7 17.5 13.0-22.0 25.2*
19 235 18.9-28.1 19.4 10.5 5.8-15.1 14.2
20 26.7 22.1-31.8 13.0* 11.0 6.4-15.6 131
21 20.7 16.2-25.2 13.8* 21.2 16.7-25.8 18.4
22 19.7 15.2-24.2 9.5* 111 6.5-15.6 16.4*
23 26.8 21.9-31.6 9.4* 9.8 4.9-14.8 12.7
24 27.5 22.5-32.4 6.8* 24.1 19.5-28.8 22.7
25 9.7 4.3-15.0 7.7 27.2 22.3-32.0 25.4

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Table 101. Total herbaceous canopy cover model validation results for the Sugerloaf Mountain study area.

Medicine Lodge Peak Hells Canyon
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval
| 29.6 22.9-36.2 29.5 31.9 25.3-38.6 46.1*
2 35.3 28.5-42.1 45.3* 31.7 25.0-38.3 43.6*
3 25.9 19.2-32.6 36.2* 34.7 27.9-41.4 36.0
4 22.4 15.6-29.2 29.9 36.7 29.8-43.5 38.8
5 27.6 21.0-34.3 40.7* 35.8 29.0-42.7 43.9*
6 21.0 14.1-27.9 40.7* 31.9 25.2-38.5 38.7*
7 22.4 15.6-29.2 37.5* 26.0 19.4-32.7 33.2*
8 30.2 23.6-36.8 43.9* 28.7 22.0-35.3 49.8*
9 24.0 17.2-30.7 35.9* 28.3 21.7-34.9 43.9*
10 24.3 17.6-31.1 32.6* 31.6 24.9-38.2 46.0*
1 11.3 3.5-19.1 16.4 29.4 22.8-36.0 42.4%
12 18.3 11.3-25.4 31.8* 29.6 23.0-36.3 44.3*
13 27.5 20.8-34.1 34.9% 36.9 30.0-43.8 46.5%
14 26.5 19.9-33.2 39.8* 145 7.0-21.9 16.0
15 24.6 17.9-31.3 39.0* 23.3 16.5-30.1 27.8
16 32.7 26.0-39.4 50.9* 23.3 16.5-30.1 28.4
17 35.9 29.1-42.7 41.1 29.6 23.0-36.2 264
18 32.5 25.8-39.1 44.3* 30.6 23.9-37.2 41.2*
19 35.3 28.5-42.1 42.0 20.7 13.8-27.6 30.5*
20 37.6 30.7-445 39.1 22.0 15.1-28.8 27.1
21 33.3 26.6-40.0 34.4 33.7 26.9-40.4 33.0
22 32.5 25.8-39.1 28.2 22.2 15.3-29.0 27.9
23 37.4 30.5-44.3 29.6* 18.3 11.2-25.4 23.9
24 37.9 30.9-44.8 24.6* 35.7 28.9-42.5 33.5
25 16.3 9.1-23.6 24.0* 37.7 30.8-44.6 41.1

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.
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Table 102. Mountain big sagebrush canopy cover model validation results for the Medicine Lodge Peak study area.

Sugerloaf Mountain Hells Canyon
Site Predicted Value 80 % Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval

| 8.0 4.4-11.6 7.7 12.9 9.3-16.5 14.4
2 0.7 0.0-4.4 12 12.6 9.0-16.2 15.4
3 11.7 8.1-15.3 12.3 17.3 13.7-20.9 15.5
4 11.8 8.2-15.4 11.0 20.9 17.1-24.6 20.4
5 4.9 1.3-86 6.6 19.3 15.7-23.0 21.6
6 11.9 8.3-15.5 113 129 9.3-16.5 19.6*
7 4.3 0.7-7.9 3.9 5.7 2.1-9.3 11.9*
8 3.8 0.2-7.4 4.3 8.6 4.9-12.2 10.1
9 23.2 19.4-27.1 20.0 8.1 4.5-11.8 11.7
10 18.1 14.4-21.7 13.4* 124 8.8-16.0 8.9
11 11.2 7.6-14.8 9.5 9.5 5.9-13.1 10.1
12 133 9.7-16.9 7.1* 9.8 6.2-13.4 13.2
13 8.3 4.7-11.9 6.0 21.3 17.5-25.0 17.1*
14 15.6 12.0-19.2 15.3 0.0 0.0-3.6 0.4
15 3.4 0.0-7.1 2.4 3.3 0.0-6.9 2.2
16 10.8 7.2-14.4 6.6* 3.3 0.0-6.9 2.5
17 0.0 0.0-3.6 0.8 9.7 6.1-13.3 10.3
18 19.0 15.3-22.7 20.3 11.0 7.4-14.6 9.7
19 20.3 16.7-24.1 10.3* 1.6 0.0-5.2 5.1
20 10.6 7.0-14.2 6.5* 2.3 0.0-6.0 2.5
21 22.5 18.7-26.3 8.5* 15.6 12.0-19.2 19.4*
22 5.5 1.8-9.1 1.7* 2.4 0.0-6.1 4.0
23 13.1 9.5-16.7 7.6* 0.4 0.0-4.1 2.0
24 2.0 0.0-5.6 2.2 19.1 15.5-22.8 22.4
25 6.4 2.7-10.0 5.3 22.8 19.0-26.6 26.1

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Table 103. Density of “large” mountain big sagebrush model validation results for the Medicine Lodge Peak study area.

. sugerloaf Mountain Hells Canyon
Site Predicted Value 80 % Prediction Observed Value Predicted Value 80 % Prediction Observed Value
Interval Interval
| 39.8 25.2-54.3 37.0 59.7 45.2-74.2 63.0
2 7.2 0.0-22.1 11.3 582 43.7-72.7 75.7*
3 54.9 40.4-69.4 48.2 76.9 62.2-91.5 63.7
4 55.1 40.6-69.6 50.5 90.6 75.6-105.6 71.8*
5 268 12.2-41.4 36.2 84.7 69.9-99.5 71.3
6 55.7 41.2-70.2 55.8 59.5 45.0-74.0 81.2*
7 24.1 9.5-38.7 22.2 30.1 15.5-44.7 43.8
8 21.9 7.3-36.6 32.0 42.1 27.5-56.6 47.5
9 99.6 84.2-115.0 87.5 40.3 25.7-54.9 52.3
10 79.8 65.1-94.4 85.7 57.6 43.1-72.1 59.8
1 52.7 38.2-67.2 61.7 45.9 31.4-60.5 58.0
12 61.2 46.7-75.7 56.5 47.0 32.5-61.6 56.8
13 41.0 26.4-55.6 48.2 92.1 77.1-107.2 67.7*
14 70.3 55.8-84.8 92.3* 0.0 0.0-15.7 1.3
15 20.2 5.6-34.9 29.7 19.6 5.0-34.2 13.2
16 51.1 36.6-65.6 54.8 19.6 5.0-34.2 13.8
17 0.9 0.0-16.6 7.2 46.9 32.3-61.4 44.8
18 83.5 68.7-98.2 76.7 52.1 37.6-66.6 41.8
19 888 73.8-103.7 69.8* 11.6 0.0-26.3 16.7
20 50.5 36.0-65.0 61.5 15.2 0.5-29.8 11.3
21 96.9 81.6-112.2 72.0* 70.3 55.8-84.8 70.7
22 29.2 14.6-43.8 15.7 15.8 1.1-30.4 20.5
23 60.3 45.8-74.8 55.3 5.6 0.0-20.5 9.7
24 135 0.0-28.2 18.8 84.0 69.2-98.8 73.0
25 32.9 18.3-47.5 36.7 98.0 82.6-113.3 968

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.
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Table 104. Grass canopy cover model validation results for the Medicine Lodge Peak study area.

Sugerloaf Mountain

Site
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Predicted Value

11.6
9.1
12.3
12.4
10.8
12.4
10.6
10.4
14.2
13.4
12.2
12.6
11.6
13.0
10.3
12.2
8.2
13.6
13.8
12.1
141
10.9
12.6
9.7
11.2

80 % Prediction
Interval
8.4-14.7
5.8-12.4
9.2-15.5
9.2-15.5
7.6-14.0
9.2-15.6
7.4-13.8
7.2-13.6

10.9-17.5
10.2-16.7
9.1-15.4
9.4-15.8
8.5-14.8
9.8-16.3
7.1-13.5
9.0-15.3
4.8-11.5
10.3-16.8
10.5-17.1
8.9-15.3
10.8-17.4
7.8-14.1
9.4-15.8
6.5-13.0
8.0-14.3

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Observed Value

10.8
12.3
19.8*
16.4*
14.7*
19.3*
10.4
10.0
25.6*
20.7*
25.5*
20.3*
12.6
17.5*
14.7*
17.3*
9.2
22.7*
21.0*
20.5*
33.5*
9.7
22.0*
9.6
14.3

Predicted Value

12.6
12.6
13.3
13.9
13.6
12.6
11.0
11.7
11.6
12.5
119
12.0
13.9

7.9
10.3
10.3
11.9
12.2

9.6

9.9
13.0

9.9

8.9
13.6
141

Hells Canyon
80% Prediction
Interval
9.4-15.8
9.3-15.7
10.1-16.6
10.6-17.1
10.4-16.9
9.4-15.8
7.8-14.2
8.5-14.9
8.4-14.8
9.3-15.7
8.7-15.1
8.8-15.1
10.6-17.2
4.5-11.3
7.1-13.5
7.1-13.5
8.8-15.1
9.0-15.4
6.3-12.8
6.7-13.1
9.8-16.3
6.7-13.2
5.6-12.2
10.3-16.9
10.8-17.4

Table 105. Total herbaceous canopy cover model validation results for the Medicine Lodge Peak study area.

Site
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Predicted Value/l

Sugerloaf Mountain
80% Prediction
Interval/ |

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.
/I - Model was unable to generate a predicted value and interval for the Sugerloaf Mountain study area as HTG15M was not measured

for this study area.

Observed Value
/1

Predicted Value

38.4
39.1
42.0
41.7
38.9
39.9
39.4
36.7
37.0
38.1
36.7
37.5
44.1
24.3
35.2
35.3
38.4
37.7
31.9
35.0
39.8
33.8
33.6
43.1
37.9

Hells Canyon
80% Prediction
Interval
30.2-46.6
31.0-47.3
33.7-50.3
33.4-50.1
30.5-47.2
31.7-48.1
31.2-47.5
28.6-44.9
28.9-45.1
29.9-46.2
28.6-44.8
29.4-45.6
35.7-52.6
15.0-33.7
27.1-43.3
27.3-43.4
30.2-46.6
29.6-45.8
23.7-40.1
26.9-43.1
31.6-48.0
25.7-41.9
25.5-41.7
34.7-51.6
29.4-46.3

Observed Value

23.4*
23.8*
21.3*
26.0*
29.3*
20.4*
19.9*
30.0*
24.8*
26.3*
25.2*
23.7*
30.8*
8.2
135
14.6*
14.4
25.2*
14.2*
131
18.4*
16.4*
12.7*
22.7*
25.4*

Observed Value

46.1
43.6
36.0
388
43.9
38.7
33.2
49.8*
43.9
46.0
42.4
443
46.5
16.0
27.8
28.4
26.4*
41.2
30.5
27.1
33.0
27.9
23.9*
33.5*
411
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Table 106. Mountain big sagebrush canopy cover model validation results for the Hells Canyon study area.

Sugerloaf Mountain Medicine Lodge Peak
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval

| 9.7 5.9-13.4 7.7 11.3 7.6-15.0 12.0
2 1.9 0.0-5.7 12 19.4 15.6-23.2 11.6*
3 133 9.6-17.0 12.3 7.2 3.5-11.0 4.4
4 13.3 9.6-17.0 11.0 4.2 0.4-7.9 2.7
5 6.6 2.8-10.3 6.6 9.1 5.3-12.8 6.1
6 13.5 9.8-17.2 11.3 31 0.0-6.9 0.5
7 5.9 2.2-97 3.9 4.1 0.4-7.9 14
8 5.4 1.7-9.2 4.3 121 8.4-15.8 9.5
9 23.8 19.7-27.8 20.0 5.4 1.7-9.2 5.3
10 19.1 15.4-22.9 13.4* 5.7 2.0-9.5 5.3
1 12.7 9.0-16.4 9.5 0.0 0.0-5.0 0.0
12 14.7 11.0-18.4 7.1* 15 0.0-5.4 14
13 10.0 6.2-13.7 6.0* 8.9 5.2-12.6 7.4
14 16.9 13.2-20.6 153 7.9 4.1-11.6 4.4
15 5.0 1.3-8.8 2.4 6.0 2.3-98 2.6
16 12.4 8.7-16.1 6.6* 155 11.8-19.2 17.2
17 0.3 0.0-4.6 0.8 20.3 16.5-24.1 16.3*
18 20.0 . 16.2-23.8 20.3 15.1 11.5-18.8 14.1
19 21.2 17.4-25.1 10.3* 19.4 15.6-23.2 20.7
20 12.2 8.5-15.9 6.5* 23.2 19.2-27.2 20.1
21 23.1 19.2-27.1 8.5* 16.3 12.6-20.0 14.9
22 7.2 3.4-10.9 1.7* 15.1 11.5-18.8 19.3*
23 145 10.8-18.2 7.6* 22.9 19.0-26.9 21.4
24 3.4 0.0-7.2 2.2 23.7 19.7-27.7 27.9*
25 8.0 4.3-11.8 5.3 0.5 0.0-4.7 0.3

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Table 107. Density of “large” mountain big sagebrush model results for the Hells Canyon study area.

Sugerloaf Mountain Medicine Lodge Peak
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval
| 45.9 32.9-58.8 37.0 51.3 38.4-64.3 53.2
2 9.7 0.0-23.3 11.3 74.0 60.8-87.2 66.2
3 57.3 44.4-70.3 48.2 36.8 23.8-49.8 20.7*
4 57.5 44.5-70.5 50.5 23.2 10.0-36.4 19.7
5 34.2 21.2-47.3 36.2 43.7 30.8-56.7 26.8*
6 57.9 45.0-70.9 55.8 17.6 4.3-30.9 3.5*
7 31.5 18.5-44.6 22.2 23.0 9.8-36.3 9.7*
8 29.2 16.1-42.3 32.0 53.9 41.0-66.9 51.3
9 84.3 70.9-97.8 87.5 29.2 16.1-42.3 20.3
10 73.3 60.1-86.5 85.7 30.7 17.6-43.7 29.8
11 55.8 42.8-68.7 61.7 0.0 0.0-0.0 0.0
12 61.7 48.7-74.7 56.5 7.0 0.0-20.6 9.8
13 46.9 33.9-59.8 48.2 43.1 30.2-56.1 47.3
14 67.5 54.5-80.6 92.3* 39.3 26.3-52.2 29.7
15 27.4 14.2-40.5 29.7 31.8 18.7-44.9 19.3
16 54.6 41.7-67.6 54.8 63.7 50.6-76.7 79.8*
17 0.0 0.0-10.1 7.2 76.3 63.1-89.5 73.8
18 75.4 62.2-88.7 76.7 62.8 49.8-75.8 75.5
19 78.4 65.2-91.7 69.8 74.0 60.8-87.2 86.5
20 54.2 41.2-67.1 61.5 83.0 69.6-96.5 76.2
21 82.9 69.5-96.3 72.0 66.0 52.9-79.0 62.2
22 36.5 23.5-49.5 15.7* 62.8 49.8-75.8 71.0
23 61.1 48.1-74.1 55.3 82.5 69.1-95.9 91.3
24 19.2 5.9-32.5 18.8 84.2 70.7-97.6 123.5*
25 40.0 27.0-53.0 36.7 0.0 0.0-13.0 3.0

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.
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Table 108. Grass canopy cover model validation results for the Hells Canyon study area.

Sugerloaf Mountain Medicine Lodge Peak
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval

| 20.3 15.3-25.4 10 8+ 21.4 16.4-26.4 12.5+
2 13.1 7.8-18.4 12.3 25.9 20.7-31.1 24.4
3 22.6 17.5-27.7 19.8 185 13.4-23.6 11.4+
4 22.6 17.6-27.7 16.4+ 15.8 10.7-21.0 11.8
5 18.0 12.9-23.1 147 19.9 14.8-24.9 11.3+
6 22.7 17.6-27.8 19.3 14.7 9.5-19.9 105
7 17.5 12.4-22.6 10.4+ 15.8 10.6-20.9 11.5
8 17.0 11.9-22.1 10.0+ 21.9 16.9-27.0 10.5+
9 28.0 22.7-33.2 25.6 17.0 11.9-22.1 9.8+
10 25.8 20.6-30.9 20.7 17.3 12.2-22.4 11.7+
11 22.3 17.2-27.3 255 7.1 1.3-12.9 5.5
12 23.5 18.4-28.5 20.3 12.6 7.3-17.9 8.4
13 20.5 15.5-25.6 12.6+ 19.8 14.7-24.8 10.4+
14 24.6 19.5-29.7 17.5+ 19.0 13.9-24.1 11.4+
15 16.6 11.5-21.8 14.7 17.5 12.4-22.6 9.9+
16 22.1 17.0-27.1 17.3 23.8 18.8-28.9 10.3+
17 10.4 4.9-15.9 9.2 26.4 21.2-315 13.5+
18 26.2 21.0-31.3 22.7 23.7 18.6-28.8 17.7+
19 26.8 21.6-32.0 21.0+ 25.9 20.7-31.1 19.4+
20 22.0 16.9-27.0 20.5 27.7 22.5-32.9 13.0+
21 27.7 22.4-32.9 33.5+ 24.3 19.2-29.4 13.8+
22 18.5 13.4-23.5 9.7+ 23.7 18.6-28.8 9.5+
23 23.3 18.3-28.4 22.0 27.6 22.4-32.8 9.4+
24 15.0 9.8-20.2 9.6+ 27.9 22.7-33.2 6.8+
25 19.1 14.1-24.2 14.3 11.0 5.6-16.5 7.7

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.

Table 109. Total herbaceous canopy cover model validation results for the Hells Canyon study area.

Sugerloaf Mountain Medicine Lodge Peak
Site Predicted Value 80% Prediction Observed Value Predicted Value 80% Prediction Observed Value
Interval Interval
| 38.3 30.5-46.0 27.3+ 39.4 31.6-47.1 29.5+
2 24.7 16.7-32.8 23.8 411 33.2-48.9 45.3
3 40.2 32.6-47.9 40.8 35.9 28.2-43.7 36.2
4 40.3 32.6-47.9 31.3+ 31.1 23.3-38.9 29.9
5 35.1 27.4-42.9 27.5 37.8 30.0-45.6 40.7
6 40.3 32.6-48.0 40.5 28.6 20.8-36.5 40.7+
7 34.2 26.5-42.0 25.1 31.0 23.2-38.8 37.5
8 33.4 25.7-41.2 19.4+ 39.8 32.1-47.5 43.9
9 40.4 32.0-48.7 31.9+ 33.4 25.7-41.2 35.9
10 41.1 33.3-48.9 30.7+ 33.9 26.2-41.7 32.6
1 40.0 32.3-47.7 36.6 4.4 0.0-16.2 16.4+
12 40.7 33.0-48.3 29.0+ 23.2 15.1-31.4 31.8+
13 38.5 30.8-46.2 25.5+ 37.7 29.9-45.4 34.9
14 41.0 33.3-48.7 34.5 36.6 28.9-44.4 39.8
15 32.7 25.0-40.5 29.7 34.3 26.6-42.1 39.0
16 39.9 32.2-47.6 28.1+ 40.8 33.2-48.5 50.9+
17 16.7 7.7-25.7 11.9 41.0 33.1-48.9 41.1
18 41.0 33.2-48.9 33.7 40.8 33.1-48.4 44.3
19 40.9 32.9-48.9 33.7 411 33.2-48.9 42.0
20 39.8 32.1-47.5 29.5+ 40.5 32.2-48.8 39.1
21 40.5 32.3-48.8 44.0 41.0 33.3-48.6 34.4
22 35.9 28.1-43.6 16.0+ 40.8 33.1-48.4 28.2+
23 40.6 33.0-48.3 29.7+ 40.6 32.3-48.8 29.6+
24 29.4 21.5-37.2 19.5 40.4 32.0-48.7 24.6+
25 36.8 29.1-44.6 28.0+ 18.6 9.9-27.3 24.0

Note: Negative values were truncated to 0.
+ Values fell outside of prediction intervals.
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Table 110. Mountain hig sagebrush canopy cover overall model validation results.

Observation Predicted Value 80% Prediction Observed Value
Interval
SLM #4 11.2 7.4-15.1 11.0
SLM #6 11.4 7.5-15.3 11.3
SLM #14 14.8 10.9-18.7 15.3
MLP #1 9.3 5.4-13.2 12.0
MLP #2 17.3 13.4-21.2 116+
MLP #4 2.9 0.0-6.8 2.7
MLP #6 2.1 0.0-6.0 0.5
MLP #21 14.2 10.3-18.1 14.9
MLP #22 13.0 9.2-16.9 19.3+
HC #8 8.3 4.4-12.2 10.1
HC #11 9.1 5.3-13.0 10.1
HC #16 3.5 0.0-7.4 2.5
HC #17 9.4 5.5-13.2 10.3
HC #21 14.8 10.9-18.7 19.4+
HC #25 21.4 17.4-25.4 26.1+

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.

Table 111. Density of "large” mountain big sagebrush overall model validation results.

Observation Predicted Value 80% Prediction Interval Observed Value
SLM #4 54.5 43.6-65.5 50.5
SLM #6 54.1 43.2-65.0 55.8
SLM #14 65.6 54.6-76.6 92.3+
MLP #1 50.2 39.3-61.2 53.2
MLP #2 77.0 65.9-88.1 66.2
MLP #4 23.2 12.2-34.2 19.7
MLP #6 12,5 1.4-23.6 3.5
MLP#21 69.3 58.2-80.3 62.2
MLP #22 61.9 51.0-72.9 71.0

HC #8 42.0 31.0-53.0 47.5
HC #11 48.6 37.7-59.6 58.0
HC #16 24.2 13.2-35.2 13.8
HC #17 47.1 36.1-58.0 44.8
HC #21 65.1 54.2-76.1 70.7
HC #25 87.1 75.8-98.4 96.8

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.

Table 112. Density of “large” mountain big sagebrush overall model validation results when
only Douglas fir cover is used in the model.

Observation Predicted Value 80% Prediction Observed Value
Interval

SLM #4 54.8 42.8-66.8 50.5
SLM #6 55.3 43.3-67.3 55.8
SLM #14 66.2 54.2-78.2 92.3+
MLP #1 48.2 36.2-60.2 53.2
MLP #2 73.9 61.8-86.0 66.2
MLP #4 21.8 9.7-33.8 19.7
MLP #6 17.2 5.1-29.3 3.5+
MLP #21 64.3 52.3-76.4 62.2
MLP #22 60.7 48.7-72.7 71.0
HC #8 44.5 32.5-56.5 47.5
HC #11 47.6 35.6-59.6 58.0
HC #16 24.7 12.6-36.7 13.8
HC #17 48.3 36.3-60.4 44.8
HC #21 66.2 54.2-78.2 70.7
HC #25 85.8 73.4-98.2 968

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.
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Table 113. Grass canopy cover overall model validation results.

Observation Predicted Value 80% Prediction Observed Value
Interval
SLM #4 17.3 12.1-24.8 16.4
SLM #6 16.0 11.2-23.0 19.3
SLM #14 16.7 11.6-23.9 17.5
MLP #1 15.7 10.9-22.5 125
MLP #2 21.1 14.6-30.3 24.4
MLP #4 12.7 8.8-18.2 11.8
MLP #6 8.3 5.7-12.0 10.5
MLP #21 19.4 13.5-27.8 13.8
MLP #22 17.6 12.3-25.2 9.5+
HC #8 15.5 10.8-22.2 30.0+
HC #11 16.7 11.6-23.9 25.2+
HC #16 12.7 8.8-18.2 14.6
HC #17 16.9 11.8-24.3 14.4
HC #21 18.3 12.8-26.3 18.4
HC #25 23.2 16.0-33.4 25.4

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.

Table 114. Grass canopy cover overall model validation results when only Douglas fir cover is used in the model.

Observation Predicted Value 80% Prediction Observed Value
Interval

SLM #4 17.4 11.8-25.5 16.4
SLM #6 17.4 11.9-25.6 19.3
SLM #14 19.5 13.3-28.6 17.5
MLP #1 16.2 11.0-23.7 12.5
MLP #2 21.0 14.2-30.8 24.4
MLP #4 11.7 8.0-17.2 118
MLP #6 11.0 7.5-16.2 10.5
MLP #21 19.1 13.0-28.1 13.8
MLP #22 18.4 12.6-27.1 9.5+
HC #8 15.5 10.6-22.8 30.0+
HC #11 16.1 11.0-23.6 25.2+
HC #16 12.2 8.3-17.9 14.6
HC #17 16.2 11.1-23.8 14.4
HC #21 19.5 13.3-28.6 18.4
HC #25 23.4 15.8-34.5 25.4

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.

Table 115. Total herbaceous canopy cover overall model validation results.

Observation Predicted Value 80% Prediction Observed Value
Interval

SLM #4 33.1 24.2-42.0 31.3
SLM #6 34.6 25.7-43.6 40.5
SLM #14 36.8 27.9-45.8 34.5
MLP #1 32.2 23.3-41.1 29.5
MLP #2 39.2 30.2-48.2 45.3
MLP #4 30.3 21.3-39.2 29.9
MLP #6 28.5 19.5-37.5 40.7+
MLP #21 36.9 28.0-45.9 34.4
MLP #22 36.7 27.7-45.7 28.2
HC #8 36.1 27.2-45.1 49.8+
HC #11 34.3 25.3-43.2 42.4
HC #16 32.8 23.9-41.8 28.4
HC #17 37.5 28.5-46.5 26.4+
HC #21 37.4 28.5-46.4 33.0
HC #25 40.3 31.2-49.3 41.1

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.
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Table 116. Total herbaceous canopy cover overall model validation results when only Douglas fir cover is used in the model.

Observation Predicted Value 80% Prediction Observed Value
Interval

SLM #4 36.7 27.7-45.6 31.3
SLM #6 36.7 27.7-45.7 40.5
SLM #14 37.5 28.5-46.5 34.5
MLP #1 35.9 26.9-44.9 29.5
MLP #2 37.7 28.7-46.8 45.3
MLP #4 29.6 20.6-38.6 29.9
MLP #6 27.8 18.8-36.8 40.7*
MLP #21 37.4 28.4-46.4 34.4
MLP #22 37.2 28.2-46.2 28.2
HC #8 35.3 26.3-44.3 49.8*
HC #11 35.8 26.8-44.8 42.4
HC #16 30.6 21.6-39.6 28.4
HC #17 35.9 26.9-44.9 26.4*
HC #21 37.5 28.5-46.5 33.0
HC #25 37.7 28.4-46.9 41.1

Note: Negative values were truncated to 0.
+Value fell outside of prediction interval.
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