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Thne objectives of the experiment were to: 1) determine the relationship "
cetween overstory canopy cover and ungulate herbivory on urderstory production,
composition and diversity and 2) detsrmine the effects of timber harvest, ungulate
herbivory and season of use on botanicai composition and nutriticnal quality of
heef catﬁé diets. Three randomly sciected grand fir (Adies grandis) and
ponderosa pine (Pinus ponderosa) sites were established in 1986. Timber harvest
ard herbivory treatments were arranged in 2 sglit-plot design.

Results from grand fir forests indicated that timber harvest had a greater
magnitude effect on understory species and shrub responses thar herbivory
treatments. Understory production was sicrificantly greater i;j treatments that
allowad domestic and wild ungulate herbivosy compared to total removal of
ungulate herbivory. Production of understciry vegetation increased with

decreasing canopy cover. Plant communities wers affacted by timber harvest and



herbivory. There appeared : fiarences 2mong all timber harvest treatments,
whereas, among herbivory treztrerits, totsi reémoval of ungulate herbivory
appeared to be different than other herbivairy trestments.

Results from ponderosa pina treatmznts indicated that there were no
directional responses attributed to either timber harvest or herbivory on
understory plant species frequency. Understory production was significantly
greater in treatments with no ungulate herbivory compared to treatments with
domestic and wild ungul_,afe herbivory. Production was significantly greater in
commercially thinned stands compared to non- harvested stands with greater
canopy cover. Plant communities were affected by timber harvest but not by
herbivory. |

Nutritional quality of diets was significantly greater in June than in August
for both grand fir and ponderosa pine sites. Timber harvest treatments only
affected ADF content in grand § n Sites, whé?eas, herbivory treatments had no
atfect on nutritional quality of diets. Graminoids were the major'constituent in the
diet, forbs were intermediate and shrubs were the least. Season of use did not
influence the botanical composition of diets.

This research indicates that the effects of timber harvest may have a
greater effect on understory vegetation composition, structure and production
than herbivory. In addition, timing of grazing had a greater influence on diet

quality than di¢ herbivory and{or) timber harvest.



©Copyright by Kenric J. Walburger
October 28, 2005
All Rights Reserved



The Effects of Timber Harsest and Herbivary on Understory Vegetation and
Composition of 3eef Cattle Diets on Forested Rangelands

by

Kenric J. Waiburger

A Dissertation
submitted to

Oregon State Univeristy

in partial fulfillment of
the requirements of the
degree of

Doctor of Philosophy

Presentea October 28, 2005
Commencermient June 2006



Doctor of Philosophy dissertation of Kenric 1. Y/aiburger presented on October 28
2005.

APPROVED:

Redacted forpfivahcy»

-

Major Professor, representing Animggience

Redacted for privacy

( —

He%f the Department of Animal Sciences

/ A A
.Redacted for privacy

/

Dean of the-Graduate School

I understand that my dissertation will become part of the permanent collection of
Oregon State University libraries. My signatisre below authorizes release of my
dissertation to any reader upon reques

__Redacted for privacy

~~¥”,,§,
Kenric J. Walburger, Author



ACENUWLEDGEMENTS

This research and graduate program were supported by the Eastern Oregon
Agriculture Center. I am thankfut for the forsight of Dr. Martin Vavra for
beginning this study in 19835 and fcliowing it though his tenure as superintendent
and also for Dr. Timothy DelCurto for helping maintain this project. Dr. Timothy
DelCurto, my major professor, mentor, and now a good friend. Tim, without your
assistance and support I Would not have been able to complete this dissertation. I
would like to thank all the committee members Drs. Martin Vavra, Patricia
Kennedy and James Males for their time and constructive criticism throughout this

process. You all contributed your expertise to make this dissertation and program

ied o my graduate school representatives Dr.

better. Appreciation is also ex;#
Steven Strauss, for sitting on the other end of a phone for my preliminary exam
and Dr. Vasconcelos, for the firnal exam.

i'would like to extend appreciation to the summer studenfs that were hired
to help with rumen evacuations and forage clipping. I would like to thank fellow
graduate students for their help and input along the way. I would especially like
to thank Micah “Weasel” Wells for the comic relief and friendship throughout the
time in Union.

Finally, I would like to express the sincerest thanks to my wife, Kimberly
for her moral support and understanding throtighout our time in graduate school.

If not for her tremendous stipport 1 would not have been able to make it. This



degree is as much hers as mine. Mv kids. Juslin and Mackenzie, I am finally going
to be done and have a reat! ich.

Thank you everyon#'



TRIBUTICH ©F AUTHORS

Dr. Timothy DelCurto assisted in arning cata cotiection, data analysis and
manuscript preparation. Dr. Martin Vavra ass

Sy

in manuscript preparation and

initiated and maintaining the cxpstiment gver the vears.




Chapter 1: Introduction .. .. ... et et aaenine s
Literature Cited ................ e (resoneasians rene st nrenens et nasneesnannaaras

Chapter 2: The Effects of Herbivory and Timber Harvest on
Understory Vegetation in a Ponderosa Pine (Pinus ponderosa)

Habitat in Northeastern Oregon ........ccoocoviiiciiicce e,

A AT e e aaaaen

Materials and Methods  ...oooooiiiiiee e

Vegetation Sampling ...
Statistical Analysis ............... SOTUSR R e

RESUILS .o, e
Canopy Cover .............. OO O USROS EPRPPO
Understory Production ..o
Species COMPOSITION ... e e
Shrub Density and Cover ... e,

- Plant Community RESPONSES  ...ocviveive e

DISCUSSION  1iuviiiiiiiiiciniiincnntsiacaiss s s rertnn s ar s serersa s recresneennassenennens

IMPHCAIONS ..o e

Literature Giited ..o

Chapter 3: The Effects of Herbivory and Timber Harvest on

Understory Vegetation in & Grana Fir (Ab/es grandis) Habitat in

Northeastern Oregon ... ... e et et e e

ABStract .o e e e

11

12

14
15

18
20

22
22
22
25
29
33
36
40

41

45
46
48
49

52



TAR E SF CONTENTS (Centinued)

Page
Statistical Analysis ...................... e riareserrerssesesnteesssareeseseessannes 54
ReSUItS oo EUUPTIE e erevieeeeee tirere s ta e e enraesanteren 56
Canopy Cover ............... St tetennbirast vk ensessenaateesaeaan SRR 56
Species ComPpoSItiON ..o 57
Shrub Density and Cover ................ USRS 62
Understory Production ..........cocco oo e 63
Plant Community Responses ..........cccce.... et aaaan 65
DISCUSSION 1ot snsaen e S 67
Implications ........cccccooeeieeiinnnn. e freeeeeeer e 72
Literature Cited ..o U 73
Chapter 4: Effects of Timber Harves: and Herbivory on Subsequent
Cattle Diets on Forested Rangelands ..... e et 78
Abstract ... et e e e e eieeee e ettt s 79
Introduction ..ccovoiieei BRI e et 81
Materials and Methods .......................................... e 82
RESUILS .o et ettt en 88
Grand Fir SIEES .ot e s 88
Ponderosa Pine SItES  .....coveiiiiierei e g2
DiSCUSSION ..o et e aaa 94
Management Implications ..., e s 98
Literature Cited ..o RUTTUTTRRR et 100
Chapter 5: Conclusions ..............cc.coov ... e e e e eaia e e 103
BibhHography oo e s 108

APPENAICES .o e s 115



Figure
2.1

2.2

2.3

2.4

2.5

3.1

3.2

3.3

4.1

Layout of timber h:irv Jx {contred and ‘hmned) and herbivory
(Graze - cattle and 13 2 grazing: 1UExc — cattle exclosure,
big game grazing oriy; xc — tete exclosure, exclusion of
cattle and big game g Hnmrr treafn ents for each ponderosa
pine SIte i e S PU RPN

The effects of herbivery treatments on the understory
production (kg/ha) withiri a ponderosa pine forest in eastern

U OPEGON oottt et e

Changes in the production of elk sedge over time within a
ponderosa pine forest in northeastern Oregon ...

The effects of herbivory treatments on snowberry production
(kg/ha) within & ponderosa pine ferest in eastern Oregon ...

The changes in rose (Rosa gymnocarpa Nutt.) density over
time between 1988, 1321, 1994 and 2003 with 1985 ...........

NMS Ordination of understory species composition in 2003 of
(A) site differences, (£} timber ‘fmrw‘"'*" effects, (C) herbivory
effects in a ponderosa pine forest in northeastern Oregon

Layout of the timber harvest {controi, thinned and clearcut)
and herbivory (Graze - cattie and big game grazing; CExc —
cattle exclosure, big game grazing only; TExc — total
exclosure, exclusion of c;‘ttu_ and big game grazing)
treatments for each grand fir site

Overstory canopy cover {%) of grand fir sites in 1985, prior to
timber harvest, and SUbw:c-uenfly in 2003 e,

NMS Ordination of the changes in understory species
composition from 1985 to 2003 of (A) site differences, (B)
timber harvest effects, and {C) herbivory effects in a grand fir
farest in northeastemn O*cc,m ...... et antee st et e pae e et neneree e

Precipitation data (cm) fr@n', weather station located at
Eastern Oregon Agriculture Research Center's Hall Ranch ...

17

24
25
26

34

35

51

56

66

83



Figure
4.2

4.3

tLontinued)

Layout of the timber harvest (cortral, thirned and clearcut)

and herbivory (Grazé -- cattie and bia asihe grazing; CExc —
cattle exclosure, big game grazing only: TEXC — total
exclosure, exclusion ¢f caitle and big gaine grazing)
treatments for each grand fir site ..o

Layout of timber harvest (control and thinned) and nerbivory
(Graze —~ cattle and big game grazing; CExc - cattle exclosure,
big game grazing only; TExc - total exclosure, exclusion of
cattle and big game grazing) treatments for each ponderosa
PINE SItE e Sarerrrrreeeaaaa e



2.2

2.3

2.4

2.6

2.7

2.8

2.9

2.10

3.1

LIST OF TABLES

Precipitation data (cm), for vegetation sarnpling years, from
weather station located at Eastern Oregin Agriculture

Research Center's Hall Ranch e

The effects of timber harvest on the understory production

(kg/ha) within a pondercsa pine forest in eastern Oregon .....

Species frequency means in 1985, prior to experiment

~ initiation, in a ponderosa pine forest in northeastern Oregon ..

The effects of timber harvest and year on the difference in
species frequency from 1985 in a ponderosa pine forest in

NOrtheastern Oregon  .........o.ccooiiieeeciree e

The effects of timber harvest and herbivory on the change in
species frequency from 1985 in a ponderosa pine forest in

northeastern OregoN  ......coocooiiiiiiiiceee e

The effects of timber harvest and herbivory on the change in
understory species frequency from 1985 in a ponderosa pine
forest in northeastern Qragon s

Plant species richness, diversity, and evenness responses to
timber harvest and herbivory in & ponderosa pine forest in

northeastern Oregon ..... T S PSSO SU SR

Understory species turncver rates from 1985 to 1988, 1991,
1994, 1997 and 2003 in a ponderosa pine forest in

northeastern Oregon .......... pireetie bt et b e st s das e e asans

Shrub species density (#/ha) and cover in 1985, prior to
experiment initiaticn, in a ponderosa pine forest in

northeastern Oregon .........iccioveiiee et

The effects of timber harvest and herbivory on the changes
from 1985 of understory shrub density (#/ha) and cover in a
ponderosa pine forest in northeastern Oregon ...........ccco........

Precipitation data (cm), for vegetation sampling years, from
weather station located at Eastern Oregon Agriculture
Research Center’s Hall Ranch ..........ocooievcviieieciee e

16

23

28

29

30

31

32

32

33

50



Table

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

4.1

4.2

LIST OF TABLES {Tuitinued)

Species frequency means in 1985, pricr to experiment
initiation, in a grand fir forest in noitheastern Oregon  ...........

The average shrub species density (#/ha} and cover (%) in
1985, prior to experimerit initiation, in a grand fir forest in
northeastern Oregon ... e

The effects of timber harvest and herbivory treatments.on the
changes in species composition, from 1985 through 2003, in a
grand fir forest in northeastern Oregon .........c.cccoviiiiiiicnis

Changes in species composition, since 1985, in a grand fir
forest in northeastern Oregon ..o

Changes in species composition, from 1985, as affected by
time and timber harvest treatments in a grand fir forest in
northeastern Oregon ..o

Changes in species composition, from 1985 to 2003, as
affected by timber harvest and herbivory treatments in a
grand fir forest in northeastern Oregon ... iiiiiiccn,

Plant species richness, diversity, and evenness responses to
timber harvest and herbivory in 2 grand fir forest in
northeastern Oregon .......... e e e ettt

The effects of timber harvest and herbivory on understory
species turnover rates from 1985 to 2003 in a grand fir forest
in northeastern Oregon  ........ccvviioveie e

The effects of timber harvest and herbivory on understory
production in a grand fir forest in northeastern Oregon .........

The effect of season of use and timber harvest on the
subsequent quality of steer diets in a grand fir forested
habitat ..o

The effects of timber harvest and herbivory treatments on the
botanical composition (%) of steer diets in a grand fir forested
habitat .o

58

59

60

60

61

62

63

64

89

90



Table

4.3

4.4

4.5

4.6

4.7

LIST OF TABLES (©antinued)

k8

The effects of timber harvest and herbivory treatments on the
relative preference index {RPI) of yranimoids, forbs, and
shrubs for steer diets in & grand fif furestad habitat ...........

The effects of timber harvest on understory production (kg e
ha™), 18 years post-harvest, in a grand fir forest in
northeastern Oregon ............... eeterereee e earee et aeaeeeseeeaeeeee s reens

~ The effects of season of use on the diet quality of steers

grazing a ponderosa pine forested habitat ...

The effects of herbivory on the botanical composition (%) and
relative preference index (RPI)* of steer diets within a
ponderosa pine forest type ...

The effects of timber harvest on understory production (kg
ha™), 18 years post-harvest, in a ponderosa pine forest in
northeastern Oregon ............ e et e e ereesna e e ee e

92

92

93

95



LIST OF ARPENDICES

Page

Appendix A: List of Species Identified in Grand Fir and Ponderosa Pine
SItES e A ltrene et st e 166
Appendix B: Ponderosa Pine Understory Vegetation Changes ............ 123
Appendix C: Ponderosa Pine Shrub Density and Cover Changes ........ 154
Appendix D: Grand Fir and Ponderosa Pine Understory Production ... 161
Appendix E: Grand Fir Undérstory Vegetation Changes ..........c.......... 166
Appendix F: Grand Fir Shrub Density and Cover Changes ........... e 191

Appendix G: Nutritional Quality of Steer Diets ....cccocooevriieiiinienn B 200



B.1
B.2
B.3
B.4
B.5.
B.6
B.7
B.8
B.9
B.10
C.1

C.2

LIST OF APPENDIEX TABLES

List of all species identifies by frequency counts for ponderosa
PINE SIEES e i e er et e e nre et

List of all species identified by frequency counts in grand fir
SIES e e et eeteeeeaanEteeaeeiereieeteeesareeeeanaeeeeaeeeenanes

The changes in species composition in a ponderosa pine

~forest from 1985 to 1988 using a 30 ¢cm x 30 cm plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 1988 using a 30 cm x 60 cm plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 1991 using a 30 cm x 30 cm plot frame ...

The changés in species composition in a ponderosa pine
forest from 1985 to 1991 using a 30 cm x 60 cm plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 1994 using a 30 cm x 30 ¢cm plot frame ...

The changes in species composition it a ponderosa pine

- forest from 1985 to 1994 using a 30 ¢cm x 60 ¢m plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 1997 using a 30 cm x 30 ¢cm plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 1997 using a 36 ¢cm x 60 cm plot frame ...

The changes in species composition in a ponderosa pine
forest from 1985 to 2005 using a 30 cm x 30 cm plot frame ...

The changes in species composition ir a ponderosa pine
forest from 1985 to 2005 using a 30 cm x 60 cm plot frame ...

Changes in shrub density from 19595 to 1988, 1991, 1994, and
2003 e e e e

Changes in shrub cover from 1995 to 1988, 1991, 1994, and
2003 e e et e e a e

120

124

127

130

133

136

139

142

145

148

151

155

158



E.3

E.4

E.5

E.6

F.1

F.2

G.1

G.2

G.3

G4

LIST G #EFENDIX TABLES (Continued)

The changes in species composition i a grand fir forest from
1985 to 1994 using a 30 <in x 30 ¢m plot frame s

The changes in species composition in a grand fir forest from
1985 to 1994 using a 30 ¢m x 60 ¢m plot frame ...

The changes in species composition in a grand fir forest from
1985 to 1997 using a 30 cm x 30 ¢cm plot frame ...

The changes in species composition in a grand fir forest from
1985 to 1997 using a 30 cm x 60 ¢cm plot frame ..................

The changes in species composition in a grand fir forest from
1985 to 2003 using a 30 cm x 30 cm plot frame ............ e

The changes in species composition in a grand fir forest from
1985 to 2003 using a 30 cm x 60 cm plot frame  ....................

The changes in shrub density from 1995 to 1991, 1994, and
2003 e e

The changes in shrub density from 1295 to 1991, 1994, and
2003 o, ettt et nernann et

Nutritional quality of diets cellected in June and August of
2001 and 2002 for ponderosa pine SitesS  ........ccoeeieniinienen

Botanical composition and relative preference index for steer
diets coliected in June and August of 2001 and 2002 for the
ponderosa pine Sites ... e a—aas

Nutritional quality of diets coilected in June and August of
2001 and 2002 for grand fir sites ........... e

Botanical composition and relative preference index for steer
diets collected in June and August of 2001 and 2002 for the
grand fir SIES oo

171

175

179

183

187

192

196

201

203

205

208



CHAPTER 1

INTRODUCTION



Forested rangelands coimpiise a signifizint portion of the public land in
the western US. Within the northwesterr: U.S. {Idaho, Montana, Oregon, and
Washington) forested rangeiands comprise apnroximately 35 percent of the total
land area, and public ownership comprises 57 trercent of these forested
rangelands (Smith et al. 2002). Forests of the interior Northwest, on average,
receive greater precipitation, have deeper soil profiles, and have greater soil
moisture holding capacity than adjacent grassiands (Riggs et al. 2004). Ponderosa
pine (Pinus ponderosa) and grand fir (Abies grandis) are two of the forest types
that are commonly found within the region. These productive fore_sts provide
valuable habitat for many wildlife species and summer grazing allotments for beef
cattle. |

However, over the last 100 years, many of these forests have developed
into relative homogeneous stan:?;&: in We.pusion and structure of fire-sensitive
and disease-susceptible species (Beisky and Blumenthal 1997; Hessburg et al.
2005), thereby reducing the overa!§ understory productivity of the érea. Many
areas with high potential for timber harvest and forage production have the lowest
output due to dense canopy cover {4edrick et al. 1969).

To restore productivity to these dense stands, in terms of forage and
timber production, it may be necezssary to open the canopy. Forage production
response to overstory canopy cover is weil dacumented (McConnell and Smith
1965 and 1970; Jameson 1967; Young et al. 1967; Thompson and Gartner 1971;
Miller et al. 1986) and results suggest that as overstory canopy cover decreases

understory production (kg/ha) increases; Clary et al. (1975) aiso documented this



relationship between canopy cover nﬁd i %; > praduction, but noted there was
an economic optimum betwizen iricreasing forage production for cattle grazing and
increased timber growth for harvest, However, this optimum may not be
ecologically sustainable. Urilersisry plarit soécizs responses/trajectones must be
considered if grazing and logging are to be sustainable.

Timber harvest on forested rangelands sets back succession, and generally
the overstory q’eveiopment proceeds with the following pattern: herb and shfub
to tall shrub to juvenile tree stage development and, ﬁnally,‘ replacement of shade-
intolerant for shade-tolerant species (Bainbridge and Strong 2005). However,
understory vegetation successional devélopment can be influenced by the level of
~ disturbance (Griffis et al. 2001; Gibbs et al. 2004), residual species (Halpern 1988;

Selmants and Knight 2003), usderstery specins composition of adjacent

 undisturbed stands (Selmants 4 .-a.s*;zc%ﬁiz 7033), and possibty by soils (Bennett et
al. 1987). Schoonmaker and McKee (1588) reported that species richness
increased to peak at 15 to 20 vears after logging and burning in a coniferous
forest in western Oregon. They aisc;‘ documented that species diversity is greatest
up to 20 years following disturbance.

Following disturbances, such as timber harvest, forested rangelands often
become ‘focal points of ungulate herbivgry for Z reasons: 1) vegetation within
disturbed sites is often more pala ° ahaﬁ undisturbed areas, and 2) surrounding
undisturbed forest communities coni;airz ii_mited understory forage (Vavra et al.

2004). As a result, grazing or herbivory may influence plant community structure

and diversity within these environme; .t> Hobbs (1996 Augustine and



McNaughton (1998), Riggs & al. {2000), &ft &= and Lehmkuhl (2001) all
documented that ungulate herbivery can infiuznce plant community structure and
composition. Ungulate herbivory directly affects vegetation through selective
feeding and the ability of a piant to recover frofn herbivory (Augustine and
McNaughton 1998). However, plant speéjes’. diversity is not consistently affected
by grazing (Stohlgren et al. 1999; Riggs ét al. 2000; Brockway and Lewis 2003),
but individual species, at the local level, are affected by herbivory and logging and
their interaction. Herbivory has the greatest effect in altering plant community
structure within clearcuts (Riggs et al. 2000). Stohlgren et al. (1999) also
documents that grazing effects local species; however few plant species showed
consistent directional respohsés to grazing. |

Timber harvest increases the opportunity for cattle/wildlife to forage and
obtain a higher quality diet and subsequently increase productivity. Several
researchers (Harris 1954; Younrg et al, 1967; Roath and Krueger 1982; Gillen et al.
1984) have documented that cattle use increased in areas with greater forage
production. Young et al. (1967) alsc noted’ that it was more difficult to get
moderate to heavy utilization under dense overstory canopy covers than more
open canopy covers. The understory vegetation under open canopies is typically
grass dominated with greater forage prddu;f;tion than under more closed canopies
{McConnell and Smith 1965 and 1970). As a result, cattle grazing on forested
rangelands typically selected diets that were high in grass, moderate in forbs and
minima! in shrubs (Holeckek et al. 1982; Quiinton 1984; Mitchell and Rodgers

1985; Uresk and Paintner 1985). However, cattle diets can vary as a grazing



season progresses, increasinis pr*“scmoru!* + furos and shrubs, while
decreasing in grasses (Holechek et al. 1482; Mitcnell and Rodgers 1985; Uresk
and Paintner 1985). Although cattle diets chatige with progression of the grazing
season, nutritional quality of cattle diets toniinuzs to decline as well (Walker et al.
1989).

Holechek et al. (1981), Kirby and Parman (1986), and Griggs et al. (1995,
2001) documented that nutritional cjuality of cattle diets declined with progression
of the grazing season. Holechek et al. (1981) further noted, in a mixed-conifer
forest, that CP content was not affected by season of use but IVOMD declined
with progression of the grazing season. However, Kirby and Parman (1986) and
Griggs et al. (1995, 2001) documented, on grassland siies, that CP and IVOMD
declined with progression of the grazing season. Therefore, the nutritional quality
of cattle diets may be affected by previous ungulate herbivory, canopy cover
and/or plant community changes.

Although, much is known about how quantity of vegetation responds to
canopy cover changes, less is kinown about how herbivory can affect plant
community structure. Even iess is known about how plant community responds to
the combined effects of herbivory and overstory canopy within forested
environments. Therefore the objectives }kof this study are:

1. Determine the relationship betweer: overstory canopy cover and ungulate
herbivory on understory production, understog'y species composition and

diversity.



2. Determine the effects of iiiter hanes, ungulate herbivory and season
of use on botanical cornposition and riviritional quality of beef cattle diets.

The following chapters wiil present the data collected to answer the two
objectives. Chapter 2 contsiris the results of the changes in plant community
structure, production and composition of-fthe ponderosa pine sites. Chapter 3
contains the plant community structure, ;;roduction, and compositional changes of
the grand fir sites. Finally, Chapter 4 contains the botanical composition and
nutritional quality of steer diets grazing both the grand fir and ponderosa pine

sites.
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ABSTRACT

The objectives of this study were tn tocument the effects of logging and
herbivory, cattle and native ungulates, on understory vegetation within a
ponderosa pine (Pinus ponderosa) habitat. Three randomly selected sites were
established in 1986. Ponderosa pine sites were arranged as a split-plot design and
timber harvest treatments [i) commercial thinning (TH), 2) control (CON)] were
whole plots and herbivory treatments [1) cattle and native ungulate grazing (GR),
2) native ungulate grazing (BG), and 3) exclusion of cattle and native ungulates
grazing (EX)] were the sub-blots. Understory production was affected by timber
harvest and herbivory. Totai production was greater in (P < 0.05) TH than in CON
for all years sampled and production was greater in thve BG and EX when
compared to GR. A total of 149 species weré identified on these sites, but only 35
species occurred in every treatment combination which were used for analysis. In
general, there were no directiona! responses attributed to either timber harvest or
herbivory on understory plant specias frequency. Herbivory and timber harvest
did not affect (P > 0.10) understory plant species richness, Shannon diversity, or
evenness.  Differences occurred among timber harvest and herbivory treatments
on individual shrub species density and cover. Non-metric multidimensional
scaling {NMS) ordination and multi-response permutation procedures (MMRP)
analyses revealed that plant communities were different in 1985 prior to study

initiation and these differences were maintained through 2003. Plant communities
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in TH were different than in < tivory did not appear to affect
plant community structure. This regearch ihdicates that the effects of timber
harvest may have a greater affect ort understery vegetation composition,

structure, and diversity that: herbivory.

Keywords: Beef cattle, Native ungulates, Mule cear, Elk, Succession



14
INTRODUCTION

Forested rangelands comprise a significarit purticn of the public land in the
western US. Ponderosa pine { #iizs pondrosa .3 C. Lawson) forests provide the
most extensive and important forested grazing lands in North America (Skovlin
1976). These forests also provide valuable habitat for many wildlife species.
However, over the last 100 years, many of these forests have developed into
relative homogeneous stands in composition and structure of fire-sensitive and
disease-susceptible species (Belsky and Blumenthal 1997; Hessburg et al. 2005),
thereby reducing the overall productivity of the area. Traditionally, many of these
areas with high potential for timber harvest and forage production have the .Iowest
output due to dense canopy cover (Hedrick et al. 1969).

Two uses common to western ponderosa pine forests are timber and
forage production. To enhance f;%?esé, thinning of overstory canopy maybe a
useful tool, but the effects of this manipulation on forage production, and
understory community structure and divefsity' is not well known. Timber harvest
on forested rangelands sets back suécessicn and, in rost cases, increases
understory forage production. Forage production response to overstory canopy
cover is well documented (McConneH and Smith 1965 and 1970; Jameson 1967,
Young et al. 1967; Thompson and Gartier 1971) in that as overstory canopy cover
decreases understory production (kg/hg) increases.

Herbivory may alse influence plant community structure, diversity, and

production within forested environments. Hobbs (1996), Augustine and
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McNaughton (1998), and Riggs &t . (2000}, K and Lehmkuhl (2001) all
documented that herbivory can infuence piant community structure and
composition. Ungulate herbivniy directly affstis vagetation through selective
feeding and the ability of a piaiit o recovir fromr herbivory (Augustine and
McNaughton 1998). However, plant speg‘:iés diversity was not consistently affected
by ungulate herbivory (Stohlgren et al. 1§99, Riggs et al. 2000 and Brockway and
Lewis 2003), but individual species, at the local level, were affected by herbivory
and timber harvest. Herbivory had the greatest effect in altering plant community |
structure within clearcuts (Riggs et al. 2000). Stohigren et al. (1999) also
documented grazing effects on local species, however few plant species showed
consistent directionalbresponses to grazing. |

As stated earlier, much is known about how quantity of vegetation
responds to canopy cover. However, little is known about how plant community
structure and composition responds when combining the effects of herbivory and
overstory canopy within a ponderosa pine forest.” Therefore the objective of this
study was to document the effects of timber harvest and herbivory on understory

vegetation composition, structure angd diversity.
MATERIALS AND METHODS
The study area is located at the Eastern Oregon Agriculture Research Center’s Hall

Ranch that is approximately 16 km east of the city of Union in the Wallowa

Mountains of northeastern Oregon with an elevation range from 1050 to 1250 m.
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1
Summers tend to be dry and watt with ternparatures rarely exceeding 38°C, °
though freezing or near-freezing temperatures are possible all year. Winters are
cold and wet, with the majority of the precipitation coming in the form of snow
between November and May. Average annual precipitation for the Hall Ranch was
56 cm (Table 1). Elk (Cervus elaphius L) and mule deer (Odocoileus hemionus

Raf.) are indigenous to the area and can be found throughout the year; however,

heaviest use occurs in the spring and the fali.

Table 1. Precipitation data (cm), for vegetation sampling years, from weather
station located at Eastern Oregon Agriculture Research Center’s Hall Ranch.

Precipitation (cm)

Year Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec Total

1985 13 43 38 41 58 33 1.0 25 53 56 89 25 485
1988 6.1 41 64 43 56 81 00 10 08 05 119 74 561
1989 89 41 97 51 61 36 05 91 25 38 43 20 597
1991 46 3.0 €6 6.1 130 79 05 03 00 38 114 2.0 59.2
1992 20 46 13 46 15 9.1 28 05 3.0 43 64 81 483
1994 6.1 76 23 74 74 3 14 00 08 3.6 104 3.6 533
1995 9.7 3.0 91 97 49 76 206 41 13 41 124 9.1 79.0
1997 58 53 15 104 43 36 53 13 33 38 41 7.6 564
2003 6.1 64 99 74 71 10 00 36 25 20 3.6 89 584
Avg. 59 49 55 61 6.6 47 16 18 23 36 66 59 556

Three replicated sites of a P/’/;us.ponderosa P.& C. Lawson /
Symphoricarpos albus (L.) Blake (ponderosa pine) habitat type, 15 ha in size, were
selected to analyze the effects of herbivory and timber harvest on understory plant
communities. Potential areas, with relatively homogeneous stand structure and of
the necessary size, were initially identifiad and then research sites were selected

from these areas. The ponderosa pine community had two timber harvest
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treatments applied to them /Figure 1): 1) eattrizrcial thinning (thinned) and 2)

uncut (Control). Commercial thinding was donk by removing merchantable timber
to achieve homogeneous reduction in stands te a basal area of less than 24 m%/ha
(tree spacing of approx. 8 m). Timber harvést began in 1985 and was completed
by 1986. In order to protect herba’ceous vegetation and minimize soil disturbance
from the impact of skidding, spacing beﬁ&een skid trails were at least 36.5 m if
soils were not frozen and with adequate snow cover. Understory vegetation is
highly variable and composed of many graminoid, forb, and shrub species.
Common graminoids include elk sedge ( Carex geyeri Boott), pinegrass
(Calamagrostis rubescens Buckl.), a.ﬁd Kéntucky bluegrass (Poa pratensis L.).
Common forbs include western yarrow (Achillea millefolium L. var. occidentalis
DC.), strawberries (Fragaria spp.), bedsiraws (Galium spp.), lupines (Lupinus

spp.), and heart leafed arnica (Arnica cordifolia Hook.). Common shrubs are

Control Thinned
g -
Z 2 K N
ag"‘ ’ l;f 1 'V j1 ; !
” ¥ 3 : '« k ‘, il i 1 !
Ad gL BT %‘2 WRON > B AN | aror 5 oy
Graze CExc TExc Graze CExc TExc

Figure 1. Layout of timber harvest (control and thinned) and
herbivory (Graze — cattle and big game grazing; CExc - cattle
exclosure, big game grazing only; TExc — total exclosure, exclusion
of cattle and big game grazing) treatments for each pcnderosa pine
site. '
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snowberry and Oregon grap:= shdley) G. Don). Although
ponderosa pine is the domirant ovarstory spacles, western larch (Larix occidentalis
Nutt.) can often be found.

The following herbivory treatments ware applied to each timber harvest
treatment: 1) grazing by cattie and native ungulates to achieve 60 percent
utilization (grazed), 2) native ungulate g;azing only (cattle exclosure), and 3)
exclusion of cattle and native ungulates (total exclosure). Sixty percent utilization
is considered heavy relative to current recommendations (Holechek 1995), but
was used because it was considered a typical utilization level for industrial forests.
Grazing treatment fencing was completed in 1986, and cattle were then grazed in
& deferred rotation grazing sy.stem. Cattle grazed these sites from mid-June to

- mid-July in even years and mid-July to mid-August in odd years. Grazing by cattle

was remaved from 2001 through 2003.

Vegetation Sampling

Vegetation was monitored using the same procedures for all collection periods.
Three permanent transect lines, 30 m in length, were established in all treatment
combinations to monitor vegetation changes. These permanent transects were
used to determine overstory covar, understory species frequency, and shrub cover
and density. A spherical densiometer (Strickier 1959) was used to determine
percent overstory cancpy at 0, 15 and 30 m along each 30 m transect. Canopy

cover was determined prior to timber harvest in 1985 and again in 2003.
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Herbaceous productic: was measured in 1989, 1992, 1995 and 2003 by

clipping 20, 0.5-m? rectangular glate placatt randomly within each experimental
unit. Plots were clipped to a 2 cin stubbia height and 10 plots were grouped into
8 classes: elk sedge, pinegiass, ¥Kentucky blisgiass, snowberry, other perennial
grasses, perennial forbs, annuals/bienniais and shrubs. An additional 10 plots
were clipped for total production. Produ'&tion clips were completely dried in a
forced air oven at 55°C, and weighted to the nearest tenth gram.

Species composition of herbaceous species spiraea (Spiraea betulifolia Pallas),
Oregon grape, and snowberry was determined by frequency counts using 30 cm x
30 ¢cm and 30 cm x 60 cm plot sizes at three-meter intervals along each transect;

thus providing 10 plots per transect and 30 plots for each experimental unit.

i siots a given species was present

Frequency was calculated as tr\
'divided by the total number of ,:ﬂ 'S sar zcj ,Zaer treatment. Species composition
was collected prior to timber harvest in 1985 and then again in 1988, 1991, 1994,
1997, and in 2003. Changes in pianjt species composition from 1985 were used to
determine differences among treatments and years. Several plant community
indices were calculated: species richness, general diversity using Shannon diversity
index (Shannon and Weaver 1963),/ and evenness (evenness = Shannon diversity
/ In {richness); Pielou 1969). Richness was determined by count of unique plant
taxa in the monitoring data.

Shrub cover was measured using the line-intercept method. Shrub canopy

measurements were visually rounded arid the intercept recorded to the nearest 10

c¢m with a minimum hole size of 10 cm. Percentage of cover was calculated as the



length of the total intercept i ¢ah specias divided by the transect length. Shrub

density, by species, was calcuiated using 2 30 m x 2 m plot; 1 m on each side of
the 30 m transect. Since many shrubs sprout from their base, an individual was
counted as one stem protruding front the sl sutface. Shrub canopy and density
were determined prior to timber hawest&’.iiw 1985 and subsequently in 1988, 1991,
1994, and 2003. Changes in shrub cove? and density from 1985 were used to

determine differences among treatments and vears.

Statistical Analysis
All data were analyzed using the MIXED procedures in SAS (SAS Inst. Inc.,

Cary, NC) with the block (site re‘plication) effect considered‘ random. The
experimental design was a replicated split-plot design within a randomized
complete block design with repeated measures, using year as the repeated
variable. Timber harvest treatment was analyzed as the whole plot with grazing
treatment analyzed as the sub-plet. Treatment means were separated using
LSmeans procedures of SAS (SAS Inst. Inc., Cary, NC) and were considered
significant at the (P < 0.05) levei. Only plant species that occurred in all
treatment combinations were inciuded in the analysis. However, in order to
capture some possible effects on rare spacies the species richness, Shannon
diversity index, evenness and species turnover rates were calculated using all
unique plant taxa.

PC-ORD (Version 4, MjM Software Design, Gleneden Beach, OR) was used to

analyze the changes in plant community data. Non-metric multidimensional
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scaling (NMS) ordination was uszi t¢ coripai# the differences in plant

communities, among timber harvest and herbivory treatments, between 1988,
1991, 1994, 1997 and 2003 with 18R5. Results are presented in a series of
diagrams where distances betwaén points indizate the degree of similarity. Multi-
response permutation procedures {MRPP), for determination of year effects, and
blocked MRPP, for determination of timbér harvest and herbivory treatment effects
which were blocked by site, were also used to compare the differences in plant
communities between 1988, 1991, 1994, 1997 and 2003 with 1985. Non-metric
multidimensional scaling and MMRP used Sorensen (Bray-Curtis) metric as a
measure of dissimilarity. Prior to analysis, a constant of 100 was added to the
différences in species ‘composition from 1985 in order to remove the negative
values associated with declining species occurrence since 1985. PC-ORD (Version
4) was not capable of conducting a blocked MRPP using the Sorensen (Bray-
Curtis) metric; therefore, Euclidzan {Pythagmean) metric was used instead. Due
to the complex experimental dasign of s study, PC-ORD required simplification
of the data prior to analysis. As a result, year effects were analyzed first, and
similar years were grouped together and subsequently analyzed for timber harvest
and herbivory main effects. If there were timber harvest main effects, the effects
due to herbivory were then analyzed wi‘thin each timber harvest treatment.

Differences, for all analyses, were deemed significant at the level of £ < 0.05.
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RESULTS

Canopy Cover

In 2003, canopy cover in the thinned treatmérits was 18% lower than it was in
controlled treatments, and controlied treatments were not different than overstory
canopy in 1985. There was no effect (P > 0.10) of herbivory on overstory canopy

cover,

Understory Production

There was no timber harvest x herbivory x year interaction (P 2 0.37) among any
of the production classes. To'tal.production was greater (P < 0.01) in the thinned
treatments than the controls for all years (Table 2). However, total production
was greatest (£ < 0.01) in 1989 and then declined by 580 kg « hatin 1992 and
1995. Total production increased again in 2003 but it was still less (P = 0.03)
than was measured in 1989. Total production was also affected by herbivory (Fig.
2) with grazed treatments having 100 kg » ha™ less (P < 0.001) production than
either the cattle or total exclosures.

Production of Kentucky bluegrass was greatest (£ < 0.01) in the thinned
treatments in 1989; however, producticr then declined by 1992 and has remained
similar (P 2 0.90) through 2003 (Table 2). In 1989, the thinned treatments were
also greater in production than the controis, but this was the only year that this
occurred even though the thinned treafments had numerically greater production

than control treatments.
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Table 2. The effects of timbiar fan
within a ponderosa pine fol» 13

Timber Harvest Treatments

‘ "‘ﬁ_ Thirned Control SE
15RO 1anad 719°12 168.4
i e Hop 578" 168.4
Total Production 1995 e 667! 168.4
2063 ) 1111?3 873" 168.4
1989  230% 31° 50.6
1992 : 100? 38 50.6
Kentucky bluegrass 1995 1022 36 50.6
2003 1052 48 50.6
1989 269! 70° 48.2
. 1992 1442 79 48.2
Other perennial grasses 1995 942 72 48.2
2003 1162 121 48.2
Perennial forbs* 263° 147° 23.4

* there was no timber harvest x year effect (P> 0.05), therefore only main effects
for timber harvest are presented.
" row values with differing superscripts are different at (2 < C.05). .
323 column values with differing superscrlpts within production groups are
different at (P < 0.05).

Production of other perenniai grasses followed a similar trend as Kentucky
bluegrass, with greatest (P < O.Ci}‘production occurring in thinned treatments in
1989. However, in 1992 the production of these other grasses tended (P = 0.06)
to be greater in the thinned treatments when compared to the control pastures.
By 1995 and continuing through 2003, there were no differences in production |
between timber harvest treatments. Perennial forbs were only affected by timber
harvest with greater (£ < 0.001) production occurring in the thinned treatments.

Production of elk sedge was éffected by both year and herbivory
treatments (Fig. 2, 3). Productior was greater (£ < 0.01) in 2003 as compared to

1989 and 1992, with 1995 being intekfnediate, indicating that production of elk
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Figure 2. The effects of herbivory treatments on
the understory production (kg/ha) within a
ponderosa pine forest in eastern Oregon. Herbivory
treatments were: Grazed — cattle and big game
grazing; Cattle Exc. — cattle exclosure, big game
grazing only; Total Exc. - total exclosure, exclusion
of cattle and big game grazing.

(columns with different letters are different at £ <
0.05.)

sedge was increasing across all treatments. However, grazed treatments had less
production of elk sedge than either the catt'e or total exclosures. Pinegrass was
also affected by herbivory with lower production occurring in the grazed
treatments when compared to the tota! exciosures (Fig. 2).

Snowberry production was affected, but the effect varied by an herbivory
year interaction (P = 0.05). In 1989, shortly after thinning, production was similar

(P > 0.20) among all herbivory treatments {(Fig. 4). However, by 2003 production
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Figure 3. Changes in the production of elk
sedge over time within a ponderosa pine
forest in northeastern Oregon. (a,b,c bars
with different letters are different (P <
0.05)) ‘

was greater (P < 0.01) in the tota! cxclosiires when compared to both the grazed

and cattle exclosures.
Species Composition

These sites supported a relatively rich p!ant community, with a total of 149 plant
species documented during the period of study (listed in Appendix A). Of the 100
forbs identified, only 25 species occur;f:ed in every treatment combination during
the period of study. Prior to the initiation of the study, in 1985 (Table 3),
occurrence of p’Iant species showed considerable variation and, as a result, the

effects of timber harvest and herbivory treatments were varied and documented
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1989 1992 1985 2003

O Grazed E Cattle Exc 8 Total Exc

Figure 4. The effects of herbivory treatments on
snowberry production {kg/ha) within a ponderosa
pine forest in eastern Oregen. Herbivory treatments
were: Grazed — cattle and big game grazing; Cattle
Exc. — cattle exclosure, big game grazing only; 7otal
Exc. — total exclosure, exclusion of cattle and big
game grazing. (a,b columns with different letters,
within year, were diffzrent at £< 0.05.)

limited directional responses (Tabies 4, 5, 6; tables only show significant results
for affected species).

Although species richness was unaffected by timber harvest and herbivory
treatments, species richness was greatest (P < 0.01) in 1991 as compared to all
other years (Table 7). Species richness in the understory increased from 1985 to
1991 by 28%, from 42 to 54 species, while it decreased from 1991 to 2003 by
42%, from 54 to 31 species on average. Most of the species gained by 1991 and
subsequently lost by 2003 were forbs. Plant species diversity showed a similar

trend, with diversity being greatest (P < 0.01) in 1951 and subsequently declining
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Table 3. Frequency means for the 35 cominenly occurring species in 1985, prior
to experiment initiation, in & pdnidercsa pine forast in northeastern Oregon.

o Mean SD Min Max
Bromus carinatus Hook. & Ain, 0 0 0 0
Carex concinnoides Mackenzie B 0 0 0
Carex geyeri Boott 72.0 22.0 16.7 96.7
Calamagrostis rubescens Buck!. 127 113 3.3 40.0
Elymus glaucus Buckl. 10.2 12.0 0 43.3
Melica bulbosa Geyer ex Porter & Coult 7.6 11.5 0 33.3
Poa pratensis L. 8 30.9 23.6 3.3 73.3
Trisetum canescens Buckl. 28.0 14.2 6.7 50.0
Achiflea millefolium L. C 217 9.7 10.0 40.0
Anemone piperi Britt. ex Rydb. 0 0 0 0
Antennaria rosea Greene 0 0 0 0
Arnica cordifolia Hook. 47.8 35.1 0 96.7
Claytonia perfoliata Donn ex Wiild. 0 0 0 0
Eurybia conspicua (Lindl.) Nesom - 0 0 0 0
Fragaria spp. ‘ 300 165 6.7 80.0
Galium spp 19.4 18.3 0 56.7
Hieracium albiflorum Hook. 11.3 11.4 0 50.0
Iris missouriensis Nutt. 0.4 1.1 0 3.3
Lathyrus spp. ' 4.6 221 10.0 86.7
Lupinus spp. 7.8 8.0 0 30.0
Moehringia macrophylla (Hook.} Fzai 16.3 194 0 76.7
Osmorhiza berteroi DC. 20.0 20.48 0 70.0
Potentilla gracilis Dougl. ex Hook. 5.2 7.0 0 23.3
Prunella vulgaris \.. 1.3 2.6 0 10.0
Ranunculus spp. 0.6 1.3 0 3.3
Stellaria longipes Goldie 0.4 1.6 0 6.7
Symphyotrichum spathulatum (Lindl.) 0.7 2.15 0 6.7
Nesom var. spathulatum
Taraxfacum officinale G.H. Weber ex 10.4 12.9 0 50.0
Wiggers
Thalictrum fendleri Engelm. ex Gray 0.6 1.3 0 3.3
Trifolium repens L. 1.5 2.3 0 6.7
Viola adunca Sm. 7.4 9.4 0 30.0
Vicia americana Muhl. ex Willd, 6.5 104 0 33.3
Mahonia repens (Lindl.) G. Don 15.7 11.9 0 46.7
Spiraea betulifolia Pallas 3.5 11.9 0 50.0
Symphoricarpos albus (L.) Blake 43.3 16.6  20.0 76.7
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Table 4. The effects of timber hervast and veai o the difference in species frequency

from 1985 in a ponderosa pirit futest in northsasiorh Oregon.
Timber L __ Year
Harvest 1688 1991 1994 1997 2003  SE
Bromus carinatus ~ Thin  ¢F 6ot 87 0 26 21
Hook. & Arn." Cont 0 64 0’ 26 04 2.1
. + Thin  -7.0™ -159%  .12.2® -252" 74 107
Carex geyerrBoott ™ ot 44 L8 04 52 37 107
+  Thin  4.1%* o 1.1 1P 4« 1.2
Ranunculusspp-™— cone 1y g7 0 0 22 12
Stellaria longipes ~ Thin  5.6° 7.8" 0 590  -0.7° 1.8
Goldie ' Cont 1.5 0.7 0.7 3.0 0 1.8
Calamagrostis a o8 a & b
rubescens Buckl 0.9 0.9 1.1 0 16.3° 3.2
Trsetum canescens 28.0°  -124°  -17.6° -193° -189° 6.0
Eurybia conspicua a a b -a e
(Lindl.) Nesom 0 0 8.5 0/ 0 14
Fragaria spp. -0.9° -10.6°  -9.3° -14.0° -11.1° 6.0
Prunella vulgaris L. 2.0° -0.7% 1.5 -09° -1.3 0.8
Symphyotrichum :
spathulatum 05 46®  10.9° 139 17.8° 28

(Lindl.) Nesom
var.spathulatum

Vi americana 20 89 -06% 19 37 23
ity 06° 222 41® 0 85 30

* Timber harvest treatment: Thin — commetcial thinring; Cont - control.

" Species with a timber harvest x year interaction (P < 0.05).

b row values with differing superscripts are different (2 < 0.05).

12 column values with differing superscripts within species are different at (2 < 0.05).

to its lowest (P < 0.001) levels by 2003. Values for the Shannon diversity index
increased from 3.13 to 3.36 for 1985 to 1991 and then declined to 2.85 by 2003.
Values for species evenness represeﬁted Vgood equity in the distribution of plant
species across the sites. There was a decrease (# < 0.05) in equity over time; this

decline may be due to the changes in species turnover.
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Table 5. The effects of timbar haivést and harbivory on the change in species

frequency from 1985 in a ponderosa pine forest it northeastern Oregon.
Timber Harvest® ‘ Herbivory'

Thin Cont SE Graze CExc TExc SE

Elymus glaucus Buckl. 12.4 9.6 5H.4 12.88 152 49° 25
Triseturn canescens

Suckl 2215 -16.1" 56  -10.2° -25.8° -21.6° 57
Arnica cordifolia Hook. -7.7 -6 6.2 200 -92° 57 55
Achillea millefolium \.. 7.8 -8.3° 2.3 5.7 -1.3 -51 26
Symphyotrichum :

ﬁf"ath"/‘at"m (Lndl) o4 63 21 112 106 62 2.3

esom var.

spathulatum ,

Claytonia perfoliata 14 22 13 33 18 06 11

Donn ex Willd. :

Lathyrus spp. -19.5°  -2.2° 4.0 53" -21.8° -54 456

Potentilla gracilis Doug|. 34 .04 1.9 11 -0.8 39 20
ex Hook. :

Viola adunca Sm. 0.3 0 4.2 3.4 0% 3.8 55

Vica americanaMuhl. 40 54 19 31 02 31 19
ex Willd.

* Timber harvest treatment: Thin — commercial thinning; Cont - control.

" Herbivory treatments: Graze - cattle and big game grazing; CExc — cattle
exclosure, big game grazing only; Tewe —~ tatal exclosure, exclusion of cattle and
big game grazing.

2% values with differing superscripts are different at (2 < 0.05).

Species turnover rates (Table 8) indicated that until 2003, species lost
were similar to colonization by new species. But, in 2003 there was an increase in

species lost from the sites and a reduction in colonization by new species.

Shrub Density and Cover
Shrubs were not a major componrent of these sites in 1985 (Table 9) and were

highly variable across locations. There was no year x timber harvest x herbivory
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Table 6. The effects of timber harvest and herbivory on the change in understory
species frequency from 1985 in a punderosa pihe forest in northeastern Oregon.

Timber Herbivory'
~_Harvest*  Graze CExc TExc SE
Calamagrostis rubescens Buck. Thin 7.3 0.2 440 27
__Cont  -11®  -82%2 532 27
Poa pratensis L Thin 2180 127 87" 54
____ Cort _-’ 22 10.9°  -12.22 54
Antennaria rosea Greene Thin 0.4° 5.6 2.0° 1.1
Cont 1.6 1.8 0.4 1.1
Fragaria spp. Thin -13.1° 24" -149° 6.2
Cont -5.6°  -153"  -8.7® 6.2
Hieracium albiflorum Hook. Thir 3.8 24 49" 35
' Cont  -107> -36  -10.2> 3.5
Iris missouriensis Nutt. Thin -0.9° 1.1™ 0.7° 0.5
Cont 0.2 -09?% 13" 0.5
Lupinus spp. Thin 5.8 10.2 5.8 4.0
Cont -8.9% 7.3 -17.6 4.0
Osmorhiza berteroi DC. Thin -16.4 -14.9 -109 13.2
. Cont -5.8°  -184° 58  13.2
Prunefla vulgaris L. Thin 2.4' 0.2 0.2 0.9
____Cont 312 -0.2° 1.1° 09
Ranunculus spp. Tnir c° -0.4° 42" 0.8
Cont 0.9 1.3 02> 08
Taraxacum officinale G.H. Weber ~ Thin 0.7 -16.7" -56° 55
ex Wiggers Cont -2.7 -2.0 -6.7 5.5
Symphoricarpos albus {L.) Blake Thin -2.0° 7.1% 9.1b 6.0
Cont  4.0*° -104" 2.9 6.0

*Timber harvest treatment: Thin - commercia} thinning; Cont - control.
" Herbivory treatments: Graze — cattle and big game grazing; CExc — cattle
exclosure, big game grazing only; TExc — total exclosure, exclusion of cattle and

blg game grazing.

> row values with differing superscripts are different at (P < 0.05).

2 column values with differing suoerscrnpta within species are different at (P <

0. 05)

interactions with any species density or cover. The changes in wax current (Ribes

cereum Dougl.) density (Table 9) was affected by a timber harvest x herbivory

interaction (P = 0.02). Number of wax curient shrubs only increased (P < 0.05) in

the control treatments where all large ungulate herbivory was excluded.
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Table 7. Plant species richness, diversity, arnd evenness responses to timber
harvest and herbivory in a ponderosa pine forest in northeastern Oregon.

Thinned Overstory Control Overstory
Grazed  Catile Total Grazed Cattle Total
Exc. Exc. Exc. Exc.
No. of species ‘
1985° 38 42 40 42 41 51
1988° 43 48 42 42 43 43
1991° 54 56 -~ 52 49 58 55
1994° 46 40 39 44 42 42
19972 41 42 = 44 46 43 43
2003¢ 34 33 32 30 30 29
Shannon diversity
1985°% 2.98 3.11 3.05 3.25 3.02 3.36
19882 3.16 3.22 3.18 3.17 3.14 3.18
1991° 3.34 3.38 3.34 3.33 3.41 3.37
1994° 3.29 3.09 3.20 3.22 3.07 3.08
1997°¢ 3.05 3.10 3.18 3.21 3.12 3.04
2003¢ 2.86 2.86 2.90 2.86 2.76 2.87
Evenness .
1985° 0.82 0.83 0.83 0.87 0.81 0.86
1988° 0.84 0.83 0.85 0.85 0.83 0.85
19912 0.84 0.84 0.85 0.86 0.84 0.84
1994° 0.86 0.84 0.87 0.85 0.82 0.82
1997° 0.82 0.83 0.84 0.84 0.83 0.81
2003° 0.83 0.81 0.83 0.84 0.81 0.85

b4 Years with differing superscripts are different (2 < 0.05).

Herbivory treatments also affected (P < 0.01) the changes in wild rose
(Rosa gymnocarpa Nutt.) density (Table 10, Fig. 5), with total exclosures changing
more than either the grazed or cattle exclosures. Rose density increased by 17
plants « ha™ in the total exclosures from 1985 to 2003, but the grazed and cattle
exclosures density of wild rose was not different (£ > 0.10) than it was in 1985.
Wild rose density also changed (P < 0.01) over time, with an increase (P = 0.001)

of 20 plants ¢ ha™ by 2003.
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Table 8. Understory species turnover rates from 1985 to 1988, 1991, 1994, 1997
and 2003 in a ponderosa pine forest in northeastern Oregon.

# of new species since 1285 # of species lost since 1985

1988 10.8! 9.7
1991 14.8% 9.6
1994 10.7¢ 11.0!
1997 10.51 10.8?
2003 6.8° 14.13
SE 0.9 1.3

123 values within columns with different superscripts are different (P < 0.05)

Table 9. Shrub species density (#/ha) ahd cover in 1985, prior to experiment
initiation, in a ponderosa pine forest in northeastern Oregon.

Mean SD Min  Max

Amelanchier alnifolia (Nutt.) Nutt. ex M. Density 1.7 1.7 O 6.3
Roemer Cover 0.7 2.0 0 8.3
Crataegus douglasii Lindl. ‘gs\r;zirty (1)2 i; 8 gg
Holodiscus discolor (Pursh) Maxim. ggc:'rty 8; 82 8 ig
Physocarpus malvaceus (Greene) Kuntze ggc:'rty 81 83 8 iz
L Dansity 02 08 O 3.7

Prunus virginiana L. Cover 0 0 0 0
. Density 1.9 4.0 0 13.0
Ribes cereum Dougl. Cover 11 25 0 8.8
sy &8 70 0 7

Changes in serviceberry (Amelanchier alnifolia (Nutt.) Nutt. ex M. Roemer)
cover (Table 10) of the total exclosures was different (P < 0.05) than either the
grazed or cattle exclosures. Cover within total exclosures increased (£ = 0.001)
while cover in both grazed and cattle exclosures has not changed (£ = 0.25) since

1985. Changes in wild rose cover were also detected (£ = 0.01) among the
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herbivory treatments; however, they were not different (P > 0.35) than the cover

measured in 1985,

Table 10. The effects of timber harvest and herbivory on the changes from 1985
of understory shrub density (#/ha) and cover in a ponderosa pine forest in
northeastern Oregon.

Density Cover
Timber _ Herbivory Treatments’ Herbivory Treatments
Harv.*  Gr  CExc TExc SE Gr CExc TExc SE

Amelanchier

alnifolia (Nutt.) i a  _q a2 b

NUE. ex M. 06 -04 20 05 06 -04° 2.0° 0.5
Roemer

R"’\fjttgym”‘x"’pa 6.8° 52° 17.8° 3.7 -03* 0% 0.3° 0.3
Ribes cereum Thin 0.8 0.2 ot 23 01 -0.1 -0.2 0.9
Dougl.” . Cont 1.0°> -0.8 7.8 23 -13 -1.0 -1.6 0.9

'Tmber harvest treatment: Thin — commercial thinning; Cont - control.
" Herbivory treatments: Graze — cattle and big game grazing; CExc — cattle
exclosure, big game grazing only; TExc — total exclosure, exclusion of cattle and
big game grazing.
VSpeCIes with a timber harvest x herblvory interaction (P < 0.05).
® row values with differing superscri rts ara different at (P < 0.05).
2 column values with differing superscripts within species are different at (P <
0.05). ‘

Plant Community Responses

Initial NMS ordination and MRPP analysis of pretreatment data, 1985, indicated
that there were differences (P < 0.001, A = 0.24) among replicate sites, therefore
all subsequent analyses were blocked by site. There was an affect (P = 0.003, A
= 0.07) of year on plant community structure, with 1991, 1994 and 1997 being
similar to each other and different from both 1988 and 2003. Analysis of 1988

plant community data revealed that there were no timber harvest effects or
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Figure 5. The changes in rose (Rosa
gymnocarpa Nutt.) density over time
between 1988, 1991, 1994 and 2003 with
1985. (a,b,c bars with different letters are
different (P < 0.05))

herbivory effects. However, NMS analysis of plant community data for 1991
through 1997 revealed that timber harvest may be changing plant communities.
Subsequent blocked MMRP analysis determined that there was a tendency (P =
0.08, A = 0.15) for timber harvest to affect the plant community. However, by
2003 (Fig. 6) the NMS ordination revealed that there was continued separation
among sites since 1985 and there was a continued divergence of plant
communities due to timber harvest treatments, therefore only 2003 data are
presented. Blocked MMRP analysis subsequently determined that there was a
tendency for a timber harvest (P = 0.07, A = 0.20) effect on plant community

structure.
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Figure 6. NMS Ordination of understory species composition in 2003 of (A)
site differences, (B) timber harvest effects, (C) herbivory effects in a
ponderosa pine forest in northeastern Oregon. Lines in charts demonstrate
separation of sites. (Timber harvest treatment: Thin — commercial thinning;
Cont - control.Herbivory treatments: Grazed — cattle and big game grazing;
Cattle Exc — cattle exclosure, big game grazing only; Total Exc - total
exclosure, exclusion of cattle and big game grazing.)
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DISCUSSION

The understory vegetation increased with the reduction of overstory canopy cover.
Total understory production was greatest foliowing experiment initiation and was
influenced by timber harvest and herbivory. Many researchers (McConnell and
Smith 1965, 1970; Young et al. 1967; Thompson and Gartner 1971; Long and
Turner 1975; Vora 1993) have also documented that understory production
increased with reduction in canopy cover. McConnell and Smith (1965, 1970)
indicated that understory response to thinning was greater at 8 years compared to
3 years. However, in our study, understory production was greatest 3 years
following thinning. Riegel et al. (1992) determined that increased undérstory
vegetation production to timber harvest was a result of reduced competition for
resources, mainly nitrogen and water. Therefore, a reason for the early peak in
understory production was likely due to expansion of roots systems from
remaining ponderosa pine trees, again causing increased competition for the
available resources. As a result, differences in understory production in thinned
and control treatments have remained steady at approximately 230 kg ¢ ha™ from
1992 through 2003.

Understory production responses to timber harvest were not proportional
among graminoids, forbs and shrubs. Graminoid species were primarily
responsible for the increased production measured in thinned treatments.
Production of forbs moderately increased within thinned treatments, whereas

shrub production was not different in any period following timber harvest. Pase
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(1958) and McConnell and Smith {1¢55, 1973} also documented that the

responses from grasses were greater then either forbs or shrubs to reduction in
canopy cover.

Cattle and native unguiates should berefit from reduction in overstory canopy,
with increased production of graminoids and forbs. Cattle tend to avoid areas of
lower production (Harris 1954; Roath and Krueger 1982; Gilien et al. 1984) and
cattle diets are dominated by graminoids with minimal amounts of forbs and
shrubs (Holechek et al. 1982; Mitchell and Rodgers 1985; Walburger 2005).
Whereas, the composition of mule deer and elk diets, during the summer months,
have greater amounts of forbs and shrubs with lower amounts of graminoids
(Findholt et al. 2004; Beck and Peek 2005), but graminoid consumption by elk
varies depending on time of year (Gicis 2t 2. 2004). Gibbs et al. (2004) reported
that elk diets were high in graminoids in May and June, 80% of diet, and then
consumption dropped dramatically in July and August, to < 50% of diet.

Herbivory can also influence the production of understory species. The effects
of cattie grazing on total production were primarily due to the reduction in the
production of elk sedge. Elk sedge has been noted as the most prominent forage
species in the diets of cattle during the summer in northeastern Oregon (Skovlin et
al. 1976). Holechek et al. (1982) determined that elk sedge in cattle diets was as
high as 23% in late summer and 24% in fall. As documented by this study, elk
sedge may not be able to maintain production following 60% utilization on

ponderosa pine sites.
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2 production of snowberry within

Herbivory by large unguldies slstr affaci:
thinned treatments. Krueger and Winward {1974} reported that cattle and big
game also reduced snowbeiry in 3 Dauglas-firipenderosa pine\Kentucky bluegrass
community in northeastern Oregvn. The axciusion of cattle, mule deer, and elk in
the Blue Mountains of Oregon has resultad in & 2.7 times greater production of
shrub species inside exclosures than outside (Riggs et al. 2000).

Few plant species in this study demonstrated a significant directional change
to timber harvest or herbivory treatments.- This could be due to several factors:
first, plant communities at the beginningi of the study, in 1985, were different in all
of the replicates even though they wére classified as the same habitat type. The
continuation of the differences in plant co.*ﬁrhunities by 2003 among the replicates
was still evident (Fig. 6). A closer examiination of the NMS ordination analysis
reveals that the plant communities, within each replicate, are responding
differently to timber harvest. Therefore, any directional plant species responses
within this study may be confourdec by another replicate.

Secondly, by utilizing a timber harvest technique that minimizes soil
disturbance, such as in this study, sec_‘ondary succession may not have been
initiated. As a result, residual species were able to dominate these sites. It has
been documented that predisturbance plant species (Halpern i989; Selmants and
Knight 2003) and level of disturbance (Halpern 1989; Griffis et al. 2001) contribute
to the observed successional responses and resultant plant species following

disturbance. Furthermore, Halpern (1989) documented that understory plant

communities with minimal disturbances were dominated by predisturbance plant
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il that few plant species showed

species. Stohlgren et al. (1595} aiso detartsiiri
consistent directional responses to grazing or the removal of grazing.

Finally, three major soil series acrur across these sites (Riegel et al. 1992).
Bennett et al. (1987) reported tHst soil types as well as canopy cover influenced
understory production. Further, they commented that differences in soils may
have the ability to influence understory \;égetation. In addition, Stohlgren et al.
(1999) concluded that scil characteristics, climate, and disturbances may have a
greater effect on plant species than grazing.

We found no inﬂuence‘s of timber harvest or herbivory on' community richness,
Shannon diversity, evenness or species furnover rates. However, species richness
and diversity were greatest 6 years following experiment initiation, whereas,
evenness began to decline 11 years following experiment initiation, possibly
indicating increasing dominance of the site by a few species. Schoonmaker and
Mckee (1988) reported that diversity increased weakly and peaked at 15 years
post-harvest while spécies richness was greatest 20 years post-harvest in
coniferous forests of the western Cascade Mountains of Oregon. Griffis et al.
(2001) conciuded that the increase ih'species richriess following a disturbance was
primarily due to exotic species in a northern Arizona ponderosa pine forest. They
also concluded that exotic species invasion increased with intensity of disturbance.
However, in this study increased species richness was not due to exotic species.
The possible reason for the lack of responses to timber harvest was that these

ponderosa pine forests were only thinned and intensity of disturbance was
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minimized. Stohlgren et al. {157} and Riggs £t &. (2000) also found no

differences in richness, diversity, or evenness attributable to herbivory.
IMPLICATIONS

Timber harvest and herbivory have the pbtential to change plant community
structure and composition as well as understory production. Timber harvest had
the greatest effect on understory production and plant community structure.
Consequently, by minimizing disturbances on a site the effects on the resultant
species and plant communities are minimal and wili probably be determined by the
plant corﬁmunity structure prior to the disturbance and the physical and'
microclimatic characteristics of that location.

Utilization rates approaching 60% are not recommended by current grazing
plans; therefore, the effects of cattie upon forested rangelands should not be as
dramatic. Deer and elk herbivory infiuericed the production and occurrence of
several species, but mainly shrubs. Asa kresuit, the impacts of large herds of deer
and elk may be as influential on poteniia% successional pathways of understory

vegetation as cattle grazing.
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ABSTRACT

The objectives of this study were to document the effects of logging and
herbivory, cattle and native ungulates, on understory vegetation within a grand fir
(Abies grandis) habitat. Three replicated sites were established in 1986. Grand fir
sites were arranged as a split-plot design; timber harvest treatments [1) no
harvest (CON), 2) thinning (TH), 3) clearcut (CL)] were whole plots and herbi\)ory
treatments [1) cattle and native ungulate grazing (GR), 2) native ungulate grazing
(BG), and 3) exclusion of cattle and native ungulate grazing (EX)] were the sub-
plots. Understory production was affected by timber harvest and herbivory.
Total production in CL was 350 kg - ha™ greater (P < 0.05) than TH, and TH was
275 kg - ha™' greater (P < 0.05) thar CON. Total production in GR was 102 kg -
ha™ greater than £X. A total of 141 species were identified on these sites,
however, only 29 of these species occurred in all treatment combinations and
were used for analysis. Timber harvest treatment had a greater magnitude of
effect than did herbivory on understory plant species. Differences were observed
among timber harvest and herbivory tre;:atments on individual shrub species
density and cover. The NMS ordination and MMRP analysis revealed that plant
communities were different in 1985 prior to study initiation and these differences
were maintained through 2003. Plant communities were affected by timber
harvest and herbivory treatments. There appeared to be differences among all
timber harvest treatments, whereas, among herbivory treatments, EX appeared to

be different than GR and BG. This research indicates that the effects of timber



harvest may have a greater efféct on undeistory vegetation composition,

structure, and diversity than herbivory.
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INTRODUCTION

Forests of the interior Northwest on aversge, raceive greater precipitation, have
deeper soil profiles, and have greiter soil maisture holding capacity than adjacent
grasslands (Riggs et al. 2004). These foreests provide valuable habitat for many
wildlife species and summer grazing aliotments for beef cattle. However, over the
last 100 years, many of these forests have developed into relative homogeneous
stands in composition and structure of fire-sensitive and disease-susceptible
species (Belsky and Blumenthal 1997; Hessburg et al. 2005), thereby reducing the
overall understory productivity of the area. Many areas with high potential for
timber harvest and forage productior have thé lowest output due to denée canopy
cover (Hedrick et al. 1969).

In order to enhance forage production and create a diversity of habitats it
may be necessary to open the ca;'lopy. Timber harvest on forested rangelands
sets back succession and, in most cases, increases understory forage production.
Forage production response to overstory canopy cover is well documented
(McConnell and Smith 1965 and 1970; Jameson 1967; Young et al. 1967;
Thompson and Gartner 1971) and decuments that as overstory canopy cover
decreases understory production (kg/ha)'increases.

Large herbivores are attracted to areas of higher forage production and
palatable food resources, and as a result of timber harvest, it can be expected that
they will focus their foraging within these areas (Vavra et al. 2004). Hobbs

(1996), Augustine and McNaughton (1998), Riggs et al. (2000), and Kie and



49
Lehmkuhl (2001) all documented that herbivary can influence plant community

structure, composition and producticn. Ungulate herbivory directly affects
vegetation through selective feeding and the ebility of a plant to recover from
herbivory (Augustine and McNaughton 19983, However, plant species diversity is
not consistently affected by grazing (Stohigren et al. 1999, Riggs et al. 2000, and
Brockway and Lewis 2003), but individuailik species, at the local level, are affected
by herbivory and timber harvest. Herbivory has the greatest effect in altering
plant community structure within clearcuts (Riggs et al. 2000). Stohlgren et al.
(1999) also documented grazing effects on local species, however few plant
species showed consistent directional responses to grazing.

Little is known about how plant community structure responds when
combining the effects of herbivory and reduction of overstory canopy within a
grand fir forest. Therefore the objective of this study was to document the effects
of timber harvest and herbivory un understory vegetation composition, structure,

diversity and production.
MATERIALS AND METHODS

The study area is located at the Eastern Oregon Agricultural Research
Center’s Hall Ranch that is approximately 16 km east of the city of Union in the
Wallowa Mountains of northeastern Oregon. Elevation ranges from 1050 to 1250
m. Summers tend to be dry and warm with temperatures rarely exceeding 38°C,

though freezing or near-freezing temperatures are possible all year. Winters are
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cold and wet, with the majority of the precinitaticn (66 cm average) coming in the

form of snow between November and May (Table 1). Elk (Cervus efaphusL.) and

mule deer (Odocoileus hemivniis Fat.) ars iridigenous to the area and can be

found throughout the year; howaver, heaviest use occurs in spring and fall.

Table 1. Precipitation data (cm), for vegetation sampling years, from weather
station located at Eastern Oregon Agriculture Research Center’s Hall Ranch.

Precipitation (cm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

1985 1.3 43 38 41 58 33 10 25 53 56 89 25 485
1991 46 3.0 66 61 130 79 05 03 0.0 38 114 2.0 592
1994 61 76 23 74 74 33 10 00 08 3.6 104 3.6 533
1995 9.7 3.0 91 97 69 76 20 41 13 41 124 9.1 790
1997 58 53 15 104 43 36 53 13 33 38 41 7.6 564
2003 61 64 99 74 71 1.0 00 36 25 20 36 89 584
Avg. 59 49 55 61 66 47 16 18 23 36 6.6 59 556

Three replicated sites, ¢f a1 Abies grandis (Dougl. ex D. Don) Lindl. /
Pachistima myrsinites (Pursh) Raf. (grand fir) habitat type, were selected to
analyze the effects of herbivory and Iogging on understory plant communities.
Areas of relatively homogeneous stand Structure were initially selected and
experimental sites were subsequently chosen from these areas. The grand fir
sites had three timber harvest treatments applied to them (Figure 1): 1) clear cut,
2) crown thinning (thinned) and 3) uncut (Control). Crown thinning consisted of
remaving co-dominant and some dominant trees. Timber harvest began in 1985
and was completed by 1986. To protect herbaceous vegetation and minimize soil
disturbance from the impact of skidding, spacing between skid trails was at least

36.5 m if soils were not frozen and with adequate snow cover. The grand fir
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Figure 1. Layout of the timber harvest (control, thinned and clearcut) and
herbivory (Graze — cattle and big game grazing; CExc - cattle exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game
grazing) treatments for each grand fir site.

clearcuts were replanted in the spring of 1988 with Ponderosa pine (Pinus
ponderosa P. & C; Lawson), Douglas-fir ( Pseudotsuga menziesii (Mirbel) Franco)
and western larch (Larix occidentalis Nutt.). Understory vegetation was highly
variable and composed of many graminoid, forb, and shrub species. Common
graminoids included elk sedge {Carex géyer*f £oott), pinegrass (Cé/amagrostis
rubescens Buckl.), Kenfucky bluegrass (Poa pratensis L.) and blue wildrye { Elymus
glaucus Buckl.). Common forbs include western yarrow (Achillea millefolium L.
var. occidentalis DC.), strawberries (Fragaria spp.), bedstraws (Galium spp.),
iupines (Lupinus spp.), and heart leafed arnica (Arnica cordifolia Hook.). Common
shrubs were snowberry ( Symphoricarpos albus (L.) Blake), Oregon grape
(Mahonia repens (Lindley) G. Don), and ninebark (Physocarpus malvaceus
(Greene) Kuntze). Although grand fir was the dominant overstory species, in
thinned and control treatments, L\;as fir, western larch and Ponderosa pine

were still found.
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The following graziriy fffzﬁrnfnts*m“ applied to each timber harvest
treatment: 1) grazing by catils and npative ungulates (to achieve 60 percent
utilization), 2) native ungulate grazirig ortly, an:t 3} exclusion of cattle and native
ungulates. Grand fir grazing exclosure féric%fzg was completed in 1986, but
perimeter fencing was not completed until 1994; therefore pastures were grazed
in common by allotment cattle, from Seri’%ember to November. Following
completion of perimeter fencing in 1994‘Apastures were grazed in a deferred
rotation system with pastures grazed frém mid-JuIy to mid-August in odd years
and mid-August to the beginning of October in even years. Grazing by cattle was
removed during 2001, but in 2002 and 2003 pastures were grazed from mid-

August to mid-October by allotment cattle.

Vegetation Sampling

Vegetation was monitored using the same procedures for all collection
periods. Three permanent transect iines, 30 m in length, were established in all
treatment combinations to monitor vegetation changes. These permanent
transects were used to determine ove}sf;ery cover, understory species frequency,
shrub cover and shrub density. A spherical densiometer (Strickler 1959) was used
to determine percent overstory canopy at 0, 15 and 30 m along each 30 m
transect. Canopy cover was determined prior to timer harvest and again in 2003.

Species composition of each herbace’ou‘s species and !ow growing shrubs

(spiraea (Spiraea betulifolia Pallas), Oregon grape, and snowberry) was

determined by frequency counts using 30 cm x 30 ¢m and 30 cm x 60 cm plot
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sizes at three-meter intervals *«*‘:ru *;:ac‘i"l tranzert: thus providing 10 plots per
transect and 30 plots for each exﬁérimeéﬁai Unit, Frequency was calculated as the
number of plots containing a giver species dividad by thé total number of plots
sampled per treatment. Species coripocition was collected prior to timber harvest
in 1985 and then again in 1594, 1957, vén‘d in 2003. Changes in plant species
composition from 1985 were used to détermine differences among treatments and
years. Several plant community indices were calculated: species richness, general
diversity using Shannon diversity index (Shannon and Weaver 1963), and
evenness (evenness = Shannon diversity / in (richness}; Pielous 1969). Richness
was determined by count of unique plant taxa in the monitoring data.

Shrub cover was measured using the line-intercept method. Shrub canopy
measurements were visually rounded and the intercept recorded to the nearest 10
c¢m with a minimum hole size of 10 cm. | Percent cover was caiculated as the
length of the total intercept by sach sgétiés divided by the transect length. Shrub
density, by species, was calculated using a 30 m x 2 m plot; 1 m on each side of
the 30 m transect. Since many shrubs sprout from their base, an individual was
counted as one stem protruding frsm the soil s‘urface. Shrub canopy and density
were determined prior to timber harvest in 1985, 1991, 1994 and 2003. Changes
in shrub canopy cover and density from 1985 (Table 2) were used to determine
differences among treatments and years.

Herbaceous production was measured in 2003 by clipping 0.5 mx 1.0 m
rectangular plots placed randomly within each experimental unit. Plots were

clipped to a 2 cm stubble height and grouped into 7 classes: elk sedge, pinegrass,
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Kentucky bluegrass, other pershiizl grasses, sarinnial forbs, annuals/biennials

and shrubs. Production clips were complztely dried, in a forced air oven at 55
degrees Celsius, and weighted to the nearest tenth gram. Production was also

measured in 1995, but only data for total production was available.

Statistical Analysis

All data were analyzed using the MIXED procedures in SAS (SAS Inst. Inc.,
Cary, NC) with the block (site replication) effect corisidered random. The
experimental design was a split-plot within a randomized complete block design
with repeated measures, using year as the repeated variable, and three
replications. Logging treatment was treated as the whole plot with grazihg
treatment analyzed as the sub-plot. Treatment means were separated using
LSmeans procedures of SAS (SAS inst. Ihc.,, Cary, NC) and were considered
significant at the (P < 0.05) level. Cniy pilant species that occurred in all
treatment combinations were included in the analysis. However, in order to
capture some possible effects on rare klspecies the species richness, Shannon
diversity index, evenness and species turnover rates were calculated using all
unique plant taxa.

PC-ORD (Version 4, MjM Software Design, Gleneden Beach, OR) was used to
analyze all of the plant community data. Non-metric multidimensional scaling
(NMS) ordination was used to compare the differences in plant communities,
among iogging and grazing treatments, between 1988, 1991, 1994, 1997 and

2003 with 1985. Results are presented in a series of diagrams where distances
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between points indicate the tlagreé of similarit;. Multi-response permutation

procedures (MRPP), for determination of year ffects, and blocked MRPP, for
determination of timber harvast and herbi\)cry treatment effects which were
blocked by site, were also used t; compare the differences in plant communities
between 1988, 1991, 1994, 1997 and 2003 with 1985. Non-metric
multidimensional scaling and MMRP use'd Sorensen (Bray-Curtis) metric as a
measure of dissimilarity. Prior to analysis, a constant of 100 was added to the
differences in species composition from 1985 in order to remove the negative
values associated with declining species occurrence since 1985. PC-ORD was not
capable of conducting a blocked MRPP using the Sorensen (Bray-Curtis) metric;
therefore, Euclidean (Pythagorean) metric was used instead. Due to the complex
experimental design of this study, PC-ORlD required simplification of the data prior
to analysis. As a result, year effects were analyzed ﬁrst, and similar years were
grouped together and subsequernitly analyzed for timber harvest main effects. If
there were timber harvest main effects, the effects due to herbivory were
analyzed within each timber harvest treatment. The data was simplified in this
manner because of the original split-plot design. Differences, for all analyses,

were deemed significant at the level of £ < 0.05.
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RESULTS

Canopy Cover

Timber harvest in 1986 affected (< 0.001) the overstory canopy in 2003 (Fig. 2).
Overstory canopy cover was greatest in the controls, intermediate in the thinned
and least in the clearcuts, 81, 50, and 30% respectively. The overstory canopy in
the clearcuts was comprised predominantly of ponderosa pine, but grand fir

seedlings were present throughout the treatment.

Clearcut Thinned Control

031985 82003

Figure 2. Overstory canopy cover (%) of
grand fir sites in 1985, prior to timber
harvest, and subsequently in 2003. Columns
are means + SE bais. (a,b,c bars, within
year, with different letters were different at
P < 0.05)



Species Composition

Species composition in 1985 was extremely variable (Table 2 and 3), but, there

were differences (P < 0.05) in the species tompgsition among sites, timber

harvest and herbivory treatments. Therefore, thanges in species composition

from 1985 were analyzed for 1994, 1997 and 2003.

Table 2. Species frequency means in 1985, prior to experiment initiation, in a

_grand fir forest in northeastern Oregon.

Mean SD Min Max
Bromus carinatus Hook. & Arn. 0.3 1.3 0 6.7
Bromus inermis Leyss. . 0 0 0 0
Carex concinnoides Mackenzie 6.5 6.9 0 26.7
Carex geyeri Boott 539 214 6.7 86.7
Calamagrostis rubescens Buckl. 15.2 9.0 2.2 41.1
Elymus glaucus Buckl. 3.9 5.6 0 16.7
Festuca occidentalis Hook. : 23.5 120 6.7 53.3
Luzula campestris (L.) DC. 3.9 3.8 0 13.3
Melica bulbosa Geyer ex Porter & Coult. 244 131 0 53.3
Poa pratensis L. 7.6 12.7 0 44.4
Triseturn canescens Buckl. L 280 130 6.7 500
Achifiea millefolium L. 8.3 7.6 0 26.7
Anemone piperi Britt. ex Rydb. 220 16.4 0 66.7
Arnica cordifolia Hook. 419 162 16.7 722
Eurybia conspicua (Lindl.) Nesom 5.2 11.6 0 50.0
Fragaria spp. 48.8 148 26.7 80.0
Galium spp 7.9 15.5 0 63.3
Hieracium albifforum Hook. 10.1 5.9 0 23.3
Lathyrus spp. 444 113 200 70.0
Lupinus spp. 4.5 7.0 0 26.7
Moehringia macrophylla (Hook.) Fenzl 445 17.1 10.0 80.0
Senecio integerrimus Nutt. 0 0 0 c
Stellaria longipes Goldie 0.1 0.6 0 3.3
Taraxacum officinale G.H. Weber ex Wiggers 4.1 4.4 0 15.6
Thalictrum fendleri Engelm. ex Gray 266 19.0 0 76.7
Viola adunca Sm. 146 7.0 33 300
Mahonia repens (Lindl.) G. Don 3.4 3.5 0 133
Spiraea betulifolia Pallas 29.2 9.9 10.0 533
Symphoricarpos albus (L.) Blake 13.9 10.5 0 36.7
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Table 3. The average shrub species density (#/ha) and cover (%) in 1985, prior

to experiment initiation, in a grand fir forest in northeastern Oregon.

Mean SD Min Max

Acer glabrumTorr. var. glabrum Density 0.02 0.09 0 0.44
Cover 0 0.02 0 0.08

Amelanchier alnifolia (Nutt.) Nutt, ex M. Density 1.1 1.1 0 3.7
Roemer Cover 0.2 0.3 0 1.5

o Density 0.2 0.5 0 2.3

Crataegus douglasii Lindl. Cover 0.04 02 0 0.8
. . . Density 3.5 2.8 0 10.7
Holodiscus discolor (Pursh) Maxim. Cover 3.4 3.0 0 10.9
. _ Density 0.01 0.06 0 0.33
Philadelphus lewisii Pursh Cover  0.02 008 0 0.43
Density 355 274 23 1213

Physocarpus malvaceus (Greene) Kuntze Cover 105 8.6 06 30.8
o Density 0.04 0.14 0 0.67

Prunus virginiana L. Cover 001 003 0 0.4
: Density 0.02 0.08 0 0.33
Ribes cereum Dougl. Cover 0 0.01 0 0.08
Density 13.1 142 0.3 66.0

Rosa gymnocarpa Nutt. Cover 11 09 0 37

These sites supported a relatively rich plant community, with a total of 141

species (for complete species listing, see Appendix A); however, only 29 species

occurred in all treatment combinations across all years. Of the 29 species, the

occurrence of 24 species was affected by time, timber harvest and/or herbivory

treatments (Tables 4, 5, 6, 7; tables only show significant results for affected

species). Timber harvest had the greater effect on the magnitude of change in

species composition than did herbivory. In general, the disturbance caused by

timber harvest increased the occurrence of graminoid species. However, forb

species were variable in their response to timber harvest. Western yarrow

increased with timber harvest and lupines increased in timber harvested and
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Table 4. The effects of timbsr harvisst and herbivery treatments on the changes in
understory species composition in a grand fir forest in northeastern Oregon.

Timber Harvest Treatments Herbivory Treatments

Clear Thin Contr St Graze CExc TExc SE
Bromus carinatus @ r b = b
Hook. & Arn. 13.C 5.9 3.0 2.6 8.9 7.5 6.5 26

Bromus inermisLeyss. 7.9 35° 14 29 51 20 51 29
Carex geyeri Boott -135 25 30 60 -141° -1.5° 01° 58
Elymus glaucusBuckl.  32.1*° 426" 157° 3.6 249 227 292 3.6

Luzula campestris (L.) 33 23 31 24 217 21° 417 17
DC : . . . . . . .

Achillea millefolium L. 36.8 21.4 -46° 73 18.8 154 12.7 3.7
Arnica cordifoliaHook. -37.4° -6.8® 12.1° 155 -11.0 -9.6 -12.7 6.6
pecum albiforum g3 37 43 25 3.4 -100° -13.1° 28
Moehringia
macrophylla -33.8 -20.6 -16.8 10.2 -24.6° -14.8° -31.8° 99
(Hook.) Fenzl
Thalictrum fendleri

JEEd  _72b 1 9b ) i )
Engelm. ex Gray 26.5 7.3 1.2 6.2 11.2 10.2 13.5 4.9

Sp’fgjl‘l’a’;ef"/’fO/’a' 2348 19° 30° 41 90 99 -56 35

Symphoricarpos albus a b .
(L) Blake 23.2° 153" 5.7 41 109 128 138 23

2% row values with differing superscripts are different at (P < 0.05).

herbivory treatments, however, peas (Lathyrus spp.) and heartleaf arnica were
negatively affected by timber harvest. Shrubs were also affected by timber
harvest treatments, with snowberry increasing in clearcuts and thinned
treatments, whereas spiraea (Spiraea betulifolia) decreased in clearcuts and was
not affected in thinned or controls.

Species richness and Shannon diversity were affected (P < 0.05) by timber
harvest and herbivory (Table 8). However, since there were no interactions with
years, it was concluded fhat changes seen in species richness and Shannon

diversity index were evident prior to study initiation and may not be attributed to
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Table 5. Changes in speci¢s coimposition, sinta 1685, in a grand fir forest in
northeastern Oregon.

" 1997 2003 SE

1994
Carex geyeri Boott -8, ? -19.7° 12.9 5.8
Elymus glaucus Buckl. 45.2° 17.5° 28.0° 4.7
Anemone piperi Britt. ex Rydb. -16.5°  -12.0° 14.7° 109
Arnica cordifofia Hook. -18.%° 8.7 -4.6 6.9
Fragaria spp. '* -17.77 -17.9° -5.7° 8.0
Lathyrus spp. -23.4°  -19.3° -10.9° 3.9
Symphoricarpos albus (L.) Biake 9.1 10.9° 24.2° 4.0

ab row values with differing superscripts are different at (P < 0.05).

Table 6. Changes in species composition, from 1985, as affected by time and
timber harvest treatments in a grand fir forest in northeastern Oregon.

Timber Year

Harvest - 1994 1997 2003 SE

Clearcut = -43.4° -40.1** -17.9® 115

Moefringia macrophylla Thinned ~ -41.9°  -256" 567 115

(Hook.) Fenzl

Control -47.8° 4,1 152 11.5
: Clearcut 13.3 15.5 11.4 7.1
Stellaria longipes Goldie Thinned 1.1° 9.3%® 104 7.1
Control 0.7° 4.1° 22.6° 7.1
Clearout 5.5° 7.3° 33.6" 8.2

Viola adunca Sm. Thirined 2.3 -0.6° 19.8 82
Control -4.7 -11.0 -8.8° 8.2

® row values with differing superscripts are different at (P < 0.05).
123 column values with differing superscripts within species are different at (P <
0.05).

application of timber harvest or herbivory treatments. Values for species evenness
represented good equity in the distribution of plant species across treatments.
Species turnover rates, comparing 2003 tc 1985 (Table 9), indicated that number
of new species entering these site was only affected by timber harvest (P= 0.02)
whereas the number of species disappearing from these sites was affected by a

timber harvest by herbivery interaction (£ = 0.006). Thinned harvest treatments
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Table 7. Changes in specie’s cortiinsitior:, frum 1985 to 2003, as affected by
timber harvest and herbivo*y tréatments in @ grand fir forest in northeastern
Oregon.

Herbivory __ Timber Harvest Treatments
Treatment™ Clearcut  Thinned  Control SE
. Graze 104 26.31 7.4 9.2
Ca/iﬁiﬁrostls rubescens CExc 1 52 23,7012 23 702 9.2
'  Tkxc 7.2 12.2° 25.6° 9.2
Graze -8.9 -14.4! -8.9! 7.1
Festuca occidentalis Hook. CExc -14.8° 8.1" -13.3%2 7.1
TExc -11.9% 3.0% -25.2°2 7.1
Graze -31.50  -16.1! -9.9 9.5
Trisetum canescens Buckl. CExc -10.4 -1.0° -23.0 9.5
TExc -19.812 -7.41 -15.7 9.5
Graze -44 41 .27.4% -3.7° 6.8
Lathyrus spp. Exc -23.7% 0.7% 9.7% 6.8
TExc -35.221  -19,3%! 1.5° 6.8
Graze 10.7%1 20.4%! 4.1 6.0
Lupinus spp. CExc 13.7% 2.6%2 -7.0% 6.0
TExc 1.2° -1.9? 0.4 6.0

a a b1

Taraxacum officinale G.H. %?;f _52% 2165 _3(')'3;12 %g
WeberexWiggers  Texc 3.6 52 44 20
. . Graze -0.4 1.9} -3.0 3.3
MahDo:r/]a repens (Lindl.) G. CExc 0.7 7.82 5 b 33
TExC 1,28 8.5% 2.6 3.3

* Herbivory treatments: Grazed — cattle and big game grazing; CExc - cattle
exclosure, big game grazing only; TExc — total exclosure, exclusion of cattle and
big game grazing.

" row values with differing superscripts are different at (P < 0.05).

23 column values with differing superscripts within species are different at (P <
0.05). ‘

had a greater (£ =0.008) number of new species entering the sites than controls,
with clearcuts being intermediate. However, the number of species disappearing
from these sites was greatest (2 < 0.05) in the total exclosures of clearcuts.
Other than total exclosures from clearcuts, it appears that the number of new

species were similar to the number of species lost from these sites.
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=niess responses to timber harvest

and herbivory in a grand fir farest ifi 2 Oregon.
Clearcut Ovarstoty  Thirned Overstory Control Overstory
Gr*  (CExc TExc 45r  CExc TExc Gr  CExc TExc
Species Richness ® | |
1985 49 41 61 47 31 45 46 36 31
1994 46 45 43 43 40 43 40 29 31
1997 44 40 41 32 41 40 32 29 29
2003 44 39 39 43 49 38 36 33 30
Average 46 41 45 = 43 410 42 39 32 30
Shannon Diversity ® :
1985 316 320 3.20 3.09 298 319 3.04 299 3.09
1994 324 328 324 324 221 329 315 281 291
1997 314 313 3.14 3.25 323 325 296 280 2.96
2003 321 3.09 312 322 330 313 304 289 292
Average 3.19 3.18 3.18 3.20 3.18 322 3.05 287 297
Evenness
: 1985 081 086 0.78 080 087 084 0.79 0.83 0.9
1994 085 086 0.8 086 087 087 085 0.83 0.85
1997 083 085 084 089 087 0.8 0.85 0.83 0.88
2003 085 084 085 €8 085 086 085 083 0.86
Average 0.84 085 083 085 087 086 084 0.83 0.87

* Herbivory treatments: Gr — cattle and big game grazing; CExc — cattle exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game grazing.

* Herbivory effect (P < 0.05)
® Timber Harvest effect (P < 0.05)

Shrub Density and Cover

Shrub cover and density was minimal for most species in 1985 (Table 3), except

for ninebark which had a density of 35.5 plants ¢ ha™ and 10.5% cover in 1985.

Changes in serviceberry cover and density were affected by year, timber harvest,

or herbivory treatments. Cover increased 1.4% by 2003 in thinned treatments

whereas clearcuts and controls had no cover increases when compared to 1985.

Changes in density were observed, however, these changes were on the order of

1 piant  ha™.
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‘iiivory on understory species
forest in northeastern Oregon.

Table 9. The effects of tinit: ﬁﬁ?‘/:ﬁéﬁ ent
turnover rates from 1985 te 2003 in 3 grand fir

Clearcut Thinned Control SE

# of new species since 1985*
9.4% 12.12 7.6° 1.7
Clearct ~ Thinped Control SE

# of species lost since 1985"

Grazed 12.7} 14.3° 14.71 2.1
Cattle Exclosure 11.7 6.7 9,312 2.1
Total Exclosure 23.3% 12,3 8.7° 2.1

* Nonsignificant timber harvest x herbivory effact (£ = 0.82). Significant timber
harvest treatment effect (P = 0.02).
" Significant timber harvest x herbivory effect (£ = 0.006).
abe values within rows with different superscripts are different (P < 0.05).
2 values within columns with different superscripts are different (P < 0.05).

.Wild rose density was affected by year and herbivory treatments. Wild
rose density was 16 plants e ha™ greater (P = 0.03) in 1994 when compared
t01985 and has remained the same through 2003. The dénsity of wild rose has
increased (P = 0.03) in the tqtai exclosures by 16 plants ¢ ha™ but only tended to
increase (£ = 0.06) in the cattle exci-’,}sures by 12 plants ¢ ha since 1985.
However, the density of rose in the g.;irvazed pastures has not changed (P = 0.26)

since 1985,

Understory Production

There were no interactions (P> (.08) batween timber harvest and herbivory for
production measures, except for produdion of Kentucky biuegrass, therefore only
main effects were reported. Total understery production increased (P = 0.02)

from 760 kg ¢ ha™ in 1995 to 1108 kg » ha™ in 2003. Total understory production
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was also affected (P < 0.01} by 4 ber har%"-%iﬁf%i;éatments (Table 10).
Understory production in clearciits was 3"} kg - ha' greater (P= 0.02) than
thinned treatments an-d thinned treatments wére 275 kg » ha™ greater (P = 0.04)
than controls. Totai‘ u‘nders:?.,:t:w g:)*séuctib.n was also affected (P = 0.04) by
herbivory treatments. Grazid me,"‘ﬂent" averaged 102 kg  ha™ greater (P=
0.01) understory production than the tof;ai exclosures. Cattle exclosures were
intermediate but not different (P> 0.13) than the grazed or total exclosures.
Timber harvest had a greater impact on the understory production than did
herbivory. Only Kentucky bluegrass was affected by herbivory (Table 10), and it

exhibited a timber harvest x herbivory :hteraction (P=0.01). Kentucky bluegrass

production was greatest (P < 0.01) in the cattle and total exclosures of clearcuts

Table 10. The effects of timber harvés_t and herbivory on understory production in a
agrand fir forest in northeastern Creaor, ‘

Timber Hérvegf Yreatments Herbivory Treatments*

: » Clear Thin  Cont  SE Gr CExc TExc SE
Total Production 1259°  949°  634°  75.2 982% 940%™ 880° 52.7
Carex geyeriBoott 312 172 211 38.3 219 216 261 33.8
Calamagrostis J123b  apmnE o\ ~ab

rubescens Buck. 213 302 127 78.7 293 167 181 78.7
Other perennial P b

grasses 147 l9/> 53 29.7 142 166 85 29.7
Perennial forbs 221 170 176 579 195 218 154  50.0
Annuals / biennials 61 13 3 22.7 25 23 30 17.6
Shrubs 242 205 224 393 213 225 234 343

Poa pratensis L."
Grazed 155 55 6 63.6
CEXC 280% 56° 27° 63.6
TExc 294* 52°  12° 636

* Herbivory treatments: Gr ~ cattle and big came grazing; CExc - cattle exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game grazing.

" Timber harvest x herbivory interaction (P = 0.01).

*® row values with differing superscripts are different at (P < 0.05).

123 column values with differing superscripts within species are different at (P<0.05).
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compared to all other treatrhaitt caminstions, Eik sedge production tended (£ =

0.09) to be greater in the ciearcuts compared te the thinned and control
treatments. Production of pinegrass was 60% greater in the thinned treatments
compared to the controls, with <isarcuts intermediate and not different than either
thinned or control treatments. ??eﬁuctiqﬁ of piregrass within grazed treatments
tended (P = 0.08) to be greater than either cattle or total exclosures. Other
perennial grasses also responded to reduction in canopy cover with greater (P <
0.05) production in the clearcuts and thinned treatments when compared to

controls.

Plant Community Responses
Initial NMS and MRPP analysis of pretreatment data, 1985, indicated that there
were differences (P < 0.001, A = 0.16) among replicate sites, therefore all
subsequent analyses were blockad by site. iipén further investigation, all years
exhibited similar trends; theréfore only 2003 data were reported (Fig. 3). The
NMS ordination analysis revealed an apﬁarent difference among sites, with one of
the sites being different than the other t&*;io (Fig. 3A). Timber harvest (Fig. 3B)
appeared to affect the changes in plant cbmmunity composition and subsequent
MMRP analysis determined that plant communities changes were different (P <
0.01, A = 0.09). |

Changes in plant communities were also affected by herbivory treatments
(P=10.01, A = 0.19). However, there Were no herbivory effects (P> 0.33, A <

0.01) when it was analyzed within timoer harvest treatment. Closer examination
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Figure 3. NMS Ordination of the changes in understory species composition
from 1985 to 2003 of (A) site differences, (B) timber harvest effects, and (C)
herbivory effects in a grand fir forest in northeastern Oregon. Line in charts
demonstrates separation of the differences among sites. (Timber harvest
treatment: Clear — clearcut , Thin -- crown thinning; Cont — control; Herbivory
treatments: Grazed - cattle and big game grazing; Cattle Exc — cattle exclosure,

big game grazing only; Total Exc ~ total exclosure, exclusion of cattle and big
game grazing.) o
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| 1 Marbivory (Fig. 3C) revealed that

of the changes in plant comimunity attribite
only within Site 1 was there an obiservabie difference. Changes observed in cattle
exclosures and grazed treatments were more sitnilar than total exclosures.

Whereas in Sites 2 and 3, it app=ared that there were no differences in changes of

plant community composition attributable to herbivory.
DISCUSSION

Understory vegetation compqsition was affected by timber harvest and herbivory.
Species richness, diversity and evenness were affected by either timber harvest or
herbivory. But, these differences occurred prior to initiation of the study;
therefore, differences observed in subsequent years were probably carry over
effects from this time. Species turnover was also affected by timber harvest and
herbivory, but the number of new species was similar to the number of species
lost, except for total exclosurés in clearcuts which had greater number of species
lost that new species. The greater number of lost species from total exclosures in
clearcuts was probably the result of this treatment having considerably greater
number of species present than the other clearcut herbivory treatments in 1985
(Table 8). However, by 2003, the differences in species richness in clearcut
herbivory treatments were no longer present.

Many other researchers (Schioonmaker and McKee 1988; Halpern 1989;

Thomas et al. 1999; Selmants et al. 2003} have documented that species richness

and diversity increase following disturbance. Schoonmaker and McKee (1988)
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reported that species richness irilsased to padk at 15 to 20 years after logging

and burning in a Douglas fir fc:é*ezﬁ; ir- western Qregon. They also documented that
diversity is greatest up to 24 years fellowing distiirbance.

The lack of changes in species richness ard diversity observed in our study
could be related to disturbance intensity and initial plant community composition.
Griffis et al. (2001) documented that %o;N intensity disturbances did not increase
diversity or species richness. Tlmber‘ harvest is a significant disturbance for
overstory succession, but if disturbarice to soil and vegetation was minimized,
such as in this study, successional trajectories may ultimately be determined by
initial species and site history (Halpern 1989; Selmants et al. 2003). Tilman and
Downing (1994) suggested that communities with high species richness were
more resilient because they probably contain disturbance resistant species.
Halpern (1989) commented further that early succession was characterized by a
shift in abundance of generally eszs*cnt spécies, rather than replacement
species. Riggs et al. (2000) observe;:ﬁ that richness and diversity appeared to be
more dynamic in clearcuts than in séléctive-cut of uncut areas and varied over
locations.

We observed no differences ir plant species richness, diversity, or
evenness that was due to herbivory. Stohlgren et al. (1999) and Riggs et al.
(2000) also found no differences in richness, diversity or eveness as a result of
herbivory. However, we observed that 11 of the 29 specias, that occurred in all
treatment combinations over the duration of the study, wére affected by

herbivory. Plant community responses {Figure 3) also indicated that herbivory had
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minimal effects on plant community structiire as compared to timber harvest.

These observed herbivory effects ovar time were not as great in magnitude when
compared to the timber harvest treatments btit still indicate that ungulates have
the ability to modify plant species compasition. However, Riggs et al. (2000)
commented that herbivory effects were eften equal or even greater in magnitude
than episodic agents, especially in clearcets. Irwin et al. (1994) also commented
that herbivory from large ungulates caused moderate to severe reductions in
shrubs and that elk/deer can have important effects in the absence of livestock.
They also noted observed differences in plant communities as a result of native
ungulate herbivory. Many other researchers (Krueger and Winward 1974; Laycock
and Conrad 1981; Milchunas and Lauenroth 1993; Hobbs 1’996; Augustine and
McNaughton 1998; Weisberg and Bugmann 2003) have also reported that
ungulate herbivbry has the ability to change plant species composition.

Understory production was 98 and 30% greater in the clearcuts and
thinned treatments, respectively, than in the control treatment. Many other
researchers (Pase 1958; McConnell and Smith 1965, 1970; Young et al. 1967;
Thompson and Gartner 1971; Long and Turner 1975; Pyke and Zamora 1982)
have documented similar results. These observed changes in understory
production are primarily due to differences in shading (Naumburg et al. 2001) and
changes in the competition between overstory and understory for available
resources (Riegel et al. 1995).

In this study, increased production of understory vegetation was the result

of changes in the production of graminoids; consequently forbs, shrubs and
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annual/biennials were unaffected by timbar Harvast treatments. Pase (1958), and

McConnell and Smith (1965, 1970) reportad that graminoid production increased
at a greater rate than either forbs or shrubs. Huwever, Thompson and Gartner
(1971) reported that all vegetation tvpes incireased in forage production with
neither groups taking a particular advantage when trees were removed. On
multiple sites across northeastern Oregén, Riggs et al. (2000) reported that
production of forbs was greater than graminoids irrespective of canopy cover.

Timber harvest appears to favor increésed livestock and native ungulate
production because of increased understory production. Cattle are attracted to
areas of greater production (Harris 1954; Roath and Krueger 1982; Gillen et al.
1984) and tend to select a diet that is high in"grasses (Holechek et al. 1982;
Mitchell and Rodgers 1985, Walburger 2005). Whereas, deer and elk diets are
composed of greater amounts of forbs and shrub species than cattle diets
(Findholt et al. 2004; Beck and Peek 2005), but graminoid consumption by elk
varies depending on time of year (Gibbs‘et al. 2004). Gibbs et al. (2004) reported
that elk diets were high in graminoids in May and June, 80% of diet, and then
consumption dropped dramatically in July and August, to < 50% of diet.

By only documenting the observed effects on graminoids, forbs, and
shrubs we omitted a significant amount of above ground production. Long and
Turner (1975) reported that 22 years post-harvest mosses comprised <1% of
understory production, but by 30 years post-harvest masses comprised 11% of
understory production. They also determined that total community production

was greatest 70 years post-harvest. Therefore, maintaining a mosaic of overstory
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age classes may allow for increased numbes ¢f habitats from which herbivores and

other wildlife species may occupy and allow for multiple uses across the
landscape.

Herbivory affected total understory preduction and Kentucky bluegrass
production. Production was greatest in the grazed treatments compared to the
total exclosures. It appeared that grazihg, within this study, stimulated greater
forage production. Other researchers in other environments have documented
similar results (McNaughton 1979; Turner et al. 1993; Frank and McNaughton
1993; Fahnestock and Delting 1999; Frank et al. 2002; Loeser et al. 2004). The
“reason for the increased production of understory vegetation in the grazed
pastures was probably due to timing of grazing. Pastures were not grazed until
plants were senesced and life cycles were potentially completed in the late
summer. Following grazing, production of the young plant material in the fall and
following spring would have higher photosynthetic rates than the older senesced
plant material (Painter and Détling 1981; Wallace 1990). Grazing would increase
light penetration through the foliage canopy (Monsi et al. 1973) thereby increasing
the amount of light reaching the younger plant material, and subsequently,
resulting in increased plant production. However, Holechek et al. (1995)
concluded that 30% utilization rates by cattle on forested rangelands were
recommended for sustainable grazing. Consequently, extreme care must be taken

when exceeding this recommended utilization rate.



IMPLICATIONS

Timber harvest and herbivory are capable of influencing plant community structure
and understory production. Aithough, timber harvest had the greatest effect on
understory production and species compasition, herbivory had modifying effects.
If soil disturbances are minimized, understory species occupying the site prior to
harvest will largely determine resultant plant community structure. Grasses and .
grass-likes appear to have a greater advantage under these circumstances.

However, herbivory had modifying effects within timber harvest treatments
on species composition. Production of understory vegetation can be maintained,
and 'possibly increased, with appropriate timing 6f herbivory upon forested |
rangelands. Utilization rates approaching 60% is not recommended because of
distribution problems with cattle on diverse forested rangelands. Plant community
responses to herbivory and timber were variable and demonstrate the importance
of recognizing that site effects, e.g. aspect, soil depth, soil type, initial plant

community, may have the ability to modify successional trajectories.
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ABSTRACT

The objectives of this study were to documeiit the effects of timber harvest and
herbivory on nutritional qua'ity aénd botartics! komposition of steer diets in grand fir
(Abies grandis) and ponderdsa pine { Piniss ponderosa) forests. Three grand fir
and ponderosa pine sites were estabiished in 1986. Grand fir sites were arranged
as a split-plot design and timber harvest treatments: [1) no harvest (CON), 2)
thinning (TH), 3) clearcut (CL)] were whole plots and herbivory treatments [1)
cattle and big game grazing (GR), 2) big game grazing (BG), and 3) exclusion of
cattle and big game grazing (EX)] were the sub-plots. Ponderosa pine sites were
arranged as a split-plot design and timber harvést [1) CON, 2) TH] were whole
plots and herbivory treatments [1) GR, 2) BG, and 3) EX] were sub-plots. Diet
samples were collected using four ruminaily cannulated steers in June and August
of 2001 and 2002. Within each pasture, steeis were allowed to graze for 20 min.
Results from the grand fir habitat revealed that nutritional quality was better in
June than August. The CP and IVOMD were greater (P < 0.05) in June than in
August and ADF and NDF had lower values (P < 0.05) in June compared to
August. The ADF content in the diet was greater (P < 0.05) in the CONT as
compared to CC and TH. Previous herbivory did not (£ > 0.10) influence diet
quality. Microhistological analysis of ruminal masticate was used to determine the
botanical composition of diets. Graminoids were the major constituent in the diet
ranging from 65 to 91%, forbs were intermediate ranging from 8 to 31%, and

shrubs were least ranging from 0.2 to 3.5%. Season of use did not affect (P >
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0.10) the composition of dicats. Results from: the ponderosa pine sites revealed that

CP, IVOMD, ADF, and NDF of the diets wers only affected by season of use. June
diets were of higher (P < 0.05) quality thar i August. Graminoids were the
major constituent in the diet ranging from 83 t» 88%, forbs were intermediate
ranging from 10 to 14%, and shrubs were {gast ranging from 2 to 3%. Again,
season of use did not affect (P> 0.10) tﬁe composition of diets. This study
suggests that timing of grazing had a greater influence on diet quality than did
previous herbivory and(or) timber harvest, however, previous herbivory and(or)
timber harvest had a greater inﬂuence on composition of diets than did timing of

grazing.

Key Words: Abies grandis, botanical composition, microhistological analysis, Pinus
ponderosa
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INTRODUCTION

Grazing cattle and timber harvest gr= common practices associated with forested
rangelands in North America. These aress coiprise a significant portion of the
public lands in the west and are productive in producing habitat and forage for
livestock and wildlife, as well as wood products for human use. However, over the
past 100 years many areas with the potential for high forage production have iow
outputs due to dense canopy cover (Hedrick et al 1969). Therefore, it may be
necessary to open the canopy to return the understory productivity of these lands.

Timber harvest on forested rangelands sets back succession and, in most
cases, increases understory forage production (McConneIl and Smith 1965 and
1970; Jameson 1967; Young et al. 1967; Thompson and Gartner 1971). This
results in an increased opportunity for cattle/wildlife to forage and obtain a higher
quality diet and subsequently iricrease pmc,uhawty Typically, cattle select a diet
that is predominantly grass with limited forbs and shrubs (Holechek et al. 1982;
Mitchell and Rodaers 1985). However, cattle diets vary throughout the grazing
season, with woody vegetation becoming a greater part of the diet as the grazing
season progress (Holechek et al. 1982; Mitchell and Rodgers 1985; Darambazar
2003).

Few studies have evaluated diet quality or forested rangelands over the
grazing season, whereas more is kncwn abou: changing body condition and

weight change over this same period. Holechek et al. (1981, 1987), Vavra (1984),
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and Walburger (2000) have a!! documentad it cattle gain less in the late

summer and fall when compared to iate spring and early summer.

The combined effects of timber harvest and grevious herbivory (wild and/or
domestic ungulates) on diet ¢juatity have net been documented. Therefore, the
objectives of this study were to determine how tifiber harvest, previous herbivory

and season of use affect the quality of d’iets cbtained from forested rangelands.
MATERIALS AND METHODS

The study area is located at the Eastern Oregon Agriculture Research Center’s Hall
Ranch, which is approXimater 16 km east of the city of Uﬁion in the Wallowa
Mountainé of northeastern Oregon. Elevation ranges from 1050 to 1250 m and

* annual precipitation averages 56 cm with about 65% coming in the winter;
whereas summers are usually dry (Figure 1. Cattle have been grazing the area

- since mid-1880. Elk (Cervus e/éphus I.) and mule deer (Odocoileus hernionus
Raf.) are indigenous to the area and can be found throughout the year; however,
heaviest use occurs in spring and fail.

The study was conducted as a replicated split-plot design. Three Abjes grandis
(Dougl. ex D. Don) Lindl. / Pachistima myrsintes (Pursh) Raf. (grand fir), 22.5 ha
each in size, and three Pinus ponderosa P.& C. Lawson [ Symphoricarpos albus
(L.) Blake (Ponderosa pine), 15 ha each in size, sites were selected to analyze the
effects of herbivory and overstory canopy cover on botanical composition of diets

and diet quality. Sites were selected within ar=as of relatively homogeneous stand
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Figure 1. Precipitation data (cm) from weather station located at Eastern
Oregon Agriculture Research Center's Hall Ranch.

structure. The grand fir sites had three timber harvest treatments applied: 1)
clear cut, 2) crown thinning and 3} uncut {Control; Figure 2). Crown thinning
consisted of removing co-dominart and some dominant trees. Timber harvest
began in 1985 and was completed i 1986. fhe grand fir clearcuts were replanted
in the spring of 1988 with Ponderosé pine, Douglas-fir (Pseudotsuga menziesii
(Mirbel) Franco var. glauca (Beissn.) Franco), and western larch (Larix occidentalis
Nutt.). Whereas, the ponderosa pine sites had two timber harvest treatments
applied: 1) commercial thinning and 2) uncut {(Control; Figure 3). Thinning within
the Ponderosa pine sites was done to achieve a tree basal area of 24 m%/ha (tree
spacing of approx. 8 m). Timber hawést began in 1985 and was completed in

1986.
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Figure 2. Layout of the timber harvest (control, thinned and clearcut) and
herbivory (Graze — cattle and big game grazing; CExc — cattle exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game
grazing) treatments for each grand fir site.

Control » Thinned
™
B
Graze CExc ' raze CExc TExc

Figure 3. Layout of timber harves: (control and thinned) and
herbivory (Graze — cattle and big game grazing; CExc ~ cattle
exclosure, big game grazing oniy; TExc — total exclosure, exclusion
of cattle and big game grazing) i‘redtments for each ponderosa pine
site.
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The following herbivory treatmeiits were apisiics within all timber harvest

treatments for both grand fir and ponderosz pine sites: 1) grazing by cattle and
big game (to achieve 60 percent utilization), 2} big game grazing only (Cattle
exclosure), and 3) exclusion of cattle and hig game grazing (Total Exclosure).
Sixty percent utilization is considered heavy reiative to current recommendations
(Holechek 1995), but was used becausevit was considered a typical utilization level
for industrial forests. Cattle and total ekclbsures were approximately 0.5 ha in
size. Grazing by cattle was done in conjunction with allotment grazing from mid-
August through October for the grand fir sites. Whereas, ponderosa pine sites
were grazed in a deferred rotation grazing system. Even years were grazed from
mid-June to mid-July and odd years were grazea from beginning of July to mid-
August. Grazing by cattle in ponderosa pine sites was removed from 2001 and
2002 to allow for diet collections in mid-August.

Vegetation on these sites was varied but the dominant grasses were elk sedge
(Carex geyeri Boott), pinegrass ( Ca/émag/’osz‘/s rubescens Buckl.), and Kentucky
bluegrass (Poa pratensis L.). Numerous forbs were also found which include
heartleaf arnica (Arnica cordifolia Hook.), western yarrow (Achillea millefolium L.
var. occidentalis DC.), cinquefoil speties (Potentilla spp.), and lupine species
(Lupinus spp.). Several shrub species were typically found which include mallow
ninebark (Physocarpus malvaceus (Greene) Kuntze), common snowberry, Oregon
grape (Berberis repens Lindl.), and Spiréa (Spiraea betulifolia Pallas). Overstory of
the grand fir sites within the controls and thinned timber harvest treatments were

dominated by grand fir, whereas, dominant overstory species within clearcuts was
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1, however, grand fir saplings were

ponderosa pine, Douglas-fir, &nd x%‘estern fare
numerous. Overstory of the ponderosa pirie sites was dominated by ponderosa
pine and interspersed with western larch.

Four ruminally cannulated steers were used to determine diets in June and August
of 2001 and 2002. Prior to the grazing béut,- staers were transported to site and
ruminally evacuated as described by Lesrl;erance et al. (1960), except rumen walls
were rinsed with a sponge to remove as much material as possible. Steers were
allowed to graze for 20 min. and grazed masticate samples were removed
immediately following the grazing bout. Multiple collections were made by each
steer within a day, both morning and evening collections. Launchbaugh et al.
(1990) reported no differences in cattle diets between morning and evening
coliections, therefore only considerations for possible effects from an empty rumen
were considered. To minimize possible effects of an empty rumen on forage
selectivity by steers, we randomiized the crder that sites were grazed within each
biock. Following collection of rﬁasticate samples, original rumen contents were
replaced. Masticate samples were completely dried at 55° C in a forced air oven
and were ground through a Wiley Mili (Thomas Scientific, Sweedesboro, NJ) using
a 1 mm screen. Composite samples were created for each experimental unit by
combining 50 g sub-sample of each steers masticate sampie. Samples were then
analyzed for CP (AOAC, 1990), ADF, NDF (Ankom?®® fiber analyzer, ANKOM
Technology Corporation, Fairport, NY), and IVOMD (Daisy”, ANKOM Technology

Corporation, Fairport, NY). Livestock were handled according to the protocol



87
approved by the Institutional Anitna! Care it Lis2 Committee at Oregon State

University.

Botanical composition of steer diets was determined using microhistological
analysis. Composite samples were soaked in sogium hydroxide and mounted
using techniques described by Hoiechek .:(198;‘2). Three slides for each sample
collected from grand fir sites and four slides for each sample collected from
ponderosa pine sites were prepared and then dried at 55°C in a forced air oven,
for a minimum of 48 hours, prior to analysis. TWenty fields per slide were
systematically observed at 100x magnification. Plant fragments were identified
by comparing epidermal characteristics with plant species reference slides and
recorded as frequency counts. Dry weight comﬁosftion of each sample was
determined by dividing the frequency of each species by the total number of
frequencies for all species (Holechek and Gross 1982).

Herbaceous production was coliected in 2603 by clipping 0.5 m x 1.0 m
rectangular plots placed randomly within each experimental unit. Plots were
clipped by species to a 2 cm stubble height. Production clips were completely
dried in a forced air oven at 55 degrees Celsius and weighted to the nearest tenth
gram. Using the production data, a relative preference index (RPI) was caiculated
to determine the relationship between botanical composition and forage
availability. This index was used to account for the differences (data not
provided) in understory forage production ameng the herbivory and timber harvest
treatments. Relative preference index was calculated as: % diet composition / %

forage composition (Krueger 1972).
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All data were analyzed as a split-plot design within a randomized complete

block design with three replications using MIXED procedures in SAS (SAS Inst.
Inc., Cary, NC) with the block (site raplication} effect considered random. The
whole-plot experimental unit was timber harvest treatment and the sub-plot
experimental unit was herbivory within timber harvest treatments. Treatment
means were separated using LSmeans brocedures of SAS (SAS Inst. Inc., Cary,

NC) and were considered significant at P < 0.05.
RESULTS

Grand Fir Sites
There were no interactions (P > 0.40) among season of use, timber harvest and
herbivory treatments for any measures of diet quality determined; therefore, only
treatment means are reported. Crude protein, IVOMD, NDF and ADF were all
affected by season of use (Tablé 1). Crude protein and IVOMD of steer diets were
4.5 and 6.1 percentage points, respectively, higher (P < 0.001) in June than in
August. Only minor differences (P < 0.02) in NDF and ADF content occurred
between June and August (2.4% and 1.4%; respectively). Even though August
diets were of lower quality, the nutritional requirements for a lactating cow were
met (NRC 1996).

Timber harvest and herbivory treatments had little effect on the quality of
steer diets; except for ADF. The ciearcuts and thinned treatments had lower (P <

0.03) ADF values than control treatments. This increase of ADF in the control
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Table 1. The effect of seasdti of use and tiibér harvest on the subsequent
quality of steer diets in a grand fir forested habitat.

Season of Use Timber Harvest Treatment
June August SE Clearcut Thinned Control SE
CP, % OM 149° 10.3° 0.3 12.6 12.5 12.6 0.3
IVOMD (%) 78.5%  72.4° 0.5 76.6 75.4 74.5 0.9
NDF, % OM 55.6°  58.0° 0.7 57.3 55.8 57.4 0.6
ADF, % OM 39.72 411 05 38.4°  40.0° 429" 0.8

3% values with differing superscripts are different at (P < 0.05)

treatments could be due to greater amount of forbs consumed by steers and/or
the effects of increased canopy cover on structural characteristics of consumed
forages.

Botanical composition of steer diets did not exhibit season of use x timber
harvest x herbivory treatment interactions (P 2 0.7C). However, graminoids and
forbs exhibited a timber harvest x herbivory treatment interaction (P = 0.04).
Graminoids were also affected by season of use, with June diets having greater
amount of graminoids than August diets (83.5% and 80.4%, respectively).
Amount of shrubs consumed was not affected (P 2= 0.11) by either season of use,
timber harvest or herbivory treatments.

Consumption of graminoids was least (P < 0.02) in controls, across all
herbivory treatments, compared to clearcuts and thinned treatments (Table 2). In
addition, total exclosures within the controls, had the lowest amount of graminoids
in steer diets compared to grazed and cattle exclosures. Conversely, consumption
of forbs was greatest (P < 0.04) in controls, across all herbivory treatments,

compared to clearcuts and thinned treatments.
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Table 2. The effects of timber harvest and Hetbivory treatments on the botanical
composition (%) of steer diets in a grand fir forested habitat.

Herbivory Timber Harvest Treatments

Treatments' Clearcut Thinned Control SEM
Grazed 88.3! 82.7%12 76.1%
Graminoids Cattle Exc 91.5% 88.0%! 75.8%2 3.17
Total Exc  90.3! 79.4" 65.4"
Grazed 10.7 15.6%1 22.5%
Forbs Cattle Exc 8.3! 10.7% 21.1# 3.10
Total Exc 9.3! 19.6™ 31.1%3
Grazed 0.9 1.7 1.3
Shrubs Cattle Exc 0.2 1.3 3.1 0.96
Total Exc 0.4 0.9 3.5

" Herbivory treatments: Grazed — cattle and big game grazing; Cattle Exc — cattle
exclosure, big game grazing only; Total Exc ~ total exciosure, exclusion of cattle
and big game grazing

2P column values with differing superscripts within forage type are different at (P <
0.05)

123 row values with differing superscripts are different at (P < 0.05)

Also, RPI did not exhibit a season of use x timber harvest x herbivory
treatment interaction (P> 0.75). Howaver, tha RPI of graminoids and forbs
within steer diets was affected (Ps 0.04) by a timber harvest x herbivory
treatmenf interaction. Steers showed a strong preference for graminoids in all
timber harvest and herbivory treatments (Tabie 3). However, preference did vary
within timber harvest treatments. Within clearcuts, preference for graminoids was
greatest (P < 0.04) in cattle exclosures. Within controls, graminoids were
preferred and not different among all grazing treatments. In clearcuts, steers
selected forbs in proportion to availability, but in the thinned treatment, steers
preference for forbs was greatest (P = 0.01) in the total exclosure compared to
either the grazed or cattle exclosures. Steers also showed a preference for forbs

in the cattle and total exclosures of control (no timber harvest) treatments (1.53
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Table 3. The effects of timbzr hairvest anc hérbivory treatments on the relative
preference index (RPI)* of graminoids, forbs, and shrubs for steer diets in a grand
fir forested habitat. '

Herbivory Timber Harvest Treatments SEM
Treatments'  Clearcut  Thinned Control
Grazed 1.39° 1.30%® 1.50
Graminoids Cattle Exc 1.57° 1.39° 1.42 0.12
Total Exc 1.32° 1.18° 1.51
Grazed 0.90 1.14° 1.08?
Forbs Cattle Exc 0.55 0.84° 1.53° 0.34
Total Exc 0.70* 1.94" 2.00%
Grazed ~0.03 0.09 0.05
Shrubs Cattle Exc 0.02 0.08 0.11 0.04
Total Exc 0.03 0.05 0.10

* RPI = % diet composition / % forage composition (Krueger 1972)

" Herbivory treatments: Grazed - cattle and big game grazing; Cattle Exc — cattle
exclosure, big game grazing only; Total Exc — total exclosure, exclusion of cattle
and big game grazing

2P column values with differing superscripts within forage type are different at (P <
0.05) :

123 row values with differing superscripts are different at (P < 0.05)

and 2.00, respectively). Shrubs, on the othar hand, were not preferred (P> 0.23)
in the timber harvest or herbivory treatments.

Total understory production and graminoid production in 2003, 18 years post-
harvest, was only affected (P < 0.05) by timber harvest treatments (Table 4).
Total understory production was greater in the clearcuts compared to both thinned
and controls, 353 and 591 kg  ha™ greater respectively. Graminoid production
was 540 kg e ha™ greater (P = 0.02) in clearcuts compared to controls. Thinned
treatments tended (P = 0.09) to be greater than controls but were not different (P
= 0.22) from clearcuts. Production of forbs and shrubs were not affected (P >

0.61) by either timber harvest or herbivory.
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Table 4. The effects of timder harvest on understory production (kg e ha™), 18
_years post-harvest, in a grand fir forest iri northeastern Oregon.

Clearcut Trinnad Control SE
Total Production 1423 1070° 832° 94
Graminoids 947° 736%° 407° 118
Forbs 246 175 178 64
Shrubs 242 205 224 39

#bvalues with differing superscfipfs‘ are different at (P < 0.05)

Ponderosa Pine Sites

There were no interactions (P > 0.11) among season of use, timber harvest and
herbivory treatments for any measures of diet quality determined; therefore, only
treatment means are reported. Neither timber harvest nor herbivory treatments
influenced (P > 0.10) diet quality. Crude protein, IVOMD, NDF and ADF were only
affected by season of use (Table %), witih the higher quality diets occurring in June
compared to August. Crude protein and IVOMD were 3.9 and 5.7 percentage
points, respectively, higher (P <0.001) inn June than in August. In contrast, ADF
and NDF content were 3.6 and 5.7 percéntage points, respectively, lower (P <

0.01) in June than in August.

Table 5. The effects of season of use on the diet quality of steers grazing a

_ponderosa pine forested habitat.
' Season of Use

June August SE
Crude protein 13.7° 9.8 0.28
IVOMD 80.2° 74.5° 0.45
NDF 53.5° 59.2° 0.65
ADF 35.2° 38.8" 0.50

® values with differing superscripts are different at (P<0.05)
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There were no interacticni {7 = 0.21) ahibhg season of use, timber harvest

and herbivory treatments on the hotanica! composition of diets; therefore, only
treatment means are reportad. Neither sedson of use nor timber harvest
treatments affected (P = 0.28) the botarical composition of steer diets, but the
amount of graminoids and forbs i1 the steer diets was affected (P < 0.04) by
herbivory treatments. Greater than 80% of the steer diets (Table 6) was
graminoids, however, the diets from cattle exclosures contained 5.2% and 4.3%
more (P < 0.04) graminoids than the grazed and total exclosures, respectively.
Composition of forbs in the diets was greater (P = 0.01) in the grazed pasture
than in the cattle exclosure, and the total exclosure tended to be greater (P =
0.08) than the cattle exclosure. |

There were no interactions (P > 0.11) among seasor of use, fimber harvest

and herbivory treatments on the RPI for graminoids, forbs and shrubs of steer

Table 6. The effects of herbivory on the botanical composition (%) and relative
_preference index (RPI)* of steer diets within a ponderosa pine forest type.

Herbivory Treatments'

Grazed Cattle Exc Total Exc SE
Botanical Composition :
Graminoids 83.2¢ 88.4° 84.1° 2.75
Forbs 14.3° 9.9° 13.1%® 2.64
Shrubs 2.5 1.7 2.9 0.40
RPI
Graminoids 1.28° 1.28° 1.50° 0.15
Forbs 0.54° 0.5¢° 0.81° 0.15
Shrubs 0.38? 0.27%° 0.15° 0.10

* RPI = % diet composition / % forage composition (Krueger 1972)

" Grazing treatments: Grazed — cattle and big game grazing; Cattle Exc — cattle
exclosure, big game grazing only; Total Exc — total exclosure, exclusion of cattle
and big game grazing

2% values with differing superscripts are different at (P<0.05)
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diets; therefore, only treatmerit riteans are feplirted. Neither season of use nor

timber harvest treatments affcécted (P2 0.13) the RPI for graminoids, forbs or
shrubs in steer diets, but the RPI for gramincids and forbs in steer diets were
affected (P < 0.02) by herbivory tredtments. Steers prgferred a diet that was
dominated by graminoids (Table 6}; howaver, preference was greater (P < 0.001)
in the total exclosure than in either the ic_;;razed or cattle exclosures. Overall, steer
diets were proportionally lower in forbs or shrubs than available in the pastures.
However, steer diets in the total exclosures had greater (P < 0.03) RPI for forbs
than either the grazed or cattle e.xclosures. In contrast, cattle grazing the total
exclosures had lower (P < 0.02) RPI for’shrubs than the grazed treatments and
tended to have lower RPI (P = 0.07) than the cattle exclosures.

Total understory production tended (P = 0.08) to be greater in thinned
treatments compared to conirels (Table 7). Aiso, production of forbs was 144 kg ¢
ha greater (P = 0.001) in thinned treatments compared to controls. Herbivory
treatments only influenced the production of shrubs. Shrub pfoduction of total
exclosures was greater than grazed aﬁd cattle exclosures, 128 and 105 kg « ha™
respectively. Graminoid production was not affected (P 2 0.18) by either timber

harvest or herbivory treatments.
DISCUSSION

Quality of diets collected from grand fir and ponderosa pine sites declined in late-

June to mid-August irrespective of timber harvest and herbivory treatments. Even
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Table 7. The effects of timis&f | ,
years post-harvest, in a po,,,;,a ., %ne sore ct i1 rortheastemn Orggon

Timber Haryast Herbivory Treatments*
Treatments

Thin__Control _ SE__ Graze Cattle Exc  Total Exc  SE

Total

Production 1111 873 237 974 1016 988 237
Graminoids 634 535 115 568 652 535 120
Forbs 275° 131° 50 206 187 216 52
Shrubs 160 125 85 - 922 115° 220° 84

* Grazing treatments: Grazed - cattle and big game grazing; Cattle Exc — cattle
exclosure, big game grazing only; Total Exc — total exclosure, exclusion of cattle
and big game grazing

*® values with differing superscripts are d!fferent at (P<0.05)

though nutritional quality of these diets was deciirning, the quality of diets obtained
in August was of sufficient quality to meet the reduirements for lactating cattle
during this period (NRC 1936). Cedclining quality of cattle diets is a result of
declining forage quality and(or) daclining quantity of desirable forages. Cook and
Harris (1968), Skovlin (1967}, and Ciark \AWJ) have reported that plant quality
declines with increasing plant phenology and as the grazing season progresses,
with grass quality d»eclini'ng the greatest. .However, shrubs and forbs typically
remain higher in quality and were abie to maintain that quality throughout the
summer.

Walburger et al. (2000) reported that aspect, north vs. south, with its
accompanying differences in overstory, soils and moisture availability can influence
the quality of plants throughout grazing season, with north aspects having higher
quality later in the grazing season than ‘south aspects. Svejcar and Vavra (1985)

speculated that decreasing canopy cover increases the amount of sunlight
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reaching the soil surface, tharaby increasing the oil temperature and reducing the
y :

available soil moisture later in the sgjmmer; 3% a result, accelerating plant
phenology and reducing forage quality. Howsver, McEwen and Dietz (1965),
Dealy (1966), and Severson and Uresk (19€8) were unable to detect differences in
CP due to changes in overstory cancpy crer in ponderosa pine forests. As well,
Regelin et al. (1974) found no differenees in CP content in various understory
species within a mixed-conifer forest. Our results indicate that the change in
overstory canopy cover did not affect the quality of diets because there were no
interactions with season of use and timber harvest treatment, nor were there any
interactions with season of use and timber harvest treatment in the botanical
composition of diets. Therefore, cattle in this study were selecting compositionally
similar diets in June and August and quality of diets was not changing due to
timber harvest treatment in August. We speculate that decreased canopy cover
may slow plant phenology of consumed fdrae_ié species thereby allowing them to
maintain higher forage qualities Ieter in the year.

Within this study, steer diets, for grand fir and ponderosa pine sites, were
dominated by grasses, 65-90% of the diet, forb composition was intermediate, 8-
31% of the diets, and shrub consumption was minimal, <3.5% of diets. The
changes in composition within these diets, especially for grand fir sites, were likely
due to changes in understory production. The ability of steers to obtain a diet
high in grasses, a preferred constituent, in controi treatments of grand fir sites
would be more difficult than in clearcuts because graminoid production was 591

kg ¢ ha less compared to thinned and clearcut treatments. Therefore,
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b Gairk

composition of diets, to a gr#at m~at, reflais the steer’s ability to obtain
desired forage components. |

Unexpectedly, season of use was not ar; infiliencing factor on botanical
composition. Beck and Peek {2005), in northisastern Nevada, also reported that
cattle diets are dominated by grisses and forbs with minimal inputs from shrubs.
However, Mitchell and Rodgers (1985), m a Douglas-fir/ninebark habitat type in
rorthern Idaho, reported cattle had similar composition of diets from mid-June
through August, but the diets were dominated by grasses and browse. Other
researchers (Holechek 1982; Uresk and Painter 1985) have reported changes in
diet composition during this time period of mid-June through August. Holechek et
al. (1982), in eastern Oregon, reported that cattlé d.iets were composed primarily
of grass but it varied among seasons with consumption of browse increasing with
progression of the grazing season. They also reported that consumption of forbs
-declined through the grazing peiiod and were minor constituents in the diet.
Uresk and Paintef (1985), in the Black Hilis, reported that consumption of grasses
and shrubs were similar throughout fﬁe grazing period and constituted
approximately 54% and 28% of the diet, respectively, whereas consumption of
forbs deciined throughout the grazing period and only averaged 17% over the
grazing season. The probable reason for the differences in diets was that the
other studies (Holechek 1982; Mitchell and Rodgers 1985; Uresk and Painter
1985) allowed grazing to continue thro@ghcut the duration of the seasonal
collection periods which, in turn, méy reflect changes in forage availability. In fact,

Launchbaugh et al. (1990) reported that, cattle diets differed depending on when
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during the grazing period they wers sampletl. Whereas this study only allowed

grazing after collections were completed, therefore, these diets represent what
cattle could select if forage availability was not limited.

Even though the composition of diets was changing, cattle still showed a
preference towards grasses. Forbs were:it-a:zf similar proportions in the diet as was
available in the pasture and shrubs were?not preferred. Beck and Peek (2005)
found similar preferences for grasses, forbs and shrubs. However, site did
influence their results with cattle using grasses and forbs in proportion to their
availability in aspen habitats, but ‘cattse preferred grass in a sagebrush habitat.
Holechek at al. (1982) provided percent cover data which allowed for comparison
to percent within diets, however, this may not be a surrogate for production.
They reported that during mid-June cattle prefe‘rred a grass dominated diet with
forbs in similar proportion of diet composition to percent cover, and shrubs not
preferred. But by mid-August, forbs t:/vere not ;preferred and shrubs composition
within diets was of similar proportion :to percent cover. However, these

differences may be the result of continued grazing of the plant communities and

representconfounded by changes in forage availability.
MANAGEMENT IMPLICATIONS
Cattle grazing on forested rangelands have the ability to select a diet that has

sufficient quality to meet their nutritional requirements. In this study, timber

harvest and previous herbivory had ro effects on the quality of diets that cattle



were able to select. Seasor: of use was the éh?y influence on diet quality; even
though diet quality was declinihg it was r;uﬁh“:ient to prevent weight loss in a
lactating cow. Cattle grazing forested rangealands in northeastern Oregon
preferred a diet that was dominated _by gramimids. However, as graminoid
production decreases, such as in heavily timbéred areas, cattle will increase
consumption of forbs. Shrubs occurredi-considerabiy less in the diets and forbs
occurred of similar proportion as available on the rangeland. These results were
determined when forage availability was not limited. As a result, managers may
want to monitor cattle use and determine rotational schedules based on when

cattle start consuming shrubs in order to meet management goals.
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The overall objectives of this iesear:h were to evaluate the relationship

between overstory canopy cover @nd ungulate herbivory on understory production,
understory species composition, and diversity in a ponderosa pine and grand fir
forest in northeastern Oregon. Tie primary factors evaluated were species
frequency, shrub cover and density, and-understory production.

Changes in species frequency was affected by both herbivory and timber
harvest. The magnitude of species changes was greater with timber harvest than
herbivory, thereby indicating that timber harvest had a greater affect on
influencing successional trajectories of understory vegetation. However, due to
large: variations in species occurrence across ponderosa pine treatments, we were
unable to detect consistent directional responses attributed to either timber
harvest or herbivory treatments. These non-diréctional responses by the
understory vegetation were probably due to initial composition of plant
communities and subsequent differences in péunt community changes among the
ponderosa pine sites. Timber ha&est and herbivory had little effect on shrub
cover and density.

Grand fir sites were not as variable in plant community composition
compared to the ponderosa pine sites. As a result, we were able to document
consistent responses by the understory vegetation. Graminoid species increased
with increased levels of overstory removal, whereas, forbs responses were
determined by life history traits. Again, timber harvest and herbivory had little

effect on shrub cover and density.
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Total production of uniderstcry vegeisiion increased with decreasing

overstory canopy cover. Treatmerits graged by cattle, elk and mule deer reduced
understory production in ponderosa pine sites but increased understory production
in the grand fir sites. These differences wers mast Iikefy attributed to soil
characteristics.

Understory vegetation dynamics fuliowing timber harvest is of major
concern, because herbivores are attracted to these areas and they have the
potential for altering successional pathways. HoWever, this research
demonstrated that herbivory following timber harvest had minor effects on the
resulting plant communities. Speciﬂca.lly, the plant cemmunities among the
ponderosa pine sites all responded differently. Ac'.ros‘s & landscape this could be

-very important in maintaining biological diversity and, in some cases, in mitigating
effects of animal congregation areas. Ponderosa pine sites were also grazed by
cattle during thge time when many of native perennial grasses are most suﬁceptible
to damage from grazing (Stout and Quihton 1986) which could have influenced
community responses.

Irwin et al. (1994) and Riggs et ai. (2000) documented that herbivores
reduced producticn and cover of shrubs cormpared to exclosures. However, in our
study, there was not a response of either shrubs density or cover to removal of
herbivores. This unexpected result could be the result of lack of disturbance (in
the case of the ponderosa pine sites), herbivory by cattle, elk and deer over the

past 40 years has suppressed shrubs to the point that they are now removed from
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this system and(or) fire needs t5 B¢ put back ikt these systems to simulate shrub

regrowth. )

The lack of strong diracticnal changes i understory vegetation may also
relate to our design structure. £y having thie dxperiment structured this way,
limits our analytical abilities. Rare plants and plants that occupy a single
treatment were removed from all analyses. As a result, we could be
underestimating the effects of herbivoryrand timber harvest treatments. However,
the plants used for analyses typically represented the dominant species in
frequency and production. By reducing the rare species; the ability to detect
differences in plant communities is increased because of the reduction in noise
(McCune and Grace 2002).

Further studies need to be determined on the leveis of disturbance,
specifically, understdry vegetation responses to fire, timber harvest and herbivory.
Also, studying the effects of differeit sti‘;«ckiéé} rates and season of use would
provide valuable insight into es‘cab‘iishmg grazing systems on forested rangelands.

The second objective of this research was to determine the effects of
timber harvest, unguiate herbivory, and season of use on the nutritional quality
and botanical composition of cattie diets. The primary factors evaluated for
nutritional quality of diets were CP, IVOMD, ACF, and NDF. The primary factors
evaluated for botanical composition of diets was the microhistological
determination of the proportions of gramingids, forbs ahd shrubs from the diets.

Season of use was the primary factor in determifwing nutritional quality of

steer diets in ponderosa pine and grand fir sites. Higher quality diets were
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measured in June compared to August. Tivder Harvest and herbivory had very

limited effect on the nutritional guality of steer diets. Graminoid species
dominated the diets of stees aciiss all sites: But, consumption of forbs increased
with increased overstory ca’itpy cover i granid fir sites. Shrubs were not an
important component of steer diets.

Cattle grazing on forested rangeiénds are constantly faced with changes in
species availability, changing plant communities across the rangeland, variation in
preduction from feeding site to feeding site, and seasonal changes in moisture
content and forage quality. Even with all these changes and variability in potential
forage species, cattle typically selectad a diet that is high in graminoids when
given the opportunity.

Rotational grazing systems are regularly used to better distribute cattle
across rangelands and to provide vegetation recovery periods. Therefore, further
study is needed in determining the eifects of §imited forage availability on cattle
diet selection for various time periods throughout the grazing season. Also,
documenting the effects of timber harvest, herbivory and progression through the

razing season on the available forage guality.
9 ¥



BIRLICGRAPHY

AOAC. 1990. Official Methods of Analysis. 15th ed. Assoc. Offic. Anal. Chem.,
Arlington, VA.

Augustine, D.J. and S.J. McNaughton. 1998. Ungulate Effects on the Functional
Species Composition of Plant Comimunities: Herbivore Selectivity and Plant
Tolerance. Journal of Wildlife Management. 62: 1165-1183.

Bennett, D.L., G.D. Lemme, and P.D. Evenson. 1987. Understory herbage
production of major soils within the Black Hills of South Dakota. Journal of
Range Management. 40:166-170.

Bainbridge, E.L. and W.L. Strong. 2005. Pinus contorta understory vegetation
dynamics following clearcutting in west-central Alberta, Canada. Forest Ecology
and Management. 213:133-150.

Beck, J.L. and J.M. Peek. 2005. Diet composition, forage selection, and potential
for forage competition among elk, deer, and livestock on aspen-sagebrush
summer range. Rangeland Ecology end Management. 58: 135-147.

Belsky, J.A. and D.M. Biumenthai. 1997. Effects of Livestock Gfazing on Stand
Dynamics and Soils in Upland Forests of the Interior West. Conservation
Biology. 11: 315-327.

Bennett, D.L., G.D. Lemme, and P.D. Evenson. 1987. Understory herbage
production of major soils within the Black Hills of South Dakota. Journal of
Range Management. 40:166-170.

Brockway, D.G. and C.L. Lewis. 2003. Influence of Deer, Cattle Grazing and
Timber Harvest on Piant Species Diversily in a Longleaf Pine Bluestem
Ecosystem. Forest Ecology and Management. 175: 49-69.

Cook, C.W. and L.E. Harris. 1968. Nutritional value of seasonal ranges. Utah
Agricultural Experiment Station Bulletin 472.

Darambazar, E. 2003. Factors influencing diet composition of beef cattle grazing
mixed conifer mountain riparian areas. M.S. Thesis. Oregon State niversity.
Corvaliis. '

Dealy, J.E. 1966. Bitterbrush nutritional levels under natural and thinned
ponderosa pine. USDA Forest Service Research Note PNW-33. Pacific
Northwest Forest and Range Experiment Station, Portland, Oregon.



100

Fahnestock, J.T. and J.K. Deltifig. 1399. Plant responses to defoliation and
resource supplemertation in the Pryor Mnuntams. Journal of Range
Management. 52:263-270.

Findholt, S.L., B.K. Johnson, £, Damiran, T. D&iCurto, and 1.G. Kie. 2004. Diet
composition, dry ma‘o‘@r intake and digt overlap of mule deer, elk and
cattle. I J. Rahm {£12.), Trahsactions of tne Sixty-ninth North American
Wildlife and Naturai Rnsou:“es Conference. 16-20 March 2004; Spokane,
WA: Wildlife Managamient Institute. p. 670-686.

Frank, D.A., M.M. Kuns, and D.R. Gusdo 2002 Consumer control of grassland
plant production. £cology. 83:602-606.

Frank, D.A. and S.). McNaughton. 1993. Evidence for the promotion of
aboveground grassland production by native large herbivores in
Yellowstone National Park. Oecologia. 96:157-161.

Gibbs, M.C., J.A. Jenks, C.S. Deperno, B.F. Sowell, and K.J. Jenkins. 2004. Cervid
forage utilization in noncommercially thinned ponderosa pine forests.
Journal of Range Management. 57:435-441.

Gillen, R.L., W.C. Krueger, and R.F. Miller. 1984. Cattle Distribution on Mountain
Rangeland in Northeastern Oregon. Journai of Range Management. 37: 549-
553. '

Griffis, K.L., J.A. Crawford, M.R. Wagner, W.H. Mair. 2001. Understory response to
management treatments in northern Arizona ponderosa pine forests.
Forest Ecology and Management. 146:239-245.

Grings, E.E., R.E. Short, M.R. Haferkamp, and R.K. Heitschmidt. 2001. Animal age
and sex effects on diets of grazing cattle. Journal of Range Management.
54:77-81.

Grings, E.E., D.C. Adams, and R.E. Short. 1995. Diet quality of suckling calves and
mature steers in Northern Great Plains rangelands. Journal of Range
Management. 48:438-441.

Halpern, C.B. 1989. Early successional patterns of forest species: interactions of
life history traits and disturbance. £cofogy. 70:704-720.

Harris, R.W. 1954. Fluctuations in Forage Utilization on Ponderosa Pine Ranges in
Eastern Oregon. Journal of Range Management. 7: 250-255.

Hedrick, D.W., B.R. Eller, J.A.B. McArthur, and R.D. Pettit. 1969. Steer Grazing on
Mixed Coniferous Forest Ranges in Northeastern Oregon. Journal of Range
Management. 22: 322-325.



110

Hessburg, P.F., J.K. Agee, and J.F. Frankiin. 2005. Dry forests and wildfires of the
inland Northwest USA: contrasting the landscape ecology of the pre-settlement
and modern eras. Forest Ecoiogy and Manegement. 211:117-139.

Hobbs, N.T. 1996. Modification of Ecosystanis by Ungulates. Journal of Wildlife
Management. 60: 695-713. o

Holechek, J.L., M. Vavra, and J.Skoviin. 1981. Diet quality and performance of
cattle on forest and grassland range. Journal of Animal Science. 53:291-198.

Holechek, J.L. 1982. Sample Preparation Techniques for Microhistological Analysis.
Journal of Range Management. 35: 267-268.

Holechek, J.L. and B.D. Gross. 1982. Evaluation of Different Calculation
Procedures for Microhistological Analysis. Journal of Range Management. 35:
721-723.

Holechek, J.L., M. Vavra, J. Skovlin, and W.C. Krueger. 1982. Cattle Diets in the
Blue Mountains of Oregon II. Forests. Journal of Range Management. 239-242.

Holechek, J.L., R.D. Pieper, and C.H. Herbel. 1995. Range Management: Practices
and Principles (2" Edition). Prentice Hall. Englewood Cliffs, New Jersey. p.
195-916.

Irwin, L.L, J.G. Cook, R.A. Riggs, and 1.M. Skovlin. 1994. Effects of long-term
grazing by big game and livestock in the Blue Mountains forest ecosystem.
General Technical Report PNW-GTR-325. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Research Station. 49 p.

Jameson, D.A. 1967. The Relationship of Tree Overstory and Herbaceous
Understory Vegetation. Journal of Range Management. 20: 247-249.

Kie, J.G. and J.F. Lehmkuhl. 2001. Herbivory by Wild and Domestic Ungulates in
the Intermountain West. Northwest Science. 75: 55-61.

Kirby, D.R. and M. Parman. 1986. Botanical composition and diet quality of cattle
under a short duration grazing system. Journal of Range Management. 39:509-
512.

Kreuger, W.C. and A.H. Winward. 1974. Influence of cattle and big game grazing
on understory structure of a Douglas fir-ponderosa pine-Kentucky bluegrass
community. Journal of Range Management. 27:450-453.

Krueger, W.C. 1972. Evaluating animal forage preference. Journal of Range
Management. 6: 471-475.



111

Launchbaugh, K.L., J.W. Stuth, an: J.W.,HO’HGway. 1990. Influence of range site
on diet selection and nutrient intake of cattle. Journal of Range Management.
43: 109-115.

Laycock, W.A. and P.W. Cenrad. 1981, Responses of vegetation and cattle to
various systems of grazing on seézded and native mountain rangelands in
eastern Utah. Journal of Range Management, 34:52-58.

Loeser, M.R., T.E. Crews, and T.D. Siski 2004. Defoliation increased above-ground
productivity in a semi-arid grassland. Journal of Range Management. 57:442-
447.

Long, J.N. and 1. Turner. 1975. Aboveground biomass of understorey and
overstorey in an age sequence of four Douglas-fir stands. Journal of Applied
Ecology. 12:179-187.

McConnell, B.R. and J.G. Smith. 1965. Understory Response Three Years After
Thinning Pine. Journal of Range Management. 18: 129-132.

McConnell, B.R. and J.G. Smith. 1970. Response of Understory Vegetation to
Ponderosa Pine Thinning in Eastern Washington. Journal of Range
Management. 23: 208-212.

McEwen, L.C. and D.R. Dietz. 1965. Shade effects on chemical composition of
herbage in the Black Hills. Journal of Range Management. 18: 184-190.

McNaughton, S.J. 1979. Grazing as an optimization process: grass-ungulate
relationships in the Serengeti. American Naturalist. 113:691-703.

Miller, R.F., W.C. Krueger, and M. Vavra. 1986. Twelve Years of Plant Succession
on a Seeded Clearcut Under Grazing and Protection from Cattle. Special Report
773. Corvallis, OR: Oregon State University, Agricultural Experiment Station. p
4-10.

Mitchell, J.E. and R.T. Rodgers. 1985. Food Habits and Distribution of Cattle on a
Forest and Pasture Range in Northern Idaho. Journal of Range Management.
38: 214-220.

Monsi, M., Z. Uchijima, and T. Oikawa. 1973. Structure of foliage canopies and
phaotosynthesis. Annual Review of Ecology and Systematics. 4:301-327.

Naumburg, E., L.E. DeWald, and T.E. Kolb. 2001. Shade responses of five grasses
native to southwestern U.S. Pinus ponderosa forests. Canadian Journal of
Botany. 79:1001-10009.



; 112
NRC. 1996. Nutrient requirements of beef catiie. 7 ed. National Academy Press,
Washington DC. :

Painter, E.L. and J.K. Detling. 1981. Effects ¢f defoliation on net photosynthesis
and regrowth of western wheatgrass. Jouina/ of Range Management. 34.68-
71.

Pase, C.P. 1958. Herbage production andkcoh‘!pcsition under immature ponderosa
pine stands in the Black Hills. Journal of Range Management. 11:238-243.

Pielou, E.C. 1969. An introduction to mathematical ecology. New York, NY: John
Wiley and Sons Inc. 292p. ’

Pyke, D.A. and B.A. Zamora. 1982. Relationships between overstory structure and
understory production in the grand fir/myrtle boxwood habitat type of
northcentral Idaho. Journal of Range Management. 35:769-773.

Quinton, D.A. 1984. Cattle Diets on Seeded Clearcut Areas in Central Interior
British Columbia. Journal of Range Management. 37: 349-352.

Regelin, W.L., O.C. Wallmo, J. Nagy and D.R. Dietz. 1974. Effect of logging on
forage values for deer in Colorado. Journal of Forestry. 72: 282-285.

Riegel, G.M., R.F. Miller, and W.C. Krueger. 1992. Competition for resources
between understory vegetation and overstory Pinus ponderosa in northeastern
Oregon. Ecological Applications. 2:71-85

Riegel, G.M., R.F. Miller, and W.C. Krueger. 1995. The effects of aboveground and
belowground competition on understory species composition in a Pinus
ponderosa forest. Forest Science. 41:864-889.

Riggs, R.A., J.G. Cook, and L.L. Irwin. 2004. Management implications of ungulate
herbivory in northwest forest ecosystems. Jz J. Rahm (ED.), Transactions of
the Sixty-ninth North American Wildlife and Natural Resources Conference. 16-
20 March 2004; Spokane, WA: Wildlife Management Institute. p. 759-784.

Riggs, R.A., A.R. Tiedemann, J.G. Cook, T.M. Ballard, P.]. Edgerton, M. Vavra,
W.C. Krueger, F.C. Hall, L.D. Bryant, L.L. Irwin, and T. DelCurto. 2000.
Modification of Mixed-Conifer Forests by Ruminant Herbivores in the Blue
Mountains Ecological Province. Res. Pap. PNW-RP-527. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
77 p.

Roath, L.R. and W.C. Krueger. 1982. Cattle Grazing Behavior on a Forested Range.
Journal of Range Management. 35: 332-338.



113
Schoonmaker, P. and A. McKee. 1988. Speatigs composition and diversity during
secondary succession in conifercus forests in the western Cascade Mountains
of Oregon. Forest Science. 34:960-979.

Selmants, P.C. and D.H. Knight. 2003. Understory plant species composition 30-50
years after clearcutting in southeastern Wyoming coniferous forests. Forest
Ecology and Management. 185:275-289.

Severson, K.E. and D.W. Uresk. 1988. Influence of ponderosa pine overstory on
forage quality in the Black Hills, South Dakota. Great Basin Naturalist. 48: 78-
82. B

Shannon, C.E. and W. Weaver. 1963. The mathematical theory of communication.
Urbana, IL: University of Illinois Press. 117p.

Skovlin, J. 1967. Fluctuations in forage quality on summer range in the Blue
Mountains. USDA Forest Service Research Paper PNW-44. PNW Forest and
Range Experiment Station, Portland Oregon.

Smith, W.B., J.S. Vissage, D.R. Darr, and R.M. Sheffield. 2002. Forest Resources of
the United States, 1997, Metric Units. GTR-NC-222. St. Paul, MN: U.S.
Department of Agriculture, Forest Service, North Central Research Station. 127

p-

Stohlgren, T.J., L.D. Schell, and B.V. Heuvel. 1999, How grazing and soil quality
affect native and exotic plant diversity in rocky mountain grasslands. Ecologrcal
Applications. 9:45-64.

Strickler, Gerald S. 1959. Use of the Densiometer to Estimate Density of Forest
Canopy on Permanent Sample Plots. Research Note No. 180. Portland, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and
Range Experiment Station. 5 p.

Svejcar, Tony; Vavra, Martin. 1985. The influence of several range improvements
on estimated carrying capacity and potential beef production. Journal of Range
Management. 38(5):395-399.

Thomas, S.C., C.B. Halpemn, D.A. Falk, D.A. Liguori, and K.A. Austin. 1999. Plant
diversity in managed forests: understory responses to thinning and
fertilization. Ecological Applications. 9:864-879.

Thompson, W.W. and F.R. Gartner. 1971. Native Forage Response to Clearing Low
Quality Ponderosa Pine. Journal of Range Management. 24: 272-277.

Tilman, D., and J.A. Downing. 1994. Biodiversity and stability in grasslands.
Nature. 367:363-365.



114

Turner, C.L., T.R. Seastedt, and M.1. Dry@r 1593. Maximization of aboveground
productlon in grasslands: the rolé of defoiiation frequency, intensity, and
history. Ecological Applications. 3:175-186.

Uresk, D.W. and W.W. Paintnar. 1985, Cattle Diets in a Ponderosa Pine Forest in
the Northern Black Hills. Journal ©f Range Management. 38: 440-442.

Vavra, M., M.]. Wisdom, J.G. Kie, J.G. Cook, and R.A. Riggs. 2004. The role of
ungulate herbivory and management on ecosystem patterns and processes:
future direction of the Starkey project. /n: J. Rahrn (ED.), Transactions of the
Sixty-ninth North American Wildlife and Natural Resources Conference. 16-20
March 2004; Spokane, WA: Wildlife Management Institute. p. 785-797.

Vavra, M. 1984. Livestock production possibilities on streamside meadows. Pages
35-44 in Proc. Pacific Northwest Range Manage. Short Course Range
Watersheds, Riparian Zones and Economics: Interrelationships in Management
and Use. Oregon State Univ. Corvallis.

Vora, R.S. 1993. Effects of timber harvest treatments on understory plants and
herbivores in northeastern California after 40 years. Madrono a West
American journal of botany. 40:31-37.

Walburger K., T. DelCurto, M. Vavra, L. Bryant, and J.G. Kie. 2000. Influence of a
grazing system and aspect, north vs. south, on the nutritional quality of
forages, and performance and distributicn of cattle grazing forested
rangelands. I Proceedings of the Westerr: Section, American Society of
Animal Sciences. p. 181-184.

Walker, J.W., R.K. Heitschmidt, E.A. De Moraes, M.M. Kothmann and S.L.
Dowhower. 1989. Quality and Botanical Composition of Cattle Diets Under
Rotational and Continucus Grazing Treatments. Journal of Range
Management. 72: 239-242.

Wallace, L.L. 1990. Comparative photosynthetic responses of big bluestem to
clipping versus grazing. Journal of Range Management. 43:58-61.

Weisberg, P.J. and H. Bugmann. 2003. Forest dynamics and ungulate herbivory:
from leaf to landscape. Forest ecology and management. 181:1-12.

Young, J.A., D.W. Hedrick and R.F. Keniston. 1967. Forest Cover and Logging.
Journal of Forestry. 62: 807-813.

Young, J.A., A.B. McArthur, and D.W. Hedrick. 1967. Forage Utilization in a Mixed-
Coniferous forest of Northeastern Oregon. Journal of Forestry. 65: 391-393.



115

APPENDICES



116

Appeiidix A

List of Species Identified irt Graii! Fir and Ponderosa Pine Sites
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Table 1. List of all species identifizg by fregilency counts for ponderosa pine sites.

CODE
(grasslike)
CACO
CAGE
CARO
LUCA

(shrubs)
MARE
SPBE
SYAL

(grasses)
AGCA
AGID
AREL
BRBR
BRCA
BRHO
BRIN
BRRI
BRTE
BRVU
CARU
DAIN
DAGL
DECA
ELGL
FEID
FEOC
FEOV
FERU
FESU
KOCR
MEBU
PHPR
POCO
POPR
POSA
PSSP
STO0C
TRCA
VUMI

(forbs)
ACMI
ADBI

PLANT SPECIES

Carex concinroides
Carex gerevii
Carex rossili

Luzula campests’s

Mahonia repens
Spirea betulifolia
Symphocarpos albs

Agropyron canium
Agrostis idahoensis
Arrhenatherum elatius
Bromus briziformis
Bromus carinatuis
Bromus hordeaceus
Bromus inermus
Bromus rigidus

Bromus tectorum
Bromus vulgaris
Calamagrostris rubescens
Danthonia intermedia
Dactylis givinierzla
Deschampsia caespilosa
Elymus glaucus
Festuca idahoensis
Festuca occidentalis
Festuca ovina

Festuca rubra

Festuca subiata
Koeleria cristata

Melica bulbosa

Phleumn pratense

Poa compressa

Poa pretense

Poa secunda
Pseudoroegneria spicata
Stipa occidentalis
Trisetum canescens
Vulpia microstachys

Achiflea millefolium
Adenocaulcn bicolor

COMMON NAME

NW sedge
Elk sedge
Ross sedge
Woodrush

Oregon grape
Spirea
Snowberry

Bearded wheatgrass
Bentgrass

Tall oatgrass

Rattle brome

Mtn. brome

Soft brome

Smocth brome
ripgut brome
Chaatgrass
Columbia

Pinegrass

timber oatgrass
Orchard grass
tufted hairgrass
Blue wildrye

Idaho fescue
Western fescue
fescue

red fescue

Bearded fescue
Prairie Junegrass
Onion grass
Timothy

Canadian bluegrass
Kentucky bluegrass
Sandberg’s bluegrass
Bluebunch wheatgrass
W. neediegrass

Tall trisetum

Small fescue

Yarrow
Pathfinder



Table 1. continued.

CODE

AGGL
ANPA
ANMA
ANPI
ANRO
APAN
AQFO
ARCO
ARSE
ASCA
BLSC
CAAP
CAQU
CEGL
CHAN
CHUM
CIAR
cIvu
CLDO
CLHI
CLPE
CLRH
COGR
CoLI
COPA
CROC
DITR
EPBR
ERSU
EUCO

GAHU
GETR
GEVI
HEUN
HIAL
HICY
IRMI
LASE

LASE
LIBO
LINU
LIRU
LOTR

PLANT SFECIES

Agoseris gidica
Anemons parvifiora
Anaphalis mairgeritac=s
Anemone pipsri
Antenilarsa rosses

Apocyriuim andresaemfiitm

Aquilegia Formosa
Arnica cordifolia
Arenaria serpyllofolia
Astragalous canadensis
Blepharpappus scaber
Castilleja applegatel
Camassia quamash
Cerastium glomeratum
Chamerion angustifolium
Chimaphila umbellate
Cirsium arvense
Cirsium vulgare
Clinopodium douglasii
Clematis hirsutissima -
Claytonia perfoliata
Clarkia rhomboidea
Collomia grandifiora
Collomia linearis
Collinsia parviflzra
Crepis occidentalis
Disporum trachycarpum
Epilobium brachycarpum.
Erigeron subtrinervis
Eurybia conspicua
Fragaria spp.

Galium spp.
Gayophytum humile
Geum trifforum
Geranium viscosissitm
Helianthella uniflora
Hieracium spp.
Hieracium cynoglossoides
Iris missourfensis
Lactuca serriola
Lathyrus spp,

Lactuca serriola
Linnaea borealis
Linanthus nuttalfii
Lithospermum ruberale
Lomatium triternatum
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COMMON NAME

pale agoseris
smallflowered anemone
pearly everiasting
Piper's anemone
Rosy pussytoes
spreading dogbane
Western columbine
Heartleaf arnica
Thymeleaf sandwort
Canadian milkvetch
Rough eyelashweed
Indian paintbrush
smail camas

Sticky chickweed
Fireplant

Pipsissewa

Thistle

Bull thistle

yerba buena

clematis

Miner's lettuce
diamond clarkia
grand collomia

tiny trumpet

Bluelips

Largeflower hawksbeard
fairybells

tall annual willowherb
Fleabane

Showy aster
Strawberries
Bedstraw

dwarf grcundsmoke
Prairiesmoke avens
Sticky geranium
oneflower helianthella
Hawkweed
houndstongue hawkweed
Rocky Mecuntain iris
Pricly lettuce

Peavine

prickly lettuce
Twinflower

linanthus

Stoneseed

nineleaf biscuitroot
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CODE

MAMI
MARA
MAST
MELU
MINU
MODI
MOMA
MYVE
OSBE
PACA
PAPS
PAST

PEGA
PHGR
PHHO
PHLO
PIEL
PODO
POGL
POGR
PRVU
RAAC
RAUN
RUAC
SELA
SEIN
SESE
SIDO
SIME
SIOR
SOMI
STAM
STLO
SYSP
TAOF
THFE
TRDU
TRRE
VESE
VAED
VESE
VIAD
VIAM
ZIPA

PLANT SPECIES

Lupinus spp.

Madia spp.
Maianthemum riacemcsius:
Maianttiemurr: steflatum
Medicago lipulica
Microseris nutans
Montia dichotorma
Moehringia macrophylla
Myosotis verna
Osmorhiza berteroi
Packera cana

Packera pseudaurea
Packera streptanthifolia
Pedicularis spp.
Perideridia gairdneri
Phlox gracilis

Phlox hoodii

Phlox longifolia

Piperia efegans
Polygonum douglasii
Potentilla glandulosa
Potentilla grazilis
Prunella vulagaris
Ranunculus acriformis
Ranunculus inciisties
Rumex acetosella
Sedum lanceoiatum
Senicio inergerrimiis
Senecio serra

Silene dougiasii

Silene menziesii
Sidalcea oregans
Solidago missouriensii
Streptopus amplexfolius
Stellaria longipes
Symphyoltrichum spathulatum
Taraxacum officinale
Thalictrum fenderi
Tragopodon dublus
Trifolium repens
Veronica serpyliifolia
Valeriana edulis
Veronica serpyllifolia
Viola abunca

Vicia americana
Zigadenus paniculatus

COMMON NAME

Lupine

tarweed

Western False Solomon’s Seal
Starry False Solomon’s Seal
black medick
Nodding microceris
dwarf minerslettuce
Large leaf sandwort
spring forget-me-not
sweetcicely

woolly groundsel
falsegold groundsel
Rocky Mountain groundsel
lousewort

Gardner's yampah
slender phlox

spiny phlox

longleaf phlox
elegant piperia
Knotweed

Gland cinqufoil

NW cinquefoil
Common self-heal
sharpleaf buttercup
Woodland buttercup
Sheep's sorrel
spearleaf stonecrop
Western groundsel
Tall ragwort

Catchfly

Menzies' campion
Oregon checkerbloom
Missouri goldenrod
claspleaf twistedstalk
longstalk starwort
Western Mountain aster
Dandelion

Meadow rue

Yellow salsify

White clover
Thyme-If sandwort
tobacco root
thymeleaf speedwell
Violet

American vetch
foothill deathcamas
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Table 2. List of all species identifled by franuéicy counts in grand fir sites.

CODE
(grasslike)
CACO
CAGE
CARO
LUCA

(shrubs)
MARE
SPBE
SYAL

{grasses)
AGCA
AGGI
AGID
AREL
BRBR
BRCA
BRHO
BRIN
BRRI
BRTE
BRVU
CARU
DAGL
DAUN
DEEL
ELGL
ELRE
FEID
FEOC
FEOV
FESU
KOCR
MEBU
PHPR
POCO
POPR
POSA
PSSP
SIHY
STOC
THIN
TRCA
VUMI

PLANT SPECIES

Carex concinnoices
Carex gereys
Carex 0ssif

Luzula campesiris

Mahonia repens
Spirea betufifolia
Symphocarpos albus

Agropyron canium
Agrostis gigantea
Agrostis idahoensis
Arrhenatherum elatius
Bromus briziformis
Bromus carinatuls
Bromus hordeaceus
Bromus inermus
Bromus rigidus
Bromus tectorum
Bromus vulgaris
Calamagrostris rubescens
Dactylis glernzrats
Danthonia unispicata
Deschampsia elongate
Elymus glaucus '
Elymus repens
Festuca idahoensis
Festuca occidentalis
Festuca ovina

Festuca sublata
Koeleria cristata
Melica bulbosa
Phleum pratense

Poa compressa

Poa pretense

Poa secunda
Pseudoroegneria spicata
Sitanion hystrix

Stipa occidentalis
Thinopyrum intermedium
Trisetum canescens
Vulpia microstachys

COMMON NAME

NW sedge
Elk sedge
Ross sedge
Woodrush

Oregon grape
Spirea
Snowberry

Bearded wheatgrass
redtop

Bentgrass

Talf oatgrass

Rattle brome

Mtn. brome

Soft brome

Smooth brome
ripgut brome
Cheatgrass
Columbia

Pinegrass

Orchard grass
Onespike danthonia
Slender hairgrass
Blue wildrye
Quackgrass

Idaho fescue
Western fescue
fescue

Bearded fescue
Prairie Junegrass
Onion grass

Timothy

Canadian bluegrass
Kentucky bluegrass
Sandberg’s bluegrass
Bluebunch wheatgrass
Bottlebrush squirreltail
W. needlegrass
Intermediate wheatgrass
Tall trisetum

Small fescue
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CODE

(forbs)
ACMI
ADBI
AGCL
ANNE
ANPA
ANPI
ANRO
ANST
AQFO
ARCO
ARSE
ASCA
BLSC
CAAP
CEGL
CHAN
CHUM
CIAR
Civu
CLPE
CLRH
COGR
COLI
COPA
CROC
CYOF
EPBR
ERHE
EPLA
ERSU
EUCO

GETR
GEVI
GOOB
HIAL
IRMI
LASE

LIBO
LIRU

MAMI
MARA

PLANT SPECIES

Achillea niitierolium
Adenocaiici bicolor
Agoser's giauia
Anteninana neiiocta
Anemone parviffora
Anemone piperf ‘
Antennaria rosea
Antennaria stenophylla
Aquilegia Formosa
Arnica cordifolia
Arenaria serpyllofofia
Astragalous canadensis
Blepharpappus scaber
Castifleja applegater
Cerastium glomeratum
Chamerion angustifolium
Chimaphila umbellate
Cirsfum arvense
Cirsium vulgare
Claytonia perfoliata
Clarkia rhomboides
Coliomia grandifiora
Collomia linearis
Collinsia parvifiors -
Crepis occidentalis
Cynoglossum officinale
Epifobium brachycarpum
Eriogonum heraclecides
Epilobium lactiflortim
Erigeron subttinervis
Eurybia conspicua
Fragaria spp.

Galfum spp.

Geumn triflorum
Geranium viscosissium
Goodyera oblongifolia
Hieracium spp.

Iris missouriensis
Lactuca serrioky
Lathyrus spp.

Linnaea borealis
Lithospermurm ruberale
Lupinus spp.

Madia spp.
Maianthemuin racemosum
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COMMON NAME

Yarrow

Pathfinder

pale agoseris

field pussytoes
smallflowered anemone
Piper's anemone
Rosy pussytoes
Narrowleaf pussytoes
Western columbine
Heartleaf arnica
Thymeleaf sandwort
Canadian milkvetch
Rough eyelashweed
Indian paintbrush
Sticky chickweed
Fireplant

Pipsissewa

Thistle

Bull thistle

Miner's lettuce
diamond clarkia
grand collomia

tiny trumpet

Bluelips

Largeflower hawksbeard
Houndstongue

tall annual willowherb
Creamy buckwheat
willowherb

Fleabane

Showy aster
Strawberries
Bedstraw
Prairiesmoke avens
Sticky geranium
Rattlesnake plantain
Hawkweed

Rocky Mountain iris
Pricly lettuce

Peavine

Twinflower
Stoneseed

Lupine

tarweed

Western False Solomon’s Seal
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CODE

MAST
MINU
MOMA
ORSE
OSBE
PAPS
PEGA
PHGR
PODO
POGL
POGR
PRVU
PTAQ
RAUN
RUAC
SEIN
SESE
SIDO
SIME
SOMI
SPRO
STAM
STLO
STME
SYSP
TAOF
THFE
TRDU
TRGR
TRRE
VESE
VETH
VIAD
VIAM
VIGL

PLANT SPECIES

Maianthemum siellatim
Microseris nutans
Moehringia macrophy s
Orthilia secunda
Osmortiza berteioi
Packera pseuaaurea
Perideridia gairdnerf
Phlox gracilis
Polygonum douglasii
Potentilla glandulosa
Potentilla grazilis
Prunella vulagaris
Pleridium aguflinum
Ranunculus uncinatus
Rumex acetosella
Senicio inergerrimus
Senecio serra

Silene douglasif

Sifene menziesif
Solidago missouriensii
Spiranthes romanzuifiana
Streptopus amplexfolius
Stellaria longipes
Stellaria media
Symphyotrictun: spaiiizioe
Taraxacum officinale
Thalictrum fenderi
Tragopodon dublus
Triteleia grandifiora
Trifolium repens
Veronica serpyllifolia
Verbascum thapsus
Viola abunca

Vicia americana

Viola glabella

COMMON NAME

Starry False Solomon’s Seal
Nodding microceris
Large Jeaf sandwort
Sidebells wintergreen
sweetcicely

falsegold groundsel
Gardner's yampah
slender phlox
Knotweed

Gland cinqufoil

NW cinquefoil
Common self-heal
Bracken fern
Woodland buttercup
Sheep's sorrel
Western groundsel
Tall ragwort

Catchfly

Menzies' campion
Missouri goldenrod
Whirled Orchid
claspleaf twistedstalk
longstalk starwort
Common chickweed
Western Mountain aster
Dandelion

Meadow rue

Yellow salsify
Largeflower triteleia
White clover
Thyme-If sandwort
Mullein

Violet

American vetch
pioneer violet
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Appendix B

Ponderosa Pine Understory Vegetation Changes



124

Table 1. The changes in species coriipositior in a ponderosa pine forest from 1985 to
1988 using a 30 cm x 30 cm piot frame.

Conrrei Overstory Thinned Overstory
_ UEXC  TEXC GRAZED CEXC TEXC GRAZED
Site 1

Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 0.0 0.6 3.3 0.0 0.0 0.0
Carex geyeri Boott -20.0 26.7 13.3 13.3  -26.7 -20.0
Calamagrostis rubescens Buckl. 0.0 3.3 6.7 -3.3 6.7 -26.7
Elymus glaucus Buckl. 20.0 3.3 26.7 56.7 23.3 33.3
Me//g(a)jé//bosa Geyer ex Porter & 0.0 0.0 0.0 133 -10.0 133
Poa pratensis L. - 33.3 -33.3 10.0 -10.0 3.3 43.3
Trisetum canescens Buckl. -23.3 -23.3 -10.0 -36.7 -36.7 -13.3
Achillea millefoliumn L. 20.0 -26.7 3.3 13.3 0.0 6.7
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 0.0 0.0 0.0
Antennaria rosea Greene 0.0 0.0 0.0 0.0 0.0 0.0
Arnica cordifolia Hook. -10.0 10.0 0.0 0.0 6.7 0.0
C’a”xf,;g perfoliata Donn ex 0.0 67 167 00 00 33
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. 0.0 -20.0 -3.3 30.0 -30.0 6.7
Galium spp 23.3 -40.0 3.3 -200 -6.7 13.3
Hieracium albiflorum Hook. 0.0 -10.0 0.0 3.3 -6.7 0.C
Iris missouriensis Nutt. 0.0 0.0 3.3 6.7 3.3 -3.3
Lathyrus spp. -36.7 30.0 0.0 -10.0 133 -40.0
Lupinus spp. 0.0 108 -3.3 10.0 -10.0 0.0
Mochringia macrophyle (Hook.) 333 .67 167 00 67 400
Osmorhiza berteroi DC. -36.7 -6.7 -10.0  -40.0 -23.3 -60.0
Poteézot/é/i gracilis Dougl. ex 33 133 33 6.7 -3.3 0.0
Prunella vulgaris L. -3.3 0.0 0.0 0.0 -3.3 10.0
Ranunculus spp. 0.0 G.0 0.0 6.7 13.3 3.3
Stellaria longipes Goldie 33 0.0 33 -3.3 6.7 3.3
Symphyotrichum spathulatum

(Lindl.) Nesom var. 0.0 0.0 0.0 0.0 0.0 0.0

spathulatum
Taraxacum officinale G.H. Weber 0.0 20.0 3.3 267 -6.7 33

ex Wiggers
Tha/c{;it;r;/m fendferi Engelm. ex 33 33 0.0 0.0 0.0 0.0
Trifolium repens L. 20.0 10.0 3.3 33.3 33 3.3
Viola adunca Sm. -20.0 -23.3 -10.0 -10.0 -30.0 0.0
Vicia americana Muhl. ex Willd. 26.7 -33.3 6.7 10.0 10.0 6.7
Mahonia repens (Lindl.) G. Don -10.0 20.0 0.0 -3.3 6.7 0.0
Spiraea betulifolia Pallas 33 0.0 0.0 3.3 0.0 0.0

Symphoricarpos albus (L.) Blake -10.0 3.3 26.7 33  -20.0 23.3
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Table 1. continued.

Contral Dverstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Sita 2

Bromus carinatus Hook. & Arn. 5.0 0.0 0.0 0.0 0.0 0.0
Carex concinnofdes Mackenzie 20.0 200 26.7 23.3  20.0 20.0
Carex geyeri Boott i0.0 2E.7 13.3 0.0 3.3 3.3
Calamagrostis rubescens Bucki, -6.7 13.3 3.3 -33 0.0 13.3
Elymus glaucus Buckl. 0.0 0.0 0.0 3.3 0.0 0.0
Me//gz 51//[)053 Geyer ex Porter & 0.0 0.0 0.0 10.0 0.0 0.0
Poa pratensis L. 26.7 -30.0 6.7 20.0 10.0 33
7riseturn canescens Buckl. -20.0 -10.0 -10.0  -50.0 -26.7 -6.7
Achillea miilefolium L. -16.7 6.7 -6.7 0.0 0.0 6.7
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 0.0 0.0 0.0
Antennaria rosea Greene 3.3 0.0 0.0 133  16.7 0.0
Arnica cordifolia Hook. 3.3 -10.0 6.7 -3.3 0.0 13.3
C/ayxiﬁ? perfoliata Donn ex 0.0 0.0 0.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -6.7 13.3 "33 13.3 0.0 6.7
Galium spp 0.0 0.0 0.0 3.3 0.0 0.0
Hreracium albifforum Hook. -6.7 10.0 -16.7 0.0 i3.3 16.7
Iris missouriensis Nutt, 4.0 0.0 0.0 0.0 0.0
Lathyrus spp. - 433 3.3 -26.7 -6.7 6.7
Lupinus spp. nE -6.7 6.7 13.3 -6.7
Moe?;nzglua macrophyfla (Hook.) 6.7 6.7 33 33 3.3
Osmorfiza berteroi DC. 0.0 3.3 3.3 0.0 3.3
Pategglcljli gracilis Dougl. ex 0.0 0.0 0.0 33 0.0 0.0
Prunella vulgaris L. 0.0 0.0 0.0 0.0 0.0 16.7
Ranunculus spp. 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 3.3 3.3 0.0 3.3
Symphyotrichum spathulatum

(Lindl.) Nesom var, 0.0 0.0 0.0 0.0 0.0 0.0

spathulatum
Taraxacum officinale G.H. Weber 0.0 33 33 00 -3.3 0.0

ex Wiggers _
Tha/écg;/m fendleri Engelm. ex 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 10.0 33 16.7 16.7  20.0 3.3
Viola adunca Sm. 0.0 -3.3 0.0 0.0 -3.3 0.0
Vicia americana Muhl. ex Willd. 0.0 0.0 0.0 0.0 0.0 0.0
Mahonia repens (Lindl.) G. Don -6.7 0.0 -10.0 0.0 33 0.0
Spiraea betulifolia Pallas -3.3 16.7 0.0 3.3 3.3 0.0

Symphoricarpos albus (L.) Blake -13.3 -6.7 26.7 3.3  -33 13.3
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Table 1. continued.

“Cortitol Overstory Thinned Overstory
. CEXC  TEXC GRAZED CEXC TEXC GRAZED
Site 3 ‘

Bromus carinatus Hook. & Arr. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 0.0 200 26.7 20.0 20.0 16.7
Carex geyeri Boott +10.0 -10.0 -10.0 -10.0 -10.0 -16.7
Calamagrostis rubescens Bucki. -1¢.0 10.0 -6.7 13.3 0.0 10.0
Elymus glaucus Buckl, 16.7 23.3 20.0 -3.3 3.3 20.0
Me//g(a) Li)i;//bosa Geyer ex Porter & 6.7 33 33 6.7 0.0 33
Poa pratensis L. 13.3 6.7 0.0 10.0 20.0 20.0
Trisetum canescens Buckl. -30.0 -43.3 -36.7 -33.3 -43.3 -50.0
Achillea millefolium L. -6.7 6.7 -6.7 -6.7 13.3 3.3
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 0.0 0.0 0.0
Antennaria rosea Greene 0.0 0.0 3.3 13.3 0.0 3.3
Arnica cordifolia Hook. 3.3 10.0 -3.3 -10.0 0.0 6.7
C/ay\z/‘si/ﬁ/;ja perfoliata Donn ex 0.0 0.0 0.0 33 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. , -6.7 10.0 3.3 -20.0  -6.7 -10.0
Galium spp 0.0 3.3 -3.3 23.3  16.7 -3.3
Hieracium afbiflorum Hook. 0.0 -10.0 10.0 -6.7 10.0 6.7
Iris missouriensis Nutt. -3.3 3.3 0.0 3.3 0.0 00
Lathyrus spp. 6.7 6.7 0.0 -30.0 3.3 -6.7
Lupinus spp. 3.3 13.3 -20.0 -3.3 3.3 3.3
Moeé’g g mar ophyla(Hook)  nn 233 200 767 -400  -10.0
Osmorhiza berteroi DC. -6.7 0.0 0.0 36.7 16.7 20.0
Fotentila gracils Dougl. ex 33 67 00 33 00 67
Prunella vulgaris L. 0.0 3.3 -6.7 6.7 0.0 13.3
Ranunculus spp. 6.7 3.3 0.0 3.3 10.0 0.0
Stellaria longipes Goldie 0.0 0.0 33 10.0 13.3 13.3
Symphyotrichum spathulatum

(Lindl.) Nesom var. 0.0 0.0 0.0 0.0 0.0 0.0

spathulatum
Taraxacum officinale G.H. Weber 6.7 6.7 0.0 100 33 16.7

ex Wiggers
Tha/g::m fendlleri Engelm. ex 33 0.0 3.3 0.0 0.0 33
Trifolium repens L. 16.7 10.0 3.3 30.0 233 0.0
Viola adunca Sm. 0.G 16.7 -3.3 -10.0 -10.0 0.0
Vicia americana Muhl. ex Willd. -20.0 -3.3 0.0 20.0 0.0 13.3
Mahonia repens (Lindl.) G. Don -3.3 -16.7 13.3 3.3 -6.7 -10.0
Spiraea betulifolia Pallas 16.7 16.7 3.3 0.0 0.0 0.0

Symphoricarpos albus (L.) Blake -26.7 -20.0 -6.7 -6.7 23.3 -3.3

Herbivory treatments: Graze - cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC - total exclosure, exclusion of cattle and big game grazing.
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Table 2. The changes in species cdiripdsitios i 3 ;:r neerosa pine forest from 1985 to

1988 using a 30 cm x 60 cm piot frame

Lite1
Bromus carinatus Hook. & Arn. 0.0
Carex concinnoides Mackenzie 0.0
Carex geyeri Boott ‘ 0.0
Calamagrostis rubescens Buckl. -3.3
Elymus glaucus Buekl. 33
Melica bulbosa Geyer ex Porter & 0.0
Coult. )
Poa pratensis L. 0.0
. Frisetum canescens Buckl. -36.7
Achillea milfefolium L. -3.3
Anemone piperi Britt. ex Rydb. 0.0
Antennaria rosea Greene 3.3
" Arnica cordifolia Hook. 3.3
Claytonia perfoliata Donn ex Willd. 6.7
Eurybia conspicua (Lindl.) Nesom 0.0
1agaria spp. -3.3
Galium spp -13.3
Hieracium albiflorum Hook. 0.
[ris missouriensis Nutt. 0.
Lathyrus spp. 3.3
Lupinus spp. a.¢
Moehringia macrophylia (Hook.) ?\ﬁ-_' .
Fenzl a3
Osmorhiza berteroi DC. -60.0
Potentilla gracilis Dougl. ex Hook. 3.3
Prunella vulgaris L. -3.3
Ranunculus spp. 0.0
Steliaria longipes Goldie 0.0
Symphyotrichum spathulatum 0.0
(Lindl.) Nesom var. spathulatum )
Taraxacum officinale G.H. Weber ex 33
Wiggers '
Thalictrum fendleri Engeim. ex Gray 0.c
Trifolium repens L. 10.0
Viola adunca Sm. -20.0
Vicia americana Muhl. ex Willd, 0.0
Maheonia repens {Lindl.) G. Don 6 7
Spiraea betulifoia Pallas 0.0
Symphoricarpos albus (L.} Blake -20.0
Site2
Bromus carinatus Hook. & Arn. 0.6
Carex concinnoides Mackenzie 23.3

Carex geyeri Boott 1G.0

0.0
0.0
i3
6.7
23.3

0.0

3.3
-30.0
-6.7
0.0
0.0
-3.3
0.0
0.0
3.3
0.0
6.7
0.0
-10.0
13,3
13.3
-10.0
3.3
0.0
0.0
3.3

0.0

-13.3

0.0
6.7
-36.7
-6.7
-3.3
3.3
-3.3

6.0
26.7
26.7

Thined Qverstory

0.0
33
13.3
6.7
13.3
33
6.7
-23.3
6.7
0.0
0.0
-3.3
16.7
0.0
0.¢
20.0
-10.0
3.3
3.3
-3.3
-16.7

-6.7
-6.7
0.0
0.0
3.3

0.0

3.3

0.0
6.7
-13.3
10.0
0.0
0.0
26.7

0.0
36.7
6.7

0.0
0.0
13.3
-3.3
53.3

-20.0

-20.0
-43.3
16.7
0.0
0.0
-3.3
3.3
0.C
43.3
3.3
3.3
6.7
-10.0
0.0

0.0

-43.3
-3.3
-3.3
16.7

0.0

0.0

-20.0

0.0
33.3
-13.3
13.3
-6.7
3.3
-3.3

0.0
40.0
0.0

0.0
0.0
-23.3
33
36.7

-6.7

6.7
-50.0
3.3
0.0
3.3
20.0
0.0
0.0
-16.7
-6.7
-3.3
3.3
10.0
6.7

-6.7

-20.0
0.0
-3.3
26.7
6.7

0.0

6.7

0.0
13.3
-36.7
20.0
6.7
0.0
-16.7

0.0
26.7
0.0

0.0
0.0
-16.7
-23.3
20.0

-10.0

33.3
-13.3
20.0
0.0
0.0
-3.3
3.3
0.0
20.0
16.7
3.3
-3.3
-20.0¢
-3.3

-43.3

-60.0
0.0
10.0
10.0
10.0

0.0

6.7

0.0
10.0
-3.3
16.7

6.7

0.0

3.3

0.0
26.7
-3.3
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Table 2. continued.

bl Thined Overstory
o T CEXC TEXC GRAZED
Calamagrostis rubescens Buckl. 10.6 133 0.0 0.0 0.0 33
Elymus glaucus Buckl. 0.0 0.0 0.0 3.3 0.0 0.0
Me//éi jé/./bosa Geyer ex Porter & 0.0 0.0 0.0 10.0 0.0 0.0
Poa pratensis L. 40,0 -36.7 10.0 30.0 6.7 33
Trisetum canescens Buckl. -26.7. -23.3 -16.7  -50.0 -26.7 -16.7
Achillea millefoliurn L. -13.3. -3.3 -6.7 33 -6.7 3.3
Anemone piperiBritt. ex Rydb. 0.0 00 0.0 0.0 0.0 0.0
Antennaria rosea Greene 33 0.0 3.3 13.3  16.7 0.0
Arnica cordifolia Hook. -3.3 -3.3 13.3 0.0 -3.3 6.7
Claytonia perfoliata Donn ex Willd. -~ 0.0 0.0 0.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 2.0 0.0 0.0 ¢.0 0.0 0.0
Fragaria spp. -6.7 200 -3.3 10.0 13.3 6.7
Galium spp 3.0 0.0 0.0 3.3 0.0 0.0
Hieracium albifforum Hook. -10.0. 3.3 -23.3 13.3  20.0 13.3
Iris missouriensis Nutt. 0.0 6.0 0.0 c.0 0.0 0.0
Lathyrus spp. -40.0 36.7 16.7 -23.3 3.3 16.7
Lupinus spp. 200 -40.0 -6.7 0.0 6.7 6.7
Moegg/nngla macrophylla (Hook.) 67 -100 6.7 33 67 33
Osmorhiza berteroi BC. 33 0.0 0.0 G0 0.0 6.7
Potentilla gracilis Dougl. ex Hcok. 0.0 0.0 0.0 -16.7 0.0 0.0
Prunella vulgaris L. 0.0 0.6 0.0 0.0 0.0 23.3
Ranunculus spp. 9.0 0.z 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 33 09 0.0 33 0.0 3.3

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum

Taraxacum officinale G.H. Weber ex 0.0  -33 33 16.7 -33 33
Wiggers : « ;

Thalictrum fendleri Engelm, ex Gray 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

o
o
o

Trifolium repens L. 10.0  16.7 26.7 333 267 6.7
Viola adunca Sm. 0.0 -6.7 0.c 0.0 -33 -6.7
Vicia americana Muhl. ex Willd. G.0 0.0 0.c 0.0 0.0 0.0
Mahonia repens {Lindl.) G. Don -3.3 0.0 3.3 0.0 6.7 0.0
Spiraea betulifolia Pallas -6.7  20.0 0.0 6.7 6.7 0.0
Symphoricarpos albus (L.) Blake -13. 6.7 23.3 16.7 3.3 0.0
Site3
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex coricinnoides Mackenzie 233 333 26.7 26.7 233 23.3
Carex geyeri Boott -6.7  -3.3 -10.0 60 -16.7 -133
Calamagrostis rubescens Buck!. -10.0 233 0.0 6.7 -3.3 6.7
Elymus glaucus Buckl. 206 233 23.3 -3.3 133 23.3
Mellézﬁg/bosa Geyer ex Porter & 6.7 33 33 33 -10.0 33
Poa pratensis L. 19.0 10.0 -6.7 -3.3  20.0 16.7
7 -53.3 -43.3 -56.7 -46.7 -60.0

Trisetum canescens Buckl. -36.
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Table 2. continued.

Thined Overstory
CEXC TEXC GRAZED

Achillea millefolium L. TG ez 6.7 -10.0 20.0 3.3

Anemone piperi Britt. ex Rydt: 0.0 00 0.0 0.0 0.0 0.0
Antennaria rosea Greene 0.0 0.0 6.7 133 6.7 3.3
Arnica cordifolia Hook. 3.3 133 -3.3 -3.3 3.3 6.7
Claytonia perfoliata Donn ex Villd. 0.0 0.0 0.0 3.3 0.0 0.0
Eurybia conspicua (Lindl.) Nesam 0.0 0¢C 0.0 0.0 0.0 0.0
Fragaria spp. 0.0 10.0 -3.3 -23.3 0.0 -10.0
Galium spp 6,7 3.3 6.7 333 13.3 -3.3
Hieracium albiflorum Hook. &7 -6.7 6.7 -10.0 10.0 10.0
Iris missouriensis Nutt, 0.0 33 0.0 33 00 0.0
Lathyrus spp. 33 6.7 -3.3  -30.00 10.0 6.7
Lupinus spp. -3.3 3.3 -10.0 -3.3- -33 -3.3
Moehingia macrophylla (Hook. 30 333 200 -80.0 -43.3 233
Osmorhiza berteroi DC. 3.3 0.0 -33 467 333 133
Potentilla gracilis Dougl. ex Hook. 3.3 6.7 0.0 -3.3 3.3 -3.3
Prunella vulgaris \.. 3.3 6.7 -6.7 6.7 0.0 30.0
Ranunculus spp. 6.7 3.3 0.0 10.0  10.0 0.0
Stellaria longipes Goldie 0.0 0.0 33 10.0 13.3 133
Symphyctrichum spathuiatum

(LindL.) Nesom var. spathulatum 0.0 0.0 0.0 0.0 0.0 0.0
Taraxacum officinale G.h. Webcr ex 312 6.7 0.0 100 100 13.3

Wiggers
Thalictrum fendlerfEngeim. ex Gray 3.3 0.0 -3.3 0.0 0.0 -3.3
Trifolium repens L. ETE A 6.7 40.0 33.3 0.0
Viola adunca Sm. 00 233 -3.3 -16.7 -10.0 0.0
Vicia americana Muhl. ex Willd. -28.7 6.7 3.3 16.7 3.3 16.7
Mahonia repens (Lindl.) G. Don 0.0 -20.0 €.7 3.3 0.0 3.3

Spiraea betufifolia Pallas 233 167 6.7 00 0. 0.0
Symphoricarpos albus (L.) Blake -26,7  -6.7 -13.3 -13.3 233 -3.3
Herbivory treatments: Graze ~ cattle and big game grazing; CEXC - cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 3. The changes in species comudsition in & panderosa pine forest from 1985 to

1991 using a 30 cm x 30 cm piot frame.

1

Cén'tf?é;i QS*Jégstory Thined Overstory

CEXC  TEXC GRAZED CEXC TEXC GRAZED
Site 1
Bromus carinatus Hook. & Arn. 0.0 3.3 0.0 3.3 26.7 13.3
Carex concinnofdes Mackenzie 0.0 0.0 0.0 0.0 0.0 0.0
Carex geyeriBoott 3.3 -13.3  36.7 33 3.3 -26.7
Calamagrostis rubescens Buckl. 6.7 33 3.3 -33 0.0 -3.3
Elymus glaucus Buckl. 6.7 -6.7 36.7 53.3 0.0 33.3
Me//ga) lﬁi/tlbosa Geyer ex Porter & 0.0 0.0 3_3 233 -30.0 -26.7
Poa pratensis L. . 6.7 -133 -6.7 20.0 10.0 3.3
Trisetumn canescens Buckl. -3.3 0.0 6.7 -20.0 -16.7 -6.7
Achillea millefolium L. -3.3 -33 16.7 3.3 3.3 23.3
Anemone piperiBritt. ex Rydb. 0.0 C.0 0.0 13.3  40.0 0.0
Antennaria rosea Greene 0.0 3.3 0.C 3.3 0.0 0.0
Arnica cordifolia Hook. 3.3 -3.3 10.0 0.0 10.0 3.3
Claytonia perfoliata Donn ex Willd. 6.7 3.3 13.3. 0.0 0.0 3.3
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 ¢e. - 00 00 0.0
Fragaria spp. -13.3  -23.3 -10.0  -13.3 -63.3 -23.3
Galium spp 33 -133 33 -10.0 233 10.0
Hieracium albiflorum Hook. 0.0 -10.0 0.0 33 -6.7 . 0.0
Iris missouriensis Nutt. 0.0 3.3 0.0 3.3 0.0 -3.3
Lathyrus spp. -13.3 -6.7 -10.0 © -23.3 -10.0 -40.C
Lupinus spp. 10.0  -133 13.3 0.0 -3.3 0.0
Moegg/nnzglla macrophyfla (Hook.) b/ 6.7 10.0 0.0 6.7 -16.7
Osmorhiza berteroi DC. -40.0  -3.3 -6.7 -53.3 -33.3 -56.7
Potentilla gracilis Dougl. ex Hook. 6.7 -3.3 00 . -13.3 -16.7 -3.3
Prunella vulgaris L. -3.3 0.0 C.0 0.0 -3.3 0.0
Ranunculus spp. 6.7 0.0 0.0 -3.3 0.0 -3.3
Stellaria longipes Goldie 3.3 3.3 0.0 3.3 13.3 0.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

20 0.0 0.0 00 0.0 0.0

-6.7 -23.3 -6.7 -43.3 -13.3 -3.3

Wiggers
Thalictrum fendlerr Engelm. ex Gray  -3.3 3.3 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 0.c 0.0 0.0 0.0 0.0
Viola adunca Sm. ~13.3  -3.3 6.7 3.3 6.7 6.7
Vicia americana Muhl. ex Willd. 0.0 -10.0 20.0 13.3 233 6.7
Mahonia repens (Lindl.) G. Don 33 3.3 4.0 3.3 0.0 3.3
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake 3.3 10.0 33.3 -3.3 133 3.3
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 20.0 333 40.0 23.3 3.3 0.0

Carex geyeri Boott -6.7 16.7 6.7 -16.7 -3.3 0.0
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Cohrkgl Thined Overstory
TEXC TEXC GRAZED CEXC TEXC GRAZED

Calamagrostis rubescens Buckl. =10.0 1.0 33 0.0 16.7 13.3
Elymus glaucus Buckl. 0.0 0.0 0.0 6.7 0.0 0.0
Me//éz lfJI;:/./bosa Geyer ex Porter & 0.0 0.0 0.0 33 0.0 33
Poa pratensis L. 0.0 387 -6.7 20.0 -10.0 13.3
Trisetum canescens Buckl. -20.0 Q.0 -6.7 -30.0 -3.3 10.0
Achillea millefolium L. -20.0 33 -3.3 10.0 -3.3 0.0
Anemone piperi Britt. ex Rydb. Q.o 0.0 0.0 0.0 0.0 0.0
Antennaria rosea Greene 0.0 0.0 3.3 6.7 0.0 0.0
Arnica cordifolia Hook. 67 100 100 -3.3 -233 167
Claytonia perfoliatz Donn ex Willd. 3.3 0.0 3.3 0.0 0.0 33
Eurybia conspicua (Lindl.) Nesom 5.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -13.3 6.7 0.0 6.7 10.0 -10.0
Galium spp 0.0 0.0 0.0 13.3 0.0 6.7
Hieracium albiflerum Hook. -106.0 -6.7 -46.7 -6.7 3.3 10.0
Iris missouriensis Nutt, 0.0 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. -46.7  33.3 -16.7  -26.7 -40.0 3.3
Liipinus spp. 6.7 -26.7 -10.0 0.0 0.0 0.0
Moeggz;'z_cl]/a macrophyila (Hook.) 67 67 6.7 67 3.3 3.3
Osmerhiza berteros DC. 0.0 G.0 3.3 0.0 3.3 3.3
Potentilla gracilis Dougl. ex Hook 0.0 2.0 0.0 -6.7 . 3.3 0.0
Pruriclla vulgaris L. 0.0 00 0.0 0.0 0.0 0.0
Ranunculus spp. 6.0 020 0.0 0.0 33 0.0
Steltaria longipes Goldie Lo 0o 0.0 3.3 33 0.0
Symphyotrichum spathulatum i

' (;lj_ir{dl.) Nesompvar. spathuiatium 23.3 0.0 3.3 0.0 0.0 0.0
Taraxacum officinale G.H. Weber ex o 33 33 33 33 3.3

Wiggers :

Thalictrum fendleriEngelm. ex Gray 9.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 3.3 -3.3 -3.3 -6.7 0.0 6.7
Viola adunca Sm. 3.3 -3.3 0.0 6.7 0.0 3.3
Vicia americana Muhl. ex Wilid. 0.0 0.0 0.0 10.0 0.0 0.0
Mahonia repens (Lindl.) G. Don -10.0 6.7 -3.3 0.0 10.0 -3.3
Spiraea betulifolia Pallas 3.3 0.0 0.0 0.0 3.3 0.0
Symphoricarpos albus (L.) Blake -3.2 133 0.0 10.0 13.3 13.3

Site 3

Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 6.7 10.0 30.0
Carex concinnoides Mackenzie 100 167 13.3 13.3 33 20.0
Carex geyeri Boott -10.0 -23.3 -16.7 -60.0 -40.0 -30.0
Calamagrostis rubescens Buckl. -33 10.0 6.7 16.7 -3.3 0.0
Elymus glaucus Buckl. 33 -3.3 6.7 6.7 13.3 0.0
Me//ézlﬁ;/./bosa Geyer ex Porter & 67 6.7 13.3 100 0.0 6.7
Poa pratensis L. -6.7 0.0 -10.0 10.0 6.7 30.0
Trisetum canescens Buckl. -13.3  -16.7 -20.0 -26.7 -36.7

20.0
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Contrsl Qverstory

Thined Overstory

__CEXC_ TEXC GRAZED CEXC TEXC GRAZED
Achillea millefolium L. -6.7 -3.3 -6.7 6.7 26.7 10.0
Anemone piperf Britt. ex Rydb. 0.0 0.0 0.0 20.0 0.0 13.3
Antennaria rosea Greene 0.0 33 3.3 6.7 3.3 0.0
Arnica cordifolia Hook. 0.0 200 0.0 -16.7 0.0 16.7
Claytonia perfoliata Donn ex Wiild. 0.0 0.0 0.0 16.7 6.7 6.7
Eurybia conspicua (Lindl.) Nesomn 0.0. 00 0.0 0.0 0.0 0.0
Fragaria spp. -10.0, -3.3 -6.7 0.0 -6.7 -16.7
Galium spp 0.0~ 0.0 0.0 233 20.0 -3.3
Hieracium albiflorum Hook. 0.0 -16.7 10.0 -3.3  23.3 6.7
Iris missourfensis Nutt. 0.0 10.0 0.0 0.0 0.0 0.0
~ Lathyrus spp. 3.3 -10.0 0.0 -26.7 -13.3 -6.7
Lupinus spp. -3.3 3.3 -20.0 23.3 6.7 16.7
Moegg:z_ci'/a macrophyfla (Hook.) 00 -133 16.7 133 36.7 6.7
Osmorhiza berteroi DC. -20.0  -13.3 -3.3 20.0 -6.7 20.0
Potentilla gracilis Dougl. ex Hook. 0.0 3.3 0.0 -3.3 0.0 -6.7
Prunella vulgaris L. 0.0 100 -100 -3.3 0. -3.3
Ranunculus spp. 0.0 0.0 0.0 3.3 6.7 0.0
Stellaria longipes Goldie 0.0 0.0 0.0 16.7 16.7 13.3
Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum 0.0 0.0 0.0 00 0.0 0.0
Taraxacum officinale G.H. Weber ex 9 33 33 133 00 0.0
Wiggers
Thalictrum fendlferi Engelm. ex Gray 0.0 13.3 -3.3 3.3 0.0 -3.3
Trifolium repens L. -3.3 §.7 3.3 -6.7 0.0 0.0
Viola adunca Sm. 3.3 -3.3 6.7 0.0 6.7 3.3
Vicia americana Muhl. ex Willd. 3.3 20.0 0.0 20.0 0.0 16.7
Mahonia repens (Lindl.) G. Don 10.0 -6.7 10.0 -3.3 0.0 3.3
Spiraea betulifolia Pallas 16,7 -10.0 0.0 0.0 3.3 3.3
Symphoricarpos albus (L.) Blake -26.7 -3.3 -10.0 -3.3 133 -6.7

Herbivory treatments: Graze — cattle and big game grazing; CEXC — cattle exclosure, big

game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 4. The changes in species cemipasition int ponderosa pine forest from 1985 to
1991 using a 30 cm x 60 cm plot frame,

Control Cverstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1

Bromus carinatus Hook. & Arm. 3.3 33 0.0 3.3 26.7 13.3
Carex concinnoides Mackenzie 0.0 4.0 0.0 0.0 0.0 0.0
Carex geyeri Boott «6.7  -13.3 333 -3.3 6.7 -33.3
Calamagrostis rubescens Buckl. 3.3 3.3 3.3 -3.3 0.0 -3.3
Elymus glaucus Buckl. 3.3° -6.7 23.3 533 3.3 30.0
Mellca bulbosa Geyer ex Porter & g9 00 33 -333 300  -300
Poa pratensis L. 0.0 -133 -10.0 13.3 16.7 10.0
Triseturn canescens Buckl. -3.3 -6.7 -6.7 -23.3 -20.0 0.0
Achiflea miflefolium L. -10.0 -6.7 20.0 10.0 -13.3 33.3
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 20.0 56.7 0.0
Antennaria rosea Greene 0.0 3.3 0.0 3.3 0.0 0.0
Arnica cordifolia Hook. 10.0 0.0 10.0 -3.3 6.7 0.0
Claytonia perfoliata Donn ex Willd. 6.7 3.3 13.3 0.0 0.0 10.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -3.3  -133 -133 33 -60.0 -23.3
Galium spp 6.7 -16.7 13.3 0.0 16.7 10.0
Hieracium albiflorum Hook. , 0.0 -10.0 -6.7. 6.7 -3.3 0.0
Iris missouriensis Nutt. 2.0 3.3 0.0 3.3 0.0 -3.3
Lathyrus spp. -16.7 -6.7 -10.0  -30.0 -3.3 -36.7
Lupinus spp. 6.7 -16.7 13.3 00 -3.3 0.0
M"e;’g o ophylia (Hook.) 0.0 -133 -33 00 -67 -200
Osmorhiza berteroi DC. -50.0 -3.3 0.0 -53.3 -33.3  -63.3
Potentilla gracilis Dougl. ex Hook. 3.3 -3.3 -10.0  -23.3 -13.3 0.0
Prunella vulgaris L. -3.3 0.0 0.0 3.3  -3.3 0.0
Ranunculus spp. 100 0.0 0.0 -3.3 0.0 -3.3
Stellaria longipes Goldie 6.7 3.3 3.3 10,0 13.3 0.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

C.0 0.0 0.0 0.0 0.0 0.0

33 267 -67 -40.0 -16.7  -6.7

Wiggers
Thalictrum fendleri Engelm. ex Gray 3.3 3.3 0.0 0.0 0.0 0.0
Trifolium repens L. -3.3  -26.7 0.0 0.0 0.0 0.0
Viola adunca Sm. -6.7  -3.3 33 0.0 16.7 6.7
Vicia americana Muhl. ex Willd. 0.0 -6.7 23.3 16,7 30.0 6.7
Mahonia repens (Lindl.) G. Don 0.0 33 3.3 3.3 6.7 13.3
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake 0.0 -3.3 26.7 -6.7 10.0 3.3
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 26.7 333 50.0 26.7 10.0 10.0

Carex geyeri Boott -10.0 20.0 -3. -16.7 -10.0 -6.7
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Table 4. continued.

Centrol '; verstory Thined Overstory
CEXC  T£XC GRAZED CEXC TEXC GRAZED

Calamagrostis rubescens Buckl. -13.3 6.7 0.0 0.0 -13.3 3.3
Elymus glaucus Buckl, 0.0 .0 0.0 6.7 0.0 0.0
Me//g) lﬁ)li/'/bosa Geyer ex Porter & 0.0 0.0 33 3.3 0.0 6.7
Poa pratensis L. -3.3 467 -6.7 16.7 -16.7 13.3
Trisetum canescens Buckl. -26.7  -6.7 -6.7 -30.0 -3.3 3.3
Achiflea miflefolium L. -20.0 0.0 -13.3 10.0 -3.3 -3.3
Anemone piperiBritt. ex Rydb. 0.0 0.0 0.0 0.0 0.0 0.0
Antennaria rosea Greene 33 0.0 6.7 10.0 3.3 0.0
Arnica cordifolia Hook. 0.0 10.0 13.3 -33  -333 13.3
Claytonia perfoliata Donn ex Willd. - 3.3 0.0 6.7 0.0 3.3 3.3
~ Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -13.3 33 -3.3 -3.3  16.7 -10.0
Galium spp 0.0 0.0 0.0 13.3 0.0 6.7
Hieracium albiflorum Hook. -10.0 -3.3 -53.3 -3.3 100 6.7
Iris missouriensis Nutt. 0.0 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. -46.7 40.0 -10.0  -23.3 -30.0 33
" Lupinus spp. 10.0 -36.7 ~-16.7 3.3  -6.7 10.0
Moeg:]nz_clyla macrophylla (Hook.) 67 -10.0 6.7 67  -6.7 3.3
Osmorhiza berteroiDC., . 0.0 0.0 3.3 3.3 3.3 6.7
Potentifla gracifis Dougl. ex Hock. 0.0 0.0 0.0 -13.3 3.3 0.0
Prunella vulgaris L. ' 0.0 0.0 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 0.C 0.0 0.0 3.3 C.0
Stellaria longipes Goldie 3.0 U.G -3.3 33 6.7 6.7

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

30.0 3.2 3.3 0.0 0.0 0.0

33 -3.3 3.3 6.7 -3.3 3.3

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 3.3 -3.3 -3.3 -3.3 0.0 6.7
Viola adunca Sm. 6.7 6.7 0.0 6.7 0.0 3.3
Vicia americana Muhl. ex Willd. g.0 0.0 0.0 10.0 0.0 0.0
Mahonia repens (Lindl.) G. Don -13.3  -3.3 -3.3 3.3 10.0 6.7
Spiraea betulifolia Pallas 0.¢ 0.0 0.0 0.0 3.3 0.0
Symphoricarpos albus (L.) Blake -6.7 20.0 6.7 233  16.7 -13.3
Site 3
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 13.3 133 30.0
Carex concinnoides Mackenzie 133 333 13.3 20.0 10.0 20.0
Carex geyeri Boott -6.7  -20.0 -3.3 -50.0 -40.0 -30.0
Calamagrostis rubescens Buckl. ~-3.3  20.0 6.7 6.7 -3.3 33
Elymus glaucus Buckl. 10.0 -3.3 6.7 6.7 16.7 0.0
Me//'glﬁ;//bosa Geyer ex Porter & 33 6.7 13.3 10.0 -100 -10.0
Poa pratensis L, -10.0 0.0 -20.0 6.7 6.7 30.0

Trisetum canescens Buckl. -16.7 -13.3 -200 -20.0 -13.3 -40.0
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Table 4. continued.

Control Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Achiflea millefolium L. -13.3 0.0 0.0 3.3 16.7 33
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 23.3 0.0 16.7
Antennaria rosea Greene 0.0 6.7 3.3 10.0 3.3 3.3
Arnica cordifolia Hook. 0.0 13.3 3.3 -6.7 -3.3 13.3
Claytonia perfoliata Donn ex Willd. 0.0 0.0 0.0 20.0 10.0 10.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. ‘ 6.7 3.3 -10.0 -6.7 -3.3 -16.7
Galium spp -3.3 0.0 3.3 20.0 20.0 -3.3
Hieracium albiflorum Hook. 0.0 -20.0 33 -6.7  20.0 10.0
Iris missouriensis Nutt, 0.0 13.3 0.0 0.0 0.0 0.0
Lathyrus spp. 0.0 -13.3 -13.3  -20.0 -56.7 0.0
Lupinus spp. -6.7 3.3 -30.0 26,7 6.7 20.0
Moeé’é ’n”z-‘f’a macrophylia (Hook.) 00 -167 200 -10.0 40.0 33
Osmorhiza berteroi DC. 3.3 -20.0 23.3 333 33 13.3
Potentilla gracflis Dougl. ex Hook. 0.0 3.3 0.0 -3.3 0.0 -16.7
Prunella vulgaris L. 0.0 13.3 -10.0 3.3 0.0 -3.3
. Ranunculus spp. © 0.0 0.0 0.0 -3.3 6.7 0.0
Stellaria longipes Goldie ' 0.0 0.0 3.3 26.7 20.0 13.3
Symphyotrichum spathufatum 0.0 0.0 0.0 0.0 0.0 0.0

(Lindl.) Nesom var. spathulatum

Taraxacum officinale G.H. Weber ex 3.3 3.3 0.0 -16.7 3.3 6.7

Wiggers
Thalictrum fendleriEngelm. ex Gray 6.7 20.0 -3.3 3.3 0.0 -3.3
Trifolium repens L. -3.3 6.7 0.0 -6.7 0.0 0.0
Viola adunca Sm. 3.3 3.3 10.0 3.3 10.0 10.0
Vicia americana Muhl. ex Willd. -10.0 20.0 3.3 2000 0.0 16.7
Mahonia repens (Lindl.) G. Don 13.3  -33 -3.3 -6.7 0.0 10.0
Spiraea betulifolia Pallas 16.7 -16.7 -10.0 0.0 6.7 3.3
Symphoricarpos albus (L.) Blake -26.7 6.7 -13.3 -3.3 0.0 -3.3

Herbivory treatments: Graze — cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 5. The changes in species composition in a ponderosa pine forest from 1985 to
1994 using a 30 cm x 30 cm plot frame.

Control Overstory Thined Qverstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 3.3 3.3 3.3
Carex concinnoides Mackenzie 0.0 0.0 3.3 0.0 0.0 0.0
Carex geyeriBoott -13.3 233 33.3 0.0 -3.3 -10.0
Calamagrostis rubescens Buckl. 10.0 -3.3 -3.3 0.0 10.0 -26.7
Elymus glaucus Buckl. 30.0 40.0 33.3 50.0 433 56.7
Me//cc;(a) fé/'/bosa Geyer ex Porter & 0.0 0.0 0.0 233 -33.3 -23.3
Poa pratensis L. 6.7 -20.0 33 . 00 -10.0 30.0
Trisetum canescens Buckl.. -20.0 -16.7 6.7 -36.7 -26.7 3.3
Achillea miflefolium L. 10.0 -10.0 3.3 0.0 13.3 36.7
Anemone piperiBritt. ex Rydb. 0.0 0.0 0.0 0.0 0.0 6.7
Antennaria rosea Greene 3.3 0.0 0.0 3.3 0.0 - 0.0
Arnica cordifolia Hook. 100 -6.7 3.3 10.0 3.3 3.3
Claytonia perfoliata Donn ex Willd. 0.0 0.0 10.0 0.0 0.0 6.7
Eurybia conspicua {Lindl.) Nesom 0.0 36.7 0.0 10.0  30.0 0.0
Fragaria spp. ' -16.7 -36.7 -6.7 6.7 -40.0 -16.7
Galium spp -13.3  -6.7 3.3 -13.3 0.0 33.3
Hieracium albifforum Hook. 0.0 -10.0 6.7 0.0 6.7 . 6.7
Iris missouriensis Nutt. 0.0 0.0 0.0 3.3 3.3 -3.3
Lathyrus spp. =200 -10.0 10.0 -26.7 -20.0 -26.7
Lupinus spp. 3.3 -3.3 -3.3 0.0 13.3 3.3
Moehringia macrophyll (Hook.) 233 67 <167 00 67 400
Osmorhiza berteroiDC. -36.7 -13.3 -6.7 -53.3 -30.0 -56.7
Potentilla gracifis Dougl. ex Hook. -3.3  -10.0 -3.3 -16.7 -23.3 -6.7
Prunella vulgaris L. -3.3 0.0 0.0 3.3 6.7 3.3
Ranunculus spp. 0.0 0.0 0.0 -3.3 0.0 -3.3
Stellaria longipes Goldie 0.0 6.7 0.0 -6.7 0.0 0.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

6.7 0.0 40.0 0.0 0.0 333

0.0 -23.3 -6.7 -43.3 -10.00 -13.3

Wiggers
Thalictrum fendleri Engelm. ex Gray  -3.3 6.7 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 0.0 3.3 0.0 -3.3 0.0
Viola adunca Sm. -20.0 -13.3 6.7 -6.7 -6.7 16.7
Vicia americana Muhl. ex Wiild. G.0 -6.7 0.0 0.0 13.3 3.3
Mahonia repens (LindL) G. Don 6.7 0.0 0.0 16.7 16.7 13.3
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -3.3  10.0 20.0 10.0 0.0 -6.7
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 16.7 333 0.0 26.7 13.3 0.0

Carex geyeri Boott -3.3 300 6.7 -3.3 -13.3 3.3
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Table 5. continued.

Control Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Calamagrostis rubescens Buckl, 0.0 23.3 -6.7 6.7 16.7 10.0
Elymus glaucus Buckl. 6.7 10.0 0.0 30.0 233 0.0
Me//ézlﬁﬁ/bosa Geyer ex Porter & 0.0 0.0 0.0 0.0 0.0 0.0
Poa pratensis L. 10.0 -36.7 -3.3 30.0 13.3 133
Trisetum canescens Buckl. -20.6  -10.0 6.7 -46.7 -16.7 13.3
Achillea millefolium L. -10.0 0.0 -3.3 16.7 -3.3 16.7
Anemone piperiBritt. ex Rydb. 0.0 0.0 3.3 0.0 3.3 0.0
Antennaria rosea Greene 10.0 0.0 3.3 10.0 3.3 0.0
Arnica cordifolia Hook. 13.3 -6.7 13.3 -10.0 6.7 13.3
Claytonia perfoliata Donn ex Willd. 0.0 0.0 0.0 0.0 0.0 6.7
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 26.7
Fragaria spp. -20.0 3.3 3.3 10.0 13.3 -6.7
Galium spp 10.0 0.0 0.0 10.0 0.0 0.0
Hieracium albiflorum Hook. -3.3 33 -100 6.7 167 -6.7
Iris missourfensis Nutt. 0.0 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. -50.0 36.7 0.0 -43.3  -63.3 16.7
_ Lupinus spp. 33.3 -26.7 0.0 3.3 6.7 -6.7 -
Moegg;/;gly/a macrophylla (Hook.) 67 6.7 6.7 33 33 33
Osmorhiza berteroiDC. 0.0 0.0 0.0 0.0 3.3 6.7
Potentilla gracilis Dougl. ex Hook. 0.0 0.0 0.0 -6.7 0.0 0.0
Prunella vulgaris L. 0.0 0.0 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 0.0 0.0 0.0 3.3

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

20.0 0.0 0.0 33.3 6.7 0.0

0.0 -3.3 0.0 13.3  -33 6.7

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 -3.3 -3.3 -6.7 0.0 0.0
Viola adunca Sm. 3.3 -3.3 3.3 3.3 0.0 3.3
Vicia americana Muhl. ex Willd. 0.0 0.0 0.0 -6.7 10.0 0.0
Mahonia repens (Lindl.) G. Don -6.7 0.0 -3.3 3.3 10.0 0.0
Spiraea betulifolia Pallas -3.3 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -16.7 10.0 -6.7 -3.3 16.7 3.3
Site 3
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 10.0  20.0 20.0
Carex concinnoides Mackenzie 33 26.7 0.0 6.7 33 16.7
Carex geyeri Boott -16.7 -43.3 -133 -46.7 -200 -16.7
Calamagrostis rubescens Buckl. 6.7 6.7 6.7 13.3  -16.7 -10.0
Elymus glaucus Buckl. 20.0 3.3 -3.3 26.7 6.7 6.7
Meﬂézlﬁg/bosa Geyer ex Porter & 233 -6.7 33 67 00 100
Poa pratensis L. 10.0 3.3 -10.0 0.0 -3.3 10.0

Trisetum canescens Buckl. -30.0 -40.0 -13.3 -30.0 -36.7 -3.3
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Table 5. continued.

Control Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Achiflea millefolium L. -6.7 -16.7 -33.3 -3.3  20.0 16.7
Anemone piperiBritt. ex Rydb. 0.0 0.0 0.0 16.7 6.7 0.0
Antennaria rosea Greene 0.0 0.0 0.0 10.0 3.3 3.3
Arnica cordifolia Hook. -10.0 3.3 -33.3 -56.7 -10.0 0.0
Claytonia perfoliata Donn ex Willd. 0.0 0.0 0.0 3.3 0.0 33
Eurybia conspicua {Lindl.) Nesom 0.0 0.0 0.0 3.3 13.3 33.3
Fragaria spp. -16.7 -10.0 -6.7 -3.3  -10.0 -13.3
Galium spp -10.0 -3.3 -6.7 36.7 133 10.0
Hieracium albifforum Hook. -3.3  -20.0 0.0 -6.7 -6.7 -3.3
Iris missouriensis Nutt. -3.3 33 0.0 0.0 0.0 0.0
Lathyrus spp. _ -10.0 -26.7 13.3 433 -26.7 0.0
Lupinus spp. -3.3 0.0 -16.7 13.3  23.3 10.0
M"egg ’:Zgl’a macrophyla (H°°k) 00 -233 -200 -76.7 -40.0 -10.0
Osmorhiza berteroi DC. -6.7 -6.7 0.0 0.0 13.3 40.0
Potentilla gracilis Dougl. ex Hook. 0.0 0.0 0.0 -3.3 -6.7 -6.7
Prunelia vulgaris L. 6.7 33 -10.0 3.3 10.0 33
Ranuncuius spp. ' 0.0 0.0 0.0 -3.3 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 0.0 0.0 0.0 0.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

13.3 6.7 0.0 20.0  30.0 0.0

: 3.3 0.0 3.3 -16.7 0.0 -3.3
Wiggers

Thalictrum fendleri Engelm. ex Gray 3.3 33 -3.3 3.3 13.3 0.0
Trifolium repens L. ¢.0 0.0 33 -6.7 0.0 0.0
Viola adunca Sm. 0.0 -6.7 6.7 0.0 3.3 6.7
Vicia americana Muhl. ex Willd. -26.7 10.0 -6.7 3.3 -3.3 0.0
Mahonia repens (Lindl.) G. Don -6.7 -13.3 10.0 3.3 -3.3 -16.7
Spiraea betulifolia Pallas 0.0 -50.0 -6.7 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -10.0 0.0 -10.0 -3.3 6.7 -6.7

Herbivory treatments: Graze - cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 6. The changes in species compesition in & ponderosa pine forest from 1985 to
1994 using a 30 cm x 60 cm plot frame.

Control Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1
Bromus carinatus Hook. & Arn. 0.0 6.7 0.0 3.3 3.3 13.3
Carex concinnordes Mackenzie 0.0 0.0 3.3 0.0 0.0 0.0
Carex geyeri Boott -16.7 23.3 33.3 -3.3  -3.3 -6.7
Calamagrostis rubescens Buckl. 6.7 0.0 -3.3 0.0 13.3 -26.7
Elymus glaucus Buckl. 333 50.0 26.7 60.0 43.3 46.7
Me//gl:‘)lzt/./bosa Geyer ex Porter & 0.0 0.0 33 333 -333 233
Poa pratensis L. -6.7 -6.7 3.3 -6.7 0.0 26.7
Triseturm canescens Buckl. -33.3 -20.0 0.0 -43.3 -36.7 3.3
Achilfea millefolium L. 3.3  -16.7 3.3 6.7 -3.3 40.0
Anemone piperiBritt. ex Rydb. 0.0 0.0 3.3 0.0 0.0 10.0
Antennaria rosea Greene 6.7 0.0 0.0 3.3 0.0 0.0
Arnica cordifolia Hook. 13.3 -3.3 3.3 6.7 0.0 0.0
Claytonia perfoliata Donn ex Willd. 0.0 0.0 20.0 0.0 0.0 6.7
~ Eurybia conspicua (Lindl.) Nesom 0.0 50.0 0.0 13.3 33.3 0.0 .
Fragaria spp. -16.7 -33.3  -13.3 133 -33.3  -23.3
Galium spp -10.0 6.7 10.0 -3.3 0.0 36.7
Hieracium albiflorum Hook. 0.0 -6.7 0.0 0.0 0.0 6.7
Iris missouriensis Nutt. 0.0 0.0 0.0 6.7 3.3 -3.3
Lathyrus spp. -20.0 -10.0 13.3 -33.3 -16.7 -23.3
Lupinus spp. 3.3 -10.0 -3.3 0.0 26.7 10.0
Moelhiinga macrophyle(Hook) 533 133 167 00 -67  -433
Osmorhiza berteroiDC, -53.3 -20.0 -6.7 -60.0 -26.7 -66.7
Potentilla gracifis Dougl. ex Hook. -6.7 -10.0 -16.7 -30.0 -23.3 -6.7
Prunella vulgaris L. -3.3 3.3 0.0 0.0 10.0 10.0
Ranunculus spp. 0.0 0.0 0.0 -3.3 0.0 -3.3
Stellaria longipes Goldie 0.0 10.0 0.0 -6.7 -3.3 0.0

Symphyotrichum spathulaturm
(Lindl.) Nesom var. spathulatum
Taraxacumn officinale G.H. Weber ex

20.0 0.0 46.7 0.0 0.0 43.3

00 -333 -100 -36.7 -13.3 -20.0

Wiggers
Thalictrum fendleriEngelm. ex Gray  -3.3 6.7 0.0 3.3 3.3 0.0
Trifolium repens L. -3.3  -26.7 3.3 -33 -33 0.0
Viola adunca Sm. -23.3 -233 13.3 -10.0 -6.7 20.0
Vicia americana Muhl. ex Wilid. 0.0 -10.0 0.0 0.0 10.0 3.3
Mahonia repens (Lindl.) G. Don 33 3.3 0.0 13.3  16.7 16.7
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -3.3  -13.3 20.0 3.3 6.7 0.0
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 30.0 36.7 0.0 30.0 16.7 0.0

Carex geyeri Boott 3.3 43.3 6.7 -3.3  -16.7 -3.3
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Table 6. continued.

Contret Qverstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Calamagrostis rubescens Buckl. 3.3 20.0 -6.7 10.0 0.0 3.3
Elymus glaucus Buckl. 6.7 13.3 0.0 46.7 33.3 0.0
Me//g?J lﬁtt/./bosa Geyer ex Porter & 0.0 0.0 0.0 0.0 0.0 0.0
Poa pratensis L. 13.3  -46.7 -3.3 33.3 10.0 13.3
Trisetum canescens Buckl. -26.7 -20.0 0.0 -46.7 -6.7 10.0
Achillea millefolium L. -10.0 -6.7 -6.7 13.3 -6.7 10.0
Anemone piperi Britt. ex Rydb. 0.0 0.0 6.7 0.0 3.3 0.0
Antennaria rosea Greene 10.0 0.0 3.3 10.0 3.3 0.0
Arnica cordifolia Hook. 3.3 3.3 20.0 6.7 -3.3 13.3
Claytonia perfoliata Donn ex Willd. 0.0 0.0 100 - 0.0 0.0 10.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 30.0
Fragaria spp. -10.0 6.7 -3.3 16.7 13.3 -6.7
Galium spp 10.0 0.0 0.0 10.0 0.0 0.0
Hieracium albifforum Hook. -13.3  -3.3 -13.3 -6.7 233 -6.7
Iris missourfensis Nutt. 0.0 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. -50.0 50.0 6.7 -40.0 -56.7 20.0
Lupinus spp. ; 40.0 -36.7 0.0 6.7 0.0 -6.7
M"eé’g /:Zgl/a macrophylia (Hook.) 67 -100 -67 33 -67  -33
Osmorhiza berteroi DC. 0.0 0.0  -33 -3.3 3.3 10.0
Potentifla gracilis Dougl. ex Hook. 0.0 0.0 0.0 -200 0.0 0.0
Prunella vulgaris L. 0.0 0.0 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 co 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 .0 -3.3 0.0 0.0 3.3

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

20.0 3.3 0.0 43.3 6.7 0.0

0.0 -3.3 3.3 16,7 -3.3 6.7

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 -3.3 -3.3 -6.7 0.0 0.0
Viola adunca Sm. 3.3 -6.7 6.7 6.7 0.0 -3.3
Vicia americana Muhl. ex Willd. 0.0 0.0 0.0 -6.7 13.3 0.0
Mahonia repens (Lindl.) G. Don -10.0 0.0 0.0 3.3 20.0 3.3
Spiraea betulifolia Pallas -6.7 0.0 0.0 6.7 0.0 0.0
Symphoricarpos albus (L.) Blake -3.3 20.0 -6.7 23.3  26.7 -13.3
Site 3
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 10.0 26.7 26.7
Carex concinnoides Mackenzie 3.3 26.7 0.0 6.7 6.7 23.3
Carex geyeri Boott -13.3  -33.3 -13.3  -43.3 -13.3 -3.3
Calamagrostis rubescens Buckl. 0.0 20.0 3.3 10.0 -20.0 -13.3
Elymus glaucus Buckl. 23.3 100 -3.3 30.0 10.0 6.7
Me//ézlﬁé/./bosa Geyer ex Porter & 267  -6.7 33 133 -100 -16.7
Poa pratensis L. 6.7 33 -16.7 0.0 3.3 13.3

Trisetum canescens Buckl. -36.7 -50.0 -16.7 -53.3  -40.0 -10.0



141
Table 6. continued.

Control Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED

Achiflea miflefolium L. -13.3 -26.7  -33.3 6.7 13.3 13.3
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 16.7 10.0 0.0
Antennaria rosea Greene 0.0 0.0 0.0 10.0 3.3 3.3
Arnica cordifolia Hook. -3.3 0.0 -33.3 -46.7 -6.7 0.0
Claytonia perfoliata Donn ex Willd. 0.0 0.0 0.0 33 0.0 33
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 6.7 20.0 43.3
Fragaria spp. -16.7 -13.3 -3.3 -3.3 33 -20.0
Galium spp -16.7 -6.7 -6.7 40.0 133 33
Hieracium albiflorum Hook. -3.3  -23.3 3.3 -13.3  -6.7 -6.7
Iris missouriensis Nutt. 0.0 6.7 0.0 0.0 0.0 0.0
Lathyrus spp. -10.0 -23.3 6.7 -40.0 -16.7 6.7
Lupinus spp. -33  -33 @ -26.7 23.3  26.7 13.3
Moetringia macrophyll (Hook.) 00 -33.3 -200 -80.0 -433 233
Osmorhiza berteroi DC. -6.7 -13.3 10.0 6.7 16.7 16.7
Potentilla gracilis Dougl. ex Hook. 0.0 0.0 0.0 -3.3  -13.3  -20.0
Prunella vulgaris L. 6.7 33 -10.0 13.3  16.7 33

- Ranuncuilus spp. 0.0 0.0 0.0 -3.3 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 0.0 0.0 0.0 0.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

16.7 10.0 0.0 26.7 30.0 0.0

0.0 0.0 3.3 -16.,7 0.0 -13.3

Wiggers
Thalictrum fendleri Engelm. ex Gray 3.3 33 -3.3 3.3 300 0.0
Trifolium repens L. 2.0 0.c 0.0 -6.7 0.0 3.3
Viola adunca Sm, 33 -6.7 6.7 -6.7 13.3 6.7
Vicia americana Muhl. ex Willd. -40.0 3.3 -10.0 0.0 -3.3 0.0
Mahonia repens (Lindl.) G. Don 3.3 0.0 0.0 33 0.0 -3.3
Spiraea betulifolia Pallas 0.0 -56.7 -13.3 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake 3.3 3.3 -23.3 -3.3  16.7 0.0

Herbivory treatments: Graze - cattle and big game grazing; CEXC - cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 7. The changes in species compesition in a ponderosa pine forest from 1985 to
1997 using a 30 cm x 30 cm plot frame,

Control Gverstory Thined Overstory
CEXC T£XC GRAZED CEXC TEXC GRAZED
Site 1
Bromus carinatus Hook. & Arn. 3.3 G.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 3.0 0.0 0.0 0.0 0.0 0.0
Carex geyeriBoott -13.3 100 6.7 -43.3 -33.3 -30.0
Calamagrostis rubescens Buckl, -3.3  -13.3 -3.3 3.3 33 -13.3
Elymus glaucus Buckl. 26.7 6.7 40.0 23.3 -10.0 33.3
Me//é:(a)lﬁltj-/bosa Geyer ex Porter & 0.0 0.0 0.0 933 -33.3 -30.0
Poa pratensis L. 13.3 6.7 0.0 .23.3 6.7 333
Trisetum canescens Buck!. . -16.7 -20.0 0.0 -33.3 -33.3 -13.3
Achillea millefolium L. -6.7 -6.7 -3.3 6.7 3.3 30.0
Anemone piperiBritt. ex Rydb. 13.3 6.7 16.7 100 33 0.0
Antennaria rosea Greene 0.0 0.0 0.0 0.0 0.0 0.0
Arnica cordifolia Hook. 00 -6.7 0.0 -3.3 0.0 3.3
Claytonia perfoliata Donn ex Willd. 3.3 6.7 20.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 6.7 3.3 0.0 0.0 3.3
Fragaria spp. ' -20.0 -40.0 -16.7 33 -40.0 -30.0
Galium spp -3.3 -16.7 -100 -50.0 -10.0 0.0
Hieracium albiflorum Hook. 33 -133 - 67 = 00 0.0 6.7
Iris missouriensis Nutt. 00 GO 0.0 co 00 -3.3
Lathyrus spp. 00 -0 0.0 -16.7 -10.0 -46.7
Lupinus spp. 0.0 -ic.0 -33 100 -3.3 0.0
M"eé’é o mac ophyle (Hook.) 200 67 00 00 67 -40.0
Osmorhiza berteroi DC. -43.3 -3.3 -16.7 -56.7 -36.7 -66.7
Potentilla gracilis Dougl. ex Hook. 0.0 -13.3 0.0 -10.0 -13.3 -6.7
Prunella vulgaris |.. -3.3 0.0 0.0 0.0 -3.3 0.0
Ranunculus spp. 0.0 0.0 0.0 -3.3 0.0 -3.3
Stellaria longipes Goldie 10.0 0.0 6.7 -3.3 6.7 3.3

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

10.0 20.0 13.3 10.0 20.0 36.7

-6.7 -23.3 -10.0 -36.7 -16.7 -13.3

Wiggers
Thalictrum fendleri Engelm. ex Gray  -3.3 0.0 0.0 0.0 0.0 0.0
Trifolium repens .. 0.0 0.0 0.0 0.0 -3.3 0.0
Viola adunca Sm. -16.7 -20.0 -10.0 -10.0 -23.3 0.0
Vicia americana Muhl. ex Willd. 0.0 -13.3 10.0 16.7 133 0.0
Mahonia repens (Lindl.) G. Don 6.7 -3.3 33 10.0 233 0.0
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -6.7 367 23.3 13.3 133 13.3
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 6.7 13.3 40.0 13.3 3.3 13.3

Carex geyeriBoott 6.7 40.0 13.3 -23.3  -6.7 16.7
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Table 7. continued.

Cantroi Overstory Thined Overstory
CEXC TEXT GRAZED CEXC TEXC GRAZED
Calamagrostis rubescens Bucki. 0.0 26.7 3.3 3.3 30.0 23.3
Elymus glaucus Buckl. 0.0 0.0 0.0 -3.3 0.0 0.0
Me//(c;lﬁ;/./bosa Geyer ex Porter & 0.0 0.0 0.0 0.0 0.0 0.0
Poa pratensis L. 10.0 -33.3 0.0 50.0 133 13.3
Trisetum canescens Buckl. -16.7 0.0 33 -16.7  -3.3 3.3
Achillea millefolium L. -3.3 -67 -10.0 1.0 0.0 0.0
Anemone piperi Britt. ex Rydb. 0.0 0.0 0.0 0.0 3.3 10.0
Antennaria rosea Greene 6.7 0.0 3.3 6.7 0.0 0.0
Arnica cordifolia Hook. i0.0 0. 20.0 -20.0 -16.7 13.3
Claytonia perfoliata Donn ex Willd. 3.3 0.0 33 C.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -13.3  -3.3 0.0 13.3 133 -13.3
Galium spp 0.0 0.0 0.0 16.7 0.0 0.0
Hieracium albiflorum Hook. 00 -33 -30.0 -67 6.7 -3.3
Iris missouriensis Nutt. ' 0.0 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. -33.3 €33 -13.3  -36.7 -33.3 -56.7
. Lupinus spp. : 6.7  -30.0 0.0 6.7 6.7 -6.7
Moegg/n/;_cly/a macrophyila (Hook. 00 -33 33 33  -33 0.0
Osmorbhiza berterorDC. 0.0 0.0 0.0 0.0 0.0 0.0
Potentilla gracilis Dougl. ex Hook. 0.0 0.0 0.0 -6.7 0.0 0.0
Prunella vulgaris L. 0.0 0.0 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 Lo 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 3.3 0.9 3.3 3.3 3.3 10.0
Symphyotrichumn spathulatum 16.7 33 33 333 133 133

(Lindl.) Nesem var. spathulatum

Taraxacum officinale G.H. Weber ex 0.0 33 3.3 33 0.0 0.0

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 -3.3 -3.3 -6.7 0.0 0.0
Viola adunca Sm. 0.0 -3.3 0.0 3.3 0.0 0.0
Vicia americana Muhl. ex Willd. 0.0 0.0 0.0 3.3 0.0 0.0
Mahonia repens (Lindl.) G. Don -13.3  -16.7 -13.3 -3.3 3.3 -6.7
Spiraea betulifolia Palias -3.3 0.0 0.0 0.0 3.3 0.0
Symphoricarpos albus (L.) Blake -16.7 0.0 6.7 6.7 3.3 16.7
Site 3
Bromus carinatus Hook. & Arn. 10.0 10.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 0.0 6.7 0.0 3.3 6.7 3.3
Carex geyeri Boott -26.7 6.7 16.7 -26.7 -60.0 -20.0
Calamagrostis rubescens Buckl. -16.7 0.0 -3.3 3.3 6.7 ~10.0
Elymus glaucus Buckl. 200 -3.3 -3.3 26,7 -3.3 -13.3
Me//gzlﬁt/'/bosa Geyer ex Porter & 33 33 10.0 67 10.0 6.7
Poa pratensis L. -13.3  -6.7 3.3 6.7 43.3 50.0

Trisetum canescens Buckl. -30.0 -36.7 -16.7 -33.3 -33.3 -50.0
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Table 7. continued.

‘Controt Qvarstory Thined Overstory

CEXC TEXC GRAZED CEXC TEXC GRAZED
Achillea miflefolium L. -10.0 -6.7 -10.0 -16.7 23.3 20.0
Anemone piperi Britt. ex Rydkt. 10,0 GO 13.3 23.3 33 6.7
Antennaria rosea Greene 0.0 0.0 6.7 3.3 3.3 0.0
Arnica cordifolia Hook. 6.7 133 6.7 -36.7 -13.3 -6.7
Claytonia perfoliata Donn ex Willd, 0.0 0.0 0.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -20.0 -23.3  -10.0 -6.7 -26.7 -20.0
Galium spp -16.7 -13.3 -6.7 30.0 233 -6.7
Hieracium albiflorurmn Hook. -6.7 -16.7 -6.7 -13.3  -3.3 -3.3
Iris missouriensis Nutt. -3.3 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. _ - =33 -133 13.3  -30.0 -23.3 3.3
Lupinus spp. -3.3 0.0 -13.3 33 6.7 10.0
Moe:;:zgl/a macrophylla (Hook.) 00  -23.3 3.3 66.7 -30.0 10.0
Osmorhiza berteroi DC. -16.7 -10.0  -13.3 0.0 -16.7 -10.0
Potentilla gracilis Dougl. ex Hook. 6.7 0.9 0.0 16.7 -3.3 33
Prunella vulgaris L. 6.7 0.0 -10.0 -3.3 0.0 -3.3
Ranunculus spp. ; 0.0 0.0 0.0 -3.3 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 3.3 i3.3 133 3.3

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weker ex

0.0 0.0 3.3 26,7 16.7 23.3

0.C 3.3 0.0 -10.0 -33 ~10.0

Wiggers ,
Thalictrum fendleriEngeim. ex Gray 3.3 0.0 -3.3 0.0 0.0 -3.3
Trifolium repensL. -3.3 3.3 0.0 6.7 0.0 0.0
Viola adunca Sm. 0.0 -6.7 -3.3 6.7 -6.7 0.0
Vicia americana Muhl. ex Willd. -26.7 6.7 -6.7 10.0 0.0 20.0
Mahonia repens (Lindl.) G. Don -3.3  -233 10.0 6.7 -20.0 -10.0
Spiraea betulifolia Pallas 23.3 0.0 6.7 3.3 0.0 0.0
Symphoricarpos albus (L.) Blake -20.0 -10.0 -20.0 10.0 -16.7 3.3

Herbivory treatments: Graze ~ cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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Table 8. The changes in species composition in 2 pcixcerosa pine forest from 1985 to
1997 using a 30 cm x 60 cm plot frame;

Contiol Qverstory

Thined Overstory

CEXC TEXC GRAZED

 UEXC__TEXC_ GRAZED

Site 1
Bromus carinatus Hook. & Arn.
Carex concinnoides Mackenzie
Carex geyeri Boott
Calamagrostis rubescens Bucki.
Elymus glaucus Buckl.
Melica bulbosa Geyer ex Porter &
Coult.
Poa pratensis L.
Trisetum canescens Buckl.
Achillea millefolium L.
Anemone piperiBritt. ex Rydb.
Antennaria rosea Greene
Arnica cordifolia Hook.
Claytonia perfoliata Donn ex Willd.
Eurybia conspicua (Lindl.) Nesom
Fragaria spp.
Galitum spp
Hieracium albifforum Hook.
Iris missouriensis Nutt.
Lathyrus spp.
Lupinus spp.
Moehringia macrophylla (Hook.)
Fenzl
Osmorhiza berterof DC.
Potentilla gracilis Dougl. ex Hook.
Prunella vulgaris L.
Ranunculus spp.
Stellaria longipes Goldie
Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex
Wiggers
Thalictrum fendleri Engelm. ex Gray
Trifolium repens L.
Viola adunca Sm.
Vicia americana Muhl. ex Willd.
Mahonia repens (Lindl.) G. Don
Spiraea betulifolia Pallas
Symphoricarpos albus (L.) Blake
Site 2
Bromus carinatus Hook. & Arn.
Carex concinnoides Mackenzie
Carex geyeri Boott

3.3
0.0
-10.0
-3.3
23.3
0.0

3.3
-30.0
-10.0
13.3
0.0
0.0
3.3
0.0
-16.7
-10.0
-3.3
0.0
-3.3
0.0
-13.3

-63.3
0.0
-3.3
0.0
10.0

13.3
0.0

-3.3
-3.3
-16.7
0.0
0.0
0.0
-3.3
0.0
13.3
6.7

0.0

0.6

3.3
-13.3
13.3

0.0

3.3
-23.3
-16.7
6.7
0.0
6.7
10.0
6.7
-36.7
-13.3
-13.3
0.0
-10.0
-20.0

-13.3

-3.3
-10.0
0.0
0.0
0.0

)
h
J

-33.3

-26.7
-30.0
-10.0
0.0
0.0
6.7
0.0
26.7
43.3

0.0
0.0
10.0
-3.3
233

0.0

3.3
-13.3
6.7
23.3
0.0
-3.3
30.0
33
-16.7
-6.7
-3.3
0.0
6.7
-3.3

0.0

-20.0
-6.7
0.0
0.0
13.3

23.3

-10.0

0.0
0.0
-13.3
16.7
3.3
6.0
26.7

0.0
46.7
6.7

0.0
0.0
-43.3
33
40.0

-33.3

20.0
-36.7
13.3
13.3
0.0
6.7
0.0
0.0
6.7
-45.7
0.0
0.0
-23.3
10.0

0.0

-63.3
-23.3
-3.3
-3.3
-3.3

30.0

-40.0

0.0
0.0
-10.0
16.7
33
6.0
-3.3

0.0
16.7
-13.3

0.0
0.0
-10.0
6.7
-13.3

-26.7

10.0
-46.7
-6.7
10.0
0.0
-3.3
0.0
0.0
-33.3
-13.3

3.3
3.3

(eI

-3.3
3.3

-6.7

-40.0
-6.7
-3.3
0.0
6.7

26.7

-16.7

0.0
0.0
-26.7
30.0
16.7
0.0
6.7

0.0
6.7
-10.0

0.0
0.0
-33.3
-10.0
23.3

-33.3

23.3
-10.0
33.3
0.0
0.0
0.0
0.0
6.7
-26.7
10.0
13.3
-3.3
-50.0
6.7

-40.0

~80.0
-6.7
0.0
-3.3
10.0
50.0

10.0

0.0
13.3
6.7



146
Table 8. continued.

Thined Overstory
CEXC TEXC GRAZED

Calamagrostis rubescens Buck!. 3.3 287 0.0 3.3 13.3 13.3
Elymus glaucus Buckl. 0.0 0.0 0.0 -33 0.0 0.0
Me//éz Lllyl::/'/bosa Geyer ex Porter & 9.0 5.0 3.3 0.0 0.0 0.0
Poa pratensis L. 13.3  -40.0 3.3 56.7 6.7 26.7
Trisetum canescens Buckl. -16.7 -10.0 -3.3 -6.7 3.3 0.0
Achiflea millefolium L. -3.3 6.7 -3.3 200 -3.3 3.3
Anemone piperfBritt. ex Rydb. .0 00 0.0 0.0 6.7 10.0
Antennaria rosea Greene 6.7 0.0 10.0 6.7 0.0 0.0
Arnica cordifolia Hook. ~ 0.0 3.3 26.7 -10.0 -16.7 10.0
Claytonia perfoliata Donn ex Willd. 3.3 00 10.0 00 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -200 0.0 -10.0 100 13.3 -6.7
Galium spp 0.0 0.0 0.0 16.7 0.0 0.0
Hieracium albiflorum Hook. -3.3 -6.7 -30.0 0.0 3.3 0.0
Iris missouriensis Nutt. 0.0 0.0 0.0 0.0 0.0 0.0
 Lathyrus spp. -30.0 733 -10.0  -40.0 -23.3  -40.0
Lupinus spp. f 16.7 -40.0 0.0 167 -6.7 6.7
Moe?g/nnz_cl]/a macropitylla (Hook.) 00 67 33 00 6.7 10.0
Osmorhiza berterof DC. 00 0. -3.3 0.0 0.0 0.0
Fotentilla gracilis Dougl. ex Heok, C.0 0.0 0.0 -16.7 3.3 0.0
Prunefla vulgaris L. 0.0 0.0 0.0 0.0 0.0 0.0
Ranunculus spp. 0.0 6.4 0.0 0.0 0.0 0.0
Steflaria longipes Goldie 10.6 . 6.7 6.7 3.3 20.0

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum

200 3.3 3.3 40.0 200 267
faraxacum officinale G.H. Weber ex o

33 33 33 00 33 3.3

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. C.n -3.3 -3.3 -6.7 0.0 0.0
Viola adunca Sm. 3.3 -6.7 0.0 3.3 3.3 -6.7
Vicia americana Muhl. ex Willd. 0.0 0.0 0.0 6.7 0.0 0.0
Mahonia repens (Lindl.) G. Don 6.7 6.7 -3.3 0.0 16.7 -6.7
Spiraea betulifolia Pallas -6.7 0.0 0.0 3.3 3.3 0.0
Symphoricarpos albus (L.) Blake -i6.7 16.7 6.7 16.7 16.7 -3.3
Site 3 !
Bromus carinatus Hook. & Arn. 10.0 133 0.0 0.0 6.7 0.0
Carex concinnoides Mackenzie 0.0 6.7 3.3 6.7 6.7 10.0
Carex geyéeri Boott -13.¢ 6.7 13.3 -13.3 -53.3 -16.7
Calamagrostis rubescens Buckl. -13.3 133 -3.3 -3.3 3.3 -16.7
Elymus glaucus Buckl. 233 33 0.0 333 -33 -13.3
Me//ézéyltt/-/bosa Geyer ex Porter & 0.0 67 133 -13.3 0.0 133
Poa pratensis L. -3.3 -5.7 -3.3 3.3 46.7 46.7

Trisetum canescens Buckl. -35.7 -433  -200 -56.7 -33.3 -56.7
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Contigi.Ovearstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED

Achillea millefolium L. -16.7 ~-10.0 -200 6.7 20.0
Anemone piperiBritt. ex Rydb. 16.7 20.0 26.7 6.7 10.0
Antennaria rosea Greene 0.0 10.0 3.3 3.3 3.3
Arnica cordifolia Hook. 0.0 6.7 -30.0 0.0 0.0
Claytonia perfoliata Donn ex Wiild, 0.0 0.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0.. 0.0 C.0 0.0 0.0
Fragaria spp. -10.0 -13.3  -13.3 -200 -6.7
Galium spp -16.7 -3.3 300 36.7 0.0
Hieraciurm albiflorum Hook. 3.3 -13.3 -10.0 -10.0 3.3
Iris missouriensis Nutt. -3.3 0.0 c.0 3.3 0.0
Lathyrus spp. 16.0 3.3 -23.3  -26.7 10.0
Lupinus spp. -6.7 -20.0 16.7 16.7 13.3
Moeézlnnz_clyla macrophylla (Hook.) 5.0 13.3 60.0 -33.3 33
Osmorhiza berteroi DC. -20.0 -16.7 -20.0 -6.7 -26.7 -30.0
Potentilla gracilis Dougl. ex Hook. 67 0.0 0.0 16.7 -10.0  -6.7
Prunella vulgaris L. 10.0 0.0 -10.0 -3.3 0.0 -3.3
Ranunculis spp. 0.0 0.0 0.0 -3.3 0.0 0.0
Stellaria longipes Goldie 0.0 0.0 3.3 200 16.7 6.7
Symphyotrichum spathulatum -

(Lindl.) Nesom var. spathulatum 0.0 0.0 3.3 367 267 333
Taraxacum officinale G.H. Weber ex 33 23 3.3 100 0.0 20.0

Wiggers
Thalictrum fendleri Engelm. ex Gray  10.0 0.0 -3.3 0.0 0.0 3.3
Trifolium repens L. -330 A3 -3.3 -6.7 0.0 33
Viola adunca Sm. 0.0 -6.7 -3.3 -13.3  -3.3 0.0
Vicia americana Muhi. ex Willd. -40.0 3.3 -10.0 6.7 3.3 26.7
Mahonia repens (Lindl:) G. Don 3.3 -23.3 3.3 16.0 -20.0 0.0
Spiraea betulifolia Pallas 20.0 0.0 0.0 67 0.0 0.0
Symphoricarpos albus (L.) Blake -23.3 -16.7 -23.3 16.7 -23.3 16.7

Herbivory treatments: Graze - cattle anc big game grazing; CEXC - cattle exclosure, big
game grazing only; TEXC ~ total exclosure, exclusion of cattle and big game grazing.
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Table 9. The changes in species compesition ir: 4 Donderosa pine forest from 1985 to
2005 using a 30 cm x 30 ¢m plot frame,

Cantte! Overstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Site &
Bromus carinatus Hook. & Arn. 0.0 8.0 3.3 43.3 36.7 26.7
Carex concinnoides Mackenzie 2.0 0.0 0.0 0.0 0.0 0.0
Carex geyeriBoott 16.7 C.0 16.7 36.7 133 26.7
Calamagrostis rubescens Buckl. -23.3  -20.0 -3.3 -3.3 0.0 -26.7
Elymus glaucus Buckl. 36.7 -33 23.3 -26.7  -33.3 33.3
Me//éi flé/'/bosa Geyer ex Porter & 0.0 33 433 233 -33.3  -30.0
Poa pratensis L. 60.0 - 26.7 -10.0 333 -3.3 33.3
Trisetum canescens Buckl, = -23.3  -23.3 -10.0 -36.7 -36.7 -13.3
Achillea miflefolium L. 0.0 -16.7 -13.3 16.7 -3.3 36.7
Anemone piperi Britt. ex Rydb. 13.3  16.7 0.0 3.3 0.0 0.0
Antennaria rosea Greene 0.C 0.0 0.0 0.0 0.0 0.0
Arnica cordifolia Hook. -13.3 6.7 0.0 -3.3 0.0 3.3
Claytonia perfoliata Donn ex Willd. -10.0  -16.7 -6.7 -36.7 -3.3 40.0
Eurybia conspicua (Lindl.) Nesom e 00 0.0 C.0 0.0 0.0
Fragaria spp. ' 3. -6.7 3.3 00 -33 0.0
Galium spp ¢.0 0.0 0.0 ¢.0 3.3 0.0
Hieracium albifforum Hook. -3.3 3.3 6.7 -13.3  10.0 -6.7
Iris missouriensis Nutt. 00 -13.3 -3.3 6.7 -10.0 3.3
Lathyrus spp. -23.3 6.7 -16.7 0.0 -5.7 -40.0
Lupinus spp. -46.7 -16.7 -23.3  -56.7 -36.7 -70.0
Moeéwé;nz_cly/a macrophylla gHookA) 0.0 0.0 0.0 0.0 0.0 0.0
Osmorhiza berteroi DC. 3.3 -100 0.0 3.3  -10.0 -6.7
Potentilla gracilis Dougl. ex Hook. -3.3 0.0 0.0 0.0 -3.3 0.0
Prunella vulgaris L. 3.3 0.0 6.7 -3.3 13.3 0.0
Ranunculus spp. 6.0 0.0 0.0 6.7 0.0 0.0
Stellaria longipes Goldie 16.7 20.0 30.0 33.3 20.0 333

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex

-33.3 -16.7 -23.3 6.7 -36.7 -23.3

-13.3 -26.7 -10.0 -46.7 -20.0 -10.0

Wiggers
Thalictrum fendleri Engelm. ex Gray  -3.3 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. 0.0 0.0 0.0 0.0 -3.3 0.0
Viola adunca Sm. 6.7 0.0 -3.3 3.3  -30.0 6.7
Vicia americana Muhl. ex Willd. 00 -23.3 0.0 0.0 -3.3 0.0
Mahonia repens (Lindl.) G. Don 7 10.0 3.3 40.0 36.7 16.7
Spiraea betulifolia Pallas 0.0 c.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake 3.3 23.3 26.7 16.7 16.7 10.0
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 6.7
Carex concinnoides Mackenzie 3.3 0.0 6.7 0.0 0.0 0.0

Carex geyerfBoott 16.7 533 26.7 3.3 10.0 13.3
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Control '6\-/erstorv

CEXC TEXC GRAZED

Thined Overstory

CEXC _TEXC GRAZED

Calamagrostis rubescens Buckl.

Elymus glaucus Buckl.

Melica bulbosa Geyer ex Porter &
Coult.

Poa pratensis L.

Trisetum canescens Buckl.

Achillea miflefolium \..

Anemone piperi Britt. ex Rydb.

Antennaria rosea Greene

Arnica cordifolia Hook.

Claytonia perfoliata Donn ex Willd,

Eurybia conspicua (Lindl.) Nesom

Fragaria spp.

Galium spp

Hieracium albiflorum Hook.

Iris missouriensis Nutt.

Lathyrus spp.

Lupinus spp.

Moehringia macrophy/fla (Hook.)
Fenzl

Osmorhiza berteroi DC.

Potentilla gracilis Dougl. ex Hook.

Prunella vulgaris L.

Ranunculus spp.

Stellaria longipes Goldie

Symphyotrichum spathulatum
(Lindl.) Nesom var. spathulatum

Taraxacum officinale G.H. Weber ex
Wiggers

Thalictrum fendleri Engelm. ex Gray

Trifolium repens L.

Viola adunca Sm.

Vicia americana Muhl. ex Willd,

Mahonia repens (Lindl.) G. Don

Spiraea betulifolia Pallas

Symphoricarpos albus (L.) Blake

Site 3

Bromus carinatus Hook. & Arn.

Carex concinnoides Mackenzie

Carex geyeri Boott

Calamagrostis rubescens Buckl.

Elymus glaucus Buckl.

Melica bulbosa Geyer ex Porter &
Coult.

Poa pratensis L.

Trisetum canescens Buckl.

-13.3
0.0

0.0

-3.3
-20.0
-10.0
0.0
3.3
-3.3
0.0
0.0
-13.3
0.0
-36.7
23.3
-6.7
0.0

0.0

0.0
0.0
0.0
0.0
i6.7
-13.3

0.0

0.0
0.0
0.0
0.0

-16.7
-3.3

-16.7

10.0
0.0
-30.0
-33.3
3.3

-10.0

56.7
-30.0

-13.3
0.0

0.0

-36.7

-10.0
3.3
0.0
0.0

-10.0
0.0
0.0
-3.3
0.0

10.0

-23.3
-6.7
0.0

0.0

0.0
0.0
0.0
0.0

-
3.3

3.3

-3.3

0.0

-3.3
-3.3
0.0

3.3

0.0
16.7

13.3
0.0
-43.3
-23.3
-6.7

10.0

40.0
-43.3

3.3
0.0

0.0

-6.7
-10.0
-3.3
0.0
0.0
26.7
0.0
0.0
-23.3
0.0
-6.7
0.0
-6.7
0.0

00

0.0
0.0
0.0
0.0
0.0

0.0

-6.7

0.0
-3.3
0.0
0.0
-10.0
0.0
23.3

0.0
0.0
-23.3
-10.0
-3.3

-3.3

36.7
-36.7

-10.0
-3.3

0.0

-10.0
-40.0
13.3
0.0
6.7
-23.3
20.0
0.0
-3.3
0.0
-66.7
0.0
-3.3
-3.3

0.0

0.0
0.0
0.0
0.0
36.7

6.7

-6.7

0.0
-6.7
0.0
-6.7
0.0
0.0
23.3

0.0
0.0
-13.3
-6.7
36.7
-6.7

30.0
-33.3

-23.3
0.0

0.0

-13.3
-26.7
-3.3
0.0
0.0
-23.3
0.0
0.0
-3.3
0.0
-86.7
13.3
-3.3
0.0

0.0

0.0
0.0
0.0
0.0
16.7

6.7

-3.3

0.0
0.0
-3.3
0.0
0.0
0.0
26.7

10.0
0.0
-3.3
-10.0
0.0

0.0

33.3
-43.3

13.3
0.0

0.0

-3.3
-6.7
3.3
0.0
0.0
10.0
0.0
0.0
-6.7
0.0
-53.3
6.7
3.3
3.3

0.0

0.0
0.0
0.0
0.0
20.0

-6.7

3.3

0.0
0.0
0.0
0.0
0.0
0.0
-3.3

30.0
0.0
-20.0
-20.0
3.3

-10.0

43.3
-50.0



150
Table 9. continued.

Cantrol Dverstory Thined Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Achillea millefolium L. -13.3  -13.3 0.0 16.7 6.7 16.7
Anemone piperi Britt. ex Rydb. 6.7 3.3 23.3 3.3 16.7 26.7
Antennaria rosea Greene 0.0 0.0 0.0 0.0 0.0 0.0
Arnica cordifolia Hook. -60.0 -63.3 -33.3 -96.7 -56.7 -53.3
Claytonia perfoliata Donn ex Wilid. -13.3 3.3 0.0 36.7 16.7 -3.3
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. 33 -13.3 10.0 -10.0 13.3 0.0
Galium spp -3.3 0.0 0.0 0.0 0.0 0.0
Hieracium albiflorum Hook. 3.3 -20.0 10.0 -13.3 -10.0 -16.7
Iris missouriensis Nutt. 6.7 6.7 -13.3 26.7 16.7 3.3
Lathyrus spp. 0.0 -23.3 -20.0 -76.7 -40.0 -10.0
Luypinus spp. -23.3 -13.3 -13.3 -20.0 -16.7 -16.7
Moelfg ’rfz-‘f’a macrophyla (Hook.) 0.0 0.0 0.0 0.0 0.0 0.0
Osmorhiza berteroi DC., 6.7 0.0 0.0 0.0 0.0 -6.7
Potentilla gracilis Dougl. ex Hook. 0.0 0.0 -10.0 3.3 00 -3.3
Prunella vulgaris L. 33 0.0 6.7 6.7 16.7 6.7
Ranuncuius spp. ' 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longjpes Goldie 3.3 3.3 6.7 13.3 36.7 23.3
Symphyotrichum spathulatum 67 -100 -100 -167 -67  -20.0

(Lindl.) Nesom var. spathulatum

Taraxacum officinale G.H. Weber ex 0.0 00 . 00 33 33 10.0

Wiggers ;
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 -3.3 0.0 0.0 -3.3
Trifolium repens L. -3.3 oD 0.0 -6.7 0.0 0.0
Viola adunca Sm. 60.0 46.7 23.3 200 16.7 50.0
Vicia americana Muhl. ex Willd. -20.0 -10.0 -3.3 -10.0 3.3 6.7
Mahonia repens (Lindl.) G. Don 16.7 -10.0 6.7 133  -6.7 ~13.3
Spiraea betulifolia Pallas 0.0 -3.3 -3.3 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -6.7 -3.3 -20.0 3.3 6.7 10.0

Herbivory treatments: Graze — cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC - total exclosure, exclusion of cattle and big game grazing.
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Table 10. The changes in species composition in a pcnderosa pine forest from 1985 to

2005 using a 30 cm x 60 ¢cm plot frame.

Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1
Bromus carinatus Hook. & Arn. 0.0 3.3 33 53.3 50.0 333
Carex concinnoldes Mackenzie 0.0 0.0 0.0 0.0 0.0 0.0
Carex geyeri Boott 6.7 -6.7 16,7 33.3 23.3 233
Calamagrostis rubescens Buckl. -26.7 -20.0 -3.3 -3.3  -33 -26.7
Elymus glaucus Buckl. -36.7 -3.3 10.0 -26.7 -40.0 30.0
Melica bulbosa Geyer ex Porter & Coult. . 0.0 33 50.0 -33.3 -33.3 -33.3
Poa pratensis L. 46.7 0.0 -13.3 233 33 30.0
Triseturmn canescens Buckl. -36.7 -30.0 -23.3 -43.3 -50.0 -13.3
Achiflea miflefolium L. -6.7 -26.7 -16.7 6.7 -20.0 43.3
Anermone piperi Britt. ex Rydb. 13.3 233 0.0 3.3 0.0 3.3
Antennaria rosea Greene 0.0 0.0 0.0 0.0 0.0 0.0
Arnica cordifolia Hook. -13.3  -6.7 -3.3 -6.7 -3.3 0.0
Claytonia perfoliata Donn ex Willd. 0.0 0.0 0.0 0.0 0.0 0.0
Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -36.7 -13.3 -33.3 6.7 -33.3 -26.7
Galium spp -13.3 -10.0 -33 -30.0 -6.7 36.7
Hieracium albiflorum Hook. -33 -6.7 -6.7 0.0 0.0 6.7
Iris missouriensis Nutt. 0.0 0.0 0.0 3.3 6.7 0.0
Lathyrus spp. 0.0 3.3 10.0 -6.7 16.7 -6.7
Lupinus spp. 0.0 -26.7 -33 3.3 -10.0 6.7
Moehringia macrophylla (Hook.) Fenzl -23.2 -13.3 -16.7 0.0 -6.7 -43.3
Osmorhiza berteroi DC. -70.6 -23.3 -33.3 -63.3 -40.0 -83.3
Fotentifla gracilis Dougl. ex Hook. go -67 -133 -33 -6.7 -6.7
Prunella vulgaris L. -3.3 0.0 0.0 -3.3 -3.3 0.0
Ranunculus spp. 6.7 0.0 10.0 -3.3  13.3 0.0
Stellaria longipes Goldie 0.0 0.0 0.0 -6.7 -3.3 0.0
Symphyotrichum spathulatum (Lind.) 16.7 267 400 367 23.3 433
Nesom var. spathulatum
Taraxacum officinale G.H. Weber ex 1100 -33.3 -10.0 -50.0 -26.7 -13.3
Wiggers
Thalictrum fendleri Engelm. ex Gray -3.3 0.0 0.0 0.0 0.0 0.0
Trifolium repens L. -3.3 -26.7 0.0 -3.3  -3.3 0.0
Viola adunca Sm. 6.7 -33 -6.7 0.0 -36.7 3.3
Vicia americana Muhl. ex Willd. 0.0 -23.3 0.0 0.0 -6.7 0.0
Mahonia repens (Lindl.) G. Don 33 6.7 3.3 40.0 333 233
Spiraea betulifolia Pallas 0.0 0.0 0.0 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake 0.0 3.3 23.3 33 10.0 -6.7
Site 2

romus carinatus Hook. & Arn. 3.3 0.0 10.0 0.0 3.3 6.7
Carex concinnoides Mackenzie 3.3 0.0 13.3 0.0 0.0 0.0
Carex geyeriBoott 10.0 46.7 16.7 0.0 33 6.7
Calamagrostis rubescens Buckl. -16.7 -16.7 0.0 -3.3 -36.7 3.3
Elymus glaucus Buckl. 0.0 0.0 0.0 -3.3 0.0 0.0
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Co—r?t.r;oulw(_)verston/

Thinned Overstory

CEXC TEXC GRAZED CEXC TEXC GRAZED

Melica bulbosa Geyer ex Porter & Coult.

Poa pratensis L,

Trisetum canescens Buckl.

Achillea millefolium L.

Anemone piperi Britt. ex Rydb.

Antennaria rosea Greene

Arnica cordifolia Hook.

Claytonia perfoliata Donn ex Willd.

Eurybia conspicua (Lindl.) Nesom

Fragaria spp.

Galium spp

Hieracium albifforum Hook. .

Iris missourfensis Nutt.

Lathyrus spp.

Lupinus spp.

Moehringia macrophylla (Hook.) Fenzl

Osmorhiza berteroi DC.,

Potentilla gracilis Dougl. ex Hook.

Prunella vulgaris L. ‘

Ranunculus spp.

Stellaria longipes Goldie

Symphyotrichum spathulatum (Lindl.)
Nesom var. spathulatum

Taraxacum officinale G.H. Weber ex -
Wiggers

Thalictrum fendleri Engelm. ex Gray

Trifolium repens L.

Viola adunca Sm.

Vicia americana Muhl. ex Willd.

Mahonia repens (Lindl.) G. Don

Spiraea betulifolia Pallas

Symphoricarpos albus (L.) Blake

Site 3

Bromus carinatus Hook. & Arn.
Carex concinnoides Mackenzie
Carex geyeri Boott

Calamagrostis rubescens Buckl.
Elymus glaucus Buckl.

Melica bulbosa Geyer ex Porter & Coult.
Poa pratensis L.

Trisetumn canescens Buckl.
Achiflea miflefolium L.

Anemone piperiBritt. ex Rydb.
Antennaria rosea Greene

Arnica cordifolia Hook.

Claytonia perfoliata Donn ex Willd.

0.0
-6.7
-26.7
-10.0
0.0
6.7
-3.3
0.0
0.0
-20.0
0.0
-20.0
0.0
-33.3
30.0
-6.7
0.0
0.0
0.0
0.0
0.0

33.3

0.0

0.0
0.0
0.0
0.0
-20.0
-6.7
-13.3

13.3
0.0
-23.3
-40.0
3.3
-13.3
60.0
-36.7
-23.3
10.0
0.0
-56.7
0.0

0.0
-46.7
-233
-6.7
0.0
0.0
0.0
0.0
0.0
6.7

. 0.0
-13.3
0.0
10.0
-33.3
-10.0
0.0
0.0
0.0
0.0
0.0

3.3

-3.3

0.0

-3.3
-6.7
0.0

16.7
0.0
30.0

13.3
0.0
-36.7
-23.3
-6.7
10.0
40.0
-53.3
-23.3
6.7
0.0
-70.0
0.0

0.0
-6.7
-16.7
-3.3
0.0
0.0
23.3
0.0
0.0
-6.7
0.0
-30.0
0.0
-6.7
-3.3
-6.7
-3.3
0.0
0.0
0.0
-3.3

0.0

-6.7

0.0
-3.3
0.0
0.0
0.0
0.0
13.3

3.3
0.0
-23.3
-16.7
-3.3
-3.3
26.7
-43.3
3.3
36.7
0.0
-33.3
0.0

0.0
-10.0
-33.3
20.0

0.0
10.0
-13.3

0.0

0.0
23.3

- 20.0

-3.3
0.0
-73.3
6.7
-3.3
-6.7
-13.3
0.0
0.0
0.0

56.7

3.3

0.0

-6.7
3.3

-3.3
16.7
0.0
36.7

0.0
0.0
-13.3
-20.0
36.7
-13.3
26.7
-56.7
20.0
10.0
0.0
-96.7
0.0

0.0
-20.0
-26.7

-6.7

0.0

0.0
-23.3

0.0

0.0

6.7

0.0

0.0

0.0
-86.7

6.7
-6.7

0.0

0.0

0.0

0.0

0.0

16.7

0.0

0.0
0.0
-3.3
0.0
10.0
0.0
30.0

10.0
0.0
-10.0
-13.3
0.0
-10.0
30.0
-46.7
10.0
16.7
0.0
-60.0
0.0

0.0
-3.3
-16.7
-3.3
0.0
0.0
16.7
0.0
0.0
-6.7
0.0
-6.7
0.0
-53.3
-3.3
-3.3
-3.3
0.0
0.0
0.0
0.0

26.7

3.3

0.0
0.0
-6.7
0.0
-6.7
0.0
-20.0

33.3
0.0
-23.3
-26.7
6.7
-16.7
43.3
-60.0
10.0
30.0
0.0
-56.7
0.0
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Control Qverstory

Thinned Overstory

CEXC TEXC GRAZED CEXC TEXC GRAZED

Eurybia conspicua (Lindl.) Nesom 0.0 0.0 0.0 0.0 0.0 0.0
Fragaria spp. -6.7 -12.3 -13.3 -233 -6.7 -23.3
Galium spp +13.3  -6.7 0.0 36.7 20.0 -3.3
Hieracium albiflorurm Hook. 3.3 -16.7 16.7 -6.7 6.7 3.3
Iris missourfensis Nutt. -3.3 0.0 0.0 0.0 0.0 0.0
Lathyrus spp. 6.7 -16.7 -33 -10.0 0.0 -3.3
Lupinus spp. 3.3 33 -20.0 433 16.7 10.0
Moehringia macrophylla (Hook.) Fenzl 0.0 -333 -20.0 -80.0 -43.3 -23.3
Osmorhiza berteroi DC. -26.7 -20.0 -20.0 -26.7 -26.7 -43.3
Potentilla gracilis Dougl. ex Hook. 6.7 0.0 0.0 0.0 -6.7 -20.0
Prunella vulgaris L. 0.0 co0 -100 -3.3 0.0 -3.3
Ranunculus spp. 3.3 0.0 6.7 10.0 26.7 6.7
Stellaria longipes Goldie 0.0 0.0 0.0 0.0 0.0 0.0
Symphyotrichum spathulatum (Lindl.)

Nesom var. spathulatum 3.3 3.3 100 167 40.0 267
Taraxacum officinale G.H. Weber ex 33 0.0 0.0 67 -33 00

Wiggers
Thalictrum fendleri Engelm. ex Gray 0.0 0.0 -3.3 0.0 0.0 -3.3.
Trifolium repens L. -3.3 0.0 -3.3 6.7 0.0 6.0
Viola adunca Sm. 63.3 600 300 233 26.7 500
Vicia americana Muhl. ex Willd. -33.3 -16.7 -3.3 -16.7 10.0 6.7
Mahonia repens (Lindl.) G. Don 233 -33 -6.7 13.3 6.7 -6.7
Spiraea betulifolia Pallas 0.0 6.7 -13.3 0.0 0.0 0.0
Symphoricarpos albus (L.) Blake -33 -13.3 -333 00 100 33

Herbivory treatments: Graze -~ cattle and big game grazing; CEXC - cattle exclosure, big

game grazing only; TEXC - total exclosure, exclusion of cattie and big game grazing.
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Appendix €

Ponderosa Pine Shrub Density and Cover Changes



Table 1. Changes in shrub density from 1855 to 1988, 1991, 1994, and 2003.
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Control Overstory

Thinned Overstory

CEXC TEXC GRAZE CEXC TEXC GRAZE

1988

1991

Site 1
Amelanchier ainifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discofor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereumn Dougl.
Rosa gymnocarpa Nutt.
Site 2
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodliscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereumn Dougl.
Rosa gymnocarpa Nutt.
. Site 3
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereun Dougl.
Rosa gymnocarpa Nutt.
Site 1
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.

-1.0
0.3
-1.3

0.0

0.0
-5.3
1.3

-1.0
-1.0
0.0

0.0

0.0
0.0
-23.7

0.3
2.7
0.0

0.C

0.G
0.C
-5.0

1.3
c.0
-0.3

0.0

0.0
-2.3
4.0

frh
Lad

[y
L&

0.0

0.0

0.0
22.7
3.0

0.3
-1.3
0.0

0.0

0.0
0.C

<2

it

-1.3
5.3
0.0

0.0

0.0
0.0
-6.0

1.3
1.0
0.0

0.0
0.0
10.7
3.0

-6.3
0.0
0.0

0.0

0.0
-6.7
3.0

0.3
-1.0
0.0

0.0

0.0
0.0
-7.0

-0.3
-0.3
0.0

0.0

0.0
0.0
-4.0

2.0
0.0
0.0

0.0

0.0
-0.7
2.3

-3.3
-2.0
¢.0

0.0

2.3
-1.7
-3.0

-0.3
0.0
0.0

0.0

0.0
0.0
0.0

-2.3
-1.3
0.0

0.0

0.0
-0.3
-0.3

3.0
0.0
0.0

0.0

-3.7
0.0
19.7

1.0
-2.7
0.0

0.0

0.0
-0.3
1.3

0.3
0.0
0.0

0.0

0.0
0.0
2.0

-0.7
7.7
0.0

-0.3

0.0
0.0
-5.7

5.0
-0.7
0.0

0.0

0.0
-0.7
8.3

-1.3
-1.0
0.3

-1.7

0.0
3.3
-1.0.

0.0
0.3
0.0

0.0

0.0
0.0
-0.3

-0.3
-1.7
0.0

-0.3

0.0
0.0
2.7

2.0
-0.7
0.0

-1.7

0.0
1.7
9.7
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Thinned Overstory

CEXC TEXC GRAZE

1994

Site 2
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvacets
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gyminocarpa Nutt.
" Site 3
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus doug/asii Lindl,
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze:
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.
' Site 1
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus-virginiana L.
Ribes cereum Dougl.
Rosa gymiocarpa Nutt.
Site 2
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lind!.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.

0.0

0.0
0.0
-15.3

3.7
0.3
0.0

0.0

0.0
0.0
2.3

4.9
0.3

2
ot

0.3

0.0
0.3
13.0

2.7
0.0
0.0

0.

0.0
0.0

0.0
0.0
0.0
35.3
45.0
-5.3
0.0

0.0

0.0
0.0
-2.3

8.3
0.7
0.0

0.0

0.0
35.7
5.0

9.0
-1.3
0.0

c.0

0.0
N0

0.3
1.0
0.0

0.0

0.0
0.3
11.7

1.0
-0.3
0.6

0.0

0.0
0.0

8.3

34.7
0.0
0.0

0.0

0.0
13.3
5.0

1.3
1.0
0.0

0.0

0.0
0.0

-11.7 457 30.0

0.7
2.3
0.0

0.0

0.0
0.0
0.3

-0.7
1.0

03

0.0

0.0
-0.3
4.3

24.7
9.3

00

0.0
-3.7
1.3
25.3
1.7
-0.3
0.0

0.0

0.0
0.0
1.0

0.3
1.7
0.0

0.0

0.0
0.0
19.3

1.3
1.3
1.3

-0.3

0.0
0.0
3.3

22.3
1.3
0.0

0.0

0.0
0.3
53.7

8.3
2.0
0.0

0.0

0.0
0.0
40.0

0.0
0.7
0.0

0.0

0.0
0.0
0.3

1.3
3.7
0.0

-0.3

0.0
0.0
2.7

7.7
-0.3
0.0

-1.7

0.0
0.7
14.3

0.0
0.3
0.0

0.0

0.0
0.0
4.3
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Table 1. continued.

‘ Cant?r'ziayiwo\./erstory Thinned Qverstory
CEXC TEXC GRAZE CEXC TEXC GRAZE

Site 3

Amelanchier alnifoliz (NUtt.) .. & spq 5 )
Nutt. ex M. Roemer 156.3 360.7 1.3 03 3.0 -0.7

Crataegus doug/asii Lindl. 7.3 .G -0.7 3.0 0.0 1.0
Holodiscus discolor (Pursh} 0.0 0.0 00 0.3 6.7 0.0

Maxim.
Physocarpus malvaceus
(Greene) Kuntze 00 0.0 57.3 G.0 7.3 1.0
Prunus virginiana L. 0.0 0.0 0.0 c.0 0.0 0.0
Ribes cereum Dougl. 0.0 0.0 0.0 G.3 0.0 0.0
Rosa gymnocarpa Nutt. 16.3 5.3 5.7 0.0 13.0 1.3
2003 Site 1 '

Amelanchier ainifolia (Nutt.)

Nutt. ex M. Roemer 37 2.3 5.7 57 110 16.7

Crataegus dougiasii Lindl. 2.7 0.3 0.3 1.3 0.7 0.0
Ho'/jl’d’s.a’s dscolor(Pursh) 545 09 00 00 00 07
axim.

Physocarpus malvaceus

(Greene) Kuntze 0o 0G0 0.0 00 00 -1.7

Prunus virginiana L. 0.0 0.0 0.0 25.3 0.0 6.0

Ribes cereum Dougl. 20 250 5.3 0.7 0.0 3.7

Rosa gymnecarpa Nutt. 173 163 3.7 23.0 78.7 17.7
Site 2 ;

Amelanchier alnifolia (Nutt.) ,., ) .
Nutt. ex M. Roemer 1.9 21.3 1.0 7.0 1.0 1.7

Crataegus douglasii Lind|. -1.2 0.3 0.3 03 2.3 0.3
Holodiscus discolor (Pursh) 6.0 0.0 0.0 0.3 0.0 0.0

Maxim.
Physocarpus malvaceus
(Greene) Kuntze 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereum Dougl. G.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. -53 473 31.0 2.7 19.7 0.7
Site 3

Amelanchier alnifolia (Nutt.) ' ,
Nutt. ex M. Roemer 4.3 4.0 33 1.0 2.0 7.7

Crataegus douglasii Lindl. 2.3 -4.3 0.7 -0.7 0.7 7.7
Holodiscus discolor (Pursh) 00 0.0 0.0 03 03 0.0

Maxim.
Physocarpus malvaceus

(Greene) Kuntze .0 0.0 0.0 0.7 1.0 6.3
Prunus virginiana L. 6.0 0.0 0.0 0.0 0.0 0.0
Ribes cereum Dougl. 0.0 0.0 0.3 2.3 0.7 0.3
Rosa gymnocarpa Nutt. 57.0 22.3 17.3 1.3 9.0 5.0

Herbivory treatments: Graze — cattle and big game grazing; CEXC - cattle exclosure, big
game grazing only; TEXC — total exclosure, exclusion of cattle and big game grazing.
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1991, 1994, and 2003,
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Conirol Overstory

Thinned Overstory

CEXC TEXC GRAZE CEXC TEXC GRAZE

1988

1991

Site 1
Amelanchier alnifolia (Nutt,)
Nutt. ex M. Roemer
Crataegus douglasii .indli.
Holodiscus discolor {Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereurn Dougl.
Rosa gymnocarpa Nutt.
Site 2
Amelanchier alnifolia (Nutt.)
Nutt. ex M, Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim. -
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.
Site 3
Amelanchier alnifolia (NutL.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.

- Holodiiscus discolor (Pursh)

Maxim. :
Physocarpus malvaceus
(Greene) Kuntze

- Prunus virginiana L.

Ribes cereum Dougl.
Rosa gymnocarpa Nuit.
' Site 1

Amelanchier alnifolia {(Nutt.)
Nutt. ex M. Roemer

Crataegus douglasiLindl.

Holodiscus discolor (Pursh)
Maxim.

Physocarpus malvaceus
(Greene) Kuntze

Prunus virginiana L.

Ribes cereurm Dougl,

Rosa gymnocarpa Nutt.

04
0.0
28

00
0.0

-3.3 .

-0.1

0.0
0.0
0.0

00

0.0
0.0
-0.8

0.3
0.0
2.1

g.0
c.0
2.7
0.2

0.4
0.0

0.0

0.C
-2.2
0.0

0.0
0.0
0.0

0.0

0.0
0.0
0.0

6.0
5.3
0.0

0.0

0.0
0.0
-0.6

3.5
0.0
00

X0
G.0
-5.0
c8

-1.4
0.0
0.0

0.9

0.0
-2.8
1.1

0.0
0.5
0.0

0.0

0.0
0.0
21

0.0
0.0
0.0

00

0.0
0.0
-0.1

3.0
0.0
0.0

0.0

0.0
-3.9
04

7.1
4.1
0.0
0.0
6.9
0.1
0.1

0.0

0.0

0.0

0.0

c.0
¢.0
0.0

0.3
0.2
0.6

0.0

0.0
-0.2
-0.1

-3.6
-4.2
0.0

0.0

0.0
0.0
1.7

0.8
-0.1
0.0

0.0

0.0
-0.7
1.1

0.4
0.0
0.0

0.0

0.0
0.0
9.0

0.0
0.6
0.0

-0.8

0.0
0.0
-0.1

2.7
0.0
0.0

0.0

0.0
0.0
07

-0.3
-0.1
0.5

-1.4

0.0
06
0.0

0.0
0.0
0.0

0.0

0.0
0.0
0.1

0.0
-0.2
0.0

0.0

0.0
0.0
0.0

-0.8
-0.1
05

1.4

0.0
05
0.5



Table 2. continued.
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- Conbrpi @

/erstory

CEXC  TEXC

\}
¥

Thinned Overstory

GRAZE CEXC TEXC GRAZE

1994

Site ¥
Amelanchier alnifolia (Nutt.}
Nutt. ex M. Roemer
Crataegus douglasii Lirid,
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.

. Rosa gymnocarpa Nutt.

Site 3
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.
Site 1
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lingl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.
Site 2
Amelanchier alnifolia (Nutt.)
Nutt. ex M. Roemer
Crataegus douglasii Lindl.
Holodiscus discolor (Pursh)
Maxim.
Physocarpus malvaceus
(Greene) Kuntze
Prunus virginiana L.
Ribes cereum Dougl.
Rosa gymnocarpa Nutt.

0.0
0.0
0.0
0.0
0.0
0.0
-1.0

0.2
2.8
0.0

0.0
0.0
0.c
0.2
2.0
6.2

o

0.2
0.0
0.0

0.0

0.0
0.6
-0.8

w—hh
=)

Cx
o

0.0

0.0
0.0
C.5

48
-4.9
0.0

G.0

0.0
0.0
-0.7

6.3
1.0
0.0
0.0

6.0
-5.9
c4

6.0
G0
0.0

0.0

G.0
0.0
0.2

0.0
-0.2
0.0

0.0

0.0
0.0
-2.2

0.2
0.0
0.0

0.0

0.0
0.0
0.1

41
0.0
0.0

0.0

0.0
-4.1
0.4

0.0
-0.1
0.0

0.0

0.0
0.0
-2.0

0.0
0.1
0.0

0.0

0.0
0.0
00

0.0
-0.1
-0.9

6.0

0.0
-0.2
01

-4.1
-4.5
0.0
0.0

0.0
0.2
1.5

0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.4
0.0
0.0

0.0

0.0
0.0
0.3

0.2
0.0
1.2

-0.8

0.0
0.0
0.2

2.8
0.1
0.0

0.0

0.0
-0.7
22

0.2
0.6
0.0

0.0

0.0
0.0
0.7

00
0.0
0.0

G.0

0.0
0.0
0.0

0.0
0.5
0.0

00

c.0
0.0
G.1

-1.1
1.4
0.1

-1.4

0.0
0.0
0.5

0.0
0.0
0.0

0.0

0.0
0.0
0.0
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Control Qverstory

Thinned Overstory

CEXC  TEXC GRAZE CEXC TEXC GRAZE
Site 3 -
Amelanchier alnifolia »'\’,N utt.) 37 108 0.0 02 0.0 0.0
Nutt. ex M. Roemer
Crataegus douglasiilindi. 55 5.3 0.0 -0.2 0.0 -1.3
Ho/od/gcus discolor (Pursh) 0.0 0.0 0.0 0.9 01 0.0
Maxim. -
Physocaipus malvacels 00. 00 16 00 07 00
(Greene) Kuntze -
Prunus virginiana L. 0.0. 0.0 0.0 0.0 0.0 0.0
Ribes cereurn Doug!. 0.0 0.0 0.0 -0.2 0.0 0.0
Rosa gymnocarpa Nutt. 0.4 -0.6 -0.1 -0.1 0.8 0.0
2003 " Site 1
Amelanchier alnifolia (Nutt.) 11 37 38 26 6.8 70
Nutt. ex M. Roemer
Crataegus douglasii Lindl. 0.2 0.1 0.0 -4.4 4.5 -0.1
Ho/od/gcus discolor (Pursh) 15 00 0.0 00 00 0.4
Maxim.
Fhysocarpus malvaceus 00 00 00 00 00 = -14
(Greene) Kuntze -
Prunus virginiana \.. 0.0 0.0 0.0 1.9 00 - 00
Ribes cereun Dougl. 30 65 -4.9 0.0 0.7 0.0
Rosa gymnocarnpa Nutt., -0.6 2.4 0.0 0.7 6.7 -0.2
Site2 V
Amelanchier alnifolia (Nutt.) 0.0 6.0 0.0 01 0.6 00
Nutt. ex M. Roemer
Crataegus douglashi Lindl. 0.0 0.0 -0.2 0.0 4.7 0.0
Ho/od/s_cus discolor (Pursh) 0.0 00 0.0 00 0.0 0.0
Maxim. :
Physocarpus malvaceus
(Greene) Kuntze 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereurn Dougl. 0.0 00 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. -1.1 -0.1 -2.8 0.0 0.0 0.0
Site 3
Amelanchier alnifolia (Nutt.) 02 12 0.0 02 14 01
Nutt. ex M. Roemer
Crataegus douglasii Lindl. 2.1 -1.0 0.0 -0.6 0.3 0.7
Ho/od/s_cus discolor (Pursh) 00 00 00 09 00 0.0
Maxim.
Physocarpus malvaceus 00 00 00 0.0 08 0.0
(Greene) Kuntze
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereurn Dougl. 0.0 0.0 0.0 -0.2 0.0 0.0
Rosa gymnocarpa Nutt. -0.4 17 0.0 -0.1 -0.2 0.0

Herbivory treatments: Graze — cattle and big game grazing; CEXC — cattle exclosure, big
game grazing only; TEXC - total exclosure, exclusion of cattle and big game grazing.
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Appendix D

Grand Fir and Ponderosa Pine Understory Production



Table 1. The effects of year, timber harvest, and herbivory treatments on understory production.

?;S:t Year Site glarpvt;irt Herbivoy g?gg! CAGE CARU POPR SYAL Pgrass  Pforb  Annual  Shrub
ABGR 2003 1 Clearcut CExc 1231.8  124.0 54.4 273.2 148.4 227.4 230.2 50.0 320.6
ABGR 2003 1 Clearcut CGExc 1261.9  289.2 33.0 371.2 132.2 63.4 296.0 216.4 212.6
ABGR 2003 1 Clearcut  Grazed  1399.5 288.4 172.6 158.4 138.2 165.8  466.8 143.8 171.8
ABGR 2003 1 Control CExc 876.0 336.0 8.8 52.8 63.8 74.4 244.6 6.0 220.4
ABGR 2003 1 Control CGExc 925.4 178.0 16.6 23.8 109.4 113.8 277.2 4.4 267.2
ABGR 2003 1 Control Grazed 738.2 198.8 6.8 7.6 252 524 316.2 2.6 192.2
ABGR 2003 1  Thinned CExc 1060.8  113.0 1354 132.2 21.4 496.4 180.8 29.0 95.4
ABGR 2003 1  Thinned CGExc 967.1 235.8 218.0 123.0 21.8 94.0 105.2 24.8 251.2
ABGR 2003 1 Thinned Grazed 948.2 193.6 269.6 90.8 25.8 159.8 231.6 i3.4 117.2
ABGR 2003 2  (Clearcut CExc 1180.5 171.8 113.8 82.0 53.4 188.0 97.8 12.2 398.2
ABGR 2003 2  Clearcut CGExc 1329.6 4738 210.8 71.2 165.4 91.0 1032 2.5 2116
ABGR 2003 2  Clearcut  Grazed 1322.7 208.8 320.4 1i.4 96.2 128.2 109.2 8.4 432.2
ABGR 2003 2 Contro! CExc 754.9 283.0 89.0 1.2 8.6 35.0 47.8 0.6 222.8
ABGR 2003 2 Control CGExc 665.6 296.4 64.2 5.8 31.0 45.6 29.6 0.6 115
ABGR 2003 2 Control Grazed 770.2 191.8  249.6 10.0 24.0 43.0 70.6 5.4 120.8
ABGR 2003 2  Thinned CExc 1354.2 69.6 464.0 0.8 49.0 70.8 490.0 0.6 154.8
ABGR 2003 2  Thinned CGExc 1175.0 312.2 154.6 27.6 63.0 196.0 82.4 4.8 268.8
ABGR 2003 2  Thinned Grazed 899.0 90.2 78.2 28.6 60.4 345.6 114.6 2.2 327.6
ABGR 2003 3  Clearcut Cixc 1769.8 ~ 296.4 64.4 483.6 50.0 217.4 4104 62.8 81.8
ABGR 2003 3  Clearcut CGExc 1449.7  422.0 206.0 439.2 83.4 68.0 117.0 12.0 2454
ABGR 2003 3  Clearcut Grazed 19342 535.8 740.8 294.0 85.2 132.6 155.8 40.0 107.8
ABGR 2003 3 Control CExc 1022.5 264.6 212.2 27.2 21.0 63.2 197.0 5.6 209.8
ABGR 2003 3 Control CGExc 902.0 36.0 200.0 0.0 6.0 24.6 246.4 0.2 358
ABGR 2003 3 Control Grazed 830.4 116.8 292.4 0.0 214 29.2 151.2 3.6 208.6
ABGR 2003 3  Thinned CExc 1167.8  281.2 364.2 33.6 26.2 121.0 68.4 38.8 216.4
ABGR 2003 3  Thinned CGExc 934.2 104.4 528.0 4.2 3.2 65.0 123.6 0.4 169.8

291



Table 1. continued.

FTO\;SZt Year Site g;r:vbeirt Herbivoy ;:’;gf CAGE CARU POPR SYAL Pg rass Pforb  Annual  Shrub
ABGR 2003 3  Thinned Grazed  1119.3  145.8 509.6 46.6 20.6 223.6 136.2 4.8 242.2
PIPO 1989 1 Control  GRAZED  865.6 ~ 197.0 45.6 65.2  215.8 130.0 264.6 32.4 11.6
PIPO 1989 1 Control CEXC 868.7 152.8 60.0 27.2 123.2 91.4 309.0 12.8 30.4
PIPO 1989 1 Control CGEXC  1047.7 182.0 80.6 118.2 108.8 147.2 277.2 74.4 35.6
PIPO 1989 1  Thinned GRAZED 1744.7 164.8 13.8 367.8 141.8 342.2 341.0 76.6 37.6
PIPO 1989 1  Thinned CEXC 1788.9 182.2 0.0 528.6 261.6 472.8 290.2 11.2 84.2
PIPO 1989 1 Thinned CGEXC  1883.4 . 182.8 0.0 473.4 152.8 524.6 463.0 68.4 11.2
PIPO 1989 2 Contrai  GRAZED  494.0 i31.2 0.0 1.6 26.6 42.6 198.4 4.6 22.6
PIPO 1989 2 Control CEXC 467.9 134.2 2.4 0.0 23.6 25.2 2534 1.0 25.6
PIPO 1989 2 Control CGEXC 593.5 247.9 49.2 0.0 8.8 9.4 193.6 1.2 1.0
PIPO 1989 2  Thinmned GRAZED  903.2 145.4 63.8 12.6 84.0 121.8 370.8 4.8 20.4
PIPO 1989 2  Thinned CEXC 1209.6  258.4 25.4 46.0 60.2 109.8 582.0 5.6 15.4
PIPO" 1989 2  Thinned CGEXC  1239.2 251.2 184.2 i6.2 514 104.6 441.4 3.6 40.4
PIPO 1989 3 Control  GRAZED  690.8 23:1.6 92.8 57.0 64.4 95.0 236.4 1.0 51.2
PIPO 1989 -3 Control CEXC 699.5 2432 38.0 8.0 19.8 56.6 268.8 .0 57.8
PIPO 1989 3 Control CGEXC 746.0 116.2 75.2 3.8 38.8 36.0 329.6 2.0 107.6
PIPO 1983 3  Thinned GRAZED 1225.0 260.8 44.8 188.0 17.0 157.6 448.6 5.2 71.0
PIPO 1989 3  Thinned CEXC 13185 216.2 68.6 172.0 29.8 414.6 320.4 3.0 41.4
PIPO 1989 3  Thinned CGEXC 13555 270.0 71.8 266.8 314 174.4 403.0 0.0 3.2

PIPO 1992 1 Control  GRAZED  757.5 314.0 0.8 96.8 80.6 127.4 125.6 0.0 0.0

PIPO 1992 1 Control CEXC 852.2 307.2 0.0 109.2 146.8 1076  50.6 0.0 43.4
PIPO 1992 1 Control CGEXC 723.9 117.4 13.0 73.0 64.6 147.0 137.6 0.0 0.0

PIPO 1992 1  Thinned GRAZED  935.7 259.6 11.0 172.0 63.6 137.8 157.0 0.0 68.8
PIPO 1992 1  Thinned CEXC 1215.7 131.4 0.0 267.2 143.0 261.2 176.6 0.0 116.0
PIPO 1992 1 Thinned CGEXC 1102.2 88.4 16.6 141.8 161.8 161.0 176.6 0.0 145.0
PIPO 1992 2 Control  GRAZED  338.4 142.2 13.0 3.2 47.2 57.4 116.6 12.0 27.6
PIPO 1992 2 Control CEXC 311.9 251.6 45.6 21.0 38.8 38.0 17.0 6.0 0.0

PIPO 1992 2 Control CGEXC 558.0 153.8 115.2 24.0 27.6 9.0 14.0

0.0

33.2

€91



Table 1. continued.

Forest

Timber

Total

Type Year Site Harvest Herbivoy Prod. CAGE CARU POPR SYAL Pgrass Pforb  Annual  Shrub
PIPO 1992 2  Thinned GRAZED  543.9 261.4 4.0 20.0 0.0 139.8 109.4 0.0 0.0
PIPO 1992 2  Thinned CEXC 7311 243.8 83.6 70.4 22.8 170.8 225.4 7.2 3.0
PIPO 1992 2  Thinned CGEXC 751.7 222.2 170.8 61.0 8.8 39.4 87.0 0.0 35.4
PIPO 1992 3 Control  GRAZED  498.2 210.0 13.6 2.0 7.2 111.4 84.0 1.2 28.8
PIPO 1992 3 Control CEXC 608.2 253.6 43.6 34.8 12.6 67.6 77.0 1.0 67.4
PIPO = 1992 3 Control CGEXC 558.1 482.0 23.2 0.0 3.8 25.8 42.4 8.6 35.4
PIPO 1992 3  Thinned GRAZED 623.1 101.0 51.8 31.6 16.4 131.6 117.8 28.8 8.4
PIPO 1992 3  Thinned CEXC 775.0 123.4 69.4 '87.1 140  -111.8 127.6 19.0 82.4
PIPO 1992 3  Thinned CGEXC 753.2 173.4 5.0 50.6 71.4 147.0 217.4 4.0 0.0
PIPO 1995 1 Control GRAZED  906.6 251.4 0.0 153.6 113.4 136.4 211.8 42.6 0.0
PIPO 1995 1 Control CEXC 1025.7 3044 267.2 94.2 99.2 145.6 136.2 11.4 41.6
PIPO 1995 1 Control CGEXC 980.2 173.6 385.0 39.2 161.2 100.8 207.8 59.6 0.6
PIPO 1995 1  Thinned GRAZED 1048.1 74.2 9.2 145.4 84.8 219.6 260.4 27.6 35.8
PIPO 1995 1 Thinned CEXC 1067.1  330.2 0.0 103.8 105.2 124.6 300.4 58.0 36.8
PIPO 1995 1  Thinned CGEXC 11129 1748 80.8 205.2 95.4 176.8 461.2 0.0 38.6
PIPO 1995 2 Control  GRAZED  378.7 122.2 2.2 0.0 7.4 21.2 96.6 7.8 3.0
PIPO 1995 2 Control CEXC 436.2 271.8 18.4 0.4 10.2 2.0 94.2 6.2 0.0
PIPO 1995 2 Control CGEXC 689.2 518.6 16.2 8.6 12.4 22.4 93.2 23.2 1.2
PIPO 1995 2  Thinned GRAZED 494.9 185.4 6.2 46.0 25.6 "49.0 77.4 19.6 6.0
PIPO 1995 2  Thinned CEXC 771.7 321.8 28.0 69.6 15.8 63.4 146.0 23.2 0.0
PIPO 1995 2  Thinned CGEXC 867.5 389.8 274.0 27.4 2.2 56.2 152.2 23.4 0.0
PIPO 1995 3 Control ~ GRAZED  380.5 78.4 12.0 1.0 3.6 127.8 131.8 3.2 2.8
PIPO 1995 3 Control CEXC 600.7 - 478.4 11.0 9.6 18.2 39.8 62.4 6.2 44.8
PIPO 1995 3 Control CGEXC 602.8 224.8 3.2 18.4 23.4 52.8 82.8 1.0 147.0
PIPO 1995 3  Thinned GRAZED 588.0 92.4 48.6 21.8 17.2 29.2 240.6 3.4 0.6
PIPO 1995 3  Thinned CEXC 874.7 211.4 138.8 200.4 1.2 50.2 154.8 16.0 25.2
PIPO 1995 3  Thinned CGEXC 1049.2  482.8 10.4 95.4 54.8 76.4 300.4 9.6 4.4
PIPO 2003 1 Control CGEXC 1287.8  295.2 134.4 106.4 301.4 72.2 239.6 13.2 55.0
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Table 1. continued.

Forest

Timber

Total

Year Site Herbivoy CAGE CARU POPR SYAL Pgrass Pforb  Annual  Shrub
Type Harvest Prod. :
PIPO 2003 1 Control CEXC 1438.1 507.6 269.2 95.6 129.8 127.0 171.6 0.0 92.2
PIPO 2003 1 Control GRAZED  1260.5 = 137.2 0.8 106.0 - 88.6 546.6 200.6 0.2 76.2
PIPO 2003 1 Thinned CEXC 15329 479.6 0.0 168.0 150.4 170.0 300.4 22.0 135.2
PIPO 2003 1 Thinned  GRAZED 1654.7 330.8 53.6 181.0 110.8 323.8 317.6 90.4 145.2
PIPO 2003 1 Thinned CGEXC 1582.4  281.2 116.8 115.6 198.2 56.6 418.6 118.0 3474
PIPO 2003 2 Control GRAZED  570.8 137.0 36.0 0.0 22.2 41.2 131.8 0.4 2.0
PIPO 2003 2 Control CGEXC 694.9 297.4 40.8 0.0 29.8 52.4 79.0 0.0 24.2
PIPO 2003 2 Control CEXC 462.5 236.0 65.4 0.6 11.4 26.4 105.4 0.0 8.4
PIPO 2003 2  Thinned GRAZED 906.5 238.6 61.8 25.8 25.6 76.4 268.6 3.2 14.0
PIPO 2003 2 Thinned CGEXC 868.6 324.4 151.0 10.2 20.6 21.4 189.4 1.0 63.2
PIPO 2003 2 Thinned CEXC 994.2 307.4 168.0 46.8 21.0 96.0 244.6 5.8 19.2
--PIPO 2003 3 Thinned GRAZED 713.0 258, 10.2 120.8 21.4 127.8 181.4 15.0 4.6
CPIPO- 2003 3 Thinned CGEXC 903.2 507.6 86.4 125.0 111.2 27.0 184.6 11.6 8.0
PIPC 2003 3 Thinned CEXC 845.9 184.2 77.8 151.8 38.0 144.0 230.8 19.4 2.2
PIPO 2003 3 Control CGEXC 576.2 2728 54.4 3.8 25.8 35.8 50.2 5.0 133.0
PIPO 2003 3 Control CEXC 824.5 378.2 76.6 35.6 8.4 56.2 60.4 7.2 73.6
PIPO 2003 3 Control GRAZED  741.1 293.4 56.6 82.0 20.6 131.0 127.4 0.2 20.4

ABGR - Abies grandis (Dougl. ex D. Don) Lind\.; PIPO - Pinus ponderosa P.& C. Lawson

Herbivory treatments: Graze — cattle and big game grazing; CExc — cattle exclosure, big game grazing only; TExc — total exclosure,
exclusion of cattle and big game grazing.
Total Prod. - Total Production; CAGE - Carex geyeri Boott; CARU - Calamagrostis rubescens Buckl.; POPR - Poa pratensis L.; SYAL -

Symphoricarpos albus (L.) Blake; PGrass — other perennial grasses; PForb — perennial forbs; Annuals — annuals and biennials; Shrubs —
other shrubs.
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Table 1. The changes in species composition in a grand fir forest from 1985 to 1994 using a 30 cm x 30 ¢cm plot frame.

Clearcut Overstory Control Overstory . Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC GRAZED

Site 1
Bromus carfnatus Hook. & Arn. 0.0 0.0 -1.1 0.0 0.0 0.0 3.3 -6.7 0.0
Bromus inermis |eyss. 3.3 3.3 3.3 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 3.3 10.0 -2.2 3.3 3.3 3.3 23.3 3.3 0.0
Carex geyeriBoott -36.7 -33.3 -28.9 -23.3 -16.7 -1.1 6.7 13.3 -38.9
Calamagrostis rubescens Bucki. 3.3 6.7 -12.2 23.3 66.7 -27.8 -3.3 -13.3 4.4
Elymus glaucus Buckl. 46.7 60.0 40.0 20.0 10.0 33.3 40.0 80.0 62.2
Festuca occidentalis Hook. 6.7 6.7 -16.7 -26.7 -43.3 -11.1 30.0 10.0 -21.1
Luzula campestris (L..) DC. 0.0 -13.3 ~4.4 -3.3 -10.0 -1.1 20.0 13.3 -5.6
Mella Lulbosa Geyer ex Porter & 157 467 256 300 433 -144 367 167 322
Poa pratensis L. 733 0 367 58.9 13.3 3.3 26.7 13.3 -18.0 3.3
Trisetum cane=scens Buckl. -20.0 -40.0 36,7 -33.3 -46.7 -22.2 0.0 6.7 -38.9
Achillea millefolium L. 46.7 50.0 .8 -6.7 -13.3 2.2 3.3 -6.7 17.8
Anemorie piperi Britt. ex Rydb. -56.7 -63.3 -44.4 -13.3 -20.0 -89 -36.7 -10.0 -18.9
Arnica cordiiolia Hook. -26.7 -20.06 ~23.3 -13.3 -26.7 18.9 -40.0 -50.0 -58.9
Eurybia conspicua (Lindl.) Nesom - 3.3 6.7 -4.4 -13.3 -13.3 -21.1 -16.7 0.0 0.0
Fragaria spp. -40.0 -56.7 -63.3 -36.7 -26.7 -20.0 -16.7 -16.7 -21.41
Galium spp -33.3 -36.7 0.0 0.0 -20.0 -12.2 3.3 16.7 -13.3
Hieracium albiflorum Hook. 0.0 -10.0 -3.3 -10.0 -20.0 3.3 16.7 0.0 0.0
Lathyrus spp. 6.7 -36.7 -38.9 -36.7 -30.0 -5.6 -10.0 -23.3 -47.8
Lupfnus spp. 10.0 0.0 2.2 0.0 0.0 -1.1 0.0 -13.3 4.4
M"ege’ ’nr'zgl"’ macrophylia (Hook.) -60.0 -700  -63.3  -50.0 -80.0  -53.3  -50.0 -56.7  -50.0
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 33.3 53.3 23.3 10.0 0.0 0.0 0.0 3.3 3.3
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Table 1. continued.

Clearcut Cverstory

Control Qverstory

Thinned Overstory

CEXC TEXC  GRAZED  CEXC TEXC  GRAZED CEXC TEXC GRAZED
Taraxacum officinale GH. Weber o4 33 156 33 -100 00 00  -133 67
ex Wiggers
T”a’é‘fr’;f 3’" fendjert Engelm. ex 33 300  -111 6.7 3.3 -10.0 0.0 3.3 5.6
Viola adunca Sm. 3.3 -10.0 -10.0 -13.3 0.0 -4.4 33 -6.7 -3.3
Mahonia repens (Lindl.) G. Don 3.3 0.0 0.0 - 68.7 30.0 -4.4 -6.7 23.3 0.0
Spiraea betulfifolia Pallas -36.7 -23.3 -22.2 -23.3 13.3 1.1 10.0 10.0 -26.7
Symphoricarpcs albus (L.} Blake 20.0 13.3 36.7 -6.7 -26.7 -15.6 . 16.7 33.3 -4.4
Site 2 ,
Bromus carinatus Hook, & Arn, 6.7 10.0 0.0 0.0 10.0 0.0 3.3 13.3 6.7
Bromus inermis Leyss. 0.0 0.0 10.6 0.0 0.0 0.0 0.0 0.9 0.0
Carex concinnaides Mackenzie 26.7 18.1 26.7 10.0 -3.3 3.3 16.7 16.7 -8.9
Larex geyeri Boott a0 -18.5 433 - 6.7 0.0 11.1 -6.7 -3.3 211
Calamagrostis rubescens Buckl. -1¢.0 -0.1 16.7 26.7 26.7 14.4 10.0 20.0 211
Elymus glaucus Buacki. 16.7 58.8 6.7 13.3 30.0 26.7 40.0 46.7 50.0
Festuca occidenialis Hook. 3C.0 -10.8 13.3 3.3 6.7 -6.7 10.0 13.3 -16.7
Adzedz campestris.(L.) DC. 0.0 -3.3 0.0 0.0 -3.3 -1.1 0.0 -6.7 -2.2
& "e”g‘f’) ubosaGeyerexPorter& 33 567 67 233 267  2L1 367 533 -322
Poa pratensis L. i6.7 22.5 16.7 0.0 3.3 8.5 0.0 16.7 1.1
Trisetum canescens Buckl. 33 -13.9 -20.0 -23.3 -26.7 -2.2 -23.3 -30.0 -25.6
Achillea millefolium L. 26.7 2.1 20.0 -3.3 -6.7 5.6 3.3 43.3 27.8
Anemone piperi Britt. ex Rydb. -13.3 -16.7 -16.7 0.0 33 . 15.6 -30.0 -26.7 -8.9
Arnica cordifolia Hook. -33.3 -38.1 -53.3 3.3 0.0 26.7 -3.3 -53.3 -11.1
Eurybia conspicua (Lindl.) Nesom 0.0 -0.7 3.3 0.6 0.0 -2.2 0.0 0.0 -3.3
Fragaria spp. -33.3 -18.5 -6.7 -6.7 -16.7 -15.6 13.3 -3.3 -5.6
Galium spp 3.3 13 3.3 0.0 0.0 0.0 6.7 -6.7 13.3
Hieracium albiflorum Hook. -10.0 -8.1 13.3 0.0 -6.7 8.9 -3.3 -3.3 23.3
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Table 1. continued.

Clearcut Oversto Cohtro! Oversto Thinned Overstory
CEXC TEXC = GRAZED CEXC TEXC  GRAZED CEXC TEXC GRAZED
Lathyrus spp. -40.0 -42.8 -46.7 -6.7 26.7 -7.8 -3.3 -36.7 -41.1
Lupinus spp. 0.0 -6.9 -3.3 -20.0 3.3 -6.7 -3.3 3.3 11.1
M"eé’é ;”Z-‘{"’ macrophylia (Hook.) 333 424 333 267 600 522 -200 733 -40.0
Senecifo integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 -0.4 0.0 -3.3 0.0 0.0 0.0 3.3 0.0
Taraxacum officinale G.H. Weber 00  -1.0 0.0 0.0 0.0 6.7 0.0 0.0 1.1
ex Wiggers
T”agg ;”" fendler/Engelm. ex 400 219 33 00 67 2.2 167 -36.7 8.9
Viola adunca Sm. -6.7 27.1 £6.7 -13.3 -16.7 -3.3 6.7 -6.7 10.0
Mahonia repens (iindl.) G. Don -2.3 -1.5 -3.3 0.6 -6.7 -2.2 -13.3 10.0 -3.3
.. Spiraea betufifolia Pallas -1€.7 -23.9 -46.7 -+ -20.0 -10.0 -1.1 ~6:7 0 -6.7 -6.7
Swniphoricarpos albus (L.} Blake 20.0 12.6 33 13.3 -3.3 -2.2 -6.7 -3.3 2G.0
Site 3
Bromus carinatus Hook. & Arn. 0.0 6.7 13.3 3.3 0.0 6.7 0.0 0.0 0.0
Bromus inermis Leyss. 6.7 0.0 10.0 0.0 0.0 3.3 0.0 3.3 0.0
Carex concinnoides Mackenzie -3.3 2.8 -13.3 a.0 C.0 2.2 20.0 3.3 20.0
Carex.geyeri Boott -40.0 12.2 -30.0 6.7 13.3 -11.1 23.3 6.7 2.2
Lalamagrostis rubescens Buckl, -13.3 8.5 20.0 23.3 16.7 15.6 30.0 33.3 22.2
Elymus glaucus Buckl. 30.0 26.3 23.3 16.7 33.3 23.3 46.7 30.0 40.0
Festuca occidentalis Hook. -36.7 -25.8 -6.7 20.0 -13.3 -13.3 20.0 23.3 0.0
Luzula campestris (L.) DC. -6.7 3.2 -6.7 16.7 0.0 -3.3 0.0 3.3 -1.1
Melto bulbosaGeyer ex Porter & 100 175 333 367 233 144 00 100 0.0
Poa pratensis L. 100.0 72.6 80.0 3.3 0.0 27.8 16.7 3.3 6.7
Trisetum canescens Buckl. 30.0 -21.0 -46.7 -16.7 -3.3 -2.2 -10.0 -10.0 -8.9
Achillea millefolium L. -10.0 35.7 -13.3 6.7 0.0 -1.1 26.7 10.0 30.0
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Table 1. continued.

Clearcut Overstory

Control Qverstory

Thinned Overstory

CEXC TEXC ~ GRAZED  CEXC TEXC  GRAZED  CEXC TEXC  GRAZED
Anemone piperi Britt. ex Rydb. -10.0 -11.8 -30.0 -13.3 -16.7 8.9 -16.7 33 -3.3
Arnica cordifolia Hook. -40.0 -39.6 -36.7 -20.0 -20.0 5.6 -10.0 23.3 11.1
Eurybia conspicua (Lindl.) Nesom 0.0 -1.3 0.0 0.0 0.0 -2.2 3.3 3.3 5.6
Fragaria spp. -3.3 -12.2 -53.3 -3.3 6.7 -3.3 0.0 -13.3 -4.4
Galium spp 0.0 -0.3 0.0 0.0 3.3 -2.2 0.0 0.0 3.3
Hieracium albiflorum Hook. -13.3 -13.,5 -13.3 -23.3 3.3 17.8 6.0 -3.3 -2.2
Lathyrus spp. -36.7 -29.4 -70.0 6.7 10.0 -31.1 -16.7 -3.3 -41.1
Lupinus spp. 33.3 2.8 10.0 0.0 - 0.0 33.7 0.0 6.7 42.2
Moehringia macropfylia (Hook.) -100 318 467  -300 -40.0  -37.8 267 -233  -36.7
Senecio integerrimus Nutt, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 g.0
- Stellaria longjpes Goldie 6.7 33 3.0 0.0 0.0 0.c 0.0 0.0 0.0
- Taraxacum officinaie G.H. Weber 6.7 4.3 -6.7 0.0 6.7 20.0 -6.7 0.0 1.1
ex Wiggers
Thalcts o fendler Engelm. ex 67 -394 700 -167 300 56 233 67  -i0.0
Viola adunca Sm. 3.3 4.6 -3.3 -10.0 -3.3 22.2 3.3 3.3 i1t
Mahonia repens (Lindl.) G. Don 6.0 03 3.3 0.0 -3.3 0.0 -6.7 -6.7 5.6
Spiraea betulifolia Pallas -26.7 -16.7 -20.0 0.0 -6.7 -8.9 3.3 -20.0 15.6
Symphoricarpos albus{L.) Blake 13.3 9.0 - 30.C 6.7 10.0 -1.1 G.0 10.0 0.0

Herbivory treatments: Graze - cattle and big game grazing; CEXC — cattle exclosure, big game grazmg only; TEXC — total exclosure,
exclusion of cattle and big game grazing.
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Table 2. The changes in species composition in a grand fir forest from 1985 to 1994 using a 30 cm x 60 cm ‘plot frame.

Clearcut Overstory

Control Qverstory

Thinned Overstory

CEXC TEXC  GRAZED CEXC TEXC  GRAZED  CEXC TEXC  GRAZED
Site 1 ' '

Bromus carinatus Hook. & Arn. 0.0 0.0 -1.1 3.3 -3.3 -1.1 33 -3.3 0.0

Bromus jnermis Leyss. 3.3 6.7 3.3 0.0 0.0 0.0 0.0 0.0 0.0

Carex concinnoides Mackenzie 3.3 20.0 -4.4 3.3 6.7 3.3 16.7 3.3 0.0

Carex geyeri Boott -36.7 -30.0 -23.3 -20.0 -20.0 0.0 3.3 6.7 -55.6
Calamagrostis rubescens Bucki. 13.3 10.0 -17.8 20.0 60.0 -27.8 3.3 -6.7 -20.6
Elymus glaucus Buckl. 53.3 60.0 43.3 23.3 13.3 38.9 50.0 80.0 717
Festuca occidentalis Hook. 16.7 10.0 -23.3 -26.7 -56.7 -20.0 16.7 6.7 -31.1
Luzula campestris (L.) DC. 0.0 -16.7 -5.6 -3.3 -16.7 1.1 20.0 10.0 -13.3
relie 5;’”’"5‘3 GeyerexPorter& 533 600 300  -333 567  -211  -50.0 200  -40.0
Poa pratensis L. 70.0 40.0 47.8 0.0 0.0 23.3 267 8.7 35.0
Trisetum canescens Buckl. -23.3 -53.3 -51.1 -43.3 -53.3 -30.0 -16.7 00 -42.8
Achillea millefolium L. 50.0 50.0 5.6 -20.0 -23.3 -3.3 13.3 -13.3 32.8
Anemone piperi Britt. ex Rydb. -60.0 -83.3 -54.4 -46.7 -36.7 - -3.3 -40.0 -23.3 -31.7
Arnjca cordifolia Hook. -36.7 -23.3 -24 .4 3.3 -26.7 211 -13.3 -43.3 -77.8
Eurybia conspicua (Lindl.) Nesom -3.3 33 -5.6 -16.7 -6.7 -12.2 -16.7 -3.3 -2.2
Fragaria spp. -33.3 -56.7 -58.9 -30.0 -26.7 -22.2 -16.7 -13.3 -22.8
Galium spp -36.7 -40.0 0.0 0.0 -36.7 -11.1 3.3 10.0 -20.0
Hieracium albiflorum Hook. 0.0 -16.7 5.6 -10.0 -33.3 0.0 -3.3 0.0 1.7
Lathyrus spp. -10.0 -40.0 -48.9 -26.7 -26.7 -1.1 3.3 -30.0 -57.2
Lupinus spp. 10.0 0.0 4.4 -8.7 3.3 -4.4 3.3 -16.7 6.7

Mae;’g ngia macrophylia (Hook.) 700 733 678 667 900  -63.3  -50.0 633  -62.2
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Stellaria longipes Goldie 43.3 63.3 36.7 10.0 3.3 0.0 6.7 3.3 0.0
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Table 2. continued.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Tar "V’\(l‘i’gggs"ff"c"”"/e GH.Weberex 45 200 222 133 133 1.1 00  -233  -100
Thalictrum fendler/ Engelm. ex Gray -6.7 -33.3 -8.9 6.7 6.7 -13.3 0.0 3.3 -10.0
Viola adunca Sm. 13.3 3.3 -1.1 -6.7 -10.0 -8.9 -3.3 -16.7 13.9
Mahonia repens (Lindl.) G. Don 10.0 0.0 0.0 16.7 30.0 -5.6 -10.0 233 -3.3
Spiraea betulifolia Pallas -36.7 -18.7 -22.2 -30.0 6.7 111 -20.0 16.7 -30.6
Symphoricarpos albus (L.) Blake 13.3 20.0 32.2 -6.7 -23.3 -14.4 20.0 46.7 -2.2
Site 2 - .
Bromus carinatus Hook. & Arn, 6.7 16.7 13.3 0.0 10.0 0.0 3.3 13.3 6.7
Bromus inermis Leyss. 0.0 0.0 10.0 0.0 0.0 0.0 3.3 G.0 0.0
Carex concinnoides Mackenzie 33.3 13.6 333 6.7 3.3 6.7 16.7 26.7 -14.4
Carex geyeri Boott © 233 -30.0 -33.3 6.7 -10.0 12.2 -20.0 -3.3 211
Calamagrostis rubescens Buckl. -3.3 5.7 26.7 23.3 +33.3 244 0.0 44.0 20.0
Elymus glaucus Buckl. 40.0 53.8 56.7 20.0 333 30.0 53.3 56.7 63.3
Festuca occlidentalis Hook. 33.3 -10.8 20.0 -3.3 -6.7 -8.9 10.0 13.3 -17.8
Luzula campestris (L.) DC. 3.3 -5.8 6.0 -3.3 13.3 2.2 0.0 3.3 -22
Me”gz Lﬁi”b"sa Geyer ex Porter & 67  -360 267 367  -400  -289  -433 600  -42.2
Poa pratensis L. 33.3 222 26.7 6.7 10.0 8.9 33 26.7 2.2
Trisetum canescens Buckl. 6.7 -158.7 -20.0 -26.7 -33.3 -5.6 -23.3 -40.0 -30.0
Achillea millefolium L. 30.0 16.9 16.7 0.0 -3.3 3.3 3.3 46.7 32.2
Anemone piperi Britt. ex Rydb. -26.7 -14.3 -16.7 -3.3 -6.7 8.9 -33.3 -30.0 -13.3
Arnica cordifolia Hook. -40.0 -41.4 -60.0 16.7 0.0 25.6 -3.3 -46.7 -6.7
Eurybia conspicua (Lindl.) Nesom 0.0 -1.0 33 0.0 0.0 -4.4 0.0 0.0 -3.3
Fragaria spp. -30.0 -23.8 -10.0 -3.3 -16.7 -22.2 13.3 -10.0 L 22
Galium spp 6.7 0.6 13.3 0.0 0.0 0.0 6.7 -6.7 244
Hieracium albiflorum Hook. -13.3 -9.7 16.7 -3.3 -10.0 10.0 6.7 0.0 32.2
Lathyrus spp. -46.7 -47 1 -63.3 -3.3 23.3 0.0 -10.0 -36.7 -33.3
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Table 2. continued.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC  GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Lupinus spp. 3.3 -9.7 -6.7 -30.0 6.7 -11.1 -3.3 0.0 13.3
M"eé’g s macr ophylia (Hook.) 433 522  -500  -36.7 667  -689  -233 767  -52.
Senecio integerrimus Nutt, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 -0.4 0.0 -3.3 0.0 6.7 0.0 6.7 0.0
Taraxacum officinale G.H. Weberex o 4 4 0.0 0.0 0.0 6.7 00  -33 2.2
Wiggers
Thalictrum fendleri Engelm. ex Gray ~ -43.3 -29.6 3.3 0.0 -10.0 1.1 -16.7 -40.0 56
Viola adunca Sm. -13.3 6.9 63.3 -20.0 -16.7 -16.7 0.0 -36.7 12.2
Mahonia repens (Lindl.) G. Don 6.7 -0.8 6.7 0.0 6.7 -5.6 200 6.7 4.4
Spiraea betulifolia Pallas 0.0 -35.1 -70.0 -23.3 -6.7 22 -10.0 -20.0 -16.7
Symphoricarpos albus (L.) Blake 23.3 26.4 -3.3 26.7 -3.3 -2.2 -6.7 -6.7 20.0
Site 3
Bromus carinatus Hook. & Arn. 6.7 6.3 16.7 0.0 0.0 6.7 0.0 0.0 0.0
Bromus inermis Leyss. 6.7 0.0 20.0 0.0 0.0 6.7 0.0 3.3 0.0
Carex concinnoides Mackenzie 0.0 1.9 -16.7 -13.3 -3.3 -1.1 20.0 6.7 23.3
Carex geyeriBoott -36.7 14.2 -50.0 3.3 13.3 -11.1 36.7 10.0 7.8
Calamagrostis rubescens Buckl, -20.0 14.0 23.3 36.7 26.7 11.1 433 40.0 211
Elymus glaucus Buckl. 40.0 49.6 33.3 33.3 50.0 23.3 63.3 40.0 46.7
Festuca occidentalis Hook. -40.0 -33.2 -13.3 23.3 -13.3 -25.6 20.0 30.0 -6.7
Luzula campestris (L.) DC. -10.0 5.0 -6.7 20.0 -3.3 -5.6 6.7 3.3 5.6
Me/’é‘; DulbosaGeyerexPorter& 100 221 400  -400 333 78 67 133 186
Poa pratensis L. 93.3 78.5 83.3 6.7 - 0.0 27.8 23.3 3.3 16.7
Trisetum canescens Buckl. 33.3 -22.6 -60.0 -26.7 ° -16.7 -4.4 -10.0 -16.7 -10.0
Achiflea millefolium L. -20.0 48.9 -16.7 10.0 0.0 3.3 30.0 0.0 34.4
Anemone pijperf Britt. ex Rydb, -13.3 -19.7 -46.7 -16.7 -20.0 8.9 -20.0 -10.0 -6.7
Arnica cordifolia Hook. -50.0 -44 .4 -40.0 -16.7 -16.7 0.0 -6.7 33.3 7.8
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Table 2. continued.

Clearcut Overstory

CEXC

Control Qverstory

Thinned Overstory

TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Eurybia conspicua (Lindl.) Nesom 0.0 -1.4 0.0 0.0 0.0 -2.2 6.7 3.3 4.4
Fragaria spp. 133 -207 -40.0 -16.7  10.0 -13.3 -16.7 133 -122
Galium spp 0.0 2.2 0.0 67 6.7 1.1 0.0 0.0 3.3
Hieracium albiflorurm Hook. -26.7 -19.2 -23.3 -26.7 0.0 20.0 3.3 -3.3 -3.3
Lathyrus spp. 333  -356 -80.0 3.3 6.7 222 -13.3 0.0 -28.9
Lupinus spp. 40.0 4.7 16.7 3.3 0.0 3.3 3.3 13.3 41.1
M"eé’g ngia macrophyla (Hook.) 100 -394  -633  -333 500  -47.8  -36.7  -30.0 411
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 10.0 33 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tar. ‘i”\(/‘?gggs"ﬂf’c’”a/e GH.Weberex  y33 54 .00 0.0 67 200 67 00 22
Thalictrum fendleri Engelm. ex Gray ~ -20.0 -47 .9 -80.0  -20.0 -26.7 -13.3 -23.3 6.7 0.0
Viola adunce Sm. -6.7 49 -3.3 -20.0 - -10.0 26.7 10.0 3.3 244
Mahonia repens (Lindl.) G. Don -3.3 1.7 6.7 0.0 -3.3 -1.1 -10.0 -6.7 4.4
Spiraea betulifolia Pallas -43.3 -25.3 -26.7 23.3 0.0 -7.8 . 3.3 -10.0 12.2
Symphoricarpos albus (L.) Blake 13.3 3.8 36.7 6.7 13.3 0.0 3.3 10.0 0.0

Herbivory treatments: Graze ~ cattle and big game grazing;

exclusion of cattle and big game grazing.

CEXC — cattle exclosure, big game grazing only; TEXC - total exclosure,
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Table 3. The changes in species composition in a grand fir forest from 1985 to 1997 using a 30 cm x 30 cm plot frame.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZED  CEXC TEXC  GRAZED  CEXC TEXC  GRAZED
Site 1 '
Bromus carinatus Hook. & Arn. 3.3 23.3 289 0.0 0.0 3.3 3.3 0.0 10.0
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 0.0 0.0 -2.2 0.0 0.0 0.0 3.3 0.0 0.0
Carex geyeri Boott -56.7 -33.3 -38.9 -20.0 0.0 -14.4 -20.0 -20.0 -55.6
Calamagrostis rubescens Buckl, 0.0 -3.3 -8.9 10.0 233 -11.1 -6.7 -23.3 44
Elymus glaucus Buckl. 30.0 10.0 3.3 33 -3.3 16.7 13.3 23.3 22.2
Festuca occidentalis Hook. 0.0 -6.7 -16.7 -20.0 -46.7 -4.4 16.7 -6.7 -24.4
Luzula campestris (L.) DC. 6.7 -13.3 -1.1 -6.7 -10.0 -1.1 16.7 3.3 -5.6
Melica ulbosa Geyer exPorter & 167 467 256 300 -433 144 367 167 322
Poa pratensis L. 76.7 53.3 52.2 30.0 -6.7 13.3 30.0 -3.3 33.3
Trisetum canescens Buckl. -26.7 -46.7 -40.0 -33.3 -43.3 -25.6 -3.3 0.0 -32.2
Achillea millefolium L, 33.3 20.0 37.8 -13.3 -13.3 -12.2 0.0 -13.3 11.1
Anemone pjperi Britt. ex Rydb. -50.0 -60.0 -44.4 -10.0 6.7 -2.2 -30.0 16.7 -22.2
Arnica cordifolia Hook. -23.3 -23.3 -26.7 3.3 -13.3 18.9 0.0 -16.7 -25.6
Eurybia conspicua (Lindl.) Nesom -3.3 0.0 -4.4 -10.0 -3.3 -14.4 -13.3 0.0 0.0
Fragaria spp. -50.0 -76.7 -53.3 300  -26.7 -3.3 -10.0  -23.3 -34.4
Galium spp -33.3 -56.7 -10.0 26.7 -10.0 27.8 233 0.0 -6.7
Hieracium albiflorum Hook. 0.0 -10.0 -6.7 -10.0 -16.7 -6.7 0.0 -6.7 -10.0
Lathyrus spp. -10.0 -23.3 -18.9 -16.7 -20.0 -8.9 -3.3 -13.3 -7.8
Lupinus spp. 10.0 0.0 12.2 00 0.0 -1.1 0.0 -13.3 4.4
Moshnga macrophyle (Hook) 600 667 600 100 -500 67 200 400 433
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 20.0 33.3 53.3 20.0 3.3 13.3 23.3 16.7 26.7
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Table 3. continued.

Clearcut Overstory Control Overstory Thinned Qverstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Taraxacum officinale G.H. Weber 6.7 15,6 33 33 0.0 33 133 67
ex Wiggers
ma’é‘;‘z;’m fendleri Engelm. ex 67  -30.0 1.1 0.0 67 -10.0 3.3 0.0 56
Viola adunca Sm. -20.0 -20.0 -16.7 -16.7 0.0 -11.1 -3.3 -10.0 -3.3
Mahonia repens (Lindl.) G. Don -3.3 0.0 0.0 6.7 16.7 -4.4 -6.7 3.3 0.0
Spiraea betulifolia Pallas -36.7 -30.0 -32.2 -13.3 10.0 -2.2 -3.3 30.0 0.0
Symphoricarpos albus (L.) Blake 10.0 10.0 30.0 13.3 -3.3 -2.2 10.0 20.0 -11.1
Site 2
Bromus carinatus Hook. & Arn. 16.7 10.0 333 0.0 0.0 0.0 0.0 6.7 13.3
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoldes Mackenzie 23.3 28.1 30.0 -3.3 -16.7 0.0 -3.3 0.0 -8.9
Carex geyeri Boott 3.3 -21.8 -23.3 -3.3 13.3 -8.9 -26.7 -3.3 -5.6
Calamagrostis rubescens Buckl, 3.3 19.9 16.7 433 . 26.7 24.4 33.3 30.0 27.8
Elymus glaucus Buckl. 133 22.1 26.7 0.0 6.7 0.0 26.7 36.7 26.7
Festuca occidentalis Hook. -3.3 25 -6.7 0.0 13.3 30.0 6.7 3.3 -6.7
Luzula campestris (L.) DC. 0.0 -3.3 0.0 -3.3 -6.7 -4.4 0.0 -10.0 -2.2
Melca bulbosa Geyer exPorter & 353 267 ' 467 233 267 21 367 533 329
Poa pratensis L. 10.0 29.2 23.3 0.0 0.0 -1.1 0.0 33.3 27.8
Trisetum canescens Buckl. 0.0 22.8 -10.0 -20.0 -3.3 -5.6 0.0 -33.3 -22.2
Achilfea millefolium L. 26.7 221 26.7 -3.3 6.7 2.2 6.7 46.7 27.8
Anemone piperi Britt. ex Rydb. -13.3 -16.7 -13.3 0.0 3.3 -4.4 -13.3 -23.3 -12.2
Arnica cordifolia Hook. -16.7 -38.1 -60.0 33.3 36.7 26.7 -10.0 -60.0 -21.1
Eurybia conspicua (Lindl.) Nesom 3.3 0.7 0.0 0.0 0.0 1.1 6.7 0.0 -3.3
Fragaria spp. -16.7 49 -3.3 10.0 8.7 -12.2 -16.7 -10.0 -5.6
Galium spp -3.3 -2.1 6.7 0.0 0.0 0.0 0.0 -3.3 0.0
Hieracium albiflorum Hook. -13.3 -8.1 0.0 0.0 0.0 22 -3.3 -10.0 -10.0
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Table 3, continued.

Clearcut Overstory Control Qverstory Thinned Oversto
CEXC TEXC GRAZED CEXC  TEXC GRAZED CEXC TEXC  GRAZED
Lathyrus spp. -43.3 -42.8 -40.0 -16.7 3.3 4.4 3.3 -33.3 -34.4
Lupinus spp. 0.0 6.9 -3.3 -26.7 0.0 0.0 0.0 6.7 17.8
Moe":’(g g macr ophylla (Hook.) 500 424 267 267 67 7.8 100  -700  -26.7
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 -0.4 0.0 -3.3 3.3 0.0 0.0 6.7 6.7
Taraxacum officinale G.H. Weber 5 5 1.0 0.0 0.0 0.0 0.0 0.0 00 -1
ex Wiggers
Thater i fendjer Engelm. ex 467  -253  -133 33 -33 8.9 433 -300  -17.8
Viola adunca Sm. 20.0 404 53.3 -13.3 -20.0 -13.3 6.7 6.7 -13.3
Mahonia repens (Lindl.) G. Don 3.3 -4.9 0.0 0.0 -10.0 22 -10.0 3.3 -3.3
Spiraea betulifolia Pallas 0.0 -17.2 -40.0 -23.3 -6.7 2.2 -3.3 -16.7 -16.7
Symphoricarpos albus (L.) Blake 30.0 12.6 30.0 10.0 0.0 -5.6 -10.0 0.0 26.7
Site 3
Bromus carinatus Hook. & Arn. 10.0 13.3 0.0 3.3 0.0 0.0 3.3 0.0 0.0
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie -16.7 -7.2 -13.3 -3.3 6.7 -11.1 0.0 -3.3 23.3
Carex geyerf Boott -23.3 2.2 -43.3 3.3 0.0 -17.8 10.0 -23.3 -11.1
Calamagrostis rubescens Buck!. -3.3 51 10.0 23.3 33.3 8.9 50.0 16.7 38.9
Elymus glaucus Buckl. 13.3 32.9 23.3 0.0 0.0 0.0 36.7 16.7 6.7
Festuca occidentalis Hook. -53.3 -25.8 -3.3 -16.7 -26.7 -10.0 -10.0 20.0 -13.3
Luzula campestris (L.} DC. -3.3 -3.5 -6.7 -3.3 -6.7 0.0 0.0 10.0 -1.1
felica Bulbosa Geyer exPorter & 400 472 333 367 233 144 00  -00  -10.0
Poa pratensis L. 100.0 99.3 93.3 3.3 0.0 2.2 0.0 0.0 26.7
Trisetum canescens Buck!. -16.7 -21.0 -40.0 -10.0 0.0 -2.2 23.3 3.3 21.1
Achillea millefolium L. 36.7 25.7 30.0 10.0 3.3 -4.4 20.0 3.3 20.0
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Table 3. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED  CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Anemone piperi Britt. ex Rydb. -3.3 -15.1 -30.0 0.0 0.0 15.6 -10.0 10.0 -3.3
Arnica cordifolia Hook. -43.3 -39.6 -53.3 -6.7 26.7 31.9 6.7 46.7 7.8
Eurybia conspicua (Lindl.) Nesom -3.3 2.1 0.0 00 ~ 00 -2.2 3.3 0.0 22
Fragaria spp. 3.3 -18.9 -50.0 -13.3 ° 133 -13.3 -6.7 -23.3 -11.1
Galium spp 0.0 0.3 0.0 0.0 0.0 2.2 0.0 0.0 0.0
Hieracium albiflorurm Hook. -13.3 -10.1 -20.0 -20.0 -3.3 1.1 -3.3 -16.7 -8.9
Lathyrus spp. -33.3 -46.1 -60.0 -10.0 13.3 1.1 6.7 -20.0 -27.8
Lupinus spp. 13.3 19.4 16.7 0.0 0.0 0.0 0.0 -3.3 42.2
Moege’ i3 macr ophyla(Hook) 400 318 433 133 67 8.9 167 133  -16.7
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 6.7 6.7 20.0 0.0 0.0 0.0 0.0 0.0 3.3
Taraxacum officinale G.H. Weber 104 43 6.7 00 67 0.0 67 33 -1
ex Wiggers
T/’a/(’;“"r’;’;’”’ fendler Engelm. ex 133 -42.8 733 167 67 11.1 167 6.7 0.0
Viola adunca Sm. 10.0 -4.6 33 -13.3 -3.3 7.8 10.0 -3.3 4.4
Mahonia repens (Lindl.) G. Don 0.0 0.3 0.0 0.0 3.3 -3.3 -6.7 -6.7 12.2
Spiraea betulifolia Pallas -26.7 -20.0 -23.3 -3.3 -20.0 -12.2 0.0 -23.3 15.6
Symphoricarpos albus (L.) Blake 10.0 25.7 16.7 16.7 3.3 -1.1 3.3 10.0 6.7

Herbivory treatments: Graze — cattle and big game grazing; CEXC ~ cattle exclosure, big game grazing only; TEXC ~ total exclosure
exclusion of cattle and big game grazing.

!
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Table 4. The changes in species composition in a grand fir forest from 1985 to 1997 using a 30 cm x 60 cm plot frame.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Site 1 '

Bromus carinatus Hook. & Arn. 10.0 33.3 38.9 3.3 -3.3 22 3.3 0.0 13.3
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie 0.0 0.0 -4.4 0.0 0.0 0.0 3.3 3.3 0.0
Carex geyeri Boott -53.3 -40.0 -50.0 -20.0 -6.7 -16.7 -10.0 -23.3 -62.2
Calamagrostis rubescens Buckl. 0.0 -3.3 -14.4 20.0 20.0 2.2 -6.7 -23.3 1.1
Elymus glaucus Buckl. 30.0 10.0 0.0 6.7 0.0 22.2 20.0 20.0 23.3
Festuca occidentalis Hook. 0.0 -6.7 -23.3 -13.3 -56.7 -13.3 23.3 -6.7 -31.1
Luzula campestris (L.) DC, 6.7 -16.7 -2.2 -6.7 -16.7 1.1 20.0 0.0 -6.7
Me/’ga Cbo‘{j/ﬁos" GeyerexPorter ;54 -60.0 300 333 567 211 500  -200  -40.0
Poa pratensis L. 80.0 50.0 44 4 10.0 -16.7 10.0 30.0 -3.3 33.3
Trisetum canescens Buckl. -30.0 -63.3 -54.4 -26.7 -53.3 -33.3 -16.7 -3.3 -31.1
Achillea millefolium L. 433 23.3 42.2 -23.3 -20.0 -10.0 10.0 -13.3 211
Anemone piperi Britt. ex Rydb. -56.7 -83.3 -57.8 -33.3 0.0 0.0 -30.0 13.3 -26.7
Arnica cordifolia Hook. -23.3 ~30.0 -27.8 10.6 6.7 14.4 6.7 -13.3 -17.8
E”’yl\/l’gcf;””’wa (Lindl.) -10.0 -3.3 -5.6 133 -33 122 133 33 2.2
Fragaria spp. -56.7 -76.7 -52.2 -33.3 -13.3 -5.6 -6.7 -16.7 -34.4
‘Galium spp -40.0 -56.7 -6.7 36.7 -13.3 28.9 26.7 3.3 -3.3
Hieracium albiflorum Hook., 3.3 -16.7 -8.9 -10.0 -30.0 -3.3 -13.3 -10.0 -16.7
Lathyrus spp. -23.3 -20.0 -28.9 -10.0 -13.3 -14 .4 10.0 -23.3 -18.9
Lupinus spp. 10.0 0.0 21.1 -33° - 0.0 -4.4 10.0 -16.7 3.3
Moeé’g naia macrophyl (Hook-) - _ge.7 -66.7 644 67  -50.0 0.0 100  -46.7  -456
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 30.0 46.7 66.7 20.0 6.7 33.3 36.7 23.3 30.0
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Table 4. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Taraxacum officinale G.H. 6.7 -20.0 222 133 -33 5.6 33 233 33
Weber ex Wiggers
T”agcfa’ ;”" fendler’Engelm. ex 444 -33.3 122 00 67 -10.0 33 33 -100
Viola adunca Sm. -20.0 -20.0 -14.4 -16.7 -6.7 -15.6 -3.3 -13.3 -4.4
Mahonia repens (Lindl.) G. Don -3.3 0.0 0.0 10.0 20.0 -5.6 -10.0 6.7 -6.7
Spiraea betulifolia Pallas -33.3 -333 -35.6 -33.3 23.3 -5.6 -10.0 33.3 -8.9
Symphoricarpos albus (L.) Blake -6.7 0.0 28.9 16.7 0.0 -1.1 16.7 333 -8.9
Site 2

Bromus carinatus Hook. & Arn, 16.7 10.0 36.7 0.0 0.0 0.0 3.3 10.0 13.3
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Carex concinnoides Mackenzie 23.3 36.9 33.3 -10.0 -20.0 0.0 -3.3 -6.7 -7.8
Carex geyeriBoott 3.3 -23.3 -16.7 - -3.3 3.3 -17.8 -36.7 -20.0 -5.6
Calamagrostis rubescens Buckl. -10.0 17.6 16.7 33.3 33.3 311 26.7 30.0 33.3
Elymus glaucus Buckl. 10.0 23.8 33.3 0.0 6.7 3.3 33.3 40.0 33.3
Festuca occidentalis Hook. -6.7 -4.2 -6.7 10.0 10.0 244 6.7 -6.7 -14.4
Luzula campestris (L.) DC. 3.3 -5.8 0.0 -13.3 -6.7 -7.8 0.0 -16.7 -2.2
Mellca bulbosa Geyer exPorter g7 360  -267  -36.7  -400 289 467  -60.0  -42.2
Poa pratensis L. 10.0 28.9 233 0.0 0.0 -1.41 0.0 40.0 256
Triseturn canescens Buckl. 3.3 243 -13.3 -26.7 -3.3 -12.2 -3.3 -43.3 -30.0
Achillea miffefolium L. 46.7 33.6 26.7 -3.3 -6.7 0.0 10.0 50.0 35.6
Anemone pijperi Britt. ex Rydb. -20.0 -24.3 -20.0 -3.3 -3.3 -7.8 -16.7 -26.7 -3.3
Arnica cordifolia Hook, -23.3 -44.7 -70.0 36.7 36.7 32.2 -13.3 -56.7 -3.3
E"“ﬁ’;gf‘;”sf”a’a (Lindl.) 3.3 1.0 0.0 0.0 0.0 44 100 00 3.3
Fragaria spp. -6.7 6.2 3.3 0.0 -6.7 -15.6 -16.7 -3.3 -7.8
Galium spp -3.3 -2.8 6.7 0.0 3.3 0.0 3.3 0.0 7.8
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Table 4. continued.

Clearcut Cverstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Hieracium albiflorum Hook. -20.0 -13.1 -3.3 -3.3 33 3.3 -3.3 -20.0 -7.8
Lathyrus spp. -53.3 -50.4 -46.7 -10.0 10.0 3.3 3.3 -43.3 -33.3
Lupinus spp. 0.0 -9.7 -6.7 -36.7 0.0 -4.4 6.7 13.3 20.0
Mochringia macrophylla (Hook) 567 4ge 433 267 133 4.4 67 667  -18.9
Senecio integerrimus Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Stellaria longipes Goldie 0.0 -0.4 0.0 -3.3 3.3 0.0 0.0 6.7 6.7
Taraxacum officinale G.H. 3.3 1.4 0.0 00 00 6.7 00 33 22
Weber ex Wiggers
magcggm fendler/Engelm. ex g -32.9 433 200  -33 1.1 133 267  -27.8
Viola adunca Sm. 13.3 43.6 70.0 -20.0 -16.7 -26.7 6.7 -16.7 -11.1
Mahonia repens (Lindl.) G. Don -6.7 -7.8 -3.3 0.0 -10.0 -5.6 -13.3 33 -4.4
Spiraea betuli‘olia Pallas -6.7 -21.8 -563.3 -23.3 -10.0 22 0.0 -23.3 -23.3
Symphoricarpeos albus (L.) Blake 23.3 97 16.7 16.7 0.0 1.1 -6.7 3.3 30.0
Site 3
Bromus carinatus Hook. & Arn. 13.3 12.9 3.3 0.0 0.0 0.0 6.7 0.0 0.0
Bromus inermis Leyss. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carex concinnoides Mackenzie -33.3 -14.7 -16.7 -16.7 3.3 -17.8 0.0 -3.3 20.0
Carex geyeri Boott -23.3 -2.5 -60.0 -10.0 0.0 -24.4 16.7 -16.7 -12.2
Calamagrostis rubescens Buckl. -13.3 4.0 13.3 233 33.3 111 46.7 23.3 34.4
Elyrmus glaucus Buckl, 20.0 32.9 26.7 3.3 0.0 3.3 43.3 16.7 10.0
Festuca occidentalis Hook. -68.7 -33.2 -6.7 -16.7 -20.0 -15.6 -16.7 20.0 -23.3
Luzula campestris (L.) DC. -10.0 -5.0 -6.7 -3.3 . . -10.0 -2.2 0.0 10.0 -1.1
Mellea bulbosa Geyer ex Porter 10 a1 -400  -40.0  -333 178 67 133  -156
Poa pratensis L. 93.3 98.5 96.7 3.3 0.0 -2.2 0.0 0.0 30.0
Trisetum canescens Buck!. -23.3 -29.3 -46.7 -16.7 -6.7 -7.8 30.0 0.0 20.0
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Table 4. continued.

Clearcut Overstory Control Overstory Thinned Qverstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Achiflea miltefolium L. 50.0 356 333 10.0 10.0 -6.7 36.7 0.0 3141
Anernone piperi Britt. ex Rydb, 6.7 -23.1 -46.7 0.0 10.0 15.6 -13.3 3.3 -6.7
Arnica cordifolia Hook. -50.0 -41.1 -63.3 -6.7 20.0 30.0 10.0 50.0 111
Eurybia conspicua (Lindl.) 33 19 0.0 0.0 0.0 2.2 6.7 0.0 1.1
Nesom
Fragaria spp. -6.7 -17.4 -43.3 . -16.7 6.7 -26.7 -20.0 -26.7 -12.2
Galfum spp 0.0 22 0.0 -6.7 00 -2.2 0.0 0.0 0.0
Hieracium albifforum Hook. -26.7 -15.8 -30.0 -23.3 -6.7 3.3 -3.3 -20.0 -10.0
Lathyrus spp. -30.0 -52.2 -70.0 -16.7 20.0 2.2 -6.7 -23.3 -18.9
Lupinus spp. 13.3 21.4 23.3 0.0 0.0 0.0 3.3 6.7 411
i o bausl .
Mo“é’g g macrophyll (FHook) 100 -39 4 600  -67 467 11 133 200 211
Senecio integerrimus Nutt, c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0
Stellaria longipes Goldie 13.3 13.3 333 0.0 0.0 3.3 33 0.0 6.7
Toraxacum officiale G.H. 18.7 5.7 10.0 0.0 6.7 0.0 67 33 2.2
Weber ex Wiggers
T”a/gg;fm fendieriEngelm. x 567 546 800 67 33 67 233 133 33
Viola adunca Sm. 16.7 -8.2 6.7 -23.3 -3.3 -6.7 10.0 -13.3 211
Mahonia repens (Lindl.) G. Don 0.0 -1.7 0.0 .00 0.0 -4.4 -10.0 -6.7 144
Spiraea betulifolia Pallas -43.3 -28.6 -33.3 0.0 -13.3 -11.1 10.0 -23.3 15.6
Symphoricarpos albus (L.) Blake 20.9 271 26.7 10.0 6.7 -3.3 13.3 10.0 10.0

Herbivory treatments: Graze — cattle and big game grazing; CEXC - cattle exclosure, big game grazing only; TEXC — total exclosure,
exclusion of cattle and big game grazing.
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Tabie 5. The changes in species composition in a grand fir forest from 1985 to 2003 using a 30 cm x 30 cm plot frame.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1

Bromus carinatus Hook. & Arn, 33.3 36.7 28.9 23.3 3.3 0.0 33.3 10.0 38.6
Bromus inermis Leyss. 33 70.0 36.7 10.0 16.7 6.7 26.7 40.0 233
Carex concinnoides Mackenzie 6.7 10.0 1.1 0.0 0.0 0.0 13.3 16.7 0.0

- Carex geyeri Boott 3.3 0.0 2.2 13.3 16.7 5.6 0.0 23.3 -8.9
Calamagrostis rubescens Buckl. 10.0 -3.3 -8.9 6.7 -20.0 -7.8 0.0 -20.0 244
Elymus glaucus Buckl, 30.0 40.0 20.0 23.3 3.3 40.0 36.7 73.3 52.2
Festuca occideritalis Hook. -6.7 -6.7 -16.7 -26.7 -46.7 -4.4 23.3 3.3 5.6
Luzula campestris {L.) DC. 3.3 -13.3 4.4 6.7 -10.0 5.6 36.7 00 7.8
Me”g‘z 3?"[’05" GeyerexPorter&  ya3 467 256 100 267 458 6.7 187 322
Poa pratensis L. 78.7 53.3 48.5 13.3 -6.7 13.3 40.0 40.0 53.3
Trisetum canescens Buckl. -26.7 -46.7 -40.0 -43.3 -50.0 -12.2 -6.7 -33.3 -47.5
Achillea milfefolivni L. 60.0 36.7 £1.1 -3.3 -13.3 -8.9 0.0 6.7 34.4
Anemone piperi Britt. ex Rydb. -33.3 -50.0 -27.8 10.0 333 21.1 -6.7 487 -89
Arnica cordirofia Yook, 3.3 -10.0 ~26.7 6.7 6.7 18.9 -20.0 -26.7 -52.2
Eurybia conspicua (Lindl.) Nesom 3.3 - 00 -4.4 -13.3 -50.0 -34.4 -16.7 0.0 0.0
Fragaria spp. -36.7 -63.3 -36.7 -13.3 6.7 6.7 -26.7 6.7 -7.8

- Galiurm spp -33.3 -33.3 10.0 33 -20.0 -2.2 10.0 10.0 -10.0
Hieracium albiflorurm Hook. 0.0 -10.0 -6.7 -6.7 -20.0 6.7 33 0.0 -6.7
Lathyrus spp. 0.0 -23.3 -25.6 -16.7 -16.7 1.1 0.0 -16.7 4.4
Lupinus spp. 13.3 0.0 18.9 6.7 0.0 -1.1 16.7 -10.0 4.4
M"e?g o macr aphyla(Hook) 433 633 -46.7 200 567  -200 67 00  -33.3
Senecio integerrimus Nutt, 3.3 30.0 33.3 0.0 53.3 40.90 6.7 6.7 3.3
Steflaria longipes Goldie 6.7 26.7 46.7 36.7 40.0 43.3 36.7 10.0 0.0
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Table 5. continued.

Clearcut Overstory Control Overstory Thinned QOverstory
CEXC TEXC GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Taraxacum officinale G.H. Weber 54 4, 5.6 33 67 3.3 00  -133  -33
ex Wiggers
ma/écg ;’m fendleri Engeim. ex 33 267 7.8 00 100 0.0 100 00 56
Viola adunca Sm. 26.7 200 23.3 -16.7 0.0 -1.1 -3.3 -6.7 3.3
Mahonia repens (Lindl.) G. Don -3.3 0.0 0.0 6.7 6.7 -4.4 -6.7 46.7 6.7
Spiraea betulifolia Pallas -6.7 0.0 -25.6 10.0 20.0 211 -3.3 66.7 10.0
Symphoricarpos albus (L.) Blake 20.0 26.7 40.0 13.3 16.7 1.1 20.0 53.3 -7.8
Site 2

Bromus carinatus Hook. & Arn. 0.0 0.0 0.0 0.0 0.0 24.0 0.0 0.0 00
Bromus inermis Leyss., 0.0 3.3 60.0 0.0 0.0 0.0 0.0 0.0 0.0
-Carex concinnoides Mackenzie 20.0 314 20.G -33 -23.3 0.0 -6.7 -6.7 -5.6
Carex geyeri Boott 33.3 15 . -133 26.7 26.7 311 . 167 - 50.0 37.8
Calamagrostis rubescens Buckl. 13.3 29.9 23.3 36.7 20.0 17.8 46.7 233 27.8
Elymus glaucus Buckl. 16.7 554 -3.3 0.0 10.0 6.7 43.3 50.0 30.0
Festuca occidentalis Hook. -16.7 -14.2 -2G.0 -30.0 -30.0 -30.0 -10.0 -23.3 -33.3
Luzuia campestris (L.) DC. 0.0 -3.3 0.0 .0 -6.7 -4.4 0.0 -10.0 -2.2
Mellca bulbosa Geyer exPorter & 33 433 33 67 133 222 367 533  -322
Poa pratensis |.. 16.7 258 16.7 10.0 33.3 456 10.0 43.3 11.1
Trisetum canescens Buck!. ~3.3 9.4 -3.3 -13.3 16.7 -6.2 20.0 6.7 11.1
Achillea millefolium L. 23.3 15.4 46.7 33 -3.3 -1.1 0.0 50.0 27.8
Anemone piperi Britt. ex Rydb. -3.3 26.7 23.3 533 46.7 456 33.3 -6.7 17.8
Arnica cordifolia Hook. -16.7 -28.1 -60.0 43.3 43.3 40.0 6.7 -30.0 -1.1
Eurybia conspicua (Lindl.) Nesom 0.0 -0.7 0.0 0.0 0.0 -2.2 0.0 0.0 -3.3
Fragaria spp. -43.3 -5.1 20.0 6.7 -3.3 14.4 -3.3 233 1.1
Galium spp -3.3 -2.1 6.0 0.0 3.3 0.0 0.0 0.0 33
Hieracium albiflorum Hook. -13.3 -8.1 0.0 0.0 -3.3 -1.1 -6.7 -13.3 -6.7
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Table 5. continued.

Clearcut Overstory Control Overstory Thinned Qverstory
CEXC TEXC GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Lathyrus spp. -36.7 -32.8 -40.0 -6.7 16.7 5.6 36.7 -6.7 -7.8
Lupinus spp. 0.0 -6.9 -3.3 -23.3 0.0 10.0 0.0 10.0 14.4
Moeé’é gl macrophyle (Hook) 167 224 10.0 333 33 14.4 400  -200 200
Senecio integerrimus Nutt. 0.0 0.0 0.0 6.7 6.7 0.0 3.3 6.7 10.0
Stellaria longipes Goldie 0.0 -0.4 0.0 10.0 36.7 16.7 3.3 23.3 6.7
Taraxacum officinale G.H. Weber 553 44 6.7 0.0 0.0 0.0 3.3 0.0 1.1
ex Wiggers
i P .
rhalctr o fendleri Engelm. ex 467 219 6.7 200 00 12.2 33 233 22
i
Viola adurica Sm. 26.7 471 73.3 -10.0 -16.7 -13.3 26.7 46.7 233
Makionia repens {Lindl.) G. Don -3.3 -1.5 -3.3 0.0 -10.0 2.2 -13.3 10.0 -3:3
Spiraea betulifolia Pallas - 6.7 -27.2 -22.3 0.0 33 8.9 -10.0° + 0.0 20.0
Symyphoricarpos albus (L..) Blake 40.0 26.0 43.3 3.3 13.3 4.4 13.3 13.3 20.0
Site 3
Bromus carinatus Hook. & Arn. 10.0 36.7 20.0 0.0 1.1 1.4 455 0.0 26
Bromus inermis Leyss. 3.3 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0
Carex coricinnoides Mackenzie -16.7 -7.2 -13.3 -6.7 -16.7 -11.1 3.3 -10.0 6.7
Carex geyeri Boott -3.3 48.9 10.0 30.0 233 -17.8 50.0 233 56
Calemagrostis rubescens Buckl. 10.0 1.8 38.7 20.0 36.7 32.2 53.3 43.3 65.6
Elymus glaucus Buckl. 10.0 18.6 40.0 13.3 0.0 0.0 33.3 16.7 16.7
Festuca occidentalis Hook. -53.3 -25.8 -8.7 <16.7 -40.0 -30.0 -13.3 -16.7 -20.0
Luzula campestris (L.) DC. -6.7 -3.5 -6.7 -3.3 -6.7 -3.3 0.0 0.0 -1.1
Me”é‘;’; 3;’”’05" GeyerexPorter& 100 472 -33.3 333 -233  -144 00  -100  -10.0
Poa pratensis . 80.0 86.0 73.3 16.7 3.3 11 10.0 3.3 10.0
Trisetum canescens Buckl. -33.3 -21.0 -46.7 -13.3 15.6 -10.3 -8.8 23.3 -1.5
Achifllea millefolium L. 83.3 42.4 63.3 3.3 0.0 -4.4 36.7 8.7 46.7
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Table 5. continued.

Clearcut Cverstory

Control Overstory

Thinned Qverstory

CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC  GRAZED
Anemone pijperi Britt. ex Rydb. 16.7 -1.8 -20.0 16.7 33.3 18.9 30.0 56.7 26.7
Arnica cordifolia Hook. -40.0 -36.3 -43.3 -20.0 13.3 38.9 16.7 43.3 11.1
Eurybia conspicua (Lindl.) Nesom -3.3 -1.3 0.0 33 00 -2.2 0.0 0.0 -11
Fragaria spp. 133 1.1 -20.0 0.0 13.3 -13.3 3.3 -3.3 8.9
Galium spp 0.0 0.3 0.0 0.0 0.0 2.2 0.0 0.0 10.0
Hieracium albiflorum Hook. -10.0 -13.5 -20.0 -23.3 6.7 4.4 -3.3 -16.7 -8.9
Lathyrus spp. -2C.0 -39.4 -60.0 16.7 10.0 18.9 6.7 -20.0 -34.4
Lupinus spp. 43.3 9.4 46.7 0.0 0.0 3.3 10.0 -33 422
Moe;’é e macr ophylia (Hook.) 0.0 15 233 00 300 28.9 200 233 6.7
sernecio integerrimus Nutt. 6.7 0.0 0.0 3.3 0.0 0.0 16.7 3.3 3.3
iellaria kangipes-fioidie 16.0 - 0.0 13.3 10.0 3.3 6.7 0.0 13.3 0.0
faraxacur officinale G.H. Weber 55 4 4 6.7 33 67 0.0 67" 7 33 4
ex Wiggers

Thal . Jerr

'”"’é"rtg ;’”’ fenafers Engelm. ex 133 -328 733 300 167 1.1 100 33 -100
Viola adunca Sm. 50.0 221 13.3 -10.0 -3.3 -7.8 36.7 10.0 41.1
Mahonia repens (Lindl.} G. Don 6.7 -3.1 0.0 0.0 -3.3 -3.3 0.0 -6.7 22
Spiraea betulifolia Pallas -26.7 -26.7 -30.0 -3.3 6.7 -22.2 6.7 -16.7 22.2
Symphoricarpos albus (L.) Blake 26.7 49.0 13.3 26.7 3.3 15.6 13.3 36.7 6.7

Herbivory treatments: Graze — cattle and big game grazing; CEXC - cattle exclosure, big game grazing only; TEXC — total exclosure
exclusion of cattle and big game grazing.
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Table 6. The changes in species composition in a grand fir forest from 1985 to 2003 using a 30 cm x 60 cm plot frame.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZED CEXC TEXC GRAZED CEXC TEXC GRAZED
Site 1

Bromus carinatus-Hook. & Arn. 50.0 40.0 28.9 23.3 0.0 -1.1 40.0 16.7 451
Bromus inermis Leyss. 13.3 83.3 400 13.3 23.3 10.0 33.3 53.3 36.7

Carex concinnoides Mackenzie 6.7 20.0 5.6 0.0 0.0 0.0 233 23.3 0.0
Carex geyerf Boott 10.0 6.7 -10.0 10.0 13.3 .0.0 0.0 16.7 -2.2
Calamagrostis rubescens Buckl, 12.3 -3.3 -14.4 10.0 -26.7 -7.8 0.0 -20.0 244
Elymus glaucus Buckl, 36.7 40.0 20.0 233 3.3 456 53.3 66.7 53.3
Festuca occidentalis Hook. -8.7 -10.0 -23.3 -26.7 -60.0 -13.3 30.0 -3.3 -1.1
Luzula campestris (L.) DC. 33 -16.7 -5.8 -6.7 -16.7 7.8 40.0 -33 16.7
Me/’g‘z (ﬁi"b"” GeyerexPotterd  ,n6 600 -300 133 267 556 167  -200  -400
. Poapratensis|., . 1733 50.0 411 0.0 -10.0 16.7 53.3 36.7 533
Trisetum. canescens Buckl. -30.0 -63.3 -54.4 -53.3 -60.0 -20.0 -23.3 -43.3 -56.2
“Achiffea millefolium L. 50.0 46.7 §2.2 -13.3 -23.3 -6.7 3.3 3.3 37.8
Anemone piperi Britt. ex Rydb. -36.7 -66.7 -41.1 -16.7 33.3 23.3 3.3 43.3 -6.7
Arnica cordifolia Hook. 10.0 -13.3 -27.8 13.3 0.0 -25.6 -20.0 -10.0 -47.8
Eurybia conspicua (Lindl.) Nesom -10.0 -3.3 --5.6 -16.7 -60.0 -42.2 -16.7 -3.3 2.2
Fragaria spp. -36.7 -70.0 -38.9 -13.3 16.7 -5.6 -30.0 3.3 -21.1
Galium spp -43.3 -43.3 20.0 3.3 -30.0 2.2 6.7 3.3 -13.3
Hieracium albifloruim Hook. 3.3 -16.7 5.6 -3.3 -33.3 3.3 6.7 0.0 -13.3
Lathyrus spp. -3.3 -6.7 -32.2 -13.3 -10.0 -1.1 13.3 -26.7 -2.2
Lupinus spp. . 13.3 0.0 24.4 -3.3 0.0 -4.4 16.7 -16.7 23.3
Moe;’g naia macr ophylla (Hook.) 467 533 511 300 -600  -16.7 0.0 33 -389
Senecio integerrimus Nutt. 6.7 30.0 36.7 3.3 56.7 50.0 10.0 6.7 3.3
Stellaria longipes Goldie 16.7 30.0 56.7 46.7 46.7 46.7 50.0 16.7 3.3
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Table 6. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC  GRAZED  CEXC TEXC GRAZED
Taraxacum officinale G.H. Weber 6.7 233 -89  -133  -100 5.6 33 233 33
ex Wiggers
T”agcfa’;’m fendiers Engelm. ex 33 287 22 00 - 133 0.0 200 23 -10.0
Viola adunca Sm. 23.3 20.0 38.9 -13.3 -6.7 -5.6 -3.3 0.0 8.9
Mahonia repens (Lindl.) G. Don -6.7 0.0 0.0 16.7 10.0 -5.6 -10.0 50.0 0.0
Spiraea betulifolia Pallas 3.3 -6.7 -28.9 -3.3 33.3 17.8 -16.7 70.0 14.4
Symphoricarpos albus (L.) Blake 133 23.3 356 20.0 20.0 2.2 26.7 60.0 44
Site 2
Bromus carinatus Hook. & Arn. 0.0 0.0 00 0.0 0.0 26.0 0.0 0.0 0.0
Bromus inermis Leyss. 0.0 10.0 66.7 0.0 0.0 0.0 0.0 0.0 00
- Carex concinnclides Mackenzie 26.7 303 287 -13.3 -20.0 3.3 -10.0 -6.7 -4.4
s Carex geyeari Boott : 433 3.3 6.7 . 16.7 20.0 25.6 0.6 + 300 34.4
Calamagrostis rubescens Bucki. 3.3 243 20.0 30.0 26.7 17.8 43.3 333 26.7
Elymus glaucus Bucki. 26.7 571 -6.7 3.3 10.0 6.7 50.0 58.7 36.7
Festuca occrdentalis Hook. -26.7 -17.5 -23.3 -36.7 -50.0 -42.2 -13.3 -40.9 -41.1
Luzula campestris (L.) DC. 0.0 -5.8 0.0 -10.0 -3.3 -7.8° 0.0 -16.7 -2.2
Mellca Bulbosa Geyer exPorter & - g7 493 400 133 100 244 467 600  -422
Poa pratensis L. 20.0 356 20.0 16.7 43.3 58.9 20.0 50.0 22.2
Trisetum canescens Buckl. 0.0 31.0 -3.3 6.7 20.0 -11.6 26.7 3.3 23.3
- Achillea millefolium L.. 33.3 23.6 46.7 3.3 -3.3 0.0 33 56.7 289
Anemone piperi Britt. ex Rydb. 6.7 29.0 40.0 63.3 50.0 35.6 36.7 -10.0 30.0
Arnica cordifolia Hook. -23.3 -31.4 -60.0 43.3 40.0 422 6.7 ~30.0 10.0
Eurybia conspicua (Lindl.) Nesom 0.0 -1.0 0.0 0.0 0.0 -4.4 0.0 0.0 -3.3
Fragaria spp. -33.3 71 26.7 3.3 3.3 11.1 20.0 20.0 8.9
Galium spp -3.3 -2.8 0.0 0.0 6.7 0.0 0.0 3.3 1.1
Hieracium albiflorum Hook. -20.0 -13.1 -3.3 -3.3 -3.3 -3.3 -3.3 -26.7 -7.8
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Table 6. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZED CEXC TEXC  GRAZED CEXC TEXC  GRAZED
Lathyrus spp. -43.3 -40.4 -43.3 6.7 16.7 6.7 36.7 -3.3 3.3
Lupinus spp. 0.0 -9.7 6.7 -36.7 0.0 -11.1 0.0 -16.7 -3.3
Moeé’g Z’g’a macrophyfia (Hook.) 100  -32.2 33 333 00 11.1 400 100 211
Senecio integerrimus Nutt. 0.0 0.0 0.0 6.7 6.7 0.0 6.7 6.7 10.0
Stellaria longipes Goldie 6.7 6.3 3.3 16.7 40.0 23.3 6.7 26.7 10.0
Taraxacum officinale G.H. Weber 5 4 1.4 10.0 0.0 0.0 6.7 33 33 14
ex Wiggers
77"":";‘:;’”’ fendler/ Engelm. ex 600 263 0.0 267  -33 17.8 33 233 14
Viola adunca Sm. 30.0 53.6 80.0 -16.7  -10.0 -20.0 30.0 23.3 25.6
Mahonia repens (Lind\.) G. Don 3.3 4.2 -3.3 0.0 -10.0 . 5.6 -16.7 6.7 -1.1
Soiraea betulifoliz Pallas 3.3 -38.5 -40.0 -3.3 0.0 8.9 0.0 3.3 6.7
Symphoricarpos albus (L.) Blake 56.7 29.7 33.3 0.0 10.0 44 26.7 16.7 23.3
Site 3
Bromus carinatus Hook. & Arn. 13.3 39.6 36.7 -3.3 1.4 24 55.2 a.0 46
Bromus inermis Leyss. 3.3 0.0 0.0 0.0 Q.0 0.0 0.0 c.0 0.0
Carex concinnoides Mackenzie -33.3 -11.4 -16.7 -20.0 -26.7 -17.8 10.0 -10.0 0.0
Carex geyeri Boott 0.0 40.8 6.7 20.0 26.7 -17.8 50.0 23.3 1.1
Calamagrostis rubescens Buckl. 3.3 -2.6 36.7 23.3 433 27.8 53.3 46.7 57.8
Elymus glaucus Buckl. 13.3 19.6 43.3 20.0 0.c 0.0 36.7 20.0 20.0
Festuca occidentalis Hook. -56.7 -33.2 -13.3 -23.3 -46.7 -42.2 -20.0 -20.0 -30.0
Luzula campestris (L.) DC. -13.3 -5.0 -6.7 -3.3 -10.0 -5.6 0.0 0.0 -1.1
Me”é‘;’; lﬁé”bos" GeyerexPorer& 100 221 400 867 . 333 478 67 4133 156
Poa pratensis L. 76.7 85.1 76.7 16.7 3.3 1.1 10.0 3.3 13.3
Trisetum canescens Bucki. -43.3 -29.3 -60.0 -20.0 8.6 -13.2 -8.6 33.3 21
Achillea millefolium L. 80.0 48.9 66.7 6.7 0.0 -3.3 36.7 0.0 47.8
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_Table 6. continued.

Clearcut Overstory Control Oversto Thinned Overstory
CEXC TEXC  GRAZED  CEXC TEXC  GRAZED  CEXC TEXC  GRAZED
Anemone piperi Britt. ex Rydb. 16.7 -3.1 -30.0 30.0 40.0 256 36.7 53.3 30.0
Arnica cordifolia Hook. -46.7 -27.8 -56.7 -3.3 13.3 30.0 33.3 50.0 7.8
Eurybia conspicua (Lindl.) Nesom -3.3 -1.4 0.0 -3.3. . 0.0 -2.2 0.0 0.0 2.2
Fragaria spp. 3.3 9.3 -20.0 6.7 13.3 -20.0 -10.0 3.3 1.1
Galium spp 0.0 -1.1 0.0 -6.7 0.0 2.2 33 0.0 10.0
Hreracium albiflorum Hook. -23.3 -19.2 -30.0 -26.7 0.0 6.7 -3.3 -20.0 -10.0
Lathyrus spp. -20.0 422 -66.7 10.0 20.0 24.4 3.3 -10.0  -322
Lupinus spp. 50.0 -1.9 30.0 0.0 0.0 6.7 10.0 3.3 47.8
Moeé’é ngie macr ophyiia (Hook.) 3.3 0.6 367 233 333 289 267 233 122
Senecio integerrimus Nutt. 6.7 3.3 0.0 3.3 0.0 0.0 16.7 3.3 6.7
. Steflaria iongipes Goldie 13.3 0.0 13.3 16.7 10.0 6.7 6.7 13.3 0.0
- i el i
Taraxacum officinale G.H. Weber ¢ 57 4100 33 &7 0.0 67 23 22
ex Wiggers
T”a"gg 5’” fendler; Engelm. ex 200 448 767 200 133 33 133 67 6.7
Viola adunca Sm. 46.7 31.8 13.3 -16.7 -3.3 -10.0- 46.7 3.3 47.8
Mahonia repens (Lindl.) G. Don 6.7 5.0 0.0 0.0 -6.7 -4.4 -3.3 -6.7 4.4
Spiraea betulifolia Pallas -43.3 -35.3 -43.3 6.7 3.3 -31.1 23.3 -10.0 322
Symphoricarpos albus (L.) Blake 63.3 50.4 10.0 33.3 6.7 13.3 16.7 36.7 16.7

Herbivory treatments: Graze — cattle and big game grazing; CEXC - cattle exclosure, big game grazing only; TEXC - total exclosure

exclusion of cattle and big game grazing.
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Appendix F

Grand Fir Shrub Density and Cover Change



Table 1. The changes in shrub density from 1995 to 1991, 1994, and 2003.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZE CEXC TEXC GRAZE CEXC TEXC GRAZE
1991 Site 1
Acer glabrum Torr. var. glabrum 0.4 -0.1 -0.6 -0.1 0.9 -1.0 -1.1 -0.8 -2.7
Amelanchier alnifolia (Nutt.) Nutt. ex 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0
M. Roemer
Crataegus douglasii Lindl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodliscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0
Philadelphus lewisif Pursh - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fhysocarpus malvaceus (Greene) 00 170 00 0.7 5.3 0.6 0.0 5.0 4.0
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereumn Dougl. -0.3 -0.7 -2.3 0.0 0.3 -0.3 0.0 0.0 1.0
~Rosa gymnocarpa Nutt. -4.0 -0.3 -2.7 3.7 0.0 -0.3 -0.7 -0.3 -1.1
Site 2 ,
Acer glabrum Torr. var. glabrum -0.6 -0.1 0.6 0.3 -0.1 0.4 -0.1 0.0 0.3
.4me/;anch/er alnifolia (Nutt.) Nutt. ex 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 00
M. Roemer
Crataegus douglasii Lindl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holediscus discolor (Pursh) Maxim. 0.0 0.3 0.0 0.2 0.2 0.0 0.0 0.0 0.4
Philadelphus lewisii Pursh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
)
& /’ysﬁi‘i’é‘efs majvaceus (Greene) 70 234 77 1.3 1.7 3.1 187  -0.7 9.8
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereum Dougl. 0.0 1.0 -0.3 0.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. -1.0 65.8 -4.7 1.3 2.0 3.4 3.3 3.7 -2.6
Site 3
Acer glabrum Torr. var. glabrum 0.0 -1.1 -0.1 -0.4 0.9 -0.4 -0.8 -1.7 -0.2
Amelanchier alnifolia (Nutt.) Nutt. ex
M. Roemer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crataegus douglasii Lindl, 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
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Table 1. continued.

Clearcut Overstory Control Qverstory Thinned Overstory
CEXC TEXC  GRAZE  CEXC TEXC GRAZE CEXC TEXC  GRAZE
Holodliscus dliscolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.0 3.2 0.5 0.5 21
Philadelphus lewisii Pursh 0.0 -0.1 0.0 0.0 0.0 -0.4 0.0 0.0 0.0
P ”ysiii’t";‘f malvaceus (Greene) 143 36 07 37 30 08 53 0.0 2.4
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereum Dougl. 0.0 0.9 0.0 0.0 0.0 0.0 -0.3 0.0 0.0
Rosa gymnocarpa Nutt. -2.0 -4.0 -3.0 -0.7 16.3 2.8 16.0 1.7 9.3
1994 Site 1

Acer glabrum Torr. var. glabrum 5.6 -0.3 3.2 -0.4 2.7 -0.5 -1.1 4.5 1.8
Amelanchier alnifolia (Nutt.) Nutt. ex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M. Roemer
Crataegus dougiasii Lindi. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hoiodiscus discolor {Pursh) Maxim. C.C 0.0 0.0 0.0~ 0.0 0.0 1.0 0.0 0.0
FPhiladelphus fewisii Pursh 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P ”""szﬁ‘f]’;’;‘efs malvaceus (Greene) 16.0 3.7 8.3 7.7 193 99 103 387 457
Prunus virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribes cereum Dougl. -0.3 1.7 4,3 -0.3 0.3 -0.3 0.0 2.7 . 1.0
-Rosa gymnocarpa Nutt. 19.3 5.0 2.9 12.3 0.3 -0.3 1.3 -0.3 -1.1

Site 2

Acer glabrum Torr. var. glabrum 0.2 -0.3 1.3 0.3 1.0 0.9 0.1 -0.5 -0.4
Amelanchier alnifolia (Nutt.) Nutt. ex

M. Roemer 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crataegus douglasii Lindl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodliscus discolor (Pursh) Maxim. 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 1.0 2.5
Philadelphus lewisii Pursh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phy: Sii‘;’t’;‘f malvaceus (Greene) 8.0 141 357 4.0 5.3 5.8 23.0 9.3 19.8
Prurnius virginiana L. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 1. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC  GRAZE  CEXC TEXC  GRAZE  CEXC TEXC  GRAZE
Ribes cereum Dougl. 0.0 0.0 -0.3 0.0 0.0 0.0 0.3 0.0 0.0
Rosa gymnocarpa Nutt. 23.3 15.4 10.3 22.3 18.7 29.4 22.7 43.7 33.1
Site 3 o '
Acer glabrum Torr. var. glabrum 0.2 -0.5 0.4 -0.5 2.0 1.5 -2.0 -1.7 -0.3
Amelanchier alnifolia (Nutt.) Nutt. ex 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M. Roemer

Crataegus douglasii Lindl, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodiscus discolor (Pursh} Maxim. 6.0 0.6 0.0 0.6 11 4.3 0.3 1.3 1.2
Phiiadelphus lewisii Pursh 0.0 -0.1 0.0 0.0 0.0 -0.4 0.0 0.0 0.0

A AY e
Physacaipus malvaceus (Greene) 50 40 03 107 73 236 130 130  -06

- Prunus virginiana |, .00 0.0 0.0 0.0 .0 00 .00 0.0 . 0.0
- Ribes cerewm Dougl. 0.0 -0.1 1.3 0.0 0.0 0.0 -0.3 0.0 0.0
Rosa gymnocarpa Nutt, 13.0 26.0 23 253 27.7 4.4 17.0 £88.7 ~7.7
2002 Site 1
Acer glabrum Torr, var. glabrum 0.2 0.9 0.6 -0.8 -0.2 -1.0 -0.9 0.7 -0.7
Amelanchier alnifolia (Nutt.) Nutt. ex - .
M. Roemer | 0.6 ‘ 0.0 0.1 1.4 ' i.8 1.8 2.0 2.9 1.3

Cratasgus douglasii Lindl. 5.9 12.8 9.0 3.6 89 . 22 2.3 9.6 1.6
Holodliscus discolor (Pursh) Maxim. 0.0 C.0 0.0 0.0 0.0 0.0 1.3 0.3 0.0
Philadelphus lewisii Pursh 0.0 0.0 06 0.0 0.0 0.0 0.0 0:0 0.0
i hyszﬁf]’ggs malvaceus (Greene) 19.0 243 307 203 183 102 237 347  36.0
Prunus virginiana L., 8.7 1.7 0.0 140.0 80.3 0.0 2.3 50.7 38.0
Ribes cereum Dougl. 7.0 1.3 5.3 -0.7 0.3 0.3 0.3 3.0 0.7
Rosa gymnocarpa Nutt. -0.7 3.3 26.3 44.0 0.0 -0.3 1.3 -0.3 -1.1

Site 2
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Table 1. continued.

Clearcut Overstory Control Qverstory Thinned Overstory
CEXC TEXC  GRAZE  CEXC TEXC GRAZE  CEXC TEXC  GRAZE
Acer glabrum Torr, var. glabrum -0.5 0.1 0.1 0.6 -0.3 -0.2 0.2 0.3 -0.6
Amelanchier alnifolia (Nutt.) Nutt. ex 0.0 0.0 0.3 0.3 18 13 0.0 0.9 01
M. Roemer
Crataegus douglasii Lindl. . 7.3 11.8 3.7 2.6 0.8 0.7 5.1 5.3 2.2
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Philadeiphus lewisii Pursh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& ”Vszﬁirt‘;‘f malvaceus (Greene) 2.0 8.7 29.3 2.3 4.7 5.4 303 193 151
Prunus virginiana L. 0.0 38.7 4.3 4.0 20.7 11.0 18.7 38.7 20.0
Ribes cereum Dougl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. 9.0 23.4 -9.3 14.0 10.3 15.8 38.0 313 32.3+
Site 3 o

Ater glatrum Torvovar, giabrum 14 0.0 - 0.0 =05 . 0.8 0.0 .. -2.0 -1.7 -0.4

, wiar alnifolia (

- Amelanchie: Aa.n,fa//a (Nutt.) Nutt. ex 0.0 0.8 02 35 19 0.4 01 12 00

M. Roemer .

Crataegus douglasii Lindl, 4.9 i2.1 4.8 4.1 0.3 4.1 1.6 3.2 2.2
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.1 0.2 0.3 0.3 9.9 0.1

- Philadelphus lewisii Pursh 0.c -0.1 0.0 0.0 0.0 -0.4 0.0 0.0 0.0

hY

i ””ﬁf}i’t’;‘f fmalvaceus (Greene) 7.7 2.6 -0.3 1.3 3.0 26 i2.3 4.7 4.8
Prunus virginiana L. 4.7 32.7 .0 . 0.0 30.7 0.0 18.3 0.0 4.0
Ribes cereum Dougl. 1.3 0.1 1.0 3.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. 10.7 15.0 20.3 4.0 12.0 1.1 31.3 53.3 1.7

Herbivory treatments: Graze — cattle and big game grazing; CExc — cattle exclosure, big game grazing only; TExc — total exclosure,
exciusion of cattle and big game grazing.
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Table 2. The changes in shrub density from 1995 to 1991, 1994, and 2003.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZE  CEXC TEXC GRAZE CEXC TEXC GRAZE
1991 Site 1

Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier alnifolia (Nutt.) Nutt. 0.0 0.0 0.0 0.0 1.2 .01 0.0 4.4 1.3

ex M. Roemer
Crataegus doug/asii Lindl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodiscus discolor {Pursh) Maxim. 0.0 0.0 -0.8 . -0.2 0.0 0.0 0.0 0.0 0.0
Philadelphuis fewisif Pursh -5.2 -1.1 -1.3 -7.8 0.0 0.0 0.0 -0.4 -0.2
Physocarpus malvaceus (Greene) 0.0 0.0 0.0 02 00 0.0 0.0 0.0 0.0

Kuntze
Prunus virginiana i. -10.9 -30.8 -6.5 -8.9 -8.8 -4.2 -8.8 -0.6 -1.0
Ribes cereum Dougl. - 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 6.0 0.0
Resa gymnocaipa Nutt. 0.0 0.0 . -0.1 09.. 090 08+ 0.0 - 0.0 0.0

Site 2 :

Acer glabrum Torv, var. glabrum 0.0 G0 0.0 0.0 0.0 0.0 0.0 3T 0.0
Amelanchier alnifolia (Nutt.) Nutt. - ’ ]

ex M. Roemer ( ) 0.0 -0.2 -0.7 0.0 0.0 0.2 1.2 -3 -0.4
Crataegus dougiasii Lindl. 0.0 0.0 ¢.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodlscus discolor (Pursh) Maxim. 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Philadelphus lewisii Pursh 0.0 -2.8 -0.3 -3.0 -5.0 1.5 +-3.2 ~3.0 -0.6
& "’}'sz"_"""-""s malvaceus (Greene) 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0

untze
Prunus virginiana .. -8.9 -7.0 -2.0 9.8 1.0 -0.1 3.6 6.6 -5.5
Ribes cereum Dougl. 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Site 3 ,

Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0
Amelanchier alnifolia (Nutt.) Nutt.

ex M. Roemer ( ) 0.0 -0.2 -0.1 0.2 0.0 -1.5 0.0 0.0 0.1
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Table 2. continued.

Clearcut Overstory

Control Overstory

Thinned Overstory

CEXC TEXC GRAZE = CEXC TEXC GRAZE CEXC TEXC GRAZE
Crataegus douglasii Lindl. 0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodiscus discolor (Pursh) Maxim. 0.0 0.6 0.0 0.0 0.0 0.0 -0.1 0.0 0.0
Philadelphus fewisii Pursh -3.4 -3.7 -5.2 0.7 2.2 -1.8 -2.4 0.0 -4.1
& hysﬁf;’t/;fe’s malvaceus (Greene) 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0
Prunus virginiana L, -1.8 -6.7 -1.6 3.0 1.9 -6.3 -5.2 1.6 33
Ribes cereum Dougl. 0.0 0.0 0.0 n.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1994 Site 1
Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier 2inifolia (Nutt.) Nutt. 0.0 0.0 0.4 05 18 0.1 0.2 2.1 19
ex M. Roemer o
Crataegus douglasit Lind!. 0.0 0.0 ~.0.0 - 0.0 C.0 0.0 0.0 0.0 0.0
- Holodiscus discolor (Pursh) Maxim., 0.0 0.0 -0.8 -0.2 6.0 0.0 0.C G.Q G
Philadelphus lewisii Pursh -3.3 .2 -0.4 -8.0 0.0 0.0 0.0 -Oik 0.2
x ”yszfl"n’gf maivaceus (Greene) 0.0 0.0 0.0 04 0.0 0.0 0.0 0.0 0.0
Prunus virginianza L. -12.7 -30.8 -1.0 -9.1 5.2 -23.6 1.8 5.5 -1.0
Ribes cereumn Dougll. 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0
Rosa gymnocarpa Nutt, 0.6 0.5 -0.1 0.0 0.0 0.0 0.0 0.0 0.0
Site 2
Acer giabrum Torr. var, -glabrum 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier alnifolia (Nutt.) Nutt. _
ex M. Roemer 0.0 0.5 0.1 0.2 0.0 0.5 1.2 -0.3 0.9
Crataegus douglasii Lindl. 0.0 0.0 0.0 . 0. 0.0 0.0 0.0 0.0 0.0
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
Philadelphus lewisif Pursh 1.5 -3.0 0.1 1.9 -6.4 -0.1 0.3 1.2 1.5
h .
Phy: g malvaceus (Greene) 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
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Table 2. continued.

Clearcut Overstory Control Overstory Thinned Overstory
CEXC TEXC GRAZE CEXC TEXC GRAZE CEXC TEXC GRAZE
Prunus virginiana L. 6.3 -4.3 3.7 9.7 -1.2 2.0 -6.5 -2.7 6.5
Ribes cereurn Doug!, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rosa gymnocarpa Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Site 3 - :

Acer glabrum Torr, var. glabrum 0.0 0.0 0.0 - 0.0 0.0 -0.1 0.0 0.0 0.0
Amelanchier alnifolia (Nutt) Nutt. - g 45 01 05 03 12 10 0.5 0.1

ex M. Roemer
Crataegus douglasif Lindl. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0
Philadelphus lewisii Pursh -3.4 2.2 -5.2 0.4 0.4 -3.3 -1.1 10.2 6.6
& f’ysﬁii’t‘;f malvaceus (Greene) 0.0 0.0 0.0 00 00 00 00 9.0 0.0
Prunus virginiana L. -1.7 -6.3 . -1.6 1.6 5.3 -11.3. . 154 0.6 -1.3
Ribes cereum Dougl. 0.0 0.6 2.0 0.0 0.0 0.0 0.0 ER0) G.0
Rosa gymnocarpa Nutt. 0.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 agp «

2003 Site 1 '

Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
Amelanchier alnifolia (Nutt.) Nutt. , ’

ex M. Roemer 0.7 3.6 0.8 0.1 3.0 0.1 0.9 111 1.3
Crataegus douglasii Lindl. 0.0 041 0.0 1.0 0.1 0.0 0.0 01 0.0
Holodiscus discolor {Pursh) Maxim. 0.0 1.3 1.2 -0.2 0.6 0.0 0.0 0.0 0.0
Philadelphus lewisii Pursh -5.2 -0.9 -0.1 ~1.0 0.0 0.0 0.3 -0.4 -0.2
& /’yszf;’t’;f malvaceus (Greene) 0.0 0.0 0.0 04 00 00 0.0 0.0 0.0
Prunus virginiana L. -9.0 -24.3 -6.1 9.1 2.7 3.6 -2.7 -0.6 -0.5
Ribes cereum Dougl. 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0
Rosa gymnocarpa Nutt, 0.2 2.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0

Site 2
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Table 2. continued.

Clearcut Overstory Control Overstory Thinned Qverstory

CEXC TEXC GRAZE  CEXC TEXC GRAZE CEXC TEXC GRAZE

Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier ainifolia (Nutt.) Nutt. 0.0 01 0.2 1.2 0.1 03 13 2.7 1.0

ex M. Roemer
Crataegus douglasii Lindl, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Philadelphus lewisii Pursh 0.7 0.6 -0.3 -0.3 -10.3 -1.2 0.2 1.0 -0.6
P ”Vsﬁﬁi@‘e’s malvaceus (Greene) 0.0 0.0 0.0 00 00 00 00 0.0 0.0
Prurnius virginiana L.. 15.0 6.3 51 -5.3 0.5 0.6 -1.7 2.8 4.5
Ribes cereum Dougl. 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0
Rosa gymnocarpa Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Site 3

Acer glabrum Torr. var. glabrum 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0
Amelanchier a/nifolia (Nutt.) Nutt. - 2 } A )

ex M. Roemer 0.7 0.3 0.1 0.1 0.9 1.5 0.2 2.0 2.9
Crataegus douglasii Lindl. 0.0 0.0 0.0 0.0 0.2 0.0 0.0 B0 01
Holodiscus discolor (Pursh) Maxim. 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 IRAT ¢.0
Philadelphus lewisii Pursh -1.7 0.9 -5.1 0.7 24 -1.0 1.6 11.0 -5.9
P ”Vsif;ftf';‘: malvaceus (Greene) 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0
Prunus virginiana \.. -2.1 -6.7 -1.6 1.6 4.6 -7.5 11.8 4.7 1.5
Ribes cereum Dougl. 0.0 2.6 n.o 0.0 0.0 0.0 0.0 1.3 1.1
Rosa gymnocarpa Nutt. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Herbivory treatments: Graze - cattle and big game grazing; CExc — cattle exclosure, big game grazing only; TExc — total exclosure,
exclusion of cattle and big game grazing.
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Appendix G

Nutritional Quality of Steer Diets
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Table 1. Nutritional quality of diets coliected in June and August of 2001 and 2002 for
_ponderosa pine sites.

YEAR TIME Site TP obivery IVOMD  ADF NDF CP
Harvest L
2001 JUNE 1 Thin Graze 0.80 032 056  12.61
2001 JUNE 1 Thin CExc 077 033 057 1248
2001 JUNE 1 Thin TExc 0.77 035 051 1449
2001 JUNE 1 Cont Graze 082 035 058  14.95
2001 JUNE 1 Cont CExc 079 034 058  13.45
2001 JUNE 1 Cont TExc 082 029 047  13.16
2001 JUNE 2 Thin Graze 082 036 048 1233
2001 JUNE 2 Thin CExc 080 036 054  13.39
2001  JUNE 2 Thin TExc 082 034 052  12.68
2001  JUNE 2 Cont Graze 074 038 054 1271
2001 JUNE 2 Cont CExc 077 039 059 1264
2001  JUNE 2 Cont TExc 079 038 059 1268
2001  JUNE 3 Thin Graze 0.80 030 048  11.40
2001 JUNE 3 Thin CExc 076 036 054  16.09
2001  JUNE 3 Thin TExC 079 031 051 1361
2001  JUNE 3 Cont Graze 076 036 057 ' 1450
2001  JUNE 3 Cont CExc 074 038 060  13.63
2001  JUNE 3 Cont TExc 077 035 056  13.21
2001 AUG 1 Thin Graze 073 037 06l 978
2001 AUG 1 Thin CExc 073 035 061 897
2001 AUG 1 Thin TExc 072 037 060 862
2001 AUG 1 Cont Graze 075 035  0.60  8.69
2001 AUG 1 Cont CExc 073 036 058  10.36
2001 AUG 1 Cont TExc 076 038 063 978
2001 AUG 2 Thin Graze 073 037 059  7.07
2001 AUG 2 Thin CExc 072 039 058  11.50
2001 AUG 2 Thin TExc 076 037 057 914
2001 AUG 2 Cont Graze 072 043 059  11.20
2001 AUG 2 Cont CFxc 074 038 060  9.09
2001  AUG 2 Cont TExc 072 040 064 852
2001 AUG 3 Thin Graze 075 037 060  9.00
2001 AUG 3 Thin CExc 074 036 058  10.79
2001 AUG 3 Thin TExc 074 036 059  10.05
2001 AUG 3 Cont Graze 072 038 062  10.32
2001 AUG 3 Cont CExc 073 036 061  7.65
2001 AUG 3 Cont TExc 073 037 055 886
2002 JUNE 1 Thn Graze 087 037 054  14.22
2002 JUNE 1 Thin CExc 084 036 052  13.19
2002 JUNE 1 Thin TExc 079 031 042 12.44
2002 JUNE 1 Cont Graze 084 033 045  14.15
2002 JUNE 1 Cont CExc 078 037 057  14.47
2002 JUNE 1 Cont TExc 083 037 061 16.77
2002 JUNE 2 Thin Graze 086 032 044  13.98
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Table 1. continued.

YEAR TIME Site . ™P®T erbivory IVOMD  ADF  NDF cp

Harvest
2002  JUNE 2 Thin CExc 0.81 0.33 0.51 14.43
2002  JUNE 2 Thin TExc 0.80 0.32 0.52 13.75
2002  JUNE 2 Cont Graze 0.80 0.34 0.48 14.33
2002  JUNE 2 Cont CExc 0.78 0.35 0.53 14.12
2002  JUNE 2 Cont TExc 0.85 0.41 0.59 12.10
2002  JUNE 3 Thin Graze 0.86 0.37 0.54 15.87
2002  JUNE 3 Thin CExc 0.82 0.38 0.55 14.25
2002  JUNE 3 Thin TExc 0.79 0.37 0.60 15.11
2002  JUNE 3 Cont Graze 0.77 0.37 0.50 12.99
2002  JUNE 3 Cont CExc 0.84 0.39 0.58 15.22
2002  JUNE 3 Cont TExc 0.82- 0.38 0.52 13.49
2002 AUG 1 Thin Graze 0.73 043 0.57 12.10
2002 AUG 1 Thin CExc 0.79 0.39 0.61 10.78
2002 AUG 1 Thin TExc 0.75 043 0.60 10.57
2002 AUG 1 Cont Graze 0.74 0.39 0.59 9.35
2002 AUG 1 Cont CExc 0.73 - 0.40 0.63 9.35
2002 AUG 1 Cont TExc 0.74 0.39 0.60 13.62
2002 AUG C 2 Thin Graze 0.75 040 = 0.53 10.50
2002 AUG 2 Thin CExc 0.74 0.40 0.59 9.36
2002 AUG 2 Thin TExc ~0.76 0.41 0.58 9.72
2002 AUG 2 Cont Graze 0.77 0.39 0.58 9.32
2002 AUG 2 Cont Cexc 0.74 0.39 0.55 7.69
2002 AUG 2 Cont TExc 0.77 0.40 0.63 9.20
2002 AUG 3 Thin Graze 0.77 0.40 0.58 10.07
2002 AUG 3 Thin CExc 0.72 0.38 0.60 10.88
2002 AUG 3 Thin TExc 0.77 0.39 0.64 9.94
2002 AUG 3 Cont Graze 0.77 0.43 0.59 10.92
2002 AUG 3 Cont CExc 0.78 041 0.61 11.21
2002 AUG 3 Cont TExc 0.79 0.39 0.51 8.97

Timber harvest treatments: Thin — commercial thinning; Cont — control.
Herbivory treatments: Graze - cattle and big game grazing; CExc — cattle exclosure, big
game grazing only; TExc ~ total exclosure, exclusion of cattle and big game grazing.
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Table 2. Botanical composition and relative' preference index for steer diets collected in
June and August of 2001 and 2002 for the ponderosa pine sites.

Botanical Composition Relative Pref. Index

Grass Forbs Shrubs Grass Forbs Shrubs

Timber Herb.
Harvest  Trt.

Cont CExc 9239 5.67 1.95 1.29 0.46 0.12
Cont TExc 88.34 855 3.11 1.76 0.42 0.11

2001 JUNE

YEAR TIME Site
1
2001 JUNE 1

Thin TExc 85.14 13.60 1.26 131 056  0.12
Thin  Graze 82.0C 14.7¢ 3.30 145  0.39 0.60
Cont CExc 96.09 190 2.01 121 021 0.17
Cont TExc 68.24 24.64 7.02 1.07 262 0.26
Cont Graze 88.85 939 176 115 054 031
Thin CExc 85.67 1242 191 126 046 0.40
Thin TExc 92.84 5.98 1.18 132 033 0.11
Thin  Graze 88.94 10.64 0.42 1.24 043 0.12
Cont CExc 94.48 482 0.70 132 039 0.04
Cont TExc 92.19 6.75 1.06 183 033 0.04
Cont Graze 77.21 19.75 3.03 113 114 0.21
Thin CExc 95.22 478 0.00 162 0.22 0.00
Thin Texc 90.12 948 0.39 258 030 0.01
Thin  Graze 98.45 155 0.00 1.61 007 0.00

2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001  AUG
2001 AUG
2001 AUG
2002 JUNE
2002 JUNE
2002 JUNE
2002 JUNE
2002 JUNE
2002 JUNE

2001 JUNE 1 Cont Graze 54.63 4.38 1.00 138 0.25 0.07
2001 JUNE 1 Thin CExc 86.42 994 3.64 147 047 0.18
2001 JUNE 1 Thin TExc 73.93 18.11 7.96 2,11 0.57 0.24
2001 JUNE 1 Thin  Graze 96.77 3.23  0.00 159 0.15 0.00
2001 JUNE 2 Cont CExc 87.82 10.41 1.77 1.21  0.45 0.41
2001 JUNE 2 Cont TExc 85.21 13.27 1.52 1.14 0.88 0.15
2001 JUNE 2 Cont Graze 72.26 23.50 4.24 125 0.66 0.65
2001 JUNE 2 Thin CExc 85.04 12.83 214 1.25 047 0.48
2001 JUNE 2 Thin TExc 82.69 16.64 0.67 1.27  0.69 0.06
2001 JUNE 2 Thin  Graze 67.57 3141 1.02 1.20 0.83 0.18
2001 JUNE 3 Cont CExc 91.86 7.22 093 1.16 081 0.08
2001 JUNE 3 Cont TExc 89.15 6.96 3.90 140 0.74 0.14
2001 JUNE 3 Cont Graze 85.51 929 520 111 053 . 093
2001 JUNE 3 Thin CExc 80.i10 15.54 436 118 0.57 0.92
2001 JUNE 3 Thin TExc 74.38 18.31 7.30 1.06 -~ 1.00 0.65
2001 JUNE 3 Thin  Graze 79.59 16.69 3.72 1.11  0.68 1.06
2001 AUG 1 Cont CExc 94.08 350 242 i31 0.28 0.15
2001 AUG 1 Cont TExc 88.12 797 391 175 039 0.13
2001 AUG 1 Cont Graze 88.12 752 436 129 0.43 0.31
2001 AUG 1 Thin CExc 9437 339 224 161 0.16 0.11
2001 AUG 1 Thin TExc 87.44 7.89 4.68 250 025 0.14
2001 AUG 1 Thin  Graze 88.20 857 3.22 145 039 0.19
2001 AUG 2 Cont CExc 76.63 18.39 4.98 1.06 0.79 1.14
2001 AUG 2 Cont TExc 86.64 11.10 2.26 1.16  0.74 0.22
2001 AUG 2 Cont Graze 77.98 16.97 5.05 135 0.48 0.77
2001 AUG 2 Thin CExc 77.97 19.51 2,52 115 071 0.57

2

2

3

3

3

3

3

3

1

1

1

1

1

1
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Table 2. continued.
Botanical Composition Relative Pref. Index
YEAR TIME Site |MDer Herb. o Forbs Shrubs Grass Forbs Shrubs
Harvest  Trt.

Cont  CExc 83.65 1560 0.76 1.16  0.67 0.17

2002 JUNE

2002 JUNE Cont TExc 87.08 12.04 0.88 1.17  0.80 0.09
2002 JUNE Cont Graze 6795 28.02 4.03 1.18  0.79 0.62
2002 JUNE Thin CExc 9533 430 0.37 140 0.16 0.08
2002 JUNE Thin  TExc 9525 435 0.40 146 0.18 0.04
2002 JUNE Thin  Graze 7531 1935 534 133 0.51 0.96
2002 JUNE Cont CExc 9252 6.50 0.98 117  0.73 0.08
2002 JUNE Cont TExc 88.72 9.53 1.76 1.40 1.01 0.07
2002 JUNE Cont Graze 94.86 4.77 0.37 1.23  0.27 0.07
2002 JUNE Thin CExc 85.79 13.15 1.06 1.26 048 0.22
2002 JUNE Thin  TExc 91.26 7.19 1.54 130 0.39 0.14
2002 JUNE Thin  Graze 81.12 17.63 1.24 1113 0.72 0.35
2002 AUG Cont CExc 92.73 656 071 129 0.53 0.04

2

2

2

2

2

2

3

3

3

3

3

3

1
2002 AUG 1 Cont TExc 88.84 867 250 1.77 042 0.09
2002 AUG 1 Cont Graze 93.17 6.45 0.37 136  0.37 0.03
2002 AUG 1 Thin CExc 9466 4.95 - 0.38 161 0.23 0.02
2002 AUG 1 Thin  TExc 80.23 1743 2.35 229 054 0.07
2002 AUG 1 Thin  Graze 80.62 1542 3.95 132 071 0.23
2002 AUG 2 Cont CExc 8091 17.08 2.00 112 0.74 0.46
2002 AUG 2 Cont TExc 79.67 1891 141 1.07 1.25 0.14
2002 AUG 2 Cont Graze 76.14 19.03 4.84 1.32  0.53 0.74
2002 AUG 2 Thin CExc 8598 11.22 2.80 126 041 0.63
2002 AUG 2 Thin  TExc 78.81 17.54 3.65 121 0.72 0.34
2002 AUG 2 Thin  Graze 72.12 26.02 1.86 1.28 069 0.33
2002 "AUG 3 Cont CExc 88.23 11.17 0.60 111 1.25 0.05
2002 AUG 3 Cont TExc 59.33 3348 7.19 093  3.56 0.27
2002 AUG 3 Cont Graze 88.39 11.27 0.34 1.15 0.65 0.06
2002 AUG 3 Thin CExc 8296 17.04 0.00 122 063 0.00
2002 AUG 3 Thin  TExc 83.91 15.24 0.85 1.19 0.83 0.08
2002 AUG 3 Thin  Graze  79.83 18.66 1.51 111 076 0.43

Timber harvest treatments: Thin — commerciai thinning; Cont - control.
Herbivory treatments: Graze - cattle and big game grazing; CExc -- cattie exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game grazing.
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Table 3. Nutritional quality of diets collected in June and August of 2001 and 2002 for
grand fir sites.

YEAR TIME Site LOGTRT  GRAZTRT NDF ADF IVOMD CP
2001 JUNE 1 Clear Graze 0.55 033  0.82 14.32
2001  JUNE 1 Clear CExc 0.55 0.3¢  0.78 16.08
2001  JUNE 1 Clear TExc 050 034 0.74 18.44
2001  JUNE 1 Thin Graze 056 0.37  0.77 16.43
2001  JUNE 1 Thin CExc 0.55 0.35  0.78 15.62
2001  JUNE 1 Thin TExc 053 035  0.70 20.13
2001 JUNE 1 Cont Graze 058 041  0.75 16.87
2001  JUNE 1 Cont CExc 0.58 0.37 074 16.49
2001  JUNE 1 Cont TExc 055 040  0.75 17.42
2001  JUNE 2 Clear Graze 057 034 0.76 12.19
2001  JUNE 2 Clear CExc 0.57 041  0.75 14.46
2001  JUNE 2 Clear TExc 056 035 077 14.77
2001  JUNE 2 Thin Graze 057 0.37 076 14.12
2001  JUNE 2 Thin CExc 056 0.39 076 15.55
2001  JUNE 2 Thin TExc 055 0.39 072 13.12
2001  JUNE z Cont Graze 055 040 074 15.64
2001 JUNE 2 Cont CExc 060 042 077 13.98
2001  JUNE 2 Cont TEXC 0.58 0.39 0.75 12.74
2001  JUNE 3 Clear Graze 052 035 077 14.67
2001  JUNE 3 Clear CExc 053 034 076 14.21
2001  JUNE 3 Clear TExc 053 032 673 14.25
2001  JUNE 3 Thin Graze 059 0.39 0.76 13.97
2001 JUNE 3 Thin CExc 655 036  0.76 13.10
2001 JUNE 3 Thin TExc 057 040 0.72 14.37
2001  JUNE 3 Cont Graze 056 043  0.75 16.50
2001  JUNE 3 Cont CExc 055 038  0.74 14.97
2001 JUNE 3 Cont TExc 0.58 043 072 15.14
2001 AUG 1 Clear Graze 0.60 0.38 0.74 16.09
2001  AUG 1 Clear CExc 062 039  0.75 10.39
2001  AUG 1 Clear TEXC 060 037  0.78 9.91
2001 AUG 1 Thin Graze 059 040  0.69 9.08
2001  AUG 1 Thin CExc 057 037 0.76 8.93
2001  AUG 1 Thin TExc 060 0.44  0.61 8.87
2001  AUG 1 Cont Graze 0.56 045  0.75 10.70
2001 AUG 1 Cont CExc 066 042  0.74 9.17
2001 AUG 1 Cont TExc 065 044  0.72 9.83
2001  AUG 2 Clear Graze 059 037 0.5 8.46
2001  AUG 2 Clear CExc 065 042  0.70 9.85
2001 AUG 2 Clear TExc 060 039 0.70 9.06
2001  AUG 2 Thin Graze 059 042  0.70 8.72
2001  AUG 2 Thin CExc 060 041 072 9.49
2001 AUG 2 Thin TExc 0.52 041  0.70 9.47
2001  AUG 2 Cont Graze 061 044 072 9.67
2001  AUG 2 Cont 065 043 071 8.52

CExc
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LOGTRT _ GRAZIR!

NDF

YEAR TIME Site ADF IVOMD CP

2001 AUG 2 Cont, TExc 0.64 043 0.68 8.52
2001 AUG 3 Clear Graze 0.57 0.34 0.76 9.13
2001 AUG 3 Clear CExc £.58 0.35 0.77 10.32
2001 AUG 3 Clear TExC 059 0.34 0.74 9.42
2001 AUG 3 Thin Graze 0.56 0.37 0.75 9.34
2001 AUG 3 Thin CExc 0.61 0.39 0.68 10.00
2001 AUG 3 Thin TEXC 0.58 0.39 0.69 8.62
2001 AUG 3 Cont (Graze 0.61 0.46 0.69 9.37
2001 AUG 3 Cont CExc 0.64 0.43 0.63 9.40
2001 AUG 3 Cont TExc 0.58 0.46 0.67 9.07
2002 JUNE 1 Clear Graze 0.56 0.42 0.84 14.92
2002 JUNE i Clear CExc 0.59 0.44 0.81 12.97
2002 JUNE 1 Clear TExc 0.59 0.42 0.81 14.95
2002 JUNE 1 Thin Graze 0.53 0.43 0.80 14.34
2002 JUNE 1 Thin CExc 0.60 (.44 0.82 14.51
2002 JUNE 1 Thin TExc 048 0.37 0.85 14.75
2002 JUNE 1 Cont Graze 0.51 0.44 0.79 14.48
2002 JUNE 1 Cont CExc 0.57 0.45 0.79 14.57
2002 JUNE ! Cont TEXc 0.57 0.45 .0.86 14.49
2002 JUNE 2 Clear Graze 0.58 041 0.79 14.88
2002 JUNE 2 Clear CExc 059 041 0.81 14.02
2002 JUNE 2 Clear TExe 0.58 - 0.41 0.79 14.29
2002 JUNE 2 Thin (Graze 0.53 0.41 0.84 14,52
2002 JUNE 2 Thin CExc 0,55 0.4C 0.83 16.37
2002 JUNE 2 Thin TExC L0.57 045 0.81 13.98
2002 JUNE 2 Cont Graze 0.52 0.43 0.79 15.79
2002 JUNE 2 Cont CExe 0.52 .0.42 0.86 13.80
2002 JUNE 2 Cont TExC 0.60 0.48 0.82 12.68
2002  JUNE 3 Clear Graze 0.56 0.38 0.83 14.29
2002 JUNE 3 Clear CExc 0.55 0.37 0.85 15.76
2002 JUNE 3 Clear TExc 0.58 0.37 0.83 15.20
2002 JUNE 3 Thin Graze 0.48 0.39 0.84 14.16
2002 JUNE 3 Thin CExc 0.60 043 0.84 14.26
2002 JUNE 3 Thin TExc 0.57 0.44 0.83 14.48
2002 JUNE 3 Cont Graze 0.57 0.44 0.79 15.38
2002 JUNE 3 Cont CExc 0.58 0.44 0.80 14.50
2002 JUNE 3 Cont TEXC 0.45 040 0.79 14.31
2002 AUG 1 Clear Graze 0.59 0.44 0.75 10.81
2002 AUG 1 Clear CExc 0.59 0.42 0.70 10.37
2002 AUG 1 Clear TEX: 0.58 0.40 0.75 11.67
2002 AUG 1 Thin Graze 054 041 071 10.80
2002 AUG i Thin CExc 0.57 040 0.76 9,16

2002 AUG 1 Thin TExc 059 044 071 9.92

2002 AUG 1 Cont Graze 0.53 045 0.72 10.17
2002 AUG 1 Cont CExc 0.56 041 0.76 10.80
2002 AUG 1 Cont 0.55 0.46 0.74 11.16

Exc
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LOGTRT

NDF

YEAR  TIME Site CRAZTRT ADF  IVOMD cP

2002 AUG 2 Clear Graze 0.57 0.46 0.71 9.96
2002 AUG 2 Clear CExc 0.58 0.40 0.73 5.80
2002 AUG 2 Clear TExc 0.60 0.45% 0.72 12.20
2002 AUG 2 Thin Graze 0.54 0.38 0.75 11.02
2002 AUG 2 Thin CExc 0.50 0.37 0.78 11.76
2002 AUG 2 Thin TExe 0.59 0.43 0.72 10.62
2002 AUG 2 Cont 1Graze 255 037 0.76 11.05
2002 AUG 2 Cont CExc 053 043 0.71 11.52
2002 AUG 2 Cont TExc 0.62 0.46 0.77 10.61
2002 AUG 3 Clear Graze 0.56 0.38 0.77 11.87
2002 AUG 3 Clear CExc 054 0.41 0.76 12.09
2002 AUG 3 Clear “TExc 0.56 0.37 0.75 13.44
2002 AUG 3 Thin Graze 054 040 0.72 12.97
2002 AUG 3 Thin CExc 0.53 042 0.72 11.60
2002 AUG 3 Thin ‘TExc 0.54 041 0.73 12.53
2002 AUG 3 Cont Graze 0.5 0.44 0.74 10.37
2002 AUG 3 Cont CExc 0.58 0.44 0.68 10.96
2002 AUG 3 Cont Exc 0.53 044 0.63 12.01

Tirmber harvest treatments: Clear — clearcut, Thin - crownthinning; Cont ~ contrdl. -

Herbivory treatments: Graze — cattle and 'big game grazing; CExc - cattle exclosure, big
game grazing only; TExc — total exclosure, exclusion of cattle and big game grazing.



208

Table 4. Botanical composition and relative preference index for steer diets collected in
June and August of 2001 and 2002 for the grand fir sites.

Botanical Composition Relative Pref. Index

YEAR TIME Site Timber  Herb. Grass Forbs Shrubs Grass Forbs Shrubs
Harvest Trt.
2001 JUNE 1 Clear CExc 87.92 12.08 0.00 1.55 0.66 0.00
2001 JUNE 1 Clear TExc 83.04 16,96 0.00 1.44 061 0.00
2001 JUNE 1 Clear Graze 83.05 16.95 0.00 147 0.52 0.00
2001 JUNE 1 Cont CExc 77.94 22.06 0.00 155 0.84 0.00
2001 JUNE 1 Cont  TExc ©59.46 38.65 1.89 157 1.21 0.06
2001 JUNE Cont Graze 72.01 27.52 0.48 211 0.67 0.02
2001 JUNE Thin CExc 81.71 18.2¢ 0.00 1.08 1.14 0.00
2001 JUNE Thin TExc 81.82 18.18 0.00 1.24 1.79 0.00
2001 JUNE Thin Graze 82.56 17.44 0.00 1.23 0.80 0.00
2001 JUNE Clear CExc 86.43 13.57 0.00 1.64 1.39 0.00
2001 JUNE Clear TExc 88.25 11.12 0.63 1.21 1.22 0.03
2001 JUNE Clear Graze 89.61 10.39 0.00 1.63 1.08 0.00
2001 JUNE Cont CExc 77.88 22.12 0.00 149 356 0.00
2001 JUNE Cont TExc 73.75 23.52 2.73 1.00 4.36 0.13
2001 JUNE Cont Graze 80.35 19.65 0.00 1.11  1.89 0.00
2001 JUNE Thin CExc 92.72 7.28 0.00 192 0.19 0.00
2001 JUNE Thin TExc 69.55 30.01 044 - 105 3.60 0.02
2001 JUNE Thin Graze 82.91 15.01 2.08 1.51 1.27 0.06
2001 JUNE Clear CExc 90.05 9.95 0.00 1.33  0.37 0.00
2001 JUNE Clear TExc 93.81 6.19 0.00 1.24 .79 0.00
2001 JUNE Clear Graze 88.04 11.96 0.00 1.02 145 0.00
2001 JUNE Cont CExc 77.54 21.15 1.31 1.34 1.03 0.06
2001 JUNE Cont Graze 71.82 28.18 (.00 1.31 147 0.00
20601 JUNE Thin CExc 87.00 11.83 1.17 1.17 1.93 0.06
2001 JUNE Thin TExc 89.85 9.43 0.72 1.27 0.76 0.04
2001 3UNE Thin Graze 75.31 19.18 551 1.06 1.81 0.30

Clear CExc 9271 729 000 164 040 0.00
Clear TExc 91.02 898 000 158 0.32 0.00
Clear = Graze 93.07 593 000 1.65 0.21 0,00
Cont CExc 84.62 14.13 126 168 0.54 0.05
Cont TExc 63.57 3590 053 168 113 0.02
Cont Graze 54.50 45.50 0.00 1.59 1.11 0.00
Thin  CExc 88.13 11.87 000 116 0.74  0.00
Thin  TExc 76.17 2256 126 115 222  0.05
Thin  Graze 84.26 1574 0.00 125 072  0.00
Clear CExc 92.4¢ 7.51 0.00 175 077 0.00
Clear TExc €9.75 10.25 0.00 123 113  0.00
Clear Graze €295 1631 074 151 169  0.02
Cont CExc 84.5¢ 14.75 067 1.62 237 0.02
Cont TExc 80.67 17.54 179 1.10 3.25 0.08
Cont Graze 80.60 18.30 1.09 112 176 0.06

2001 AUG
2001 AUG
2001  AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001 AUG
2001  AUG
2001 AUG
2001 AUG

1
1
1
1
2
2
2
2
2
2
2
2
2
3
3
3
3
2001 JUNE 3 Cont TExc 64.85 3173 337 215 111 0.08
3
3
3
3
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2001 AUG 2
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Table 4. continued.

ﬁgﬁ_@gﬁg@ositign Relative Pref. Index

Timber Herb.

Harvest Trt. Grass - Forbs Shrubs Grass Forbs Shrubs

YEAR TIME Site

2001 AUG 2 Thin CExc 85.54 1284 1.61 1.77  0.33 0.13
2001 AUG 2 Thin TExc 82.86 16.50 0.64 1.26 1.98 0.02
2001 AUG 2 Thin  Graze 81.97 17.47  0.56 149 148 0.02
2001 AUG 3 Clear CExc 9557 4.43 0.00 141 0.16 0.00
2001 AUG 3 Clear TExc 95.08 4.52 0.00 1.25 0.63 0.00
2001 AUG 3 Clear Graze 93.09 6.91 0.00 1.08 0.84 0.00
2001 AUG 3 Cont CExc 77.36 2037 227 1.33 099 0.11
2001 AUG 3 Cont TExc 57.60 33.20 9.19 191 117 0.22
2001 AUG 3 Cont Graze 79.78 17.69  2.53 1.45 093 0.10

- 2001 AUG 3 Thin CExc 95.67 3.88 0.46 1.28 0.63 0.02
2001 AUG 3 Thin TExc 73.64 2394 241 1.04 192 0.14
2001 AUG 3 Thin  Graze 93.59 6.41 0.00 1.32 0.60 0.00
2002 JUNE 1 Clear CExc 95.50 4.50 0.00 1.69 0.25 0.00
2002 JUNE 1 Clear TExc 87.13 12.87 0.00 151 0.46 0.00
2002 JUNE 1 Clear Graze 94.20 5.80 0.00 1.67 0.18 0.00
2002 JUNE 1 Cont CExc 76.76 2194 131 1.53 0.83 0.06
2002 JUNE 1 Cont TExc 7581 24.19 0.00 200 0.76 © 0.00
2002 JUNE 1% Cont Graze 68.83 30.23 0.94 201 074 0.04
2002 JUNE 1 Thin CExc 8791 12.09 0.00 116 0.75 0.00
2002 JUNE 1 Thin TExc 8343 1609 048 - 126 159 0.02
2002 JUNE 1 Thin Graze 8162 1838 0.00° 121 085 0.00
2002 JUNE 2 Clear CExc ©95.70 4.30 0.00 1.81 044 0.00
2002 JUNE 2 Clear TExc 94.17 4.29 1.54 1.29 047 0.08
2002 JUNE 2 Clear Graze 95.93 2.9 1.17 1.75 0.30 0.03
2002 JUNE 2 Cont CExc 82.4% 17.52 0.00 1.57 2.82 0.00
2002 JUNE 2 Cont 7TExc 84.32 1568 0.00 115 291 0.00
2002 JUNE 2 Cont Graze 88.73 i1.27  0.00 1.23  1.08 0.00
2002 JUNE 2 Thin CExc 94.14 5.86 0.00 1.95 0.15 0.00
2002 JUNE 2 Thin TExc 89.19 10.32 0.49 1.35 1.24 0.02
2002 JUNE 2 Thin  Graze 90.29 9.71 0.00 1.64 0.82 0.00
2002 JUNE 3 Clear CExc 95.27 4.73 0.00 1.41 0.17 0.00
2002 JUNE 3 Clear TExc 97.53 2.47 0.00 1.28  0.32 0.00
2002 JUNE 3 Clear Graze 89.68 10.32 0.00 1.04 1.25 0.00
2002 JUNE 3 Cont CExc 7440 24.08 1.52 1.28 117 0.07
2002 JUNE 3 Cont TExc 56.44 38.05 552 1.87 134 0.13
2002 JUNE 3 Cont Graze 90.04 9.96 0.60 1.64 0.52 0.00
2002 JUNE 3 Thin CExc 93.59 641 0.00 1.25 1.04 0.00
2002 JUNE 3 Thin TExc 74.62 2480 0.58 1.06  1.99 0.03
2002 JUNE 3 Thin  Graze 8333 1475 1.92 1.18 1.39 0.10
2002 AUG 1 Clear CExc 91.58 8.42 0.00 1.62 0.46 0.00
2002 AUG 1 Clear TExc 82.02 17.98 0.00 1.42 0.64 0.00
2002 AUG 1 Clear Graze 87.49 12.51 0.00 1.55 0.39 0.00
2002 AUG 1 Cont CExc 59.66 3954 0.79 1.19 1.50 0.03
2002 AUG 1

Cont TExc 44.28 48,55 7.18 1.17  1.52 0.24
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Table 4. continued.

" Botanical Composition Relative Pref. Index

Timber Herb.

7 Loy peh .
Harvest Trt. Grass Ferbs  Shrubs  Grass Forbs  Shrubs

YEAR TIME Site

2002 AUG 1 Cont Graze 62.07 3792 0.90 1.81 0.90 0.04
2002 AUG 1 Thin CExc 88.48 1152 0.00 1.17  0.72 6.00
2002 AUG 1 Thin TExc 76.69 23.31  0.00 1.16 2.30 0.00
2002 AUG 1 Thin  Graze 79.60 1875 161 1.18 0.87 0.15
2002 AUG 2 Clear CExc 88.53 9.79 1.68 168 1.00 0.04
2002 AUG 2 Clear TExc 83.54 13.82 2.64 115  1.52 0.15
2002 AUG 2 Clear Graze 65.35 25.85 8.80 119 2.68 0.25
2002 AUG 2 Cont CExc 7008 936 20.57 134 151 0.50
2002 AUG 2 Cont TExc 80.52 19.48 0.00 1.09 3.61 0.00
2002 AUG 2 Cont Graze 84.63 14.35 1.03 117 1.38 0.06
2002 AUG 2 Thin CExc 8332 1429 2.38 1.72  0.36 0.19
2002 AUG 2 Thin TExc 84.30 1570 0.00 128 1.88 0.00
2002 AUG 2 Thin  Graze 78.75 19.22 2.03 143 1.62 0.06
2002 AUG 3 Clear Ckxc 85,82 1333 085 127 049 0.17
2002 AUG 3 Clear TExc 98.13 1.87 0.00 1.29 0.24 0.0C
2002 AUG 3 Ciear Graze 98.03 149 0.48 1.13 0.18 0.0%
2002 AUG 3 Cont Cexc 66.13 2582 8.06 1.14 = 1.26 0.38
2002 AUG 3 Cont TExc 43.99 4676 9.25 146 1.64 0.22
2002 AUG 23 Cont Graze 80.24 10.83 8.93 146 0.57 0.34
2002 AUG 3 Thin CExc 77.32 1263 10.05 1.04 2.06 0.52
2002 AUG 3 Thin  TExc 70.64 2476 4.60 1.00 199 0.27
2002 AUG 3 Thin  Graze 78.57 1500 6.43 1.11 141 0.35

Timber harvest treatments: Clear - clearcut, Thin ~ crownthinning; Cont - control.
Herbivory treatments: Graze — cattle and big game grazing; CExc — cattle exclosure, big
game grazing only; TExc ~ total exclosure, exclusion cf cattle and big game grazing.





