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Abstract:

Ungulate impacts on woody vegetation have been a concern in Montana for a half-century. Exclosures
were built on many areas of concern to determine if ungulates were affecting browse species. Most
exclosures were built many decades ago, thus allowing impacts of long-term browsing to be realized.
My objective was to determine the condition and trend of a variety of browse species. This was
achieved by comparing browse species growing inside exclosures to browse species on
environmentally similar areas outside. Thirty-two exclosures restricting the access of all ungulates were
evaluated across many different environmental types. Methods that evaluated short shrub species (< 2
m), tall shrub species (> 2 m) and trees, primarily aspen (Populus tremuloides Michx.), were used.
Dominant browse species impacted included bearberry (Arctostaphylos uva-ursi [L] Spreng.), big
sagebrush (Artemisia tridentata Nutt.), bitterbrush (Purshia tridentata (Pursh) DC.), curlleaf mountain
mahogany (Cercocarpus ledifolius Nutt, ex Torr. & Gray), horizontal juniper (Juniperus horizontalis
Moench), chokecherry (Prunus virginiana L.), serviceberry (Amelanchier alnifolia (Nutt.) Nutt.),
willow (Salix L.), and aspen. Browsing was found to have had an impact on browse species at 22 sites.
In addition, 5 sites were considered areas of caution because not all methods of evaluating browsing
impacts agreed. These sites were likely coming out of a period of intense browsing or entering a period
of intense browsing. No browsing impacts were found at 2 sites. At the remaining 3 sites, differences in
browse species inside and outside exclosures were attributed to factors other than browsing such as
natural successional changes. Sites with no browsing effects were not related geographically within
Montana. Impacts were found at both the oldest exclosure (57 yrs) and most recent exclosure (10 yrs).
My findings imply browsing levels have been and remain a deterrent to development of shrub and
aspen communities throughout Montana.



T "

vy ¥

e

BROWSE CONDITION AND TREND ON MONTANA

UNGULATE RANGES

by

Scott Karl Thompson

A thesis submitted in partial fulfillment
of the requirements for the degree

of
Master of Science
in

Animal and Range Sciences

MONTANA STATE UNIVERSITY
Bozeman, Montana

December 2002



= ii
N334
T3
APPROVAL
of a thesis submitted by
Scott Karl Thompson

This thesis has been read by each member of the thesis committee and has been
found to be satisfactory regarding content, English usage, format, citations, bibliographic
style, and consistency, and is ready for submission to the College of Graduate Studies.

Dr. Carl L. Wambolt ~_( ;:Zé/ W HYov. 27 2062

(Signature) Date

Approved for the Department of Animal and Range Sciences

Dr. Mike W. Tess . 2/2for
(Signature) Date

Approved for the College of Graduate Studies

Dr. Bruce R. McLeW

(Signature)




iii

STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requirements for a master’s .
degree at Montana State University, I agree that the Library shall make it available to -
borrowers under rules of the Library.

If T have indicated my intention to copyright this thesis by including a copyright
notice page, copying is allowable only for scholarly purposes, consistent with “fair use’
as prescribed in the U.S. Copyright Law. Requests for permission for e);tended quotation
from or reproduction of this thesis in whole or in parts may be granted only by the

copyright holder.

Signature J (:ﬁ;?’ %AA—\ _

Date /z(/zl/az




iv

ACKNOWLEDGMENTS

Many people assisted me with this study and made it possible. I would like to
thank Dr. Carl Wambolt for not only serving as my major advisor, but for having the
patience to help me through my graduate studies. Thanks also to my graduate committee
members: Dr. Richard Keigley, Dr. Lynn Irby, and Mike Frisina for all their guidance. 1
want to acknowledge Montana Fish Wildlife and Parks who provided funding, vehicles
and logistical support. I am indebted to the many Montana Fish Wildlife and Parks
biologists who helped me locate exclosures and collect data; including Steve Knapp, Bob
Harrington, Gary Hammond, Gary Olson, Jim Williams, Tim Thier, John Firebaugh,
Charlie Eustace, Shawn Stewart, Bob Henderson, Bob Brannon, Mike Frisina, Mark
Sullivan, Pat Gunderson, Greg Risdahl, John Ensign, and Craig Fager. Riéﬁard Mackie
provided me with many of the historical photographs, exclosure locations, and trend data
that are an important part of my thesis. Thanks also to the folks at the Theodore
Roosevelt Memorial Ranch for their hospitality and assistance. I would especially like to
thank my family for their encouragement and patience througﬁ the Vlast 2 years. Last but
not least, thank you Jill for your support and the many things yoﬁ dld to contribute to this

study.



v

TABLE OF CONTENTS
LIST OF TABLES .......ooiutorertnnrnnresiesresiessemmessessssscsssssessesssssssssssssssssessssssessssmossossensenss ix
LIST OF FIGURES .......coovmrrrsrrrerrenrsessesssssssssscssessansessnsessssssssnsssssssssnsssessesssessensenss X
ABSTRACT ... risessissssies et sessesessssssssssssensesssssessesssssssssssssssssssessssssessssses XV
1. INTRODUCTION ....cctrirerereernsresnssessresssesersesessossesssssssssssssssssssenssssssssssssssasssenssssssrns 1
2. LITERATURE REVIEW ....c.covtmnimreereriererinesessescssnemsessssssssesssenssssssssssssssessssssssssons 3
Browse Species 0n the Landscape .........ccucureecuneeisesisesenssesmesseessesesesssnsssssssssesssis3
ECOSYStEM FUNCLION .....cucuericrrresennenieneeescsese s ssesencrsssassssssessssssasessnssessssssessenes 3
Historical Management.........eueceamiesuermessssnseesesessessesesnsssessasssssssssssssssssessesasses 3
Value of Browse to Wild UnGUIates .......c.c.ovuveuseereeeeeessseerseessensessessesssssssssessssesssseses 4
FOTAGE vttt seses s sessssas ssasssssnssmesensssssensasnsanes 4
COVET i sreeiste s es s seee s sesssaseeesesssemseesess e e sse s e e ns e emens 6
REPIOQUCLIVE SUCCESS ....oecumeeienrreerrerererescissessessessesssssssessssssassssssssssssessessssens 7
EXCIOSULES ....ecoutiiieitecneceecrensrisesnesiessenies s ssensssscssessesenssnsssnsssesnssssssoessssss s ensssesens 7
Microchimate in EXCLOSUIES c..vuevuveeuruiusivecncensenseseesassssesessssesssssessessessessessessensens 8
SUCCESSION IN EXCIOSUIES ..covuuruerrreuerrnsersssisecscseesaesesesessesssnsessssessssssssessesssenne 8
Ungulate Impacts 0n Browse SPECIes........uuuueurmrmreeerreesssseessesssseressesssesessessssesessens 10
METHODS & MATERIALS ......couevereererereisenceneeeessnssessesssssssessssessssssssssssssseons 12
STUAY ATEAS.....oiurvirieisreecnirenseesieearesssnsnssessssessnssssnssesssnsessessnsssssssossesssssesessensenes 12
SELECHON. co..ueeetrcnitcereeseesretsnnesre s s seassssaseesasesstssnsssesssseessssesassossnsmssssssens 12
DESCTIPONS ...euvursivrucsennrnseaerisenisessemssnesessesensssesesssesssssessensresssssssssensaseessesenenss 12
Montana Fish, Wildlife & Parks RegIOn L.........ceeveruruerernerrsesessesssssensenses 15
1. SCAMItZ MINC.....uceiuieerrrerenrannaeseseenesessssseesesssnssessssassssessssssasssesesssses 15
2. TRIESEY LAKE ..u..eveereecenimrrnssssessensssessesnssssscsssnsessssessesssssssssssossessesssasessens 16
3. RODEItS MOUNLAIN......c.overererterrenseresscsssssssseseesesesssesessessssssossssosssssessesenss 16
B ADEFIAL oottt ceecesenseensssesessnssessesssnstas e seesens 16
5. POVETLY Flat.....cceiirecieeeieictsnenneeececsesesssnnssessnsessesssenessssssssssssesessnens 17
6. YOUNZ CIEEK ....ucuruurenrnrrerrtereeneremresesecessseeeeesassssssssesassssssss s sesssemsenes 17
Montana Fish, Wildlife & Parks REZION 2........ceveeueeeeevrerereeeeeensseesseesessseesnn 18
7. Dry CottONWOOd.......cererierrrernrerinereeecssnseeeessesessesssssessssssssessmsessensesenes 18
8. DIY CrEEK....uouuineeeereenerteseensensessnssssssesesssnsassesesssseseses s seesssesn e 18
9. BAAy CreeKu....uuuiimiececcrennrnsiensnensssneneesessscesssssssssssessessssosssssssossesnens 19
10. Ovando MOUNLAIN .......ccecueererenrererirsnseneeseseesssesssesssssessossssssessssens 19
Montana Fish, Wildlife & Parks ReZiOn 3........cocovueveeeeeeeseneeseosseesnsssmseseessns 19

11. POTCUPINE CIEEK .....curerurrirerirereniennrersesesessisenssssesesesssesssssssssessenssssesenses 19



vi

TABLE OF CONTENTS - CONTINUED

12. SNOWSIAKE SPIINES .ecevuererrriennrnrnereisreniesenseseseasssessesessecesssesssssenssasasenes 20

13, SCUAAET CrEeK...coverireeerrereerenirerinieresiarseeesnessessessesenssssssessssensssssssssnns 21

T4, HYAE CrEEK ...eoueurererenenrenreerirnneriteescscesseesesesssnssensnsssssssssssssessasesseses 22

15, WAl CTEEK ..uvveeeeenererrrneeneesseiernesssssssssssnsssnssssasssssessensssensssesssssssassssns 22

16. TEPEE CIEEK ...veurirrirerensecnusnisrerncsenennsessesessssnsesessssessssssssessesssssesesssasens 23

17, GAIdEn CrEEK ....coueevrererreeeeeieremseesesnsessssesesessessessesesessessssssensosesssssssse 24

18, ATINSIIONG c...uvrininiiirerseisasansenastssssssessssesesssssssssssessassessessessassesssssssnses 25

19. JONNSON CIEEK...c.cevereruerrerereerricnnnrseseessesessensesseseesesessssessasesesenssnonensasns 25

20. Crown Butte......c..oeuueuee.. heeeesiesettestsraeessanaesesieressrasesnnanesranesataserassssans 26

21, POLE CTEEK .cveueeriecrereeererrinreneeseecnsssessesssssessssensssasesessasssssssssessssasas 27
Montana Fish, Wildlife & Parks REZION 4......cvueeeeeereeemeerereseseesesssssesesssssssssns 28
22. DEET Hill....ueeeererererereeneeereeeesescsseconsssesssssnssssssensssasessssessessnsssesssssnsssens 28

23, MiIAAIE DIaW ....uceeereeereemrecnereeieenessensesessssnsssesssssesssssssessessestosessesnsnes 29

24, LenStra CrEEK .. .cucueeereeereeeeeience i eereeeveeesessesessessssssesmesssssssssssossesssens 30

25. 1500 ACTE....coveuerereeerereererereneeesssssssessasssssessessesessesessessnssssessenesesssens 30

26. SUN RIVET ...uveereiererereeerereseereseseeseencesesssessssessessssssssssssssssssssesessssssnes 31
Montana Fish, Wildlife & Parks REZION S.......eememeeeeeuererereeeeeereseeeneeeresensoes 32
27. SYKES COUIE.....cururerrrrrrrstrrmnsrssesessesesssesesssasssessasssessssssssssssssssssesssns 32

28. CTOOKEA CrEEK ..vevererererererererirseneseensnssssesessesssesesesssssssssensssasnsssssssasssane 32

29. PICKEE PNl ..ccreeereereeeerenesereensseieesecesesssseesensassssnssssssssssssssssssssssssssases 33
Montana Fish, Wildlife & Parks REZION 6.......cceeveeeeerveereeeeereneressesessssssnsens 34
30. SOUth RANCH ...ccueveeceeeretreetereterreree e snesssssssesensssssssssesesssesasesssses 34

31 PINE RIZE.....cueecuecrrnenencrensenneesesnsseisesesesessssssssssssnsasnsessessssssasasssessssaes 34

32, COttONWOO(.......coeeererererenrreserrnressrssesesensosssssssssssssssssasssasnssssssssssssssssses 34
FIE1d PrOCEAUTES.....cvurreureerererererincreesesensenseresssassassesssnsessesssssssssssssssesmsmsesemsnsnses 35
ShOTt SHIUD SPECIES ...cuurerirrrrrerrrirenieictessssisesssesessresssesssssasssssasassessessssssses 35
CaAnOPY COVET cu.uuveincraicnnrnrcnraessesanssessssssssssesesssnsssessasssssssssesssessesssssnsssses 35
DEDSILY o...ouceeiiisreensesensinsnsnesneresss s essescaseessssesessssnsassssssasassssesssasssssssosssases 36
Sagebrush Winter Forage Production..............ceeeeseereesessesesserssssssessorssssens 37
Tall SHIUD SPECIES «..cevrueuereerrceecececeseei e eesseensnesesesesssssessssssesss e e sses 38
Net Annual GIOWth RALE ......ceevveeererisereeneieeneeseeessersesesesserssssssssmssensees 38
Lifespan......ccoeriuemrereeerscnnnan ettt et se e s s e e te st s eneaen s s b ar et b sensestnsnnas 39
Height of Live and Dead: (LD Index) ........................................................ 40
Archltecture TYDES ettt naeese e ereseess s 40
TIEES. . ettt eseassaensnsssesasssese s e ee st e e e 42
Describing Browsing HiStOTY i...c.ueuiverurerenesensvessssessessensensesssssssssssssereeas 42
PROTOS ettt sssereseseaeseosesssensssassssssssssssssesensseseess s s 44
StatiStiCAl PrOCEAUIES ..cucvueuererereivrecrsieieeersesseersneeseessessesssesessesssssssesemsensesen e e, 44



vii

TABLE OF CONTENTS - CONTINUED

Individual Sites SUMMATIES c.vuurvuervvesnrerneeemmeseeeeeseessees e 45

Montana Fish, Wildlife & Parks ReGon 1......vu.eeoeoeeveeeoooeeeoooooooooooooo 45

1. SCHIMIZ MiNE...couvunrererirenrisreeeisseeceenssenessessceseee s oeesse s 45

2. THIFSEY LK€ couvurvevreecemnemesrsrnasessisssassemmesesssseesssesssoesseesses s oo sose oo 52

3. RODEItS MOUNLAIN. ....cvuruerearreereeecresenssmssnessnsssoessssssessss s 52

Ao ANEFIAL c.c.veoeeveiersceacnsenessnns s sesssseseesessseess s sss e ssme e e 53

3. POVEILY Flat...uu.couceciereinnenesieeiceeeceeeneseessessees oo essseseeeeeee s 54

6. YOUNG CTEEK w.....ocrveieecemeeanrteneese e emesessssassssesssssses s ssseneees e s 54

Montana Fish, Wildlife & Parks Region 2............oovuevoevveooooooooooooo 54

7. DIY COtONWOOU.......ucceeruermrrrenrnscreceesesseeseessesssssessessssessmsssesene s e 54

8. DIY CLEEK .u.ourunieecunrreessinssnssnseessenemssesssesssessososssss e ees s sessesen 55

9. EAAY CreeK..u..uuuemuieeecesemserressniersessemseeesssesssssssssssssssssssssees e see e, 56

10. OVANAO MOUNLAIN «...cuveeerenerenieaerieneeceeseeeseeseees s 56

Montana Fish, Wildlife & Parks Region 3........vvuevveeveeeveoooeooooooooooooooo 58

11. POTCUPING CTEEK......ovumrmmeerrarrraneresesssemmeeeesnsssses s sseees s seens 58

12. SNOWSIAKE SPIINGS «..eovevemrrerrramniesereseeesesesseesssoes oo 60

13. SCUAET Creek.......uucvmeeueerrereressrcesecesseesssesssss oo 60

14, HYAE CrEEK o..ouveeecemecemrreeenrceneeeeeeeeeesssessseos oo s oo 61

15, Wall Creek ....cuuuiveeceerenneressonceeeeeeeseeseess e 61

16. TEPEE CIEEK ...u.eveemmncrurreanrreeeeeseeeeeeeeseeeseee s seess e 61

17. Garden CIEEK ........uceemereenmeruemeeeaeseeeeessseesseeee s eseoe 62

18, ATINSIONG .oovovevevevcenecnnennsinnsinesfeeteessieessses e s eeeesenen 64

19. JOMNSON CLEEK ....cvuueueeceurreeretenesnceseessseesessessses oo eeess e 64

20. CrOWN BUHE.......c.oucvrmeceimnersensmsesesasesessemsssssssessssesssssessssmmseessses s 64

21. Pole CreeK.....omuervvneeereensenerrennn, reeterent it ae e s aese s s ane s bsnsnsansanens 65
Montana Fish, Wildlife & Parks Region 4...........vvuovveoooooooooooooooooooo 66 -

P22 DL = 1| OO 66

23. MiddIe DIaW ....ouccvveeeeccveesnnrrnneseesceeeesesssessessssseees s eeoesss s 67

24. LenSra CIEEK ..ouu.vvuvecemeeruaersesesnseseessesssssesssssssossossseseesese s 68

23. 1500 ACTE.uuenrvevcerecresssensnsreneesesesseeseessssesss s s oo 69

26. SUD RIVET caunevvveoecivnseseceessssssainasensssnssesenseeeesssssssssssesess oo eeese 70

Montana Fish, Wildlife & Parks REGION 5. 71

27. SYKES COULEE....vuu.vvveviceeeencrrreninssnnessssseesessesessssesss s oo 71

28. CTOOKEA CIEEK ......ouuonevmemereenrssrsesssneeemsssessessseses s eeoesesesoesenn 71

E e L B 72

Montana Fish, Wildlife & Parks Region 6..........oovvvveeomvvooooooooooo 72

30. South RANCh........coeeeeeeeeeeececeee e 72

31 PINE RIAGE..uuuvonecereeerennreneneeceeeeeeeeeseeessssess e oeeoeeoseosoeoe 74

32. COtONWOOL......veucrrrerecrrereersnasnes s essseeeensssessssssesss s s seeeesssess e 74

Dominant Short SKIub SPECIes ......uvrvuumurureeeeneeeeesemeessesssossssssossssoosoe s 75



viii

TABLE OF CONTENTS - CONTINUED

Big SAZEDIUSN......cevceinerecectetrtnece ettt s s s snssssesees e sees 76
BIttEIDIUSIL. ..ttt ettt s s s asessssesssesssssessssasaees 79
Curlleaf mountain MahOZANY.........cceevererereereirersiseensneserenesensensasessessensensssses 80
HOTZONLAL JUNIPET ...cuvieincereeerersienrienenssssesersesesesessssesessnsssssseesesmsssssasaesesans 81

: OTEZON IAPC.....uiririniencsneenennasrseeseessssesessssessessssssnssssessasessssssmssssnsssassssssnssnsasens 82
Dominant Tall ShIUb SPECIES ....cvvvurrverrmurrrrerererirrscsssesesssesessssessessesssssssssssens 83

© CROKECRHEITY ...uvveivinceiecnsienencisesssnnsasiessessssens s sasssessssssessssssssssasensasenssssaseas 83
SEIVICEDEITY ...vuiuiieinininneirerensennsiasssntnnesssesesessssssssssssesssssassesesessossssssesmessnsssens 84
WHOW.....oooetriiitisececcnesensssssss s ssesssae e sesss s sassssssssssessensasssnsensasessessnssns 86
Dominant TrEe SPECIES....cvumvmrrrerrrncrercresescsesensmssessenss eesressesteaeerteteaess e snnanren 89
ASDEIN ettt e e be s aastse s sttt rtssnensesass s snans 89
SUMMArY Of RESUILS «......ovecerrererrenieenrerererisessenssncsssesesessssesssesssssesssesesssssssessssessens 92

5. CONCLUSIONS AND IMPLICATIONS.......ccecevureemreecmeveeesesessseresnsnsssesssssssossssns 95
LITERATURE CITED .....cocceiineenmrnersnnseeseivensiaesiensessseessnssssssssssssssssessssssssessasssseses 98
APPENDICES ........................................................................................................... 107
Appendix A- Models and fOrMUIAS. ...ttt nennens 108
Appendix B - Trace SPECIES MEANS.........v..vuveceeceerenceerecnessessseesesssssssessssssssssssons 110
Appendix C - Descriptions of all eXcloSures Visited..........eewverreemeresessesersessesens 113
Appendix D - BIOWSE SPECIES liSt...u.uveruiuerereeeerererareesersenssesesssnesesssssssssessssssssesens 116
Appendix E - Models for predicting aspen age ...........oeoveeeeereeeesresresessssessssssenes 118
Appendix F - Summary maps for aspen and tall Shrubs ........evveveeverveueeereresrene. 120

~ ADPENAIX G = St€ PROLOS ..ccuveurrurrrrerrnseriersrsersssesscessmssnssssessssnseesnssssssssssssesssssens 122



X

LIST OF TABLES

Table
1. Locations of the StUAY areas......cccecvrenreirececresserssssesssssesssesescessssnsssesssssssssesssesaes

2. Characteristics Of the StUY areas.........c.cvvverrerveneecserseressrsensesessessesessasessssssssssnsns

3. Parameter means for browse species with > 1% canopy cover
LA SILE eorvesrrssisesecnssseniire iR Re st

4. Trend in percent canopy cover of browse species at Eddy Creek
+HTOM 1957 £0 2001.uunieeiireelenerninenssiers s ssssensssssssessenessssssscssnssssesesenes

5. Trend in percent canopy cover of browse species at Ovando Mountain
frOm 1959 10 2002.......cucuiimcrerrerirnsessiessnssessssesessesssssssessssssssssssssssasnsssssessenss

6. Parameter means of dominant short growing (< 2 m) shrub species :
1ns1de and outsrde exclosures ............................................................................

7. Parameter means of dominant tall growing (> 2 m) shrub species :
inside and outside exclosures

8. Models for production of big sagebrush winter forage.........ccoeeumrreierrenernneunncin.
9. Formulas used in tall shrub and tree methods ......................................................
lO Parameter means for browse specles < l% CANOPY COVET uverrrrsnssrasssasaeransrnenesanes

--------------------------------------------------------------------------------

11. List of all exclosures visited

-------------------------------------------------------------------------

13. Regression models to predict age of aspen from stem
circumference at ground level

--------------------------------------------------------------------------



X

LIST OF FIGURES

Figure

1. Location of the study areas in Montana..........c.ccevceeerrrennsessnssssicsisessusessessessescesaes
2. Porcupme Creek bi g game EXClOSUIE (7/02) .cuceecricurrrernersecccressnssesunsussssseeensnins
3. Snowﬂake Spnngs b1g game exclosure (5/01) ......
4. Scudder Creek big game exclosure in center on ndge top‘(7/01) ..........................
5. Hyde Creek b1g game exclosure (8/01) ............ ...... ...........

6. Tepee Creek blg game exclosure (5/02) Center of exclosure is the |
control section that was sampled

------------------------------------------------------------------------

7. Armmstrong big game eXCloSUre (7/02) ....eoeecreeereeerereeesaesseesnesessssesssssesensssssaseens
8. Johnson Creek 3-phase exclosure (8/02)..Big game exclosure on the
right with livestock exclosure just left and up from big game exclosure ...........

9. Crown Butte exclosure (7/02)...

--------------------------------------------------------------------------------

10. Pole Creek big game exclosure (8/02) ..............

11. Deer Hill 3-phase exclosure (7/01). B1g game excieeure in left
foreground and livestock exclosure to the right........cceeveeeseereccreecuns reresananens

12. Middle Draw 3-phase exclosure (7/01). Big game e)rclosure to the
right and livestock exclosure to the lefl.......ccuvvreereerereccrcrerecnrensnnsecsesenssensesenns

13. Sun River exclosure in Burdoff Creek (7/01) .....cceeeeeeevrerecrnerenennesneseernessesssanssenens
14. Sykes Coulee exclosure (6/02). Big game exclosure fence in center,
to the left is 1n51de and TIght OULSIAE ...ccucvereeeecreeereencercnnaeseeresse e se e srsaesesnene
15 Picket Pin 3-phase exclosure (7/02) Blg game exclosure in the center
and livestock exclosure to the left. Note horizontal juniper inside big .
BAME EXCIOSUTEC.....ueeieirreeurarenearacrnrenseetsesassssnssessssessssassessesssasssansssesessesesssansrsnsans
16. Transect layout with belt transect formed by sampling Im
on both sides of the line transect .

-------------------------------------------------------------------------



xi

LIST OF FIGURES - CONTINUED

Figure 7 ‘
17. The 4 architecture types 42
18. Intensrty of browsing on aspen at Porcupine Creek

recorded in CAlENdar YEArS ....ccccvvereersreeeirieneneeionsasesessssssnssssssssesssesssressssssssesessesses 59
19. Intensity of browsing on aspen in Wall Creek recorded in calendar years............ 62

20. Intensity of browsing on aspen at Garden Creek recorded in calendar years........ 63

21. Browsing intensity on aspen at Crown Butte recorded in calendar years............. .65
22. Periods of browsing intensity in Middle Draw recorded in calendar years........... 68
23. Intensity of browsing on aspen at Lenstra Creek recorded in calendar years........ 69

24. Intensity of browsing on aspen at the 1500 Acre site .
recorded IN CAIENAAT YEATS ....c.eourrmrrrereseeeeeereeeeresnieneseasaesessessesssesasessesnsenss 70

25. Intensrty of browsmg on aspen at South Ranch recorded in calendar years .......... 73

26. Reconstructed browsing history for aspen outside exclosures. Date each
- exclosure was built is to the right of €ach bar..........cevveererrnrrerernrrerenereresnsensene 89

27. Reconstructed browsing history for aspen inside livestock exclosures. Date = .

each exclosure was built is to the right of each bar .......cccvreeeeeerenerrenceeneenennnnas 90
28. Summary of impacts at' each site ........... ........ . ...‘ ....................... 94
29. Locations and dates 1ntense browsmg on aspen began ...... 121
30. Brows1ng 1mpacts on tall shrubs by site locatlon.....;.i....;..;:..: ............... 121
31. Thirsty Lake exclosure with thick comfer oVverstory (6/01) .....eeeeeeereervernereennes 123
32. Bitterbrush inside the Young-Creek livestock exclosure (7/01)......cueeeeereuennneee 123
33. Bitterbrush outside the Young Creek livestock exclosure (7/01) ............ | ......... 124

34, Dry Cottonwood exclosure (1961) ..................... .............................................. | ..124



xii

LIST OF FIGURES - CONTINUED

Figure

35. Dry Cottonwood €XClOSUTE (9/71) c.ueereeriireencrereensnenesesscnesssseeressssssesassssesansesssenns 125
36. Dry Cottonwood exclosure (6/01) .................... .......... 125
37. Sewiceberry inside Dry Creek exciosure (4/63) ...... 126
38, Serviceberry inside Dry Creek exclosure (6/01) v 126
39. Serviceberry outside Dry Creek eXcloSUTe (4773) s 127
40. Serviceberry outside Dry Creek exclosure (6/01)........cocemireeeeeerereseeeneresessesessnenns 127
41. Inside Eddy Creek exclosure (1957).......... rereseesstesaesseestesnesaeestessensssnessaneetasassenss 128
42. Inside Eddy Creek eXCloSUIE (6/01)....cccvvuruerriienirernnmeeresieniseivessseseosesssensessnsnseeses 128
43. Outside Eddy Creek eXclosure (1957) .....iviueireremieeerveeesesnssessssensseseesesssseessesssasses 129
44. Outside Eddy Creek €XcloSure (6/01) .....u.eucveviecreereresereenencresnencsessesssesssssssssnssenes 129
45. Ovando Mountain exclosure (10/60) .........cceereererereruerecsesrernsnssesesssssssssensassssnens 130
46. Ovando Mountain exclosure (8/02) ........ccccvreererennne cetresssasssassassanessorarnsnesansnaans 130
47. Mountain big sagebrush at Porcupine Creek exclosure (1957) .eevreereererrerenenens 131
48. Mountain big sagebrush at Porcupine Creek exclosure (7/02) ........oovevvevevveenene 131
49. Aspen and Geyer willow inside Porcupine Creek exclosure (1957) .....uueuuenee. 132
50. Aspen and Geyer willow inside Porcupine Creek exclosure (7/02) .......cuceueneeee. 132

51. Porcupine Creek exclosure (5/01). Inside exclosure is left of fence,
outside iS Tight Of fENCE.....curiecrerrcrrrrrernreerenreanncsineeneesessssnssessssessnssensssasssanens 133

52. Snowflake Springs exclosure (5/01). Left of fence is outside,
TIGHL IS INSIAC ... ciisereeereseeesesrresneresesessseiesessseneseaesssesessssssessssseseasssssonsrsnsssressassens 134

53. Curlleaf mountain mahogany inside Scudder Creek exclosure (7/01) ................ 134



xiii

LIST OF FIGURES - CONTINUED

Figure
54. Curlleaf mountain mahogany outside Scudder Creek exclosure (7/01) .............. 134
55. Aspen inside Wall Creek eXclosure (8/93) .....ucviverimvenieneerseneessensnsesessscsessssssens 135
56. Aspen inside Wall Creek exclosure (8/01)............... reeentessnesanrennes ...................... 135
57. Tepee Creek exclosure (5/02). Left of fence is inside, right is outside. . . ' -
Sampling occurred in control section in center of phc?to‘.“ ........... ersssnesserasssasenss 1 %6
58. Aspen inside Garden Creek exclosuré (5/02) ...... 136
59. Older aspen outside the Garden Creek exclosure‘(5/02) .’ ..... ....... 137
60. Aspen outside Garden Creek exclosure growing crodl;ed (5/02)137
61. Aspen inside the Cr;)wn Butte exclosure (7/02) .......................... 138
62. Aspen outside the Crown Butte exclosure (7/02) 138
63. Booth’s willow inside the Crown Butte exclosure (7/02).......c..cecveeverrveeerensverenene 139
64. Booth’s willow outside the Crown Butte exclosure (7/02).....c...coeeeeerevererevererenenne 139
65. Booth’s willow inside the Pole Creek exclosure (8/02)........covermerernsererevenenennnns 140
66. Booth’s willow outside the Pole Creek exclosure (8/02).......couemirermrereereevecsenenee 140
67. Limestone Hills exclosure (5/73). See Appendix C, Table 11 ....c.coemeverruvennes. 141
68. Limestone Hills exclosure (5/02). See Appendix C, Table 11 ...ccveueeremeurvenennns 141

69. Curlleaf mountain mahogany inside Lost Creek exclosure (6/01). See
AppPendix C, Table 11 ...ttt eeesme st st sssssssnssssssans 142

70. Curlleaf mountain mahogany outside Lost Creek exclosure (6/01). See
ApPENdixX C, TabIe 11 ...ttt sessessesesesssseesesssssasssssnsareses 142

71. Middle Draw exclosure (7/01). Right of fence is inside exclosure, left
is outside. Bebb willow in foreground and aspen in background.................... 142



Xiv

LIST OF FIGURES - CONTINUED

Figure |
72. Prcket P1n exclosure (9/71) Leﬂ of fence 1ns1de nght outsrde......;;..;...;....; ...... 143
73. Picket Pm exclosure (7/02) Left of fence 1n51de nght outs1de..;j..v.;.;.......... ....... 143
74. Honzontal Jumper 1ns1de Plcket Pin exclosure 977 1) ....................... ............ 144
- 175, Retake of horlzontal Jumper plant in Flgure 74 (7/02) ...... veeeeee 144
76. Wyomlng big sagebrush 1nsrde Pme Ridge exclosure (7/02) ............. 145
717. Wyommg b1g sagebrush outsrde Pine Rldge exclosure (7/02) ........... .......... 145
78 Wyomlng blg sagebrush msrde Cottonwood exclosure (8/02) ....... ...... SRR ;...146
79. Wyomlng b1 g sagebrush outside Cottonwood exclosure (8/02) ..... ..... 146

80. Cottonwood exclosure (8/02) Left of fence msrde nght out51de ...................... 147



Xv

ABSTRACT

Ungulate impacts on woody vegetation have been a concern in Montana for a
half-century. Exclosures were built on many areas of concern to determine if ungulates
were affecting browse species. Most exclosures were built many decades ago, thus
allowing impacts of long-term browsing to be realized. My objective was to determine
the condition and trend of a variety of browse species. This was achieved by comparing
browse species growing inside exclosures to browse species on environmentally similar
areas outside. Thirty-two exclosures restricting the access of all ungulates were
evaluated across many different environmental types. Methods that evaluated short shrub
species (<2 m), tall shrub species (> 2 m) and trees, primarily aspen (Populus .-
tremuloides Michx.), were used. Dominant browse species impacted included bearberry
(Arctostaphylos uva-ursi [L.] Spreng.), big sagebrush (Artemisia tridentata Nutt.),
bitterbrush (Purshia tridentata (Pursh) DC.), curlleaf mountain mahogany (Cercocarpus
ledifolius Nutt. ex Torr. & Gray), horizontal juniper (Juniperus horizontalis Moench), 3
chokecherry (Prunus virginiana L.), serviceberry (dmelanchier alnifolia (Nutt.) Nutt.),
willow (Salix L.), and aspen. Browsing was found to have had an impact on browse
species at 22 sites. In addition, 5 sites were considered areas of caution because not all
methods of evaluating browsing impacts agreed. These sites were likely coming out of a
period of intense browsing or entering a period of intense browsing. No browsing
impacts were found at 2 sites. At the remaining 3 sites, differences in browse species
inside and outside exclosures were attributed to factors other than browsing such as
natural successional changes. Sites with no browsing effects were not related -
geographically within Montana. Impacts were found at both the oldest exclosure (57 yrs)
and most recent exclosure (10 yrs). My findings imply browsing levels have been and -
remain a deterrent to development of shrub and aspen communities throughout Montana,
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CHAPTER 1
INTRODUCTION

Consideration of browse species is an integral part of natural resource
management. Tree and shrub species providing forage from leaves, twigs, and young
shoots are considered browse species (Webster 1996). Plant communities often include a
number of browse species and their ecological processes may depend on browse species. °
Specifically, shrubs and trees are vital cc.)mponents of wildlife habitats by providing
animals with necessary forage and cover (Urness 1989, Welch 1989). The sustainability
of many wildlife species is dependent on the browse in their habitat.

During the twentieth century, primarily the mid decades, resource managers
determined the need to study the impacts and extent of ungulate use of plant
communities. Browse use was, and still is, of great concern on winter ranges where wild
ungulates congregate. To evaluate the influence of ungulates on browse and other plants,
ungulate proof exclosures were constructed on many winter ranges and other areas of
concern across Montana. In some cases, 2 exclosure designs were built in the same area
to distinguish the impact of wild ungulates versus domestic ungulates on plant
communities. These exclosures offer insight to changes and differences in plant
communities in the absence or presence of all ungulates or the presence of only wild
pngulates.

Many of these exclosures remain functional, but are deteriorating and nearing the

end of their useful life. Many have not been rigorously measured in 20 years or more and
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maintenance of fences is lacking (Moynahan et al. 1999). The remaining functioning
exclosures provided a unique opportunity to evaluate the long-term effect of ungulate use
on browse species. Comparisons were possible acr6s§ a variety of environmental types
and management practices throughout Montana.

My objective was to determine the impact of long-term browsing by wild and
domestic ungulates on tree and shrub species grdwing under a vaﬁcfy of cnvironmehtal H
conditions and management scenarios. This objective was a;chicved by qﬁémtitativcly and
qualitatively comparing browse species inside exclosures to trh_be éame spécies outside |
exclosures. The goal of this research was to provide information t§ 1"GS>0uI"CGN managers‘
about the long-term impact and levél of ungulate use onV a v#fiety of br&wse species

throughout Montana. The data collected provide continuation of long-term studies

started by construction of these exclosures.
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CHAPTER 2 -

LITERATURE REVIEW .
Browse Species on the Landseape

Ecosystem Function. Browse species play an integral role in ecosystem function.
Shrubs cycle nutrients and provide protected and fertile sites for other plant species
(Garcia-Moya and McKell 1970, West 1989). Riparian function is dependent on willows
(Salix L.) to trap sediments and stabilize streambanks (Clary 1999, Shields et al. 1995).
Upland shrubs reduce overland water flow and reduce soil erosion (West 1989).
Infiltration and storage of soil moisture has been shown to be greater on shrub-dominated
ranges (West 1989). Browse species increase plant diversity of communities that in turn

increased community stability (McKell 1989).

v‘ Historical Management Indil;idual or agency obj ectiues of an area diotate
management of browse spemes Herblvory, ﬁre, herblcldes and use of machmery are
tools by whrch managers mampulate rangelands (V allentme 1989) F1re is the most
commonly used tool and has been extenswely used in sagebrush (Artemzsza L. ) |
domlnated ranges to 1mprove hvestock forage (McKell 1989, Vallentme 1989)
Followmg a bum llvestock forages are not always 1mproved and wildlife habltat can be
destroyed (F raas et al 1992 Wambolt et al 2001) Herblclde appllcatlon and use of
machmery are more 1ntenswe management practices used on smaller acreages and can be

used to control unwanted shrubs OVIcKell 1989 Vallentme 1989)
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Value of Browse to Wild Ungulates

Forage. Shrubs and trees, due to their growth habits and nutritive properties,
provide valuable forage to wildlife. Browse is especially important to wild ungulates in
the non-growing season (typically winter). Nutrient needs of wild ungulates drop to
maintenance or gestation levels during winter '(Welch 1989). Most range plkants do not
meet nutrient requirements at that time with the exception of browse specws (Cook
1972). Shrubs, as a vegetative class, have higher values for crude protem phosphorus
and carotene than most grasses or forbs during fall and wmter and typlcally remam more
digestible (Cook 1972). Browse species also typlcally grow taller and remaln above or
closer to the surface of the snow. |

Kufeld et al. (1973) reported browse species averaged 74% of mule deer |
(Odocoileus hemionus) diets in winter. Fecal analyses shonv that mule deef consnme the
greatest quantities of browse during winter months (Kasworm et al. 1984), but also l'ely '
on browse during summer months (Hansen and Clark 1977, Ngugi et al. 1992) Mule
deer and wllitetailed deer (Odocoileus virginianus) ramen analyses have also shown
dominant use of browse in winter (Lovass 1958, Martinka 1968, Wllkms, 1957). Pacet
al. (1991) reported green herbaceous vegetation dommated mule deer dlets durmg spnng,
summer and fall, but browse was dominant in winter.

Kufeld (1973) summarized elk (Cervus elaphus nelsoni) food llabit stndies vand
reported varying results relative to the forage value of plants in an area. Brovllse
dominated elk diets during winter in Montana, northern Idaho,northeas‘tern Washington,

New Mexico, Manitoba and Colorado (Blood 1966, Boyd 1970, DeNio 1938, Lang
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1958, Trout and Leege 1971). Young and Robinette (1939) in Idaho and Blood (1966)
in Manitoba found browse dominated elk diets in summer and fall. Other studies
included in Kufeld (1973) found shrubs and trees in elk diets at lesser amounts, but
browse still made up significant proportions of elk diets.

Antelope (Antilocapra americana) rely on browse species as a year round food
source (Bayless 1969, Cole and Wilkins 1958). In Montana, browse made up 34% of
rumen samples collected in summer, 80% in fall, and 70% in winter (Cole and Wilkins
1958). They reported silver sagebrush (Artemisia cana Pursh) and big sagebrush
(Artemisia tridentata Nutt.) as the most important species. Mountain big sagebrush (4.¢
ssp. vaseyana [Rydb.] Beetle) made up 76% of spring antelope diets and Wyoming big
sagebrush (4.7. Nutt. ssi). wyomingensis Beetle & Young) made up 91% of spring
antelope diets in south-central Wyoming (Ngugi et al. 1992). Ngugi et al. (1992)
reported antelope bitterbrush (Purshia tridentata (Pursh) DC.) made up 90% of aﬁtelope
diets in fall. Antelope in northeastern Montana heavily rely on big sagebrﬁsh
communities in winter (Martinka 1967). | |

| Bighorn sheep have been reported to use browse species for 25% of their summer
diet and up to 43% of their winter diet (Erickson 1972, Schallenberger 1966). Kasworm
et al. (1984) in northcentral Montana reported grasses were thé most important p;rt of
sheep diets throughout the winter, but use of browse was 23% in early winter and 42% in
late winter. Horizontal juniper (Juniperus horizontalis Moench), Dougla; fir, big

sagebrush and fringed sagewort were the browse species of greatest use.
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Browse was reported as the most important forage class for moose (4lces alces)
in Montana during all seasons (Schladweiler 1974). In southwest Montana, Domn (1970)
reported browée accounted fér 98.3% and 99.8% of all forage used by moose in summer
and winter, respectively. Moose were observed using willow dominated areas 84% of the
time in summer and 93% of the time in winter (Dorn 1970). Rumen samples of moose in
the Gallatin Mountains of Montana consisted of 88% browse in the fall, 99% in the
winter, and 94% in the spring (Stevens 1970). Various shrubs were found in moose diets,
but Douglas fir and aspen (Populus tremuloides Michx.) communities were conéidered
key winter ranges. Reviews of several moose studies reported moose primarily rely on

browse as forage year long and especially noted the importance of willow species

(Hosley 1949, Peek 1974).

Cover. Browse species provide necessary thermal and security cover for wildlife
according to growth habit and height of the tree or shrub (Umess 1989). Security
(hiding) cover was defined as “vegetation capable of hiding 90% of a standing adult deer
or elk from the view of a human at a distance equal to or less than 61 m (200 feet)”
(Thomas et al. 1979). Topography may add to security cover when the angle of
observation is elevated, but has not been demonstrated as an adequate substitute for
vegetation (Thomas et al. 1979). Mule deer rely on big sagebrush communities for
security cover year round (Carson and Peek 1987, Main and Coblentz 1996).
Conversely, Van Dyke et al. (1983) found bighorn sheep (Ovis canadensis) avoided
habitats with dense vegetation on gentle slopes. Bighom sheep prefer habitats with

greater sight distances.
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Wild ungulates select certain topographic features and vegetation (thermal
cover) that assist in maintaining a consistent body temperature. Deer and elk in the Blue
Mountains of Oregon during winter benefit most from multistoried conifer stands with
shrub understory for thermal cover (Thomas et al. 1979). Optimum thermal cover for
mule deer in southeastern Oregon consists of evergreen or deciduous trees or shrubs at

least 1.5 m tall and 75% crown closure (Leckenby et al. 1982).

Reproductive Success. The reproductive success of many wildlife species is
dependent on the browse in their habitat (Urness 1989). Optimum mule deer and elk
birthing habitat in the Blue Mountains of Oregon includes shrubs and trees 0.6 to 1.8 m
tall and a tree overstory of 50% crown closure (Thomas et al. 1979). Elk prefer calving
sites in open sagebrush or other shrub lands over adjacent conifer stands (Altman 1952,
Johnson 1951, Thomas et al. 1979) and deer prefer even denser shrub cover for fawning

(Fielder and McKay 1984).

Exclosures

Exclosures have been widely used in range and big game managément to evaluate
the impact of wild and domestic animals on vegetation and s;>ils (Anderson and Holte
1981, Brand’and Goetz 1986, Green and Kauffman 1995, J ones 1’1‘965, Kay and i3artos
2000, McArthur et al. 1988, Rice and Westoby 1978, Schultz and Leininger 1990,
Wambolt and Sherwood 1999, Young 1958). Daubenmire (1940) déﬁqes an exclosuré
as, “any experimental area, which is protected from the activitiés ofa pé.rticular class of

animal by a barrier such as a fence or screen.” A 3-phase exclosure system was designed
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to differentiate impacts of wild ungulates and domestic ungulates (Austin and Urness
1986, Young 1958). The 3-phase system includes an area enclosed by a 1.8 to 3 m tall
fence that prevents access of wild and domestic ungulates (big game exclosure). An area
enclosed by a 4-strand barbed wire fence, 1 m tall, restricts the access of domestic
ungulates, but allows wild ungulates to enter the area (livestock exclosure). The area
outside both of these exclosures receives use by both wild and domestic ungulates. Gross
and Knight (2000) caution results from livestock exclosures smaller than 4 ha that are

intended to allow access of elk.

Microclimate in Exclosures. Exclosures can produce different microclimates due

to factors such as increased shading and litter accumulation (McInnes et al. 1992). Soil
moisture can be higher inside exclosures (Lodge 1954, Smoliak et al. 1972). Lower soil
temperatures, less wind movement, and less evaporation may occur inside exclosures
(Whitman 1974). Differing microclimate and lack of some predatofs éan favor higher

rodent populations inside exclosures (personal observation).

Succession in Exclosures. Exclosures attempt to control ungulate herbivory while
maintaining other disturbances constant. Exclosures are said to recreate climatic climax
communities (Beetle 1974). Under traditional range ecology, excluding browsers enables
secondary succession to occur and vegetation inside the exclosure should represent the
climax state of the plant community (Clements 1916). Clementsian (1916) succession is

the invasion by different plant communities until a climax community is established.
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Brand and Goetz (1986) compared dominant growth forms inside exclosures to
vegetation outside exclosures to identify secondary succession.

Classical theories of range succession were not usefql in explaining vegetation in
exclosures in semiarid shrubla‘rilds‘ of xiortherh Utah due to incbnsistencies in the observed
plant community and the expected climax community (Rice and Westoby 1978). Smeins
et al. (1976) also noted that exclosures may not lead to climax conditions and concluded
that vegetation changes inside were adjustments in species dominance rather than species
replacement. Woody species established following a disturbance (herbivory) tended to
increase to a point of stabilization inside exclosures. These studies suggest that previous
disturbance and vegetation established immediately after disturbance may determine
community composition.

Anderson and Holte (1981) concluded that vegetation development without
grazing on sagebrush rangelands fit Egler’s (1977) stability/initial floristic model. The
stability/initial floristic model states that the relative abundance of a species largely
depends on the disturbance history and the vegetation composition at the time of
disturbance (Egler 1977). Under this theory, any stable community might be considered
climax.

Species richness and species divergity were reducved due Ato.declijnes in disturbance
(ungulate herbivory) inside exclosurevs ona riparian_community (Green and Kauffmgn _,
1995). Thi_s‘wQuld agree with Grime (1979) who presented cqmpetition models implying

that species that adapted to habitats with moderate disturbance (herbivory) are displaced .
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by competitive species when disturbance decreases. Erecting an exclosure provides the

decrease of disturbance.

| 'Ungl_llate Impacts on Browse’ Speciesk

Browsing and trampling can alter vegetation and have long-term effects on plant
communities (Naiman 1988). Wild ungulate impacts on browse species as shown by
exclosures have been documented on the Northern Yellowstone Winter Range (NYWR).
Big sagebrush canopy cover on browsed and protected (unbrowsed) areas averaged 6.5%
and 19.7%, respectively (Wambolt and Sherwood 1999). Production of winter forage
and density of big sagebrush were significantly greater (P < 0.0027) on protected areas
(Wambolt and Sherwood 1999). Kay (1995), also working on the NYWR, found -
significantly greater (P < 0.05) canopy cover, height, and volume of serviceberry
(Amelar}chier alnifolia (Nutt.) Nutt. ex M. Roemer), chokecherry (Prunus virginiana L.),
buffaloberry (Shepherdia canadensis (L.) Nutt.) and bitterbrush inside big game
exclosures than outside exclosures.

Aspen regeneration in Utah failed or was significantly lower (P < 0.08) where
cattle (Bos taurus), elk, and mule deer browsed as compared to excluded areas (Kay and
Bartos 2000). Maschinski (2001) reported significantly reduced (P < 0.005) plant height
and total branch length of Arizona willow (Salix arizonica Dorn) outside exclosures as
compared to protected plants. McArthur et al. (1988) reported mountain l;ig sagebrush
browsed and unbrowsed (protected) by mule deer had an average dead crown of 64% and

17%, respectively, and dead sagebrush plants were 11 times more common where mule
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deer browsed. An exclosure in central Washington revealed excessive use of snowbrush
ceanothus (Ceanothus velutinus Dougl. ex Hook.) and chokecherry by mule deer and elk
(Tiedemann and Berndt 1972). Snowbrush ceanothus canoi)y cover inside and outside
the exclosure was 14.1% and 0.1%, respectively, and chokecherry canopy cover was
4.6% and 0, respectively. Shrub species richness was significantly greater (P < 0.04)
inside exclosures than outside exclosures in Oregon (Moser and Witmer 2000). Moose
(Alces alces) browsing in Michigan opened the tree canopy outside exclosures, which |
increased the amount of shrubs and herbs in the understory (Brandnef et al. 1990,
Mclnnes et al. 1992). Excluded areas had significantly greater (P < 0.05) tree biomass
and less shrub and herb biomass (McInnes et al. 1992). -

Mackie (1973) evaluated browsing impacts on antelope bitterbrush, western
servic.eberry, curlleaf mountain mahogany (Cercocarpus ledifolius Nutt. ex Torr. &
Gray), and skunkbush sumac (Rhus trilobata Nutt.) by comparing shrub parameters
inside exclosures to parameters outside at 12 exclosures in western Montana. Percent
canopy cover of browse species was greater inside exclosures at 10 of the 12 sites.
Browsing did not suppress density of plants and twig production was typically greater on
shrubs that were browsed. Mackie (1973) cautioned against any generalizations
concerning influences of browsing due to variations in species, location, time, site or

other environmental conditions affecting browse species productivity.



1) SchmitzMine
2) Thirsty Lake

7 Roberts Mtn.
4) Ant Flat

5) Poverty Flat

6) Youngs Cr.

7) DryCottonwood
8) Dry Cr.

P) Eddy Cr.

10) Ovando Mtn.
11) Porcupine Cr.
12) Snowflake Spr.
I~ Scudder Cr.

14) Hyde Cr. 22) DeerHill

15 Wall Cr. 23) Middle Draw
16) Tepee Cr. 24y LenstraCr.
17) Garden Cr. 25) 1500 Acre
18) Armstong 26) Sun R.

19) Johnson Cr. 27) Sykes Coulee
20) Crown Butte 28) Crooked Cr.
21) Pole Cr. 2" PicketPin

30) South Ranch
31) Pine Ridge
32) Cottonwood

Figurel Location of study areas in Montana.

- Indian Reservation

- National Parks



Table 1. Locations of the study areas.
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: Legal Description UTM Coordinates

No. Name Region Section Township  Range Zone mE MN

1 Schmitz Mine 1 7 35N 25w 11 0655965 5408356
2 Thirsty Lake 1 34 36N 27W 11 0641675 5412134
3 Roberts Mtn. 1 35 35N 26W 11 0652368 5402026
4 Ant Flat 1 7 34N 25w 11 0656385 5399170
5 Poverty Flat 1 3 36N 28W 11 0631362 5420052
6 Young Cr. 1 12 37N 28W 11 0632179 5428066
7 Dry Cottonwood 2 6 SN 8W - 12 0372209 5119110
8 Dry Cr. 2 27 17N 27W 12 0650250 5229614
9 Eddy Cr. 2 31 I5N 22w 11 0695736 5209421
10 Ovando Mtn. 2 1 15N 12w 12 0343081 5215972
11 Porcupine Cr. 3 16 7S 4E 12 0481400 5008190
12 Snowflake Spring 3 12 9S 4E 12 0486744 4989828
13 Scudder Cr. 3 17 6S 2w 12 0336004 5018941
14 Hyde Cr. 3 27 9S 1w 12 0443528 4985059
15 Wall Cr. 3 14 108 w12 0446320 4978773
16 Tepee Cr. 3 7 9S SE 12 0487024 4990773
17 Garden Cr. 3 18 78 7E 12 0512791 5009718
18 Armstrong 3 25 2N SE 12 0495331 5083614
19 Johnson Cr. 3 18 IN 1E 12 0342898 5077768
20 Crown Butte 3 8 9S " 5E 12 0488378 4990122
21 Pole Cr. 3 11 78 7E 12 0418630 4955822
22 Deer Hill 4 18 27N 8w 12 0375033 5329034
23 Middle Draw 4 12 27N AW 12 0375033 5329034
24 Lenstra Cr. 4 1 27N 9w 12 0372937 5329591
25 1500 Acre 4 23 27N W 12 0371600 5326967
26 SunR. 4 5 2IN 8w 12 0374413 5274219
27 Sykes Coulee 5 33 9S 28E 12 0713122 4988356
28 Crooked Cr. 5 34 8S 27E 12 0703443 4996600
29 Picket Pin 5 6 58 15E 12 0583219 5031976
30 South Ranch 6 14 24N 27E 13 0355054 5300371
31 Pine Ridge 6 4 23N 38E 13 0360540 5293948
32 Cottonwood 6 2 3IN 30E 13 0294254 5373024
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Table 2. Characteristics of the study areas.

Site No.  Aspect Degrees of slope  Elevation (m) Sampling Date ~ Exclosure Age at

Sampling (years)
1 Sw 1 1023 June 2001 39
2 S 10 918 June 2001 39
3 NE 3 992 June 2001 39
4 Sw 10 945 June 2001 39
5 E 2 838 July 2001 43
6 w 2 812 July2001 -~ 43
7 S 17 1728 June 2001 40
8 A 34 1026 June 2001 41
9 Sw 3 1055 June 2001 42
10 Sw 32 1616 August 2002 45
11 W-SW 4 2113 May, June 56
2001
12 N 1 2046 . May 2001 - 53
13 SE 13 2041 July 2001 48
14 E 8 1972 August 2001 .. 39 -
15 E 9 1997 August 2001 10
16 S 16 2143 May2002 = 46
17 w 5 1712 May 2002 12
18 S 41 1786 June 2002 47
19 S 10 1880 June 2002 - - 35
20 S 30 2218 July 2002 57
21 E 2 2163 August 2002 -+ - 11-
22 NwW 10 1477 July 2001 13
23 NE 4 1489 ' July 2001 13
24 N 2 1416 July 2001 13
25 w 4 1527 July 2001 13
26 Sw 12 1363 July 2001 34
27 SE 2 1501 June 2002 38
28 E 8 : 1930 June 2002 ., 40
29 Sw 24 1870 July 2002 40
30 N 21 905 July 2002 15
31 SE 5 740 ~ July 2002 - 32
32 SE 3 704 August 2002 35

Montana Fish, Wildlife & Parks Region 1

1. Schmitz Mine. The Schmitz Mine site contains a single big game exclosure in

Lincoln County, 16.1 km (10 miles) east of Fortine on the Flathead National Forest Land.

The exclosure is approximately 0.2 ha in size. Douglas fir (Pseudotsuga menziesii
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[Mirb.] Franco) dominates the overstory with serviceberry (dmelanchier alnifolia
[Nutt.] ex M. Roemer), bearberry (Arctostaphylos uva-ursi [L.] Spreng.), snowberry
(Symphoricarpus albus [L.] Blake), spiraea (Spiraea douglasii Hook.), Oregon grape
(Berberis repens Lindl.), rose (Rosa woodsii Lindl.), and russet buffaloberry (Shepherdia
canadensis [L.] Nutt.) in the understory. Cattle were found grazing the site and evidence
of elk (Cervus elaphus nelsoni), mule deer (Odocoileus hemionus) and whitetailed deer

(Odocoileus virginianus) was found.

2. Thirsty Lake. The Thirsty Lake exclosure is in Lincoln County, approximately
16.1 km (10 miles) southwest of Eureka on the Kootenai National Forest. A single big
game exclosure approximately 0.2 ha in size exists at the site. Ponderosa pine (Pinus =
ponderosa P. & C. Lawson) and Douglas fir dominate the overstory. Antelope .
bitterbrush (Purshia tridentata [Pursh] DC.), Oregon grape, bearberry, snowberry, and
rose are the dominant understory browse species. Deer and elk sign was found but elk

presence was most noticeable.

3. Roberts Mountain. The Roberts Mountain exclosure is in Lincoln County,
approximately 24.2 km (15 miles) southeast of Eureka on the Kootenai National Forest.
A 0.2 ha big game exclosure exists at the site. Douglas fir and ponderosa pine dominate
the overstory. The primary browse species are bearberry,v Oregon grape, serviceberry,

and russet buffaloberry. Evidence of deer (presumably whitetailed deer) was found.

4. Ant Flat. The Ant Flat exclosure is in Lincoln County, about 8.1 km (5 miles)

west of Trego on the Kootenai National Forest. A bi g game exclosure with an adj écent
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livestock exclosure exists just east and uphill from the Ant Flat Forest Service Station.
Each are about 0.4 ha. The dominant overstory is Douglas fir and ponderosa pine.
Understory browse species are dominated by serviceberry, with russet buffaloberry,
bearberry, Oregon grape, snowberry, and rose present. A Forest Servige prescribed fire
consumed portions of both the libvestock and big game exclosures 1n 1998.4 Bumed areas
are characterized by a dense thicket of serviceberry shoots. Présence of deer, bresumably

mule deer and whitetailed, was found. Minimal evidence of cattle was found.

3. Poverty Flat. The Poverty Flat exclosure is approximately 24.2 km (15 miles)

west of Eureka on the west shore of Lake Koocanusa in Lincoln County. The exclosure
is on the Kootenai National Forest. A big game exclosure and a livestock exclosure exist,
each about 0.4 ha in size. Browse species at the site include serviceberry, russet
buffaloberry, antelope bitterbrush, Oregon grape, and bearberry. Limited evidence of

cattle was found. Whitetailed deer predominately use the area with minimal elk use in

winter.

6. Young Creek. The Young Creek exclosure is in Lincoln County approximately
24.2 km (15 miles) northwest of Eureka on the west shore of Lake Koocanusa on the
Kootenai National Forest. A 0.04 ha big game exclosure and a 0.2 ha livestock exclosure
are located at the site but on different environment types. Ponderosa pine dominates the
overstory at each exclosure. Antelope bitterbrush dominates the livestock exclosure and
surrounding area while antelope bitterbrush, serviceberry, bearberry, snowberry and rose

are found at the big game exclosure site. The area has had limited use by livestock. The
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area serves as important whitetail winter range with a few elk using the area (T. Their,

Mont. Fish, Wild. and Parks, unpubl. Data, 7/25/01).

Montana Fish, Wildlife & Parks Region 2

1. Dry Cottonwood. The Dry Cottonwood Creek exclosure is located in

Deerlodge County, 32.2 km (20 miles) Southeast of Deerlodgé, MT on the Deer Lodge
National Forest Land (Appendix G, Fi g. 36). There are 2 big game exclosures and 1
nonfunctioning livestock exclosure, each approximately 0.4 ha in size. Dominant browse
species include Douglas fir, Rocky Mountain juniper (Juniperus scopulorum Sarg.),
antelope bitterbrush, and chokecherry (Prunus virginiana L.) as well as various
understory shrubs. The Forest Service prescribed burned portions of both inside and
outside the big game exclosure in 1998. Measurements were taken in both unburned and
burned areas. The site is in a Forest Service rest-rotation grazing allotment during the

summer and serves primarily as an elk and mule deer winter range.

8. Dry Creek. The Dry Creek exclosure is in Mineral County about 16.1 km (10
miles) west of Superior on the Lolo National Forest. A single functioning big game
exclosure 0.4 ha in size is located on the hill slope above the West Fork of Dry creek.
Douglas fir is the dominant tree and serviceberry is the dominant shrub. Other browse
species include chokecherry, snowbrush ceanothus (Ceanothus velutinus Dougl. ex
Hook.), and mallow ninebark (Physocarpus malvaceus [Greene] Kuntze). Evidence of

elk, mule deer and whitetailed deer was found at the site.



19

9. Eddy Creek. The Eddy Creek exclosure is in Missoula County, located 8.1
km (5 miles) east of Alberton on the Lolo National Forest. A single 0.4 ha big game
exclosure exists. The browse community includes a ponderosa pine overstory with
serviceberry, bearberry, snowbrush ceanothus, spiraea, and common snowberry in the

understory. Past use of elk, mule deer, and whitetailed deer was found at the site.

10. Ovando Mountain. The Ovando Mountain exclosure is located in Powell

County, approximately 24.2 km (15 miles) north of Ovando. A 0.4 ha big game
exclosure is located on State of Montana land. Browse species include: Rocky Mountain
maple (Acer glabrum Torr.), serviceberry, chokecherry, snowbrush ceanothus, mountain
ash (Sorbus sp. L.) and pin cherry (Prunus pensylvanica L.F.). The area has historically
been a very important elk and mule deer winter range (B. Henderson, Mont. Fish, WildL.
and Parks, unpubl. data 8/6/02). In more recent years, the area has provided moderate

winter range for elk, mule deer, and whitetailed deer.

Montana Fish, Wildlife & Parks Region 3

11. Porcupine Creek. The Porcupine Creek exclosure is located in Gallatin
County approximately 16.1 km (10 miles) east of Big Sky, MT. It is a single exclosure
approximately 0.8 ha in size that excludes big game (Fig. 2). Plant communities at the
site support the following dominant browse species: Douglas fir, lodgepole piné (Pinus
contorta Dougl. ex Loud.), mountain big sagebrush (Artemisia tridentata ssp. vaseyana
[Rydb.] Beetle), Geyer’s willow (Salix geyeriana Anderss.), and aspen (Populus

tremuloides Michx.). The area serves primarily as an elk winter range for migrating
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Yellowstone National Park herds and some resident elk. Evidence of moose (Alces

alces) and mule deer was also found at the site.

Figure 2. Porcupine Creek big game exclosure (7/02).

12, Snowflake Springs. The Snowflake Springs exclosure is located in Gallatin
County on the west side of Highway 191 approximately 40.3 km (25 miles) south of Big
Sky. A single big game exclosure approximately 0.1 ha in size is located on the flood
plain of the Gallatin River (Fig. 3). The plant community is of a riparian type supporting
various willow species including GeyeCs willow and Booth’s willow (Salix boothii
Dorn). This area winters elk and moose from Yellowstone National Park and

surrounding areas.
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Figure 3. Snowflake Springs big game exclosure (5/01).

13. Scudder Creek. The Scudder Creek exclosure is 8.1 km (5 miles) south of
Polaris in Beaverhead County on Bureau of Land Management (BLM) land. A big game
exclosure, with a portion also excluding rodents, and a small livestock exclosure exists
(Fig. 4). The entire exclosure complex is about 0.2 ha. The dominant browse species is
curlleaf mountain mahogany (Cercocarpus ledifolius Nutt, ex Torr. & Gray) with Rocky
Mountain juniper, gray horsebrush (Tetradymia canescens DC.) and rubber rabbitbrush
{Chrysothamnus nauseosus [Pall.] Britt.) co-occurring. Mule deer have historically been

the primary browsers (South 1957).
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Figure 4. Scudder Creek big game exclosure in center on ridge top (7/01).

14. Hyde Creek. The Hyde Creek exclosure is in Madison County, 48.3 km (30
miles) south of Ennis above the Wall Creek Wildlife Management Area (WMA) on the
Beaverhead National Forest. A 0.2 ha big game exclosure exists at the site (Fig. 5). The
area is a mountain big sagebrush dominated site with gray horsebrush, rubber
rabbitbrush, green rabbitbrush (Chrysothamnus viscidiflorus [Hook.] Nutt.), and silver
sagebrush (Artemisia cana Pursh) also present. The site is in a rest-rotation pasture. The
area primarily provides elk wintering habitat, but supports elk, mule deer, and antelope

(Antilocapra americana) yearlong.

15. Wall Creek. The Wall Creek exclosure is in Madison County, about 48.3km

(30 miles) south of Ennis. The exclosure isjust south of the Wall Creek WMA on the
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Beaverhead National Forest Land. A 0.1 ha big game exclosure is at the site. Aspen is
the dominant browse species. In 1990, the stand of aspen inside the exclosure as well as
2 aspen stands outside the exclosure were clear cut. Therefore, use of browse is
evaluated on the regrowth since 1990. Cattle use the area as a part of a rest-rotation
grazing system. The area serves primarily as elk winter range, although elk, mule deer,

and whitetailed deer use the area year around.

Figure 5. Hyde Creek big game exclosure (8/01).

16. Tepee Creek. The Tepee Creek exclosure is in Gallatin County about 40.3 (25
miles) south of Big Sky. The exclosure is east of Highway 191 in the Tepee Creek
drainage. A single big game exclosure, about 0.4 ha in size, exists at the site (Fig. 6).

The area is dominated by mountain big sagebrush with gray horsebrush, green
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rabbitbrush and Oregon grape also occurring. Portions of the exclosure and adjacent
areas outside were subjected to experimental reseeding and contour furrowing treatments
in 1956. | only sampled areas that were not treated. The area serves primarily as an elk

and mule deer winter range, but also supports a few of these animals year around.

Figure 6. Tepee Creek big game exclosure (5/02). Center of exclosure is the control
section that was sampled.

17. Garden Creek. The Garden Creek exclosure is 48.3 km (30 miles) south of
Livingston near Daily Lake in Park County. The 0.2 ha big game exclosure is on the
Dome Mountain Wildlife WMA managed by MFW&P. The dominant browse species is
aspen but various willow species are also present. The area serves primarily as a
wintering area for elk migrating out of Yellowstone National Park. Mule deer and

whitetailed deer also use the area year around.
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18. Armstrong. The Armstrong exclosure is in Gallatin County, 16.1 km (10
miles) north of Bozeman on the Armstrong Ranch. One big game exclosure
approximately 0.008 ha in size is located on the site (Fig. 1). Browse species at the site
are chokecherry and antelope bitterbrush. The site is a critical mule deer winter range
and also supports a few mule deer year round (D. Pac, Mont. Fish, Wildl. and Parks,

unpubl. data 6/18/02).

Figure 7. Armstrong big game exclosure (7/02).

19. Johnson Creek. The Johnson Creek exclosure is in Deer Lodge County, 8.1
km (5 miles) west of Wise River on BLM land north of the Big Hole River. A big game

and connected livestock exclosure, each about 0.2 ha in size, exist at the site (Fig. 8).
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Dominant browse species at the site are mountain big sagebrush, Wyoming big
sagebrush {Artemisia tridentata Nutt. ssp. wyomingensis Beetle & Young), and basin big
sagebrush {A t Nutt. ssp. tridentata). Gray horsebrush and green rabbitbrush also occur
in lesser amounts. Cattle and sheep {Ovis aries) have historically grazed the area. In
more recent years, cattle have grazed the area in a rest-rotation grazing system. The area

is an important elk and mule deer winter range.

Figure 8. Johnson Creek 3-phase exclosure (8/02). Big game exclosure on the right with
livestock exclosure just left and up from big game exclosure.

20. Crown Butte. The Crown Butte exclosure is in Gallatin County, 40.3 km (25
miles) south of Big Sky on the east side of highway 191. The exclosure is located on the
Gallatin National Forest directly north of the Yellowstone National Park boundary line.

It is a big game exclosure approximately 0.8 ha in area (Fig. 9). The exclosure is built
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across a variety of browse communities including mountain big sagebrush, aspen, and a

complex of willow species. The area serves as an important winter range for elk that

have migrated out of Yellowstone National Park.

Figure 9. Crown Butte exclosure (7/02).

21. Pole Creek. The Pole Creek exclosure is located in Beaverhead County, about
64.4 km (40 miles) south of Alder on the Beaverhead National Forest land. A 0.4 ha big
game exclosure straddles Pole Creek (Fig. 10). Browse present includes various willow
species in the creek bottom and silver sagebrush, threetip sagebrush {Artemisia tripartita
Rydb.), and mountain big sagebrush on the drier portions. Cattle graze the area in a rest-

rotation grazing system. Limited evidence of wild ungulates was found, but moose, elk,
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mule deer, and antelope are known to use the area. (B. Brannon, Mont. Fish, Wildl. and

Parks, unpubl. data, 8/27/02).

Figure 10. Pole Creek big game exclosure (8/02).

Montana Fish. Wildlife & Parks Region 4

22. Deer Hill. The Deer Hill exclosure is in Teton County, approximately 17.7
km (1 I miles) west of Dupuyer on the Theodore Roosevelt Memorial Ranch owned by
the Boone and Crockett Club. The site contains a big game exclosure and a connected
livestock exclosure, each approximately | ha in size (Fig. 11). The dominant browse
species are horizontal juniper (Juniperus horizontalis Moench) and chokecherry. The site
receives cattle use during the growing season. Mule deer concentrate on the site during
winter months (G. Olson, Mont. Fish, Wildl. and Parks, unpubl. data, 7/16/01). Elk, mule

deer and whitetailed deer use the area to a lesser degree year round.
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Figure 11. Deer Hill 3-phase exclosure (7/01). Big game exclosure in left foreground
and livestock exclosure to the right.
23. Middle Draw. The Middle Draw exclosure is in Teton County, 17.7 km (I |
miles) west of Dupuyer on the Theodore Roosevelt Memorial Ranch owned by the Boone
and Crockett Club. The site contains a big game exclosure and a connected livestock
exclosure, each approximately | ha in size (Fig. 12). The exclosures straddle a creek
bottom that contains various willow species including Bebb willow (Salix bebbiana
Sarg.) and aspen. Uplands of the site contain chokecherry. Cattle use the area in a

rotation grazing system. EIk, mule deer, and whitetailed deer use the site year round.



30

Figure 12. Middle Draw 3-phase exclosure (7/01). Big game exclosure to the right and
livestock exclosure to the left.

24. Lenstra Creek. The Lenstra Creek exclosure is located in Teton County,
approximately 17.7 km (1 I miles) west of Dupuyer on the Theodore Roosevelt Memorial
Ranch owned by the Boone and Crockett Club. The site contains a big game exclosure
and a connected livestock exclosure, each approximately | ha in size. Lenstra Creek runs
through the exclosure and supports Bebb willow. Aspen dominates the remaining areas
of the exclosures. Chokecherry, serviceberry and Rocky Mountain maple also are
present. Cattle use the area in a rotation grazing system. Elk, mule deer, and whitetailed

deer use the site year round.

25. 1500 Acre. The 1500 Acre exclosure is located in Teton County

approximately 17.7 km (I I miles) west of Dupuyer on the Teddy Roosevelt Memorial
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Ranch owned by the Boone and Crockett Club. The site contains a big game exclosure
and a connected livestock exclosure, each | ha in size. Horizontal juniper dominates half
of the exclosure while aspen dominates the other half. Cattle use the area in a rotation

grazing system. EIk, mule deer, and whitetailed deer use the site year round.

26. Sun River. The Sun River exclosure is in Lewis and Clark County, about 32.2
km (20 miles) west of Augusta on the Sun River WMA managed by MFW&P. A single
big game exclosure approximately 0.2 ha is on the east side of Burdoff Creek (Fig 13).
Browse species in the area are skunkbrush sumac (Rhus trilobata Nutt.) and chokecherry.
The area serves primarily as a winter elk range but also supports populations of mule deer

and whitetailed deer year round.

Figure 13. Sun River exclosure in Burdoff Creek (7/01).
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Montana Fish. Wildlife & Parks Region 5
217. Sykes Coulee. The Sykes Coulee exclosure is in Carbon County, 24.2 km (15
miles) east of Warren on the BLM Pryor Mountain Wild Horse Refuge. A big game
exclosure approximately 0.4 ha in size exists (Fig. 14). A livestock exclosure is adjacent,
but is degraded and appears to not have functioned for many years. The dominant
browse is curlleaf mountain mahogany with Rocky Mountain juniper also present. The

area is used year round by feral horses (Equus caballus) and mule deer.

Figure 14. Sykes Coulee exclosure (6/02). Big game exclosure fence in center, to the
left is inside and right outside.

28. Crooked Creek. The Crooked Creek exclosure is 20.9 km (13 miles) east of
Warren in Carbon County on the Custer National Forest in the Pryor Mountains. A big

game and livestock exclosure are on the site, each about 0.2 ha in size. Browse species at
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the site are Wyoming big sagebrush, black sagebrush (Artemisia nova A. Nels.), and
mountain big sagebrush. Cattle have historically grazed the area. Evidence of mule deer

was found throughout the area.

29. Picket Pin. The Picket Pin exclosure is in Stillwater County, about 16.1 km
(10 miles) south of Limestone on the Gallatin National Forest. A big game and livestock
exclosure, each approximately 0.2 ha in size, are at the site (Fig. 15). The dominant
browse species is horizontal juniper. Mountain big sagebrush also grows at the site in
limited abundance. Cattle have historically grazed the area and are still present. Mule
deer rely on the area for winter habitat. Mule deer, whitetailed deer, and elk use was

evident at the site.

Figure 15. Picket Pin 3-phase exclosure (7/02). Big game exclosure in the center and
livestock exclosure to the left. Note horizontal juniper inside big game exclosure.
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Montana Fish, Wildlife & Parks Region 6

- 30. South Ranch. The South Ranch exclosure is located in Valley County,
approximately 80.5 km (50 miles) south of Glasgow. The exclosure is on the Paige-
Whitman ranch. A big game and connected livestock exclosure, each about 0.4 ha, are at
the site. The dominant browse species are aspen and chokecherry. Other browse species
present include various willow species, horizontal junipef, skunkbrush sumac, and silver
sagebrush. Cattle graze the pasture as part of a rest-rotation grazing system. Mule deer
and elk have historically used the area. More recently, the area has become an important

elk winter range (P. Gunderson, Mont. Fish, Wildl. and Parks, unpubl. data, 7/10/02).

| 31. Pme Rldg The Pine Rldge exclosure is in Valley County about 56.4 km (35
miles) south of Glasgow The exclosure is located on the Charles M Russell Wildlife
Preserve A0.2 ha blg game exclosure exists there. Ponderosa plne dommates the
overstory. Browse species include Wyommg big sagebrush, rubber rabbltbrush and
Rocky Mountain juniper. The area has historically been grazed by cattle. Mule deer and

elk use the area year round (P. Gunderson, Mont. Fish, Wildl. and Parks, unpubl. data,

7/10/02).

32. Cottonwood. The Cottonwood exclosure isin Philhps County; 14.5 km (§ N
miles) north of Malta on the west side of Highway 191 on BLM land. A single 0.8 ha
exclosure exists that is uniciue. The exclosure feneeis approximately 1.5 m tall with
seven strands of barbed wire. The intent of the fence was to restrict access of both cattle

and antelope, but no other ungulate. Browse species present include Wyoming big
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sagebrush and winterfat (Ceratoides lanata [Pursh] J.T. Howell). Cattle have -

historically grazed the area. The area serves primarily as a critical antelope winter range.

Field Pro.cedures

Exclosures excluding all ungulates, as well as exclosures excluding only
livestock, were compared to adjacent areas unprotected from browsing. All comparisons
were made by pairing the protected sites with environmentally similar unprotected sites.
Considerations for pairing the sites environmentally were slope and aspect (Coughenour
1991). Pairing the sights by slope and aspect, typically ensures similar soil types and
micro-climates. All measurements were taken at least 2 m from the exclosure fence to
eliminate exclosure effects such as trailing.

Due to the wide variety of browse species across Montana, browse taxa were
classified as sl;on shrubs, tall shrubs, 6r trees. Somé ‘sites corlltainedlonevﬂoryallélasses of

browse and, therefore, allowed multiple comparisoné.

Short Shrub Species

Shrub species fypically attaining a height of less than 2.5 m were considered short
shrubs. Canopy cover of live shrub and density of juvenile, established, and dead shrubs
were estima'ted for plants inside and outside exclosures at each site. On sagebrush

communities, production of winter forage was also estimated.

Canopy Cover. Shrub canopy cover was estimated using the line intercept

method (Canfield 1941). Transect lines 30 m in length were established a minimum of
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3 m apart. Transects were placed at regular intervals so that each transect represented an
equal portion of the area compared (Fig. 16, Coughenour 1991, Wambolt and Sherwood
1999). Exclosures were of varying size, so number of transects varied. Ten transects was
the maximum required for an adequate sample on large sites (W ambolt and Sherwood
1999). As few as 3 transects may be adequate on smaller sites (Kay and Bartos 2000).
Equal number of transects were established inside and outside each exclosure. Shrub
canopy was measured in 3 cm increments along the line. A plumb bob was suspended
from the line to accurately measure live shrub tissue intercepting the line. Shrub tissue
intercepting less than 3 cm of the line was not included. Canopy cover of live shrub

tissue for each species encountered was then calculated as a percent of the total line

length.

Density. Density of shrubs was determined in 2 x 30 m belt transects. Line
transects used for determining canopy cover provided the center of each belt. Belt
transects were formed by measuring 1 meter perpendicular to both sides of the line
transect (Fig. 16). The number of juvenile, established, and dead shrubs rooted in the belt
transect was recorded. Juvenile shrubs were those having an average crown cover < 15
cm from 4 axis measurements. Dead shrubs were those shrubs having no live tissue.
Smaller shrub species such as gray horsebrush were not separated by age so only density

of live and dead shrubs was recorded for those species.
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Figure 16. Transect layout with belt transect formed by sampling 1 m on both sides of
the line transect.

Sagebrush Winter Forage Production. Production of winter forage by big

sagebrush taxa was estimated using models developed by Wambolt et al. (1994). Ten big
sagebrush plants within each belt transect were measured for this parameter. Specific
parameters measured on sagebrush plants varied by subspecies and form class (W@bolt
et al. 1994). Form ::lasses depended upon historic low or high-use of big sagebrhsﬁ.
High use plants exhibit intense brdwsing by a “hedged” appearance. Modelé with shrub
.parameters are included in Table 8, Appendix A. After obtaining density of mé@e Big
sagebrush and individual big sagebrush production of winter forage production, the

production of winter forage for big sagebrush per belt transect was calculated. The
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production inside exclosures was then compared to production outside on a kg/60m?

basis.

Tall Shrﬁb Species

Tall shrubs were those typically attaining a height of 22.5 m whénuﬁbrpwsed
and having multiple stems. Evaluation of tall shrubs follows the méthods d¢scribed in
Keigley and Frisina (1998). At each site with tall shrubs, a single ‘indicat;)r‘ épeéies was
selected. An indicator species is a preferred browse species that ié wid¢1y distributed |
throughout the site. Net annual growth rate and lifespan of indic’at‘or‘speci:ies wére
estimated for stems of indicator species inside and outside exclésures;.‘ Movdels used to
predict net annual growth rate and lifespan are included in Appendix A. The growth rate
of browsed stems was then compared to lifespan of browsed stéms tq détermine if
browsed stems are growing fast enough to escape the browse zone (< 2‘.5 m) before they
die. Anindex (LD index) was used to describe the response of shrubs f;ollowing |

browsing and browsing related architecture types described the stature of shrubs and

trend in the browsing intensity (Keigley and Frisina 1998).

Net Annual Growth Rate. Two kinds of growth rate weré estimated (Total net

annual growth rate and net annual growth rate to 1m). Total net annual growth rate
(NAGR7) estimates the growth rate of a stem over the entire lifespan of the plant not
including current year growth. Net annual growth rate to Im (NAGR ) estimates the

growth rate of a stem as it grew to 1 m in height.
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An estimate of NAGR entailed selecting 20 stems of an indicator species inside
each exclosure. Stems were stratified by diameter in an attempt to include a range of
ages. .Stems were cut at ground level and height to the top of previous years growth - -
(Hpyg) was recorded. A stem section at the base was taken to determine the stem age (A;).
Age was determined by counting annual growth rings with a dissection scope. Net
annual growth rate of stems was calculated from: Hy,s/ As. Estimating NAGRt outside
exclosures entailed selecting 20 stems of the same indicator species. Stems were again
stratified by stem diameter, but only stems within the browse zone (< 2.5 m) were
selected. Stems heights and ages were determined in the same manner as inside the
exclosure to determine NAGRT,

The stems from the indicator species inside the exclosure used to determine net

annual growth rate were also sampled to determine net annual growth rate to 1 m
(NAGRim). A section for aging from each stem was taken at 1 m above the ground. This
estimate of growth rate of unbrowsed stems as they grew to 1 m was compared to growth

rate of browsed stems to detect differences in young stem growth rate. »

Lifespan. Lifespan of stems was determined by obtaining the age at which stems
died (Ap). Twenty dead stems were randomly sampled within an exclosure to estimate
lifespan of unbrowsed stems. Ages of these stems were determined by counting annual
growth rings at their bases. Twenty dead stems within the browse zone were also

sampled and aged outside exclosures. This provided an estimate of lifespan of browsed

stems.
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Height of Live and Dead: (LD Index). The LD index describes the response of
shrubs following the onset of intense browsing (Keigley et al. 2002). For a given stem,
an LD index is calculated by subtracting the height of the oldest stem segment killed by
browsing (Hp) from the height of the tallest live stem segment at the base of current year
growth (Hpyg).

Twenty stems of an indicator species were selected outside each exclosure, while
stems inside exclosures were not sampled because of the absence of browsers. Stems
with previous year growth in the browse zone (< 2.5 m) were selected. An LD index
value near zero indicates that ungulates are browsing live stem segments down to the
level of mechanical protection afforded by the dead stem segments. A negative LD index
value indicates the shrub is dying back to ground level, as a result of continuing intense
browsing, or other adverse environmental factors. A positive LD index value indicates
that recent growth exceeds the height of stem segments killed by browsing. ‘A positive
LD index may result from a decrease in the browsing pressure or a change in the

environment that enhances stem growth.

Architecture Types. Browsing related architectures of tall‘ shrub; wérgtdescribed
at each site. Architecture typing is a qualitative method of descriBing current and past
level of browsing (Keigley and Frisina 1998). Architecture types develop as the stem
grows through the browse zone. The architectures are based on 2 browsing levels; light-
to-moderate and intense. Light-to-moderate browsing occurs when only a portion of the
current annual segment dies, allowing new growth to originate from the previous year’s

growth. Intense browsing occurs when browsers remove or cause the death of the
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complete current annual segment. Subsequent new growth must develop from a stem
segment greater than 1 year old.

The 4 architecture types are unmterrupted-growth -type, arrested-type,
retrogressed -type, and released—type (Fig. 17). Stems on plants dlsplaylng umnterrupted-
growth-type archltecture grew through the browse zone undsr a hght-to-moderate
browsing level. Arrested-type shrubs have experienced intense browsing since
establishment. Stems of arrcsted-typc shrubs grow to a umform helght that is oﬁen
determined by snow depth Retrogressed -type shrubs expenenced light-to-moderate
browsing early in their life; followed by a change to intense browsing. During the period
of light-to-modely'ate‘broWsihg, rétrogressed-type shrubs grow taller than arrested-type
shrubs. Subsequent intense browsing causes the top of the plant to die. Repeated
browsing causes clusters of twigs to develop at the end of stems. Because uninterrupted-
growth-type shrubs consist of stems of various heights, retrogression of such shrubs
causes clusters Qf twigs to form at tips of accessible stems. A released-type architecture
is produced by a change from intense browsing to light-to-moderate browsing. Under
intense browsing, an arrested or retrogressed-type shrub is produced. When the browsing
pressure diminishesto lightjtd-moderats, stcms ate ahte td‘ grdw through the brswse

zone.
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Figure 17. The 4 architecture types.

Trees
Trees were considered those plants that typically attain a tall stature (>2.5m)in
the absence of browsing and have a single stem. The most frequently encountered tree

was aspen. The history of browsing on aspen was described at each site (Keigley and

Frisina 1998).

Describing Browsing History. Using the architecture types described above and

dendrochronology, I determined periods of intense and light-to-moderate browsing on
aspen inside and outside exclosures. Uninterrupted-growth-type aspen outside the
exclosures indicate light-to-moderate browsing during the years those stems grew
through the browse zone. Arrested and retrogressed-type aspen indicate intense
browsing. Because the lifespan of arrested and retrdgressed-type aspen is relatively

short, the period of intense browsing documented by these architectures is limited. The
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absence of aspen establishment could be due to intense browsing or inhibition by growth
regulators produced by mature aspen within the same stand. To distinguish between
these possibilities, I examined aspen establishment inside adjacent exclosures. The
presence of aspen of a given age inside and the absence of the same age outside the A
exclosure was interpreted as evidence of intense browsing outside as opposed to
inhibition by growth regulators.

Sampling inside exclosures determined 20 ages of saplings and trees that were
thought to be established in the stand. These stems were stratiﬁed by base diameter to
sample across the range of ages. An increment borer was used on large trees to obtain a
core at 30 cm above the ground for aging. Where heart rot was present at the base cores
were taken higher on the tree. Smaller trees were cut at ground level to remove a stem |
section taken for agmg Their ages were used to calculate the period of aspen
establlshment

Twenty stems displaying an uninterrupted-growth-type outside thev exclosure were
sampled to determine periods of light-to-moderate browsing m the presence of browsers
(Appendix A, Table 9).’ Sampling was‘ the same as above. - |

| Twenty arrested and retrogressed-type stems outside the exclosure were sampled
as direct evrdence of intense browsing Samphng'entailed obtalmng astem sectron or
core of live tissue directly below the area of the stem displaymg intense browsmg Areas
of intense browsing include clusters of stems and dead stem sections apparently killed by

browslng Samples were then aged by counting annual growth nngs The year intense
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browsing occurred can then be obtained by subtracting the age at that point from the

current calendar year (Appendix A, Table 9).

Photos
A photo record was made at each exclosure. Historical photos, when available,

were retaken to illustrate changes at the site.
Statistical Procedures

Each site was treated independently. Browse parameters inside}th.e eXclqsufe(s)
were compared to browse parameters outside the exclosure(s) at each sité ﬁsing ;1
Student’s t-test. Parameter means for short shrubs, including canopy cover (%), density
of shrubs (N/60m?), and sagebrush production of winter forage (kg/60m?), were |
compared inside and outside of exclosures. Parameter means for tali Shrub;, which
include fotal net annual growth rate (cm/yr), net annual growth rate to 1 m (cm/yr), and
lifespan (yrs.), were compared inside and outside exclosures. Periods of browsing
intensity of trees, LD indexes, and descriptions of architecture types were not suitable for
statistical analysis.

The t-test procedure of SAS (2000) was used to determine differences between
parameter means. Equality of variances was tested using a Folded F test. | Vaﬁahces were
considered unequal when P < 0.05. When mean variances were unequal, the
Satterthwaite t-value was used to determine differences between parameter meé.ns.
Parameter means were considered significant when P < 0.05 and highly sighiﬁcant when

P < 0.01. Differences at the 0.1 level were also reported.
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CHAPTER 4
RESULTS AND DISCUSSION

Rice and Westoby (1978) point out the difficulties of interpreting exclosures.
Quadrats may be replicated inside and outside exclosures, but not samples of the original
vegetation subjected to an exclosure treatment. Location of an exclosure is typically
arbitrary rather than random and management and grazing patterns vary between
exclosures. Mackie (1973) cautioned against any generalizations concerning impacts of |
browsing due to variations in species, location, time, site or other environmental
conditions affecting browse species productivity. For these reasons, results of this study
will be discussed on an individual site basis and on a dominant browse species basis. I i
made no assumptions of pre-exclosure vegetation at the sites. Table 3 contains parameter

means for the browse species with 2 1% canopy cover at each site.

Individual Site Summaries

Montana Fish, Wildlife & Parks Region 1

1. Schmitz Mine. Browsing negatively impacted the growth of serv1ceberry at the
Schmitz Mine site as found by using the tall shrub samplmg method. Nearly all
serviceberry stems outside the exclosure showed past and current intense browsing as
displayed by arrested and retrogressed architecture types. An LD index of 2.3 cm

indicates the browsing pressure is limiting growth of stems to near the level of

mechanical protection.



Table 3. Parameter means for browse species with > 1% canopy coverage at a site.

Short Shrub Parameters Tall Shrub Parameters —-Tree—
Canopy Cover' Density Big Sagebrush  GrowthRate  Growth Rate to Lifespan LD Index Intense
(%) (0/60m’) Winter Forage (cmyr) Im (yrs) (cm) browsing’
(kg/60m?) (cm/yr) (yrs)
Site Excl? Species’ In <* Out In ¢ Out In ¢< Out In < Out In ¢ Out In < Out In Out G-OutL-In®
1 G Amal 169 ** 45 288 *+ 45 181 ** 115 n/a 23
2 G Arw 64 * 118 104 * 271
2 G Bere 134 10.0 288.6 243.6
2 G Rowo 29 o 1.3 313 18.6
2 G Syal 09 * 26 87 e 424
3 G Amal 24 05 1.7 1.3
3 G Arw 1.2 * 56 34* 146
3 G Bere 6.3 6.4 100.1 105.4
3 G Shca 0.7 13 16 04
4 G Amal 147 ** 85 204 *+ 85 300* 130 n/a 0.2
4 L Amad 9.1 85 115 o 85 176** 130 128 n/a
5 G Bere 42 3.5 1739 184.8
5 G Putry 24+ 00 0.2 03
5 G Putr-m 59 ** 07
5 G Putr-d 14 0.7
5 G Rowo 185 ** 11
5 L Bere 39 3.5 176.7 184.8
5 L Putry 0.0 0.4 00 o 03
5 L Putr-m 01 * 0.7
5 L Pur-d 09 0.7
5 L Rowo 0.6 1.1
6 G Pury 40 78 10 1.7
6 G Purr-m 90 * 206

9




Table 3. Continued... (page 2)

Short Shrub Parameters Tall Shrub Parameters ~Treg-—
Canopy Cover' Density Big Sagebrush ~ Growth Rate  Growth Rate to Lifespan LD Index Intense
(%) (1/60m?) Winter Forage (cmyr) Im (Orrs) (cm) browsing’
(kg/60m’) (cmAyr) (y19)
Site Excl.? Species’ In «* Out In ¢ Out In ¢ Out In < Out In < Ou In < Ou In Out G-OutL-In®
6 G Pur-d 8.1 19.6
6 G Sya 39.3 56.9
6 L Putry 116 11.9 0.1 0.6
6 L Putr-m 17.1 22.8
6 L Pur-d 58* 14
6 L Sya 10.3 274
7 G Pur-y 41 0.6 0.5 1.3
7 G Putr-m 72 o 27
7 G Pur-d 6.2 9.1
7 G Rowo 1.8 09 18.1 273
7 G Syor 00 * 1.2 00 * 102
8 G Amal 83 e 65 255* 69 270* 173 na 113
9 G Amal 32 * 08 60* 33
9 G Aruw 93 * 52 368* 259
9 G Ceve 1.0 05 0S5 1.5
10 G Acgl 11.5 11.3
10 G Amal 286 * 180 159 * 116 272 21.0 247 243 na 406
10 G Ceve 31 1.5
10 G Prpe 1.1 23
10 G Pri 14.6 17.3
11 G Artrv-y 183 % 88 11.3 7.8
11 G Artrv-m 7 60.6 ** 227 37 * 1.3
11 G Artrv-d 21.3 **+ 10.1

Ly




Table 3. Continued...(page 3)

Short Shrub Parameters Tall Shrub Parameters —Tree—
Canopy Cover' Density Big Sagebrush  Growth Rate  Growth Rate to Lifespan LD Index Intense
(%) (/60m?) Winter Forage (cm/yr) Im (rs) (cm) browsing®
(kg/60m”) (cmAyr) (yrs)
Site Excl? Species’ In «* Out In < Out In < Out In ¢ Out In < Ou In < Out In Out G-OutL-In
11 G Porr 1967 - 2000
11 G Sage 244 % 127 358* 127 192* 127 na 39
12 G Sabo 18.1 18.0 41.9 31.8 20.7 ** 169 48.6
13 G Cele-y 349 * 110 2.0 0.1
13 G Cele-em 313 * 141
13 G Cele-d 33 ¢ 1.1
14 G Arcay L1 0.5 1.9 1.5
14 G Arca-m 9.6 94
14 G Arca-d 0.1 0.0
14 G Artrv-y 9.5 8.7 43 * 133
14 G Artrv-m 244 257 18 1.8
14 G Arov-d 6.3 2.1
14 G Chvi 2.0 1.1 322 224
14 G Teca 2.0 1.3 172 12.5
15 G Potr 1994 - 2001
16 G Arivv-y  oou 103 66 6.7
16 G Artrv-m 46.5 ** 347 3.6 ** 1.8
16 G Artrv-d 113 ** 69
16 G Teca 1.0 1.7 247 20.5
17 G Porr 1987 - 1998
18 G Prvi 8.1 69 8.1 69 n/a n/a na -2.0
19 G drrwey L g, 65 173
19 G Artrv-m 504 ** 367 25 2.6

8v




Table 3. Continued...(page 4)

Short Shrub Parameters . Tall Shrub Parameters —Tree—
Canopy Cover' Density Big Sagebrush ~ Growth Rate  Growth Rate to Lifespan LD Index Intense
(%) (/60m®) Winter Forage (cm/yr) Im (Ors) (cm) browsing®
(kg/60m?) (cm/yr) (rs)
Site Excl? Species’ In «* Out In ¢ Out In <& Out In < Out In ¢ Ou In < Out In Out G-OutL-In’
19 G Artrv-d 0.0 00 53 e 29
19 L Artrv-y 75 8.4 15.3 17.3
19 L Artrv-m 41.6 36.7 23 2.6
19 L Artrv-d 24 29
20 G Porr 1949 - 2001
20 G Sabo 1.1 * 78 145* 78 312* 53 na 10
21 G Sabo 292 ** 182 439** 182 n/a na na 01
22 G Arfr 03* 13 11.0** 60.1
22 G Juho 273 * 03
22 G Pofr 11.3** 32 702 * 364
22 L Arfr 0.1* 13 41* 60.1
22 L Juho 32+ 03
22 L Pofr 99 ** 32 656 * 364
23 G Porr 1981-2000
23 G Sabe 15.1 ** 6.8 187 144 373 * 182 na -21
23 L Porr 1988-2000
23 L Sabe 90 ¢« 6.8 149 144 175 182 7.7 wa
24 G Porr 1978-1998
24 G Sabe 11.9* 64 158* 68 367** 145 na 32
24 L Porr : 1979-2001
24 L Sabe 9.7* 64 149 ¢« 638 141 145 42 wa
25 G Por 1991-2001
25 L Por none

6v




Table 3. Continued...(page 5)

Short Shrub Parameters Tall Shrub Parameters ~Tree—-
Canopy Cover' Density Big Sagebrush  Growth Rate  Growth Rate to Lifespan LD Index Intense
(%) (n/60m?) Winter Forage (cm/yr) Im (yrs) (cm) browsing®
(kg/60m?) (cm/yr) (rs)
Site Excl? Species’ In e* Out In < Out In < Ou In < Ou In < Ou In ¢ Out In Out G-OutLIn®
26 G Arfr 1.7 1.7 90 * 216
26 G Pri 159 * 114 221 ** 119 n/a na na -2.6
26 G Rhtr 40.0 309
260 G Syor 4.1 2.1
27 G Cele-y 144 * 9.6 0.0 1.2
27 G Cele-m 18.6 17.0
27 G Cele-d 34 23
27 G Jusc-y 24 21 0.2 0.2
27 G Jusc-m 0.9 1.5
27 G Juse-d 08 o 0.1
28 G Adrno-y 56 * 83 11.6 ** 259
28 G Arno-m 55.0 **+ 138.7
28 G Arno-d7 6.5 7.5
28 G Artrv-y 22 0.7 0.1 0.0
28 G Artrv-m 1.5 39
28 G Artrv-d 0.0 0.0
28 G Artrw-y a1 * 21 4.7 45 06* 02
28 G Artrw-m 55.0 ** 249
28 G Artrw-d’ 6.5 7.5
29 G Juho 47.1 ** 6.0 ;
29 L Juho 182 * 6.0
30 - G Por - 1993 - 2001
30 G Pri 94* 64 94* 64 na na n/a 100

0s




Table 3. Continued...(page 6)

Short Shrub Parameters Tall Shrub Parameters —~—Tree-—
Canopy Cover' Density Big Sagebrush ~ Growth Rate  Growth Rate to Lifespan LD Index Intense
(%) (0/60m?) Winter Forage (cm/yr) Im (yrs) (cm) browsing®
(kg/60m?) (cm/yr) (yrs)
Site Excl> Species’ In &' Out In < Out In & Out In < Out In < Out In & Ou In Out G-OutLIn®
30 L Porr 1993 - 2001
30 L Pri 6.5 64 65 64 n/a na 68 n/a
31 G Artrw-y 3.9 53 21 * 55
31 G Artrw-m 156 « 332 03 0.4
31 G Artw-d 36 ¢ 16
31 G Jusc-y 79 7 O 0.2
31 G Jusc-m 0.3 1.3
31 G Jusce-d 0.0 0.0
32 G drtrwy .. s, 163 118 ©
32 G Artrw-m 106.1 ** 517 19* 06
32 G Artrw-d 164 ** 7.1

'Canopy cover of young and mature plants combined.
2Exclosure type: G - Big game, L - Livestock
7 Browse species abbreviations: Acgl - Rocky Mountain maple, Amal - serviceberry, Arca - silver sagebrush, Arfr - fringed sagewort, Arno - black
sagebrush, Artrv - mountain big sagebrush, Artrw - Wyoming big sagebrush, Aruv - bearberry, Bere - Oregon grape, Cele - curl-leaf mountain mahogany,
Ceve - snowbrush ceanothus, Chvi - green rabbitbrush, Juho - horizontal juniper, Jusc - Rocky Mountain juniper, Potr - aspen, Prpe - pin cherry, Prvi -
chokecherry, Putr - bitterbrush, Rhtr - skunkbrush sumac, Rowo - Wood's rose, Sabe - Bebb willow, Sabo - Booth's willow, Sage - Geyer's willow, Shca -
russet buffaloberry, Syal - common snowberry, Syor - western snowberry, Teca - gray horsebrush, (See appendix D for complete names), y young, m -

mature d - dead.
=1 Comparlson of parameters in and out of an exclosure: o, *, ** Slgmﬁcant atthe P < 0.1, 0.05, and 0.01 levels respectively.

*Indicates Julian calendar years that intense browsing occurred.
®Data are outside when referring to big game exclosures and msxde when referring to llvestock exclosures.
"Dead shrubs of Arno and Artrw are combined.
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Serviceberry stems inside the big game exclosure had greater (P < 0.01) NAGR7
than stems outside. NAGR,,, was also greater (P < 0.01) inside than outside the
exclosure. Lifespan of serviceberry stems was 18.1 years inside the exclosure and 11.5
years outside (P <0.01). In order for stems to grow through the browse zone (2.5 m)

before they die, they would need to grow 21.7 cm/year. In 2000, they were growing at

4.5 cm/yr.

2. Thirsty Lake. Browsing has not impacted browse species at the Thirsty Lake
site as found by using the short shrub method. Bearberry and snowberry had greater
canopy cover and density outside the Thirsty Lake exclosure. Density of mature Douglas
fir in transects inside (7.9/60 m?) and outside (2.4/ 60 m?) the exclosure was different P
= 0.05) (Appendix G, Fig. 31). Increased shading by Douglas fir may have created a -
different growing environment inside the exclosure and could have negatively affected
bearberry and snowberry inside the exclosure (Martin et al. 1951, Stubbendieck et al.
1997). The data indicate that browsing has been light-to-moderate at Thirsty Lake.
Differences in browse species inside and outside the exclosure are attributed to

differences in forest succession.

3. Roberts Mountain. The short shrub method was used to evaluat¢ brqwse
species at Roberts Mountain. No differences were measured between cénopy cover and
densities of protected and unprotected browse species, except for bearberry. Canopy»l
cover and density of bearberry plants was greater outside exclosures (P < 0.05). As- at the

Thirsty Lake site, differences may be due to differential shading by Douglas fir inside the
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exclosure. The few unprotected serviceberry shrubs were of uninterrupted-growth-type
architectures. All data indicate that browsing has been light-to-moderate at the site.

Differences in browse species inside and outside the exclosure is a function of differing

patterns of forest succession inside and outside.

4. Ant Flat. Sampling at Ant Flat was co'nducted‘on non—Burnéd sérvicégeny
using the tall shrub method. BrowSing is Currenily having a negative impact on growth of
unburned serviceberry. The browsing trend indicated by architecture types was light-to-
moderate browsing in the past w1th recent intense Browsing. Past ﬁght—fo-moderéte
browsing is indicated by a few rétrogressed-growth—type sérvicebefry shrub§ both in and
out of the livestock exclosure. The remaining unburned serviceberry stems within the
browse zone inside and outside the livestock exclosure had arrested-growth-type. AnLD
index of 0.2 cm outside indicated that browsing is limiting growth of stems to the level of
mechanical protecti‘on, NAGRy, NA_Gle, and lifespan of serviceberry stems were
greater (P < 0.01) inside than outside the big game exclosure. No differences in NAGRr,
and NAGRm were detected between stems in and out of the livestock exclosure. The LD
index inside the livestock exclosure was 12.8 cm, which iqdicat;:s stems are grqwing ‘
above the level of mechanical protection. Lifespan of serviceberry‘stems was greater (P
< 0.05) inside the livestock exclosure than outside. Stems inside and outside the
livestock exclosure would need to grow 14.2 cm/year and 19.2 cm/yr, respectively, to
grow out of the browse zone before ihéy ;lie. Stems are currently growing in and out of
the livestock ekélbsure at 9.1 cm/yr and 8.50m/yr, réspectively. Browsirig has suppressed

growth of serviceberry and has not allowed stems to grow to full stature. -
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5. Poverty Flat. The big game and livestock exclosures were evaluated with the

short shrub method. Canopy cover and density of bitterbrush were greater (P < 0.01)
inside than outside the Poverty Flat big game exclosure. Density of Wood’s rose was
also greater (P < 0.01) inside the exclosure. Density of mature bitterbrush was higher (P
£ 0.05) outside than inside the livestock exclosure. No differences were found between
the livestock exclosure and outside for all other browse species. These data are evidence
that browsing by wild ungulates has negatively impacted bitterbrush and Wood’s rose
since the exclosure was built in 1958. Because only a difference in density of mature
bitterbrush was found inside and outside the livestock exclosure, impacts of livestock on

browse species are considered minor.

6. Young Creek. The Young Creek big game and livestock exclosures were
evaluated with the short shrub method. No differences between canopy cover of any
browse species inside and outside the big game exclosure were found. Density of mature
 bitterbrush plants outside the game exclosure was higher (P < 0.05). No differences were
detected between canopy cover inside and outside the livestock exclosure for any species
(Appendix G, Fig. 32, 33). Density of dead bitterbrush was higher (P < 0.01) inside the

livestock exclosure. Wild and domestic ungulates have not impacted browse species at

this site.

Montana Fish, Wlldllfe & Parks Reglon 2

7. Dry Cottonwood Browsmg has impacted bltterbrush at the Dry Cottonwood

site as found by using the short shrub method. Bitterbrush had greater (P < 0.05) canopy
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coverage inside than outside the big game exclosure. Density of mature bitterbrush was
higher (P < 0.1) inside the exclosure as well. Canopy cover and density of western
snowberry were greater (P < 0.05) outside the exclosure. Bitterbrush is considered highly
valuable forage for elk and mule deer year-round while wesfem snowberry is least
valuable to elk and moderately valuable to mule deer (Kufeld 1973, Kufeld et al. 1973).
Differential use of bitterbrush and western snowberry may have given snowberry a
competitive advantage. Areas unburned and protected had higher (P < 0.05) canopy
coverage of bitterbrush than areas burned and protected. These findings agree with
Wambolt et al. (2001) in which bitterbrush was reduced by fire in southwestern Montana.
No differences were detected between burned and unburned areas outside. The

combination of burning and browsing did not impact bitterbrush more than browsing

' alone.

8. Dry Creek. Serviceberry has been impacted by bréwsing at fhe Dry Creek site

as found by using the tall shrub method. Serviceberry stems had a greater NAGRy (P
<0.1) and greater NAGR . (P < 0.05) inside than outside the exclosure. Lifespan of
serviceberry stems was shorter (P < 0.01) outside than inside the big game exclosure. All
serviceberry shrubs at the site had arrested or retrogressed-type architecﬁxre (Appendix G,
Fig. 40). Thé LD index (11.3 cm) indicated that new stem growth was sli ghtly higher
than the level of mechanical protection. Unprotected stems that grew 6.5 cm/yr will not
grow out of the browse zone (2.5 m) before they are kilied by browsmg All évidence |

indicates the browsing pressure continues to suppress growth of serviceberry. ’
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9. Eddy Creek. Browsing has negatively impacted a variety of species at Eddy
Creek as found by using the short shrub method. Serviéeberry plants were present, but
not sufficiently dense to sample by the tall shrub method. Bearberry and serviceberry
canopy cover was higher (P < 0.05) inside the exclosure than outside. Density of
bearberry was greater (P < 0.01) inside as well. All serviceberry outside were arrested.
Canopy cover of bearberry and serviceberry increased both inside and outside the -
exclosure from 1957 to 2001 (Table 4). Snowbrush ceanothus canopy coverage was -
minor at the site, but declined since 1957. My estimates of canopy cover may be more
conservative than previous estimates because I did not include gaps in the interior
portions of shrubs. Douglas fir and ponderosa pine appear to have increased inside the
exclosure since 1957 and may have contributed to the decline of snowbrush ceanothus
due to shading (Appendix G, Fig. 41, 42). Changes in tree canopy are less evident

outside as is decline of snowbrush ceanothus (Appendix G, Fig. 43, 44).

Table 4. Trend in percent canopy cover of browse species at Eddy Cr from 1957 to 2001.

Percent canopy cover by year - : Percent change

Location and Species 1957 1963 1967 1980 2001 1957-2001
Inside Exclosure . ‘

Aruv ’ 20.6 29.5 39.7 336 36.8 44

Amal 27 58 53 61 6.0 55

Ceve 18 32 35 43 0.5 -260

Total 253 38.9 49.2 44.0 433 42
Outside Exclosure ‘ ‘ o ’ ‘

Aruv 18.3 16.9 26.0 204 259 29

Amal : 0.2 1.1 - 0.9 09 33 94

Ceve 23 41 31 17 15 -53

Total 20.8 222 30.0 23.0 30.7 32

Aruv - bearberry, Amal - serviceberry, Ceve - snowbrush ceanothus

10. Ovando Mountain. The Ovando Mountain big game exclosure was evaluated

with both short shrub and tall shrub methods. Browsing has impacted serviceberry, but
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no other species. Serviceberry had greater (P < 0.05) canopy coverage inside than
c;l;téide the exclosure. Serviééberry NAGRf was also gfeé.tér (P‘S 0.05) inside the
exclosure. Many sefviceberry and Rocky Mouﬁtain maple with é ;'eieased-typé ”
archifécture at the site indiéated past intense browsing. The LD index (40.6 cm)
indicated the new stem growﬁi is above‘ the level c;f mechanicél proteéfién. The currént
growfh fate of unprotected ;‘:tems (11.6 cm/yr) waé greater than the @eshold growtﬁ rate
(10.3 cm/yr) required for stems to grow 2.5 m before they die.» Differé#cgs in growth rate
and canopy cover of servicebe:;ry may be residual effects of past intense browsing.

The trends in percent cénopy cover for sevefal browse species siﬁce 1959 va?ied
(Téble 5). Snéwi)rﬁsh ceanothus decreased since 1959 both in and out of the exclosure.
Serviceberry and Rocky Mountain maple increased inside the exclosure while
chokecherry and Rocky Mountain maple increased outside. Overall, canopy cover of
browse inside the exclosure increased 20% since 1959. Canopy cover of browse species
outside the exclosure decreased 14%, but this was primarily due to a decrease in -
snowbrush ceanothus. The change between 1959 and 2001 may include measurement
effects. My estimates of canopy cover may be more conservative, because I did not
include gaps in the interior portions of shrubs as cover. In addition, I believe much of the
change I observed was a result of changes in microclimatg at the site due to an increase in
tree canopy (Appendix G, Fig. 45, 46). quest succession may currently have more of an
effect on growth of browse species, but the data indicate some residual impacts of

browsing.
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Table 5. Trend in percent canopy cover of browse species at Ovando Mountain from 1959
to 2002.

: C Percent canopy cover by vyear Percent change _
Location and Species 1959 1965 1969 1973 2002 1959-2002
Inside Exclosure o : MR

Amal 18.5 225 28.7 27.8 28.6 35
Prvi . .16.9 20.8 259 279 14.6 -16
Ceve 8.3 113 129 - 112 3.1 -168
Acgl 22 2.8 4.4 7.6 11.5 . 81
Sorbus ' 1.0 1.0 14 1.3 0.9 -11
Total 46.9 584 73.3 75.8 58.7 20
Outside Exclosure S SR R :
Amal 21.2 20.0 20.8 223 18.0 -18
Prvi P 15.2 195 240 22.1 17.3 12
Ceve 11.3 9.1 7.1 42 1.5 -653
Acgl .. .13 73 . 8.5 64 . 113 : 35
Sorbus 13 10 0.7 23 I S - I
Total 56.3 56.9 61.1 57.3 49.2 -14

Amal - serviceberry, Prvi - chokecherry, Ceve - snowbrush ceanothus, Acg/ - Rocky Mountain maple,
Sorbus - mountain ash.

Montana Fish, Wildlife & Parks Region 3

11. Porcupine Creek. The big game exclosure was evaluated at Porcupine Creek
by using short shrub, tall shrub, and tree methods. All methods supply considerable
evidence that past and current browsing by wild ungulates was intense outside the
exclosure. Canopy cover of mountain big sagebrush was 18.3% inside and 8.8% outside
the exclosure (P < 0.01). Density of mature mountain big sagebrush was greater (P
<0.01) inside than outside the exclosure. No difference in density of young mountain
big sagebrush \;/as found (P <0.05). Snow cover may be allowing young plants to grow
for several years before they are browsed outside the exclosure (Rens 2001, Wambolt
1998, Wambolt and Sherwood) 1999). Production of wintér forage by mountain big

sagebrush was 3.7 and 1.3 kg/60 m? inside and outside the exclosure, respectively (P <
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0.05). Browsing on mountain big sagebrush in Porcupine Creek has had an impact
(Appendix G, Fig. 47, 48).

NAGRy, NAGRim and lifespan of Geyer’s willow were less (P < 0.01) outside
the exclosure. All Geyer’s willow outside was currently being intensely browsed. This
was displayed by retrogressed and arrested architectures that were common outside. An
LD index of 3.9 cm indicated live stem growth was at a similar height as the level of
mechanical protection. Unprotected Geyer’s willow stems growing at 12.7 cm/yr did not
meet the threshold growth rate (19.7 cm/yr) required to grow out of the browse zone (2.5
m) before they die. Browsing on Geyer’s willow at the Porcupine site has been intense.

I found uninterrupted aspen of all ages grow inside the exclosure (Fig. 18,
Appendix G, Fig. 51). No aspen have been allowed to establish outside since 1967
(Appendix G, Fig. 51). All young aspen stems outside were arrested and no aspen have

established since 1967. This evidence indicates browsing has been intense on aspen since

1967.

Figure 18. Intensity of browsing on aspen at Porcupine Creek recorded in calendar years.
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12. Snowﬂake Springs. The Snowflake Springs site was evaluated with the tall
shrub method. Boqth’s willow outside the exclosure appears to be recovering in recent
years. Many released-type willow stems grow outside the exclosure (Appéndix G, Fig.
52). No differences (P < 0.05) in NAGRy and NAGR |, were detected between protected
and unprotected Booth’s willow. However, lifespan was longer inside the exclosure (P <

10.05). An LD index of 48.6 cm indicates live stem growth is above the level of
mechanical protection. Unprotected stems are growing 18.0 cm/yr and surpass the -

threshold growth rate (14.8 cm/yr) required for stems to grow out of the browse zone (2.5

| m) before they die.

13. Scudder Creek. Use of short shrub methods indicated browsing has limited

growth of curlleaf mountain mahogany at Séudder Creek. Canopy coverage and density
of mature curlleaf mountain mahogany were greater (P < 0.05) inside than outside the big
game exclosure. The livestock exclosure was too small to facilitate adequate sampling,
but no visual difference between browse species inside and outside was apparent. My
density estimates from 2001 (Table 3) agree with Mackie’s (1973) report that densities of
young, mature, and dead curlleaf mountain mahogany were greater inside than outside
the exclosure. South (1957) reported extensive use of curlleaf mountain mahogany by
mule deer at Scudder Creek. He reported shrubs were heavily hedged, to the point that
mule deer were losing hair on their faces from trying to consume leaders inside )
mahogany bushes. Mahogany outside the exclosure still appeared heavi}y hedged in |

2001 (Appendix G, Fig. 53, 54) and wild ungulates continue to impact curlleaf mountain

mahogany.
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14. Hyde Creek. Browsing is minor at Hyde Creek as found by using the short

shrub method. No browse parameters were greater (P < 0.05) inside the exclosure .
compared to outside. Density of young mountain big sagebrush was greater (P < 0.05) .-
outside the exclosure. Mountain big sagebrush winter forage estimates were not different
(P = 0.98) inside and outside the exclosure. This site may be undesirable for wintering
elk due to its higher elevation relative to the adjacent Wall Creek Wildlife Management
Area. Winter elk counts with their locations during the first morning hours have been
observed by the WMA manager Fred King (unpublished déta). These counts indicate elk

spend less time near the Hyde creek exclosure than adjacent areas.

15. Wall Creek. Intense browsing on aspen at the Wall Creek site has occurred
from 1994 to 2001 (Fig. 19). Before 1992, browsing on aépen was light-to-moderate.
The stands inside and outside the exclosure were clearcut in 1990, but my data indicate
that some young stems may not have been cut. Stems that established from 1982 to 1989
were found inside the exclosure. These stems were.7 yeﬁs ol‘d or less when the stand
was clearcut and must have been left uncut. Similarly, stems :that establishéd from 1981
to 1989 were found outside the exclosﬁre. Growing conditions‘a’re not alloWin:g
recruitment of new stems inside since 1997 and intense browsiné oﬁtside‘the éxcfosure

have not allowed recruitment since 1998.

16. Tepee Creek. Browse species at Tepee Creek were evaluated with the short

shrub method. My measurements indicate mountain big sagebrush has been most

impacted. Canopy cover, density of mature shrubs, and production of winter forage were
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greater (P < 0.01) inside than outside the exclosure. This difference is visually apparent
by comparing shrubs inside to shrubs outside the exclosure (Fig. 6, Appendix G, Fig. 57).
No difference in other browse species was found. All young aspen growing near the site

exhibited arrested architectures. Only mature, tall aspen exhibited uninterrupted-growth -

type.
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Figure 19. Intensity of browsing on aspen in Wall Creek recorded in calendar years.

17. Garden Creek. Aspen data from Garden Creek implies browsing has been
intense since 1987 (Fig. 20). Only 3 young aspen were found growing uninterrupted
outside the exclosure. Aspen of all ages are growing uninterrupted inside the exclosure
and older stems grew uninterrupted outside. Intense browsing likely occurred before
1987. Several aspen outside the exclosure have crooked stems, which suggests that they
were intensely browsed at that point (Appendix G, Fig. 60). Stems inside the exclosure
as well as older stems outside grow straight, indicating they grew through the browse

zone under light-to-moderate browsing (Appendix G, Fig. 58, 59).
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Figure 20. Intensity of browsing on aspen at Garden Creek recorded in calendar years.

A recent breach of the exclosure fence has allowed animal access inside the
exclosure. Many aspen have been browsed and rubbing (presumable by antlers) was
evident on many young aspen stems. This suggests that ungulates have sought out aspen
inside the exclosure because of a lack of young aspen outside. Other browse plants
including cottonwood (Populus sp. L.) and willow (Salix spp. L.) displayed intense
browsing.

The Dome Mountain WMA was purchased as a designated wildlife winter range
in 1986. Before 1986, the area was run as a private cattle ranch. The Garden Creek
exclosure is located near some buildings and a water improvement and was probably
frequented by humans, which may have deterred wild ungulates from using the area.
Since 1986, wild ungulates have had free use of the entire WMA and are undisturbed by
humans from December 15- May I. An increase in the browsing intensity in 1987 is

recorded with an increase in browsing on aspen.
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18. Armstong. Only chokecherry was evaluated at the Armstrong exclosure by
using the tall shrub method. Individual bitterbrush outside appeared to be smaller than
protected shrubs, but the small size of the exclosure prevented sampling by use of the
short shrub method because an adequate sample could not be obtained. No difference (P
<0.05) in NAGRT and NAGR, of protected and unprotected chokecherry stems was
detected. The LD index of -2.0 cm indicates height of live stem sections is near the level
of mechanical protection. However, intense browsing was evidenced by some arrested

chokecherry stems outside the exclosure.

19. Johnson Creek. Browse species at the J ohnsbn Creek site Were évaluated with
the short shrub method. Both the big game and livesto?:k‘ exclosures Q\;ere measured.
Canopy cover of mountain big sagebrush was somewhat signiﬁcgntly ﬁigher P<01)
inside the big game exclosure than outside both exclosures. Density of young mountain
big sagebrush was higher outside the big game exclosure (P < 0.01), while density of
mature mountain big sagebrush was higher (P < 0.01) inside the big game exclosure than
outside both exclosures. No differences (P < 0.05) were detected for any browse species
between inside and outs’ide the livestock exclosure. These results suggest that browsing

by wild ungulates has impacted the sagebrush community, while livestock have had

minimal impacts.

20. Crown Butte. The Crown Butte exclosure was evaluated using the tall shrub

and tree methods. Intense browsing was evidenced by arrested-type Booth’s willow

outside the exclosure (Appendix G, Fig. 64). An LD index of 1.0 cm indicated the
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browsing pressure is limiting growth of stems to the level of mechanical protection.
NAGR]j of stems was 11.1 cm/yr inside and 7.8 cm/yr outside (P < 0.05). NAGRimwas
also greater (P < 0.05) inside the exclosure. Lifespan was longer (P < 0.01) inside the
exclosure (31.2 yrs) than outside (5.3 yrs). The current growth rate (7.8 cm/yr) is not fast
enough to grow 2.5 m before they die at the current lifespan of 5.3 years. The browsing
pressure has limited growth of Booth’s willow.

Aspen outside the exclosure have not been able to grow uninterrupted since 1949
(Fig. 21). Aspen of all ages were growing inside the exclosure (Appendix G, Fig. 61).
Only a few, old, uninterrupted-growth-type aspen were established outside the exclosure
(Appendix G, Fig. 62). Aspen did not establish outside the exclosure from 1949 to 1997,
while intense browsing has arrested aspen that have established since 1997. This

evidence indicates that browsing on aspen outside the exclosure has been intense since

1949.
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Figure 21. Browsing intensity on aspen at Crown Butte recorded in calendar years.

21. Pole Creek. Booth’s willow at the Pole Creek exclosure was evaluated with

the tall shrub method. Many arrested and retrogressed-growth-type willow outside the
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exclosure indicate current intense browsing (Appendix G, Fig. 66). An LD index outside
of 0.1 cm represents stem growth was limited to the level of mechanical protection.
NAGRT and NAGR ), were greater (P < 0.01) inside than outside the exclosure.
Manoukian (1994) reported a 0.9 m? increase in volume of willows inside the ef&élosure
following its construction 2 years previous. Manoukian (1994) stressed the heed for‘
further assessment of willow browsing. Booth’s willow growth is étill being supI;ressed

by ungulates.

Montana Fish, Wildlife & Parks Region 4

22. Deer Hill. .Browse species at the Deer Hill site were evaluated with the short
shrub method. Both the big game and livestock exclosures were evaluated. Visual
differences in horizontal juniper were noticeable in 2001. Canopy cover of horizontal
juniper was 27.3% inside the big game exclosure, 3.2% inside the livestock exclosure,
and 0.3% outside both exclosures. All means were different from each other (P < 0.05).
Presence of both wild ungulates and cattle has had the most detrimental effect on
horizontal juniper at Deer Hill.

Horizontal juniper is important to the winter diets of mule deer, bighorn sheep and
elk (Kasworm et al. 1984). Cattle may not actively consume juniper, but grass cover was
noticeably less outside which may expose juniper to browsers. Juniper canopy cover
inside the livestock exclosure was higher than outside, which may be due to grasses
concealing horizontal juniper. Wild ungulates may also be more hesitant to cross intq the
livestock exclosure when some browse species are still available outside the exclosures

(Gross and Knight 2000). Density of fringed sagewort was greater (P < 0.01) outside
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both exclosures. Fringed sagewort often increases with grazing, but it is a component of

bighorn sheep late winter diets in this area (Kasworm et al. 1984). - * " -

23. Middle Draw. Bebb willow and aspen were evaluated at the Middle Draw site

using tall shrub and tree methods. Both the big game and livestock exclosures were
evaluated. Willows outside both exclosures displayed arrested and retrogressed-type
architectures. Retrogressed stems were taller than 2.5 m and had large diameter bases,
which suggests they grew through the browse zone many years ago. Sféms growing
inside and outside the livestock exclosure that were shorter than 2.5 m were arrested or
retrogressed. The LD index inside the livestock exclosuré was 7.7 cm and -2.1 cm
outside. Willow stems inside the big game exclosure grew at a faster NAGRt (15.1
cm/yr) and live longer (37.3 yrs) than outside both exclosures (P S;O'Ol)' Only a slight
difference (P < 0.1) in NAGR was detected between stems insidé fhe li:\'¢stock exclosure
and outside. These data indicate that wild unguiates have had\ the moét impact on Bebb
willow (Appendix G, Fig. 71). Cattle may be having a sméll imbact as ‘shown bya sligﬁt
difference in NAGR between stems inside and outside the livestock éx;:losure. |

Aspen outside the Middle Draw exclosures has been ’intensely browsed siﬁce
1981 (Fig. 22). The most recent year light-to-moderate bfowsing occurred outside was
1989 and only intense browsing has occurred since then. Similarly, asi)en inside ‘the
livestock exclosure has been only intensely browsed since 1991. Light-to-méderate
browsing occurred inside the livestock exclosure from i970 fo 1991. Inside ‘the Big game
exclosure, stems have established as recently as 1996. No s:tem‘s have established since

then, indicating that the stand is maturing and ceasing to produce new stems. These data
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indicate that browsing has been intense in and out of the livestock exclosure since around
1990, which is not allowing stems to grow to their full stature. As older stems mature
and die inside and outside of the livestock exclosure, intense browsing may not allow

new, younger stems to replace them.
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Figure 22. Periods of browsing intensity in Middle Draw recorded in calendar years.

24, Lenstra Creek. Bebb willow and aspen at the Lenstra Creek big game and
livestock exclosures were evaluated using tall shrub and tree methods. Most young Bebb
willow within the browse zone inside and outside the livestock exclosure were arrested.
Older, retrogressed-type Bebb willow growing throughout the site indicated past light-to-
moderate browsing. An LD index of-2.1 cm outside both exclosures indicates that live
stems are growing to the level of mechanical protection afforded by dead stem segments.
NAGRtand NAGRim and lifespan were greater (P < 0.01) inside than outside the big
game exclosure. These data suggest that ungulates are negatively impacting growth of
Bebb willow. NAGRtand NAGRimwere greater inside the livestock exclosure than

outside at the P < 0.05 and 0.1 levels, respectively. The LD index inside the livestock
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exclosure was +7.7 cm. These results indicate that livestock are contributing to the
suppression of willow at Lenstra Creek.

Aspen outside and adjacent to both exclosures has been intensely browsed since
1978 (Fig. 23). The last year a stem outside was light-to-moderately browsed was 1986.
Since 1986, aspen outside have been intensely browsed. Aspen inside the livestock
exclosure have been intensely browsed since 1979. Light-to-moderate browsing last
occurred in 1986. Aspen stems inside the big game exclosure had established from 1919
to 1989. The period from 1949 to 1974, no aspen stems were recruited into the stand.
Intense browsing or unfavorable growing conditions during this time may have restricted
aspen recruitment. Stems inside and outside the livestock exclosure had been intensely
browsed from 1978 to 2001. Intense browsing is attributed to wild ungulates because the

period of browsing is similar inside the livestock exclosure and outside both exclosures.
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Figure 23. Intensity of browsing on aspen at Lenstra Creek recorded in calendar years.

25. 1500 Acre. Aspen was evaluated at the 1500 Acre big game and livestock
exclosures using the method for trees. The aspen stand sampled at this site is large and

expands across several different growing environments. Intensely browsed aspen were
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found on the exterior portions of the aspen stand outside both exclosures. Intense
browsing has been occurring outside from 1991 to 2002 (Fig. 24). Intensely browsed
aspen were rare inside the livestock exclosure. Aspen stems in all areas were light-to-
moderately browsed from 1944 to 1994. No aspen have established since 1994 inside
either exclosure and may indicate that the aspen stand is limiting further recruitment in its
interior. Evidence of only intense browsing outside the exclosures indicates that
livestock are browsing on aspen. There are many trails (presumably formed by cattle)
outside the exclosures. Ifwildlife were intensely browsing aspen, | would have expected

evidence of browsing inside the livestock exclosure as well as outside.
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Figure 24. Intensity of browsing on aspen at the 1500 Acre site recorded in calendar
years.

26. Sun River. The Sun River exclosure was evaluated using the tall shrub
method on chokecherry and the short shrub method on the remaining browse species. All
unprotected chokecherry were intensely browsed as displayed by arrested-type
architecture. NAGRtand NAGRinWere greater outside the exclosure (P < 0.05).
Browsing is limiting growth of live stems near the level of mechanical protection (LD

index =-2.6 cm). No differences were detected between all other browse species inside
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and outside the exclosure (P < 0.05). These data indicate that wild ungulates are

suppressing growth of chokecherry, but no other browse species at the Sun River site.

Montana Fish, Wildlife & Parks Region 5

27. Sykes Coulee. Browse species at the Sykes Coulee site wére évaluated using
the short shrub method. Canopy cover of curlleaf mountain mahogany was greater (P <
0.05) inside than outside the big game exclosure; however, density was not different for
any age class (Fig. 14). This suggests that ungulates are impacting si.ze but not number of
shrubs. Density of dead Rocky Mountain juniper was greater (P < 0.1) inside than
outside the exclosure. Mule deer feces were most prominent, though wild horse manure
was found at the site. I would attribute impacts on mountain mahogany to wintering

mule deer because it is a highly valuable component of their fall, winter, and spring diet

(Kufeld et al. 1973).

28. Crooked Creek. Browse species at the Crooked Creek exclésure were |
evaluated using the short shrub method. Exclusion of all ungulates for 40 years has
altered the cover and abundance of Wyoming big sagebrush and black sagebrush ("l;able
3). Canopy cover and density of mature Wyoming big sagebrush were greatef (P=< 0.05)
inside the exclosure. Canopy cover and density of young and mature black sagebrush
were greater (P < 0.05) Ol;tside the exclosure. These differences in cover and density of
the 2 sagebrushes suggest that ungulate browsing is decreasing Wyoming big-sagebrush
outside, which is allowing black sagebrush to increase. These data agree with Sheehy

and Winward (1981) and Wambolt (1996) where they reported Wyoming big sagebrush
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was preferred over black sagebrush by mule deer, elk, and sheep. No differences in
mountain big sagebrush were detected between inside and outside the exclosure (P <
0.05). This does not agree with the findings of Sheehy and Winward (1981) and
Wambolt (1996) because they reported mountain big sagebrush was the most preferred

sagebrush taxa by mule deer and elk.

29. Picket Pin. The Picket Pin big game and livestock exclosure was evaluated
with the short shrub method. Exclusion of all ungulates and only livestock, both showed
impacts on canopy cover of horizontal juniper (Table 3, Fig. 15). Canopy cover‘of |
horizontal juniper was highest (47.1%) inside the big game exclosure, which wa; ﬁigher
than in the livestock exclosure (1 8.2%) and outside both exclosures (6‘.0%).‘(P <0.01).
Additionally, canbpy cover of juniper inside the livestock exclosure was greater P=
0.01) than outside (Fig. 15). Wild ungulates alone have negatively impacféd ‘horizoptal
juniper, but the combined presence of wild ungulates and livestdék has been the most
detrimental. These results agree with findings at Deer Hill. Grass cover‘outside appéared
to be less than inside either exclosure. Reduced grass cover outside may allow free
recognition and access to horizontal juniper. Grass cover inside the livestock exclosure

appeared the highest and may conceal horizontal juniper.

Montana Fish, Wildlife & Parks Region 6

30. South Ranch. Chokecherry and aspen were evaluated at the South Ranch site

using tall shrub and tree methods. Both the big game and livestock exclosures were

evaluated. I found wild ungulates are impacting browse species. Nearly all unprotected
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chokecherry plants inside the livestock exclosure and outside both exclosures displayed
arrested-type architecture. The LD indexes outside (10.0 cm) and inside the livestock
exclosure (6.8 cm) indicate live stem segments are growing just slightly above the level
of mechanical protection. Negative impacts of browsing by wild ungulates are indicated
by greater NAGRj and NAGRim(P ”~ 0.01) inside the big game exclosure than outside,
but no difference in these parameters between chokecherry stems inside the livestock
exclosure and outside both exclosures.

My data indicate intense browsing on aspen is recent (Fig. 25). Before 1984, only
light-to-moderate browsing occurred on aspen in all portions of the site. Light-to-
moderate browsing and intense browsing simultaneously occurred in and out of the
livestock exclosure from 1992 to 1997. Since 1997, aspen has been only intensely
browsed in and out of the livestock exclosure. This trend indicates a shift in the browsing
pressure since 1992, and a further increase in browsing since 1997. Years of intense
browsing are similar inside and outside the livestock exclosure and indicate that wild

ungulates are having the most impact on aspen.
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Figure 25. Intensity of browsing on aspen at South Ranch recorded in calendar years.
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31. Pine Ridge. Browse species at the Pine Ridge site were evaluated with the
short shrub method. Wyoming big sagebrush canopy cover and production of winter
forage were not different in and out of the exclosure (P < 0.05). Density of mature
Wyoming big sagebrush v'vas greater (P < 0.05) outside the exclosure, as was density of
young and dead sagebrush (P < 0.1). Sweet clover (Melilotus officinalis (L.) Pallas) |
cover appeared to be greater inside the exclosure and may have a negative impact on
canopy cover and density of Wyoming big sagebrush. Impact of browsers is evidénf

(Appendix G, Fig. 76, 77), but may be a secondary factor or have only minor effects on

browse species on Pine Ridge.

32. Cottonwood. Browse species at the Cottonwood site were evaluated using the
short shrub method. Canopy cover and density of mature and dead Wyoming big
sagebrush were greater (P < 0.01) inside than outside the exclosure. This difference is
obvious in fenceline photos (Appendix G, Fig. 80). Production of Wyoming big
sagebrush winter forage inside the exclosure was 3 times that of the area outside the
exclosure. This difference is attributable to absence of antelope and cattle for the last 35
years inside the exclosure. No differences in canopy cover or density of winterfat were
detected (P < 0.05). Wyoming big sagebrush appears to be largely impacted by ungulates
in this area (Appendix G, Fig. 78, 79). This area is noted as critical for wintering

antelope and receives heavy use in winter (Martinka 1967).
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Dominant Short Shrub Species

Bearbem[’ | |

Bearberry was evaluated at 3 sites 2, 3,‘9) using the short siirub method (Table,
6). Canopy cover and density of bearberry plants was greater (P < 0.05) inside than
outside the big game exclosure at site 9. At the other 2 sites, canopy cover and density of
bearberry were greater (P <0.05) outside than inside both big game exclosures. At these
2 sites, I observed greater densmes of conifer trees inside exclosures I often found
bearberry growing in only partially shaded areas and in forest canopy openings, which
indicates that bearberry ﬁiay respond better to an iricrease in sunlight. Thus, greater
canopy cover and density of beérberry outside exclosures at 2 sites may be due to more
favorable growing conditions outside than inside and not ungulate browsing.

Bearberry is consxdered moderately ;/aluable to elk in the fall and moderately h
valuable to mule deer in fall, winter and spring (Kufeld 1973 Kufeld et al. 1973). Food
habits analysis for whitetailed deer diets in the Swan Valley, an area with similar
végetation to sites 2 and 3, indicatedr bearberry made up < 4% of their winter diet.
(Mackie et al. 1-977). Sites 2 and 3 may receive more use froin sviiitetéiled deer because
itisa closed canepy, Douglé.s ﬁr/snbwbefry habitat type, svhiie site 9isa mere ojsen site
that may be favored by Wintering mule deer. If tliis theery is iogical, mule deer at site 9 |
may be intensely browsing bearberr);, wilile whitetailed deer at the otlier 2 sites may m-)t.

be impacting bearberry.‘
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Table 6. Parameter means of dominant short growing (< 2 m) shrub species inside and
outside exclosures.

Canopy Cover Density of Mature Shrubs Production of Sagebrush
(%) (1/60m?) Winter Forage (kg/60m?)
Species Mean N'/N? Range Mean N'/N? Range Mean N'/N? Range
Bearberry : T
In 5.6 1.2-9.3 16.9 3.4-36.8
Out 7.5 13 5.2-11.8 22.5 13 14.6-27.1
Big sagebrush
In 12.3 47 41224 51.2 sn ~ 15.6-106 2.1 47 0.3-3.7
Out 7.1 2.1-10.3 32.8 22.7-51.7 1.2 0.2-2.6
Bitterbrush
In 35 244.1 74 5.9-9.0
Out 2.8 23 0-7.8 11.7 13 0.7-20.6
Curl-leaf '
mountain
In 24.7 14.4-34.9 25.0 18.6-31.3
Out 10.3 22 9.6-11.0 15.6 12 14.1-17.0
Horizontal juniper
In 372 27.347.1
Out 32 22 o360 na
Oregon grape
In 7.9 4.2-134 1875 100-289
Out 6.6 073 3.5-100 1779 03 105-244

N'Number of sites where means of the given species were greater (P < 0.05) inside the game exclosure.
N>Total number of sites the parameter was estimated for the given species.

Big Sagebrush

Big sagebrush taxa were evaluated at 7 sites (Table 6). Protection from all
ungulates over periods from 32 to 56 years allowed big sagebrush to attain greater (P <
0.01) canopy coverages at 4 sites (11, 16, 28, and 32). Differences in canopy cover of big
sagebrush between unprotected and protected areas were not restricted to one subspecies.

Mountain big sagebrush was greater inside exclosures at 2 sites and Wyoming big
sagebrush at 2 sites. The 3 sites with no differences (P < 0.05) inside and outside

contained mountain big sagebrush at 2 sites and Wyoming big sagebrush at 1 site.



77

Rens (2001) reported canopy cover of mountain big sagebrush at 5 sites on the
Northern Yellowstone Winter Range was greater (P < 0.0001) inside than outside
exclosures. Average canopy cover inside and outside big game exclosures was 20.0%
and 9.7%, respectively. Wambolt and Sherwood (1999) on other portions of the Northern
Yellowstone Winter Range reported average canopy cover of big sagebrush at 19 sites
was 19.7% inside big game exclosures and 6.5% outside. Areas protected from browsing
had 3.0 times greater (P < 0.0027) canopy cover of big sagebrush than unprotected areas.
Results of canopy cover from my study are very similar to both Rens (2001) and
Wambolt and Sherwood (1999). Sites with canopy cover differences inside and outside
exclosures averaged 15.5% and 6.9%, respectively. The overall average was 12.3% -
inside and 7.1% outside.

Ungulate browsing also had an affect on a number of big sagebrush plants. Four
sites that had greater (P < 0.01) canopy cover of big sagebrush inside the exclosure also
had greater (P < 0.01) density of mature big sagebrush inside the exclosure (sites 11, 16,
28, and 32). Atsite 19, density of mature big sagebrush inside the exclosure was greater
(P < 0.01) than density outside, but canopy cover differences were less significant (P <
0.1). My results agree with Wambolt and Sherwood (1999), as they reported a hi gh
association between big sagebrush cover and density (r = 0.92; P < 0.000). Density of
mature Wyoming big sagebrush at site 31 was slighﬂy higher (P <0.1) outside the
exclosure, which is attributed to competition with sweet clover inside the exclosure.’

Density of young big sagebrush was not different (P > 0.05) inside and outside the

exclosures at any of the sites where big sagebrush canopy cover differed inside and
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outside exclosures (sites 11, 16, 28, and 32). Snow may be protecting these young shrubs
for several years, allowing them to grow to mature size before they are browsed (Mehus
1995, Wambolt and Sherwood 1999). Density of young big sagebrush was greater (P <
0.05) outside the exclosure at all sites where no differences in canopy cover were
detected (sites 14, 19, 31). Protection afforded by snow and less overall impact by
browsers may be allowing more young shrubs to grow than at sites where ungulates are
irnpacting the sagebrush community. This may indicate recovery of big sagebrush at
these sites (14 19, 31) as indicated by an increase in recruitment

Densrty of dead big sagebrush was greater (P < O 01) inside the exclosure at 3
S1tes (11 16, 32) where big sagebrush canopy cover was also greater (P < O Ol) m51de
Because cover and den51ty are usually highly correlated it is logical that dens1ty of dead
would also be higher Addltionally, dead shrubs may remam more recogmzable and
detenorate slower in the absence of tramplmg by ungulates thus estunatlon of their
density may be h1gher. | N

Production estirnates for winter forage by big sagebrush were greater (P < 0.05)
inside big game exclosures than. outside at‘4 of .7 sites(ll, 16‘, ‘28, h32). These sites also
had greater percent canopy coyer and density of mature big sagebrush inside the
exclosure. Sites where differences were detected produced 60% more big sagebrush
forage for winter per 60 m® 1ns1de than outs1de exclosures Wambolt and Sherwood
(1999) on the NYWR reported similar results They reported protected mountain big

sagebrush produced 88% more forage for winter than unprotected sagebrush. Rens
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(2001) reported more than twice that (176%) when protected and unprotected mountain
big sagebrush were compared.
Ungulates have negatively impacted big sagebrush at 4 sites of 7 sites. Big .
sagebrush communities at the remaining 3 sites appeared to be recovering. These sites
had increased recruitment of young shrubs and no differences in canopy coverage and

production of big sagebrush winter forage inside and outside exclosures.

Bitterbrush |

B1tterbfush condltlon was evaluated at‘3 sites. Wild ungulate browsmg had a
negatlve impact on 2 of the 3 sites (Table 6). Atsites 5 and 7 bltterbrush canopy cover
and dens1ty of mature shrubs were greater (P <0. 05) ms1de b1g game exclosures At site
6, densny was greeter (P <0.05) outside the exclosure, while there was no difference in
canopy cover. Bitterbrush differences at site 6 may reflect apparent greater canopy cover
and density of conifer trees inside the exclosure than outside rather than a lack of
response to ungulate browsing.

Presence of only livestock did not affect bitterbrush, indicated by comparisons
inside and outside livestock exclosures at sites 5 and 6. No differences in canopy cover
of bitterbrush inside and outside both livestock exclosures were detected (P < 0.05).
Density of mature bitterbrush was greater outside at 1 site, while density of dead
bitterbrush was greater inside 1 livestock exclosure (P < 0.05). These differences are
probably related to individual site conditions. -

My findings imply that wild ungulates have negatively impacted bitterbrush, -

while livestock have had little impact. Game impact is probably from winter and fall use
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of bitterbrush by elk and deer because it is considered a highly valuable component of
their diet at this time (Kufeld 1973, Kufeld et al. 1973).

Sites 6 and 7, along with 3 other sites were evaluated in 1972 (Mackie 1973).
Mackie (1973) also found greater dens1ty of bitterbrush out51de at site 6 and greater
inside at site 7. Unprotected areas had greater productlon of b1tterbrush th gs than 1ns1de
the exclosures at all 7 sites Mackle (1973) sampled Mackle (1973) concluded
differences in bitterbrush parameters were determlned pnmanly by 1nd1v1dual 81te |
characteristics and secondly by ungulate browsmg Kay (1995) found bltterbrush
growing in the Greater Yellowstone Ecosystem, had less (P S 0.05) canopy cover, height;
size, and volume outside abig game exclosure. He attribufed this difference to repeafed

use by wild ungulates.

Curlleaf Mountain Mahogany

Canopy cover of curlleaf mountain mahogany was greater (P < 0.05) inside the
exclosure at both sites (13, 27) where it was sampled. Domestic ungulates have not
actively used either area so any impacts must have been due to use by wild ungulates.
Differences in densities were not consistent between sites (Table 6). Density of young
mahogany were not different (P < 0.05) inside and outside exclosures at either site.
Browsing was not limiting recruitment of new inahogany plants. Density of mature and
dead mahogany were greater (P < 0.05) inside the exclosure at site 13, but no differences
were detected at site 27. Browsing impacted only the size of shrubs at site 27, while

canopy cover and number of mature shrubs were altered by wild ungulate browsing at
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site 13. Mackie (1973) studied site 13 and reported similar densities and canopy

coverages but he emphasized that production of twigs was greater outside the exclosure.

Horizontal Juniper

Both sites where horizontal j Jumper was evaluated hed a b1g game and llvestock
exclosure Results from the 2 sites (22 29) were s1rmlar (Table 6). Exclusmn of all |
ungulates at site 22 for 13 years and at site 29 for 40 years allowed honzontal juniper te
attain very high canopy coverages (27.3% and 47.1%). Areas with exclusion of hvestock
only yielded canopy ceverages of 3.2% and 18:2%. Areas.accessible to all ungulates had
canopy coverages of 0.3% and 6.0%. Differences between canopy coverages of each
phase of both exclosures were significant (P < 0.01). These results found that the . -
combined presence of wild ungulates and domestic ungulates has had the most
detrimental effect on horizontal juniper, but wild ungulates alone have negatively
impacted horizontal juniper.

Kasworm et al. (1984) studying ungulate diets near site 22, reported horizontal
juniper as being very important forage to wintering elk, bighorn sheep, and mule deer.
Presence of horizontal juniper in fecal samples of cattle (0.9%) suggest they consume
only a small amount of it (Kasworm et al. 1984). Cattle are much larger animals and . .
consume greater quantities of forage than elk, bighorn sheep, and mule deer, so the actual
amount of horizontal juniper consumed by cattle may be similar to that of wild ungulates.
I also observed greater cover of grasses inside the livestock exclosures, which may
conceal horizontal juniper and prevent some use by wild ungulates. Outside the

exclosures, livestock consume grasses which may expose horizontal juniper and allow
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wild ungulates to browse juniper more readily than inside the livestock exclosure. This
theory contradicts Keigley and Olson (2001) where they observed horizontal juniper was
more abundant inside a big game exclosure and outside, compared to inside the livestock
exclosure. They suggest that a combination of reduced light avallablhty durmg the
growing season due to tall grass and browsing by W1ld ungulates in wmter is restnctmg |
growth of horlzontal Jumper 1ns1de the hvestock exclosure Although my theory and that
of Kelgley and Olson (2001) contradlct each other, they agree W1th the ﬁndmgs of

Kasworm et al. (1984) that wild ungulates are heavﬂy using honzontal Jumper

Oregon grape

Oregon grape was evaluated at 3 sites (2, 3, 5) using the method for short shrubs.
No differences (P < 0.05) were detected between Oregon grape inside and outside any big
game exclosure or livestock exclosure (Table 6). Wild ungulates have not impacted
Oregon grape at these sites.

-Oregon grape is a valuable component of mule deer diets in fall, spring, and . -
winter, as well as elk diets in fall and winter (Kufeld 1973, Kufeld et al. 1973). Guenther
(1989) in southwest Montana, reported mule deer and elk feces contained 22% and 11%
Oregon grape, respectively. Bitterbrush was the only browse species with higher percent
content in feces than Oregon grape (Guenther 1989). Wild ungulates on 2 sites with
Oregon grape, did not impact any browse species. At the third site, bitterbrush was
negatively by impacted wild ungulates. Following Guenther’s (1989) findings, wild

ungulates may be using bitterbrush more than Oregon grape at site 5.



83

Dominant Tall Shrub Species

Chokecherry

Chokecherry was evaluated at 3 sites (18, 26, 30) by using the tall shrub method
(Table 7). Additionally, canopy cover of chokecherry at a fouﬁh site (10) was estimated,
but no differences were detected between inside and outside the exclosure (P < O'.05). At
the 3 sites I used the tall shrub method, chokecherry outside exclosures and inside the
livestock exclosure at site 30 displayed intense browsing (arrested architecture type).. .
Negative LD indexes outside exclosures at sites 18 and 26 indicate browsing is limiting
growth of stems below the level of mechanical protection. LD indexes at site 30 were
10.0 cm and 6.8 cm outside and inside the livestock exclosure, respectively. Dead 7
chokecherry stems were mostly absent from all sites; therefore, an estimate of lifespan
could not be made. NAGRt and NAGR,, were less (P < 0.05) outside the exclosure at -
sites 26 and 30. These parameters were not different between inside and outside the
exclosure at site 18, as well as between stems in and out the livestock exclosure at site 30
(P £0.05). This indicates that wild ungﬁlates are suppressing growth of chokecherry
stems at sites 26 and 30, while livestock are not contributing to growth rate suppression at
site 30. This contradicts Frisina and Kujula (2001) where wild ungulates alone were not
intensely browsing chokecherry stems, but a combination of use by wild and dor_pestic
ungulates did result in intensely browsed stems. Keig1¢y and Olson (2001) reported that
browsing was reducing growth rate of chokecherry but did not differentiate b¢tween wiid

and domestic ungulate browsing.
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Table 7. Parameter means of dominant tall growing (> 2m) shrub species inside and
outside exclosures.

Growth Rate Growth Rate to Im Lifespan
(cm/iyr) (cm/yr) (yrs)

Species Mean N'/N?  Range Mean N'/N*  Range Mean N'/N*  Range
Chokecherry

In 11.1 8.1-159 13.2 8.1-22.1

Out 82 B ga114  8a P 6ol Wa
Serviceberry

In 14.0 8.3-16.9 25.5 204-28.8  25.0 18.1-30.0

Out 78 M 4sa1e 102 M 4s210 177 Y% 115243
Willow

In 18.3 11.1-29.2 284 145439  29.0 19.2-37.3

Out 11.7 3/6 6.8-18.2 15.3 46 6.8-31.8 11.8 43 39-18.2
Total 10/13 9/13 7/9

N'Number of sites where means of the given species were greater (P < 0.05) inside the game exclosure.
N’Total number of sites the parameter was estimated for the given species.

Kay (1995) evaluated exclosures in the Greater Yellowstone Ecosystem and
reported unprotected areas had less (P < 0.05) canopy cover, height, size, and pumberk of
berries per chokecherry plant than areas protected by exclosures. Chokecherry produced
virtually no fruits outside these exclosures. Chokecherry outside an ungulate exclosure
in central Washington did not grow, but inside canopy cover was 4.6% (Tiedemann and
Berndt 1972). These studies generally agree with my findings in that wild ungulates

apparently have reduced growth and sustainability of chokecherry.

Serviceberry

Serviceberry was evaluated at 6 sites. However, at 2 sites, the taxon was not
sufficiently dense to cut the number of stems required for tall shrub sampling, so canopy
cover and density were estimated with short shrub methods. The remaining 4 sites (1, 4,

8, 10) were evaluated using the tall shrub method. Evidence of current intense browsing
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(arrested and retrogressed architecture types) was found outside exclosures at § sites.
Released-growth-type stems were mostly found at site 10. NAGRt, NAGR |, and
lifespan were less (P < 0.05) outside exclosures at 3 sites (Table 7). Current net annual
growth rates at these 3 sites did not meet the required threshold growth rate required for
stems to grow through the browse zone before they die. LD indexes outside exclosures
ranged from 0.2 to 40.6 cm. This would indicate that the level of browsing is limiting
growth of stems at the level of mechanical protection, while at other sites, browsing is
allowing stems to grow above the level of mechanical protection. Canopy cover of
unprotected serviceberry was less (P < 0.05) than protected stems at 2 sites (9, 10).
Densiiy was less (P < 0.01) outside at site 9.

Site 4 included a livestock exclosure, of which only a difference in lifespan was
detected between serviceberry stems inside and outside it. Stems inside were growing
9.1 cm/yr, which did not meet the required 14.2 cm/yr required to grow through the
browse zone befor¢ they die. Because only wild ungulates have access to the livestock
exclo;ure, I attriBute érowth suppression to them. VThe} LD indéx of 1;2.8 cm insi}dve tile
live;stock exclosure indicates live stems are grdwing to levels slightly higher than fﬁe
level of méchanical protection. Thcse results indicatg: thaf livestock are impacting pnly
lifespan on seryicebe;ry stefns. Lack of livestock sign at the enfire sife but still a
diffgrence befwe;en serviceberry inside apd outside tﬁe livestock exclosure sugge;té ihat
wild ‘ungulateskhesitate to cross intp tile livestsék exclosure aﬁd may use ;areas oufside

more (Gross and Knight 2000).
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Overall, browsing is negatively impacting serviceberry at 5 of the 6 sites I
evaluated. Kay (1995) reported similar intense use of serviceberry by ungulates in the
Greater Yellowstone Ecosystem (GYE). Mean canopy cover, height, volume and number
of berries per serviceberry plant were greater (P < 0.05) inside big game exclosures than
on adjacent unprotected areas. Most of the growth from the previous summer on

serviceberry is removed by winter browsing in the GYE (Houston 1982), as in the same

manner at 4 of my study sites.

Mackie (1973) reported browse species (including serviceberry) protected by -
exclosures generally were larger, but serviceberry twig production was similar inside and
01'1tside exclosures. Twig growth was determined primarily by site condition, and
secondarily by browsing (Mackie 1973). My findings do not agree with Mackie (1973).

Growth rate of serviceberry stems was lower in the presence of browsers.

Willow

Willow species were evaluated with the tall growing shrub method at 6 sites (11, |
12, 20, 21, 23, 24). Evidence that presence of all ungulates have had a negative imp‘act
on growth of willow was recorded at 5 sites (Table 7). Willow species at these sites F}
included Geyer’s willow, Booth’s willow and Bebb willow. Curfent intense brobwsing‘ |
was occurring at the S sites, as displayed by arrested architecture types. NAGRT was
greater (P < 0.05) inside big game exclosures than outside at all sites except sifé ;12‘
(Table 3). NAGR:n was greater (P < 0.01) inside big game exclosures at 4 of these sites
(11, 20, 21, 24). Lifespan was greater (P < 0.01) inside the big game exclosures at 4 sites {

(11, 12, 20, 24), while site 21 did not contain adequate numbers of dead stems required
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for sampling. Only a difference in lifespan was detected at site 12 (P < 0.01). I attribute
this difference to past impacts of ungulate browsing. At the time of sampling, willow
stems at site 12 were growing under light-to-moderate browsing and displayed released
architectures, which indicate past intense browsing. LD indexes outside big game
exclosures at 5 of the 6 sites were close to 0, which indicates live stem growth was
restricted to the level of mechanical protection. Site 21 had a remarkable LD index of
48.6 cm, which indicates live stems growth is above the level of mechanical protection.
Willow stems outside exclosures at 5 of the 6 sites (all except 21) were not growing fast
enough to grow through the browse zone before they die.

Comparisons of tall shrub parameters between willow stems inside livestock
exclosures and outside were possible at 2 sites. No differences were detected between all
willow parameter means in the livestock exclosure and outside at site 23. NAGRr of
stems was greater (P < 0.01) inside the livestock exclosure than outside at site 24." -
Lifespan was not different (P < 0.05) suggesting that livestock did not impact the number ‘
of years willow stems live. Growth rate of willow inside both livestock exclosures was
not rapid enough to allow stems to grow through the browse zone before they die. My
results found that livestock have contributed to suppression of willow growth at site 24
while livestock have had only minor impacts on willow growth at site 23. Wild ungulates
continued to have a negative impact inside both livestock exclosures. Schultz and
Leininger (1990) found canopy coverage, but not density of willow, was greater (P <
0.05) inside a livestock exclosure than outside. Willows were not able to grow tall where

cattle had access to them (Shultz and Leininger 1990). They determined that cattle would
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have to be fenced out of riparian areas to allow willow establishment. Results at 1 of 2
sites with livestock exclosures in my study agree with Shultz and Leininger (1990), while
impacts from cattle were not differentiated from those of big game at the remaining sites.
| Keigley and Gale (2001) evaluated Géyer’s willow at ébig game and livestoék

exclosure in southwest Montana. As ats of my sites, NAGRr inside the bign game d
exclosufe was greater (P = 0.00) than inside and outside the livgstock ¢xci§§ure. LD
indices at their site aéreed with growth rate estimates in that‘ live stems of protected stems
grew 52 crﬁ above dead stems, QMle unprotected stems had negafi;e LD i@dexes.
Willow browsing by wild ungulates was thouéht to be the major ifnpaét on \:villow
growth, but livestock browsing wa;s reported ‘to bea contrib&ing féctor m guppfess:ion of
willow stem éréwth (Keiglbeyrand Gale 2601). My resultsr gehér;lly agreé with fhese
conclusions. | | -

Maschinski (2001) reported 33% of Arizona willows (Salix arizonica Dom) died
when exposed to wild‘and dof;leétic unguiates for 30 dayé. Nowwillow deaths v;ere o
reported inside exclosures. Plant height and branch length of willow were less (P < 0.05)
outside exclosures than inside. These results may be more extreme than mi;le because ;
Maschinski (2001) studied Arizona willdw on the extreme southern edge of its range

where growing conditions fnay not be optimal.
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Dominant Tree Species

Aspen

Reconstructed browsing histories on aspen varied across the 8 sites where it was
found. The earliest year intense browsing occurred outside the exclosure at any site was
1949. There was an overlap of intense and light-to-moderate browsing outside from 1949
to 1996. Since 1996, only intense browsing has occurred outside at all sites (Fig. 26).
Browsing inside livestock exclosures has been intense since 1979 (Fig. 27). There was
an overlap of intense and light-to-moderate browsing outside from 1979 to 1997. Since
1997, only intense browsing has occurred inside livestock exclosures. The periods of
intense browsing inside and outside the livestock exclosure are very close. This may
indicate that wild ungulates are mostly responsible for intensely browsing aspen, because

they have access to both inside and outside livestock exclosures.

2000
1980 0 Intense
2 1960 -H OLUM&Int
A 1940 H HL/M
1920 m No hist.
1900

11 15 17 20 23 24 25 30
Site

Figure 26. Reconstructed browsing history for aspen outside exclosures. Date each
exclosure was built is to the right of each bar.
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Figure 27. Reconstructed browsing history for aspen inside livestock exclosures. Date
each exclosure was built is to the right of each bar.

The earliest accounts of intense browsing on aspen (1949 and 1967) were at the 2
sites in the Gallatin Canyon (Fig 26, Appendix F, Fig. 29). Both exclosures were
constructed in 1945, which has enabled aspen stems of various ages to grow inside the
exclosures. Outside the exclosures, few aspen have established since construction of the
exclosures. These older exclosures have enabled earlier periods of intense browsing to be
identified. | found more recent periods of intense browsing at the remaining sites. Each
of these exclosures was constructed between 1987 and 1991. The earliest onset of
intense browsing at these sites was 1978, and the latest was 1994 (Fig. 26, Appendix F,
Fig. 29). Earlier intense browsing on these exclosures is harder to identify because as
stems grow tall, evidence of intense browsing diminishes. Some older stems grow
crooked which may indicate that intense browsing did not allow the stem to grow from
previous years growth, but growth originated from stem segments greater than | year old
(Appendix G. Fig. 60). Comparisons can be made between crooked stems outside

exclosures to straight stems of the same age inside exclosures (Appendix G, Fig. 58).
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Similar findings in Utah reported wild and domestic ungulates outside exclosures
were intensely browsing aspen (Kay and Bartos 2000). They reported aspen failed to
regenerate outside exclosures at 4 sites. In most cases, failure to regenerate was due to
combined li\)estock and wild ungulate use. Aspen regeneration was lower (P < 0.08)
outside exclosures at the remaining 4 sites and regeneration was typically higher (P <
0.08) inside than outside livestock exclosures (Kay and Bartos 2000). I reported that
periods of intense browsing were similar inside and outside livestock exclosures,
indicating that wild ungulates were mostly responsible for browsing. At only one site
(25) was there evidence that livestock and not wild ungulates were responsible for
intensely browsing aspen. Dieni et al. (2000) also reported wild ungulates (elk) were
responsible for suppressing aspen regeneration. Following clear-cutting aspen stands 9
years earlier, density of aspen stems > 2 m tall inside exclosures was 9943 stems/ha.
Outside exclosures density of aspen > 2 m tall was 590 stems/ha. Density means were
greater (P < 0.05) inside exclosures and Dieni et al. (2000) concluded that in the presencé
of dense populations of wild ungulates, clear cutting aspen will not be effective in
promoting aspen regeneration.

On av much larger scale, Ripple and Larsen (2000) reported aspen in Yellowstone
National Park regenerated successfully from the middle 1700’s to the 1920’s. Following
the 1920’s, no aspen regenerated, which was primarily due to intense browsing by elk
(Ripple and Larsen 2000). These findings agree with my report of intense and light-to-
moderate browsing occurring outside exclosures from 1978 to 1996, which would allow

some stems to establish. Since 1996, intense browsing has restricted recruitment of any :
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new aspen. If this trend continues, aspen stands may slowly die out. Several years of

light-to-moderate browsing will be required to allow stems to grow tall enough to escape

browsing. -

Summary of Results

My evaluation of browse species at 32 study sites throughout Montana
determined that ungulates have negatively impacted this important habitat component at
22 sites (Fig. 28). At an additional § sites, there was mixed evidence of impacts (Fig.
28). These areas are either entering a period of intense browsing or coming out ofa - -
period of intense browsing. At least 1 of the following parameters: canopy cover,
density, big sagebrush production of winter forage, growth rate, or lifespan was greater (P
< 0.05) inside than outside exclosures in order for browsing to be considered to be an
impact. At sites with aspen, browsing was intense outside exclosures as determined by
arrested and retrogressed architecture types or lack of stem establishment. Parameters
were greater inside than outside of exclosures for canopy cover and density of bearberry,
big sagebrush, bitterbrush, curlleaf mountain mahogany, and horizontal juniper. In big
sagebrush communities, greater production of big sagebrush winter forage was found.
Growth rate and lifespan of serviceberry and willow were lower outside, as was growth
rate of chokecherry. Current intense browsing was found at all 8 sites with aspen.

Browsing at 2 sites has not impacted the browse community (Fig. 28).

Parameters were not different inside and outside exclosures at these sites and evidence of

intense browsing was not found outside these exclosures. Additionally, 3 sites have been
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influenced by differential plant succession inside and outside the exclosure (Fig. 28).
Browsing was not considered to be influencing the browse community at these 3 sites.
Forest succession had yielded greater tree overstory inside exclosures at 2 sites, while
sweet clover had greater cariopy cover inside the exclosure at the 3'd eite.

Ten sites included livestock exclosures in addition to big game exclosures.
Differeﬁces in browse parametei's in and out of livestock exclosuresw wereA found at 5 sites.
Browse species that wefe impacted by cattle were servieeberry, horizontal juniper, Bebb
willow and dspen

Exclosures where dlfferences were detected were not restricted to spec1ﬁc regions
of Montana (Fig. 28) The age of exclosures was not directly related to ﬁndmg ‘
significant differences in and out of them. I found differences in browse parameters
between 1n51de and out51de of the most recently constructed exclosure (1990) as well as

the oldest exclosure (1945)
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Figure 28. Summary of impacts at each site.
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CHAPTER 5
CONCLUSIONS AND IMPLICATIONS

Concerns about browsing impacts have typically been centered on areas of special
interest such as Yellowstone National Park (Kay 1995, Rens 2001, Ripple and Larsen
2000, Wambolt and Sherwood 1999). Because browse condition and trend studies in
Montana have not been a high priority for several decades, current data are needed. My
study did not consider specific areas or taxa, rather, all browse species and areas with
functional exclosures were included. Thus, this study included the impacts of various
ungulates across many environmental and management scenarios.

Twenty-seven of the 32 exclosures sampled provided evidence that long term
browsing by ungulates is limiting the growth of numerous woody species. Logically, we
would expect individual plants of landscape dominants to receive lighter levels of use,
while plants of uncommon species might be more intensely used due to their rarity. 1
found this was not necessarily the case. Plant species impacted by browsing ranged from
landscape dominants such as big sagebrush, to relatively uncommon species such as
chokecherry.

I found wild ungulates were more likely to impact browse species than were
livestock. When both big game and livestock exclosures were present, wild and domestic
ungulate impacts could be separated. At most of the remaining sites with no livestock
exclosures, evidence of wild ungulate use was found, while evidence of livestock use was

uncommon. Evidence was usually pellet groups or manure. Additionally, many big
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game exclosures were located on areas that were not as likely to sustain cattle grazing
due to steeper slopes or lack of water.

| There were fewer sites providing evidence that livestock have impacted browse
species. Differences were detected in browse parameter means between inside and
outside of livestock exclosures at 5 of 10 sites. Livestock were thought to be impacting
browse species at several other sites that did not have a livestock exclosure. Ibased this
conclusion on seeing livestock in the area or concentrations of manure piles in the browse
community. Cattle have been the primary class of livestock on most sites, while
domestic sheep historically grazed several sites. Percentage of browse in diets of cattle is
typically small, but because cattle are much larger than many wild ungulates, the actual
amount of browse they consume may approach that of wild ungulates. Whether livestock
are impacting browse species through herbivory, trampling, or by somehow facilitating
browse use by wild ungulates is hard to determine. This is an area that needs further |
research.

Differences in vegetation between excluded and protected areas developed from
many years of exclusion. Intensity of ungulate browsing outside exclosures has probably
been quite variable at some locations due to ungulate populations fluctuating through the
years. A period of decreased browsing pressure may allow these communities to partially .
recover before the next period of intense browsing. Browse communities outside
exclosures have evolved in such a manner, while browsing inside exclosures is not a
consideration in development of plants and their communities. The value in comparing

protected to unprotected vegetation is to understand the site and community potential. In
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extreme cases, browse communities inside exclosures resulted in identification of a
commimity that had been lost outside. Further impacts may result in loss of more browse
communities.

Wild and domestic ungulate populations in some of these areas should be
reevaluated. Impact on browse species has altered the vegetation of some ungulate
ranges, which in turn may prove to be a long-term detriment to ungulate populations.
Other species depending on these browse communities may have also been impacted.
Consideration for browse communities should be emphasized when managing ungulate
populations.

This study further proves the value of exclosures in natural resource management.
Without the comparison allowed from exclosures, loss of browse species might often go
undetected. If existing exclosures are lost, it will be many years before researchers have
an opportunity to make similar comparisons of long-term impacts and trends. Effort put
into maintenance of exclosures would enable continuation of these rare, long-term study

areas that in many cases have been developing for a half a century.
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Table 8. Models for production of big sagebrush winter forage

Low use mountain big sagebrush
In(F) = .647+.034(MJ)+.031(AC)-.0002(C1)

High use mountain big sagebrush
In(F)=.31 1+.O37(MJ)+.047(AC)-.OOO3(Cl)+,0179(CD)

Low use Wyoming big sagebrush
In(F) =.322+.048(MJ)+.017(AC)-.0003(C1)

High use Wyoming big sagebrush
In(F) = .535+.008(MJ)+.026(AC)+.029(HT)+.025(CD)

Model abbreviations: F - Forage (g), MJ - Major axis (cm), AC - - Average crown
cover (cm), Cl1 - Circular area for the maJor axis (cm2) [C1= pl(MJ/2)2] CD-
Crown depth (cm), HT - Height (cm).

Table 9. Formulas used in tall shrub and tree methods

Net annual growth rate
NAGR = H,, /(A1)

Net annual growth rate to Im
NAGR, = 100/[(As-1) - (A;-1)]

Height of live to dead index
LD index = H,, - Hp

Year of intense browsing
Y; = Collection year - (A, + 1)

Year of light/moderate browsing
Y m = Collection year - A

Formula abbreviations - Hyye - Height to previous years growth (cm), A, - Age of
stem (yrs), A, - Age of stem at 1 m (yrs), Hp, - Height to dead (cm), A, - Age at
cluster (yrs).
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Table 10. Parameter means for browse species < 1% canopy cover.

Canopy cover' Density
(%) (/60m?)
Site  Exclosure? Species’ In o* Out In <* Out
6 G Amal 0.5 0.0 14 ** 0.0
6 G Rowo 0.8 * 0.0 84 * 1.1
6 L Amal 0.0 0.0 0.1 0.1
6 L Rowo 0.0 0.0 0.5 0.0
7 G Arfr - 00 * 0.5 04 ** 16.1
7 G Chna 0.0 0.3 0.0 0.7
7 G Chvi 0.8 0.2 3.7 1.5
9 G Phma 1.0 0.0 2.1 0.5
9 G Rice 0.3 0.3 0.2 0.2
9 G Syal 0.4 0.3 25 3.6
10 G Sorbus 0.9 1.1 ' ‘
11 G Chvi - 09 0.0 5.1 ** 1.0
11 G Teca 0.4 0.5 3.7 03
13 G Arfr 0.1 0.0 0.3 0.0
13 G Chvi 0.0 0.1 0.0 1.3
13 G Teca 0.1 0.7 33 73
14 G Arfr 0.0 0.1 07 * 49
14 G Chna 0.3 0.0 0.3 0.2
16 G Chvi 0.0 0.0 22 0.1
19 G Arfr 0.0 0.0 2.0 14
19 G Artrt-y \ 0.0 0.3
19 G Artrt-m 00 00 - 0.0 0.6
19 G Artrt-d 0.0 0.0
19 G Artrw-y a 0.0 0.0
19 G Artrw-m 0'? 01 0.4 0.7
19 G Artrw-d 0.0 0.0 00 0.0
19 G Chi 0.0 0.0 0.0 0.0
19 G Teca 0.0 0.0 0.0 02
19 L Arfr 0.0 0.0 0.4 14
19 L Artrt-y 0.0 0.3
19 L Artrt-m 0.0 0.0 0.1 0.6
19 L Artrt-d 0.0 0.0 0.0 0.0
19 L Artrw-y o1 04 0.2 0.1
19 L Artrw-m 0.7 0.7
19 L Artrw-d 0.0 0.0
19 L Chvi 0.0 0.0 0.0 0.0
19 L Teca 0.0 0.0 0.2 0.2
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Canopy cover' Density
(%) (n/60m’)

Site  Exclosure? Species In &° Out In o* Out
22 G Elco 0.1 0.0 4.0 0.0
22 G Rowo 0.0 03 0.9 5.6
22 G Syor 0.6 0.0 10.2 0.0
22 L Elcl 0.2 0.0 3.0 0.0
22 L Rowo 0.1 0.3 1.6 5.6
22 L Syor 0.2 0.0
26 G Juho 0.0 0.5
28 G Arfr 0.0 0.0 1.1 0.0
29 G Arfr 03 = 0.8 11.8 ** 545
29 G Artrv-y
29 G Artrv-m 06 * 0.0 1.9 0.4
29 G Artrv-d 0.0 0.0
29 L Arfr 0.6 0.8 249 = 54.5
29 L Artrv-y 0.3 03
29 L Artrv-m 00 00 0.4 0.4
29 L Artrv-d 0.1 0.0
31 G Arca-y 0.1 0.1
31 G  Arca-m o1 00 0.3 0.1
31 G Arca-d 0.0 0.0
31 G Chna 0.0 02 03 03
32 G Arfr 0.2 03 29.5 274
32 G Cela 0.8 0.1 3.7 3.6

lCanopy cover of young and mature plants of a species are combined.

2Exclosure type: G - Big game, L - Livestock

7 Browse species abbreviations: Amal - serviceberry, Arca - silver sagebrush, Arfr - fringed
sagewort, Artrv - mountain big sagebrush, Artrw - Wyoming big sagebrush, Arert - Basin big
sagebrush, Cela - winterfat, Chna - rubber rabbitbrush, Chvi - green rabbitbrush, Elco -
silverberry, Juho - horizontal juniper, Phma - ninebark, Rice - wax currant, Rowo - Wood's
rose, Sorbus - mountain ash, Syal - common snowberry, Syor - western snowberry, Teca - gray
horsebrush, y - young, m - mature d - dead.

<:>4Comparison of parameters in and out: e, *, *+ Significant at the P< 0.1, 0.05, and 0.01

levels respectively.
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Table 11. List of all exclosures visited

Site/Name Location (UTM or Legal) Established Type (s)' Key Species Status’
ZoneorS mEorT mNorR

Region 1
AntFlat - 11 656385 5399170 1962 G/L AMAL MF
Dodge-Poverty 11 631362 5420052 1958 G/L PUTR-AMAL MF
Mud Lake S24 36N - 28W 1934 G PUTR D
Schmitz Mine 11 655965 5408356 1962 G AMAL F
Roberts Mt. 11 652368 5402026 1962 G AMAL-ARUV-BERE F
Thirsty Lake 11 641675 5412134 1962 G PUTR-BERE F
Youngs Cr. 11 632179 5428066  1958/59 G/L PUTR F
Ten Mile S27 33N 28W 1963 G AMAL D
Rondo S5 . 35N 28W 1961 L . PUTR D
Cripple Horse S5 3IN 28W 1958 G/L AMAL D
Big Cr. S22 33N 20W ? G AMAL D
Whitefish L. S33 32N 22w ? G AMAL-ACGL D
Region 2 : ’ " '
Dry Cr. 11 650250 5229614 1960 G AMAL F
Dry Cottowood 12 372209 5119110 1961 G/L PUTR F
EddyCr. 11 695736 5209421 1959 G ARUV-ARUV ~ F
Ovando Mt. S 12 343081 5215972 1957 G AMAL-ACGL-PRVI F
Rye Cr. 11 732140 5096574 1954 . G PUTR NF
Salmon Lake 12 315979 5220302 1951 G AMAL NF
Region 3
Porcupine Cr. 12 481511 5008063 1945 G ARTR-SAGE-POTR F
Snowflake Spr. 12 486744 4989828  1948/58 G SABO F
Scudder Cr. 12 336004 5018941  1953/63 G CELE F
Hyde Cr. 12 443528 4985059 ? G ARTR-SAGE-POTR F
Wall Cr. 12 445320 4978773 1990 G POTR F
Tepee Cr. 12 487024 4990773 1991 G ARTR-SAGE-POTR F
Garden Cr. 12 512791 5009718 1990 G POTR F
Armstong 1 12 495331 5083614 1955 G PUTR-PRVI F
Armstong 2 12 495127 5083557 1955 G PUTR . F
Johnson Cr. 12 342898 5077768 1967 G/L ARTR F
Crown Butte 12 488378 4990122 1945 G SABO-POTR F
Pole Cr. 12 418630 4955822 1991 G SABO-SAGE F
Basin Cr. 12 388614 4956424 ? G SABO-SAEX F
Long Cr. 12 361520 5039046 1991 G SABO-SAGE NF
Limestone Hills 12 454127 5129691 1963 G CELE F
Lost Cr. 12 419772 4955584 1953 G CELE F
Pass Cr. 12 495756 5091227 1963 G " ARTR-AMAL F
Fleecer 1 12 362078 5074166 1989 G TECA F
Fleecer 2 12 361487 5074266 1989 G SALIX F
Region 4
Deer Hill 12 375033 5329034 1987 G/L JUHO-PRVI F
Middle Draw 12 375033 5329034 1987 G/L SABE-POTR-PRVI F
Lenstra Cr. 12 372937 5329591 1987 G/L SABE-POTR F
1500 Acre 12 371600 5326967 1987 G/L JUHO-POTR F
Burdoff Cr. 12 374413 5274219 1967 G RHTR-PRVI F
Hunters Gulch 12 437957 5186521 1960 G PUTR D
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Table 11. Continued. (page 2)

Site/Name Location (UTM or Legal) Established Type (s)' Key Species Status®
ZoneorS mEorT mNorR
Region §
Sykes Coulee 12 713122 4988356 1964 G/L CELE F
Crooked Cr. 12 703443 4996600 1962 G/L ARTR-ARNO F
Picket Pin 12 583219 5031976 1962 G/L JUHO F
Main Boulder S4 6S 12E 1960 G RHTR-PRVI D
Region 6
South Ranch 13 355054 5300371 1987 G/L PRVI-POTR-SALIX F
Pine Ridge 13 360540 5293948 1970 G ARTR-CHNA F
Cottonwood 13 294254 5373024 1967 G ARTR-CELA F
Nichols Coulee 12 712986 5277009 1965 G/L ARTR-ATGA F
Nichols Coulee 12 710680 5277654 1965 G/L ARCA-SAVE F
Region 7
McClary S1 3S * 61E 1960 G/L PRDI-AMAL D
Capitol Rock S2 3S 61E 1959 G PRDI-AMAL D
Upper Home Cr. 22 3s 47E 1960 G/L PRDI-AMAL NL
Little Pumpkin 13 423934 5054537 1961 G/L PRDI NF
Cow Cr. 13 404912 5017373 1961 G/L RHTR-ARCA NF

'G- Big game exclosure L- Livestock exclosure

’p. Functioning, MF- Mostly Functioning, NF- Not Functioning, D- Destroyed, NL- Not able to Locate
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Table 12. List of browse species at all sites.

Scientific Name Abbreviation Common Name Site(s) Species Occured
Acer glabrum Acgl Rocky Mountain maple 10

Amelanchier alnifolia Amal serviceberry 1,3,4,6,8,9,10
Artemisia cana Arca silver sagebrush 14,31

Artemisia frigida Arfr fringed sagewort 7,13,14,19,22,26,28,29,32
Artemisia nova Arno black sagebrush 28

Artemisia tripartita Artr3 threetip sagebrush 32

Artemisia tridentata ssp. tridentata Artrt basin big sagebrush 19

Artemisia tridentata ssp. vaseyana Artrv mountain big sagebrush 11,14,16,19,28,29
Artemisia tridentata ssp. wyomingensis Artrw Wyoming big sagebrush 19,28,31,32
Arctostaphylos unva-ursi Aruy bearberry 2,39

Berberis repens Bere Oregon grape 2,3,5

Ceratoides lanata Cela winterfat 32

Cercocarpus ledifolius Cele curl-leaf mountain mahogany 13,27

Ceanothus velutinus Ceve snowbrush ceanothus 9,10
Chrysothamnus nauseosus Chna rubber rabbitbrush 7,14,31
Chrysothamnus viscidiflorus Chvi green rabbitbrush 7,11,13,14,16,19
Eleagnus communis Elco silverberry 22

Juniperus horizontalis Juho horizontal juniper 22,26,29
Juniperus scopulorum Jusc Rocky Mountain juniper 27,31
Physocarpus malvaceus Phma ninebark 9

Potentilla fruticosa Pofr shrubby cinquefoil 22

Populus termuloides Potr quaking aspen 11,15,17,20,23,24,25,30
Prunus pensylvanica Prpe pin cherry 10

Prunus virginiana Prvi chockecherry 10,18,26,30
Purshia tridentata Putr antelope bitterbrush 5,6,7

Rhus trilobata Rhir skunkbrush sumac 26

Ribes cereum Rice wax currant 9

Rosa woodsii Rowo Wood's rose 2,5,6,7,22

Salix bebbiana Sabe - Bebb willow 23,24

Salix boothii Sabo Booth's willow 12,20,21

Salix geyeriana Sage Geyer's willow 11

Shepherdia canadensis Shca russet buffaloberry 3

Sorbus sp. Sorbus  mountain ash 10
Symphoicarpos albus Syal common snowberry 2,6,9
Symphoicarpos orbiculatus Syor western snowberry 7,22,26
Tetradymis canadensis Teca gray horsebrush 11,13,14,16,19
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APPENDIX E

MODELS FOR PREDICTING ASPEN AGE
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Table 13. Regression models to predict age of aspen from stem circumference at ground
level.

Site Model with y intercept R? Model without y intercept R’
11 AGE=20.7+0297CIR" 070  AGE=0.626CIR 0.78
15 AGE=1.5+0.758CIR 080  AGE=0.882CIR 0.94
17 AGE=15.1+0325CIR  0.68  AGE=0.449CIR 0.87
20 AGE=6.2 +0.485CIR 0.91 AGE=0.561CIR 0.93
23 AGE=8.5+0.470CIR 069  AGE=0.748CIR 0.86
24 AGE =8.6 +0.685CIR 089  AGE=0.836CIR 0.93
25 AGE=17.4+0.865CIR 076  AGE=1.118CIR 0.94
30 AGE=5.9+0.547CIR 086  AGE=0.699CIR 0.92
Combined AGE=10.0+0462CIR 074  AGE=0.619CIR 0.83

CIR' - circumference of stem at ground level » )
Note — models were not used in this research, but were developed from the data collected.
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APPENDIX F

SUMMARY MAPS FOR ASPEN AND TALL SHRUBS
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Figure 29. Locations and dates intense browsing on aspen began.
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Figure 30. Browsing impacts on tall shrubs by site location.
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APPENDIX G

SITE PHOTOS
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Figure 31. Thirsty Lake exclosure with thick conifer overstory (6/01).

Figure 32. Bitterbrush inside the Young Creek livestock exclosure (7/01).
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Figure 33. Bitterbrush outside the Young Creek livestock exclosure (7/01).

Figure 34. Dry Cottonwood exclosure (1961).
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Figure 39. Serviceberry outside Dry Creek exclosure (4/73).

Figure 40. Serviceberry outside Dry Creek exclosure (6/01).
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Figure 41. Inside Eddy Creek exclosure (1957).

Figure 42. Inside Eddy Creek exclosure (6/01).
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Figure 43. Outside Eddy Creek exclosure (1957).

Figure 44. Outside Eddy Creek exclosure (6/01).
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Figure 46. Ovando Mountain exclosure (8/02).
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Figure 47. Mountain big sagebrush at Porcupine Creek exclosure (1957).

Figure 48. Mountain big sagebrush at Porcupine Creek exclosure (7/02).
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Figure 49. Aspen and Geyer willow inside Porcupine Creek exclosure (1957).

Figure 50. Aspen and Geyer willow inside Porcupine Creek exclosure (7/02).
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Figure 51. Porcupine Creek exclosure (5/01). Inside exclosure
is left of fence, outside is right of fence.
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Figure 52. Snowflake Springs exclosure (5/01). Left of fence is outside, right inside.

Figure 53. Curlleafmountain mahogany  Figure 54. Curlleaf mountain mahogany
inside Scudder Creek exclosure (7/01). outside Scudder Creek exclosure (7/01).
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Figure 56. Aspen inside Wall Creek exclosure (8/01).
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Figure 57. Tepee Creek exclosure (5/02). Left of fence is inside, right is outside.
Sampling occurred in control section in center of photo.

Figure 58. Aspen inside Garden Creek exclosure (5/02).
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Figure 60. Aspen outside Garden

Creek exclosure growing crooked
15/021
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Figure 62. Aspen outside the Crown Butte exclosure (7/02).
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Figure 63. Booth’s willow inside the Crown Butte exclosure (7/02).

Figure 64. Booth’s willow outside the Crown Butte exclosure (7/02).
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Figure 65. Booth’s willow inside the Pole Creek exclosure (8/02).

Figure 66. Booth’s willow outside the Pole Creek exclosure (8/02).
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Figure 67. Limestone Hills exclosure (5/73). See Appendix C, Table 11.
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Figure 69. Curlleaf mountain Figure 70. Curlleaf mountain mahogany
mahogany inside Lost Creek exclosure  outside Lost Creek exclosure (6/01). See
(6/01). See Appendix C, Table 11. Appendix C, Table 11,

Figure 71. Middle Draw exclosure (7/01). Right of fence is inside exclosure, left is
outside. Bebb willow in the foreground and aspen in background.
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Figure 73. Picket Pin exclosure (7/02). Left of fence inside, right outside.
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Figure 74. Horizontal juniper inside Picket Pin exclosure (9/71).

Figure 75. Retake of horizontal juniper plant in figure 74 (7/02).
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Figure 77. Wyoming big sagebrush outside Pine Ridge exclosure (7/02).
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Figure 78. Wyoming big sagebrush inside Cottonwood exclosure (8/02).

Figure 79. Wyoming big sagebrush outside Cottonwood exclosure (8/02).
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Figure 80. Cottonwood exclosure (8/02). Left of fence inside, right outside.






