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LivCSI, ".:k l\llI:t illg il> II II' " .'. ~ I wiJe .~ l llc "d 

C(onumie tI ~C \lr puhl ic 1;11 111$ in " I:SICIH 
NOt l" I\nt l: I ica (l'I:lII~ I '}I)I ). I\ PIHoAim:llc ly 
&6 l1I ill iml I II':"- I ; II O:~ t.f lJS rc,k "tI 1:111,' ill 
17 \\csICIII ).1:1 1("' :II C tL~" I"r !i \'csItKk PHI ' 
ductiolL ISahaddl I 'JNll I .. Ihe AlIIeli'::I " 
West, I:\r :lli llg by t l Ullle ~ lk IIlI gu la lclI lM:, 
gau in II le 1}I,ll k, im;u ::t sci l ' :'I'jtlly i ll the 

lUlls, ;11\11 1>C'lketl :I' UIlIU..I 181)0 (YClLln~ :wd 
Sp:uL s I'IX .' ) · II )' II}IKI IIl11d. r:ltIgd:llld 
Y(ge ial illll 1Ia,I bcl: lI al le fet l h)' Ihe clIlILbin a · 
Li o n "f CkIICIlIC J"tLt~hl :ltu.l hi!!l. iIlIC"~ I I)' 

,'J7i"b (Yells"- ,, 1'.181. You ltg :J1Il1 S11;uL s 
19851, 1t,,"&c' lu:magclllclIl PLIICl iccs, iud luJ · 

. ing glazi ug 1'),51..-111$ tAppc mlilJ and rcuccd 

. pastureI'. wel c juilia ln l ill Ihe ca rl )' , ')111)$ III 

heir , u lt"": Jalll:l ~c .1 ' :lr'gc laIIJ ... tl kltl .~ c 
and lt alo:i~ 1 1 I'HI)). lI y lI.e lIIid · I'}(,t)s. m :lll · 

' gcll1c lIl by :.lIu l lll': III IJc~i!!lIa l cJ ;"cas fl " 
I rnc.\c rit )Ct' II Lllll h .: r II ( 'i \c~ "' n,: k limier tlllC 

pl3n ur m:l ll lll;CIIICIII) h:1l1 ,h,!CtlIHC "" :lccq llcll 
Pfacl il'l,:: U II puhlic lamb, amJ is s l ill in II ~C 

today ( 1' la li li 1'1'11 I . 
GIlIJ iuJ; hy thllm'S l io: h\'cshtd i~ IHO(,,, lIly 

the mOM ~'I1I1 I 'O\'e/Sb l i ~s lI c facing m :ul:' t;C IS 
of public laLlIh ill Ihe 1\1I1t.: tiC:1II W..-st:·' hi~ 
eOll lrovc l s ), i .~ .. I"c ill 11:111 III Illc eUllljlc lill& ' . 

. ~,o".u""" .~lIci :tl . alld "-l1 l1 ~CJ\' :ll itlll illl..-,..-sis 
" uu iqtlt! fl'~''''1J 10 I;!r ;l1il1J;, :l. .~ 

. oPl"Osttl III ,,1I.c l lalld II SC ~, j~ Illc (acl Iha l 
hclbivur), Ity lIali\c IllIo (el! mamma ls h ;15 

kcn :l nalLlla!. ..-c" IIll!i..-a l, a lll! C\'uIUliulla r y 
: fo rce ill . c lla ill 1I 11I,I"I C~ tc, 1 e~'tJs}'$ l e llts, 

inci uJ illJ; '" illl ) ill celi llal alli l wes lc 'lI Nmch 
" Amctie:t lS lc hltflis I I}K I. MeN;\Ugh IOIi I 'IS6), 

t IhcSlud h , t ~ lI,c;l lI)' ill t clI ~ iri el l 

influcur.:c o ( J;fa/ing ill IIlUSI o f Il lcse 

'" 

ectI5ySlcms h istnr iC;III )" llllillhi.\ inU ucnec 11 :1' 
heell e~jll!eia ll)' .! ;If\, agil1g 10 Ihosc c.'" 
sy.\ICIIIS whc l C nali ve gril lillg ull gula l c~ ..... el l: 
sca lec or ah~e nl (e.g, M ack amI Th<lll1PSH" 
19)12, fo, l ilchlltt;t S cI OIl. I'JRR. Sch1c~lUg l: l 

0:1 at 11)IJIl) N (llI o: lhclC\S, lUI ee ll"i" h"h;I.,h 
il is ;1IJ;lIahlc Ilt a l Ijl"..-\I\I( k I!la/illf! sim I! 
'ales :'\ lIalma l eculugic:.1 c \ c,, 1 11t :11 s"" ... 
lI alh'c tlu'" ami (;WII:'\ 11l1e1:!le, IIf PCtlt ., I'" 
Ic qllir c . " h c rdlllc, ;I .~~o: lt itlus aho UI Illr 
effects o f t r,Llilll; on NCOll o pic;:l1 l1lig l :!IIH~ 

bittls III1lI o llte r o r~ : ... i5L11S II1ml be h ;lh ll ,11 
allJ S I K.·de~ SllC..- irtc, :lnd h,,~ed on Iid,l 
dala. 

lIuJs &I'IIC l:llly do 1101 , cs p unJ hI II,, ' 
JlI CliC IiCe of t; ':lz illg livcSlock ltul I tl Ih,' 

illlpaci s I'll \C~e lalioll a~;I r C~ LLIt or l!I:tlil1~ 
(1I,II,:k :11101 Webh IWI.I), C:t llie cUlll p ;n:1 '''II 
h )' h o .. r a Cli,," , ' CII\OI'( 111;111 1 malcfials. :11.,1 
ili tlitcl!l ly I c, I,, ~'c "'lilcr iufihia lill l\. :.11 ,.1 
wl.i". ~'all Icsult i., ,knc asetl \c~I:I"li'lII 

tle IlS; I)' (1lulo:chck c l al. I 98'J) . III Iltlll , I h c~\' 

a l l c' :tlj,," ~ o( Ihc SII U": I", o: amI lI",is l iI-, II. 
plall l Ctlll llllUllil its ;'ltc klllllV lI 10 affect ~ t .. m· 
tll cecl iug !Jilll species IICgul l\'c!)', wllilo: tl i lie l 
Spl'CIcS r c~ ptln d JI, )S il ivcly, 

Inc lca sctll1umhers uf II ru\\, I\ · h" :lJcti COli ' 
hillis, I,! l c:ll c\1 b), Ihc I't~'scm'c uf .'allk, I. 
;ulOlhcr ind ileel illlp:' O: I ti c., I1c ~ 1 p ;tla ~ II L ~ 1II 1 

o n lIIa LL ), b iccti illS NetHfOp ica l t1Iigr:ll(lf~ 

lantlhil,ls tltobiusu ll cl ai , C h:!plc r I~, I hl ~ 

\II ILl I1IC) l u I' IeSellicltlcfll , illles. cIII,' lIir ,I­
iuila hift'tl the (i lca t !'l..ills u f cCll l fa l Nllrlh 
Ame,ica ,,,,d \'oC IC :lUllCla lcJ wilh ,.i,1I 11 

his" " II..-Ilh IIr Ihal ICll" Ul '1 heir ' lll l!!C 
111>1\' CII"-\lIII I ... ~si lig III n~1 o f NIII tit Ail IC IIC,1 
(AlIIc,ica " UlllillHllogi~I$' l)UIt'1I I 'IK .l l . n . 
" .lIIlIetl \\' ilcil Europc,lIIs a " ivcd "il lt Illci , 
li vcstock ,IUJ d careJ fOlesls (M;t)'rtdJ 1 ~65l 
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COlYbil\l~ :tIC 1I01Y ;u;~m:i;II ('d wi lh d,mlc!>tic 
li\'e ~ l(ld., :"tllll ;ITC ~ ullit ic" ll }' ""IUC I"\I~ II' 
pose nHljor Ih IC;" ~ 10 Ihc epnlillucd ~ un' i va t 

tI( ~ c\'(' r ;1 1 ~pccic~ I hat :'Ife rCJ.!.II I;1 rly P;If1U,il izcc.\ 
(Itn'h~ l ei n c l .. I. 19RO, Il)fI·II. 

l.i vc~ ' r-.d: J!., ;I,iu(! i ~ :L I'li rmlt )' Ir,llll -IIJ:C in 
r"H I" h;,hi' ; II ~ i.I1I ,,, ,I :1II1 In Nt:"lr"!,il ';!1 l11 i­
I:r;'rrl ,~' ( I ) f!,:tHbud!" nr Ihe (il e :I' I'l:riH ~ :1111 1 
Snu'hwCJ: I: (11 ,dllul>J: ICl'PC t:"l1lnHlnilic~ ill 
Ihe IIIICI1I1 01 11111 :1111 regin n: (.1) ri,,:lIian plant 
e(ll1lrrll'rri'ic ~ of Ihc arid Wc!"l : :111\1 ('II 
I1I1.n l :lII (' CI>1lircfl' '' ~ r"' e~ I ~ '1 he n"i('l·I i , 'c~ .. f 
Ihl~ ch:lph:1 :II C II. eva l" "Ie Ih,' C( 'lI ~CII"eIlCC~ 

nf ~: ,a 7i n J.! lor d n llle!" l;c nl1)!,ul a lc!" I' ll IIIit:r :1 -
11'1)' I:tI1t1hiHh u~i llt:. wc~lcrn hahil: l l!". :llUll o 
1''''' ide l'e l ~l'c( lin'~ n il rn :lt l:If.Cmelll : I ~ il 
rcl:r l('~ In ({l Il~cn';ll i(ln ll f \\c~ l (ln Ncn, 
11 1' I.i":11 Hl i !!r : IIlI ~ , 

f.ifTtl O IJS 

\Vc reI iCII cd:r ,ar icl" "r rctle r:tll'"hliGrli .. n ~, 

~cicnljlk il'"I""I ~, a;ld IIl1puhliJ: hed r e p t" I ~ 
lor ~ tlldie~ Icgafllil1 l: cl Tcc.:l ~ of li\'c.~ l ock 

p,:t7il1f, 11 11 lal1t1hi,,1 C"l l1lnltt1 ;tic~ i,t \\'c~le lll 

N{lr III A'llc rica , ' I he !")' I ltIrC~;'l'd 1"(11I11al ;" 11 
i ~ I''''~t' nl l't l f", Nc"I'''l'iGIIII,il~ t : ''II ~ i ll Ihe 
r" Ilowill): h:lh il:ll ~c(liolt s: II) ,!'lI ssI:IIIfIS', l l ) 
J: llIll h ( IC!'I'C, iJ l r ip:lli"", and (,I ) c"l1ife lO" ~ 

fl" e~ I .. , \Ve ('\'alll:1lcd IICPI'''p;e:,1 mil!r:IIII $ 
:r~ l i ~ l e l' II\' (i :llIlhr e :tll~ 1199 7. ). which cx, 
dude~ \\'al ~'hiHI ~ ;llI tlIIHI,~ 1 ~hoT e hi,r1 ,~, I lri ~ 
li ~ 1 in cl ude~ 1:tlld hj,d~ Ih:11 hr ced in N,l/,Ir 
/l,l1Ie ,il';1 a ll\1 \lluI~e win Ie ' r : I'I p'~ I" C' 
dllmill :llltl y c~ ' c llIl illin Ihe Ne"lt tJPic~ (a ls" 
knnwu :1 ~ 1I1igl:1Il'1Y Iallllhird~ l . 

The ' e' tllt ~ o f hi,,1 ~1I1 \'c), dala :lI e 
!,'l'st" ll ed III a lah" I:1I 1""11:11 I" fa d li' :lI t' 
n"lIl';rli ~, ,,t ~ l1el \\ cc.: 11 (I'cde~ alld \'cge l:tli "e 
1 ) l'c ~ , A 1I111111 'e l "I ill ll"'11:111' 1;I"il:r l i"t1 ~ 

n i ~ 1 ill Ihe illllllllla';"l1 I't ('~r ll' C( 1 ill Ihc 
1:t"It- ~ S i 7e ~ alltl HIH""lT~ "I ,~ llIrly ,~i l c~, 1I1Il1 
~ea ~'"1 :1111 1 iI1ICI I (il~ "f!!r;! 7i,,}! ":Ir icl ! allhll ll! 
strldl C~ III :,11 "I Ihe ~ IHdic~ l i~ l c rf , 11:11 :1 II c rc 

"bl:tinc ll "" Ihe Iclal; \,C "hlll"I:rIl(t; ~ of biltl ~ 
ill \' :H illlld~' gr:lled h :r h i lal ~, c.:IlIlIl'ared ci lhc r 
' " 11I' l,! ' :IICrl ,lr In lil,!hl ly J!1':t 7cd ~jlcJ: , \Vc 
li~ I .... I :t 1l'~ I"'lIq' a ( I' ,'~i li vc p r l1\'p:lli n' ,,"ly 
III Ihow caw~ II"!'!,' Ihe " i Ue ' e "l'e~ bd ll'Cl' 1I 
Il e:r ',"e llr ( Wl'''' ... 20 .. ... 

I, ,, .. CIe r I (lilli" ti l' Il'\'I'ldt'd ,:;I(' 1r hU ll 
~ rccic~ a~ ';IIC Illai II ICle :l~e" I t' l. dcc l ea~c ,1 

la.NtRl\l IIUMI\N !lnos 

( _ ), or W:l ~ IIII :t rTel;' ed ill :tllIIl1d:llice ~5 I ! 

ICJ:1t11 "r e:lllle 1!I:tJin!;. l it eac h • il I 
!"cel,o" , we 1'1'~>I'i, 1c 11 a IlItaH'ali ve I , 
on p:1l1c rm: in bini re~ po nJ:c.~ In I 
~n"'c e:1 ,~c!" where rlal:l werc """",,h',, 
evahla lc.! IlirTele llCe~ in hittl r 
(" ,dill): I" 1:, :111"1: i"le .... :i . y 
Iy l'c (J!I ;I ~~ l al1t lJ: ) , alld !lc:r!ln n:r lil 'l 
Ir il ':l l i:r n ). 

Whc n :rllllUdaltCC rI ;II :I ffl r J: 1 'Cde~ 

rccOf I1cll try IWlI 0 ' Ulllle ~I" lli c!" ill 

s teppe :tllli ri l': II;:1I1 1'C[:r.I:lli" " , ' 
~ 1''' I1~es I\ele :l1I:" )',.cd I I ' 
dam:c ,Ial :1 W(: IC ): I!tltd:nd i,ctl III 

!lped cJ: lilli' J;!Hlld ~ fIIo~ 1 \'ulnc r:l hlc 
jil l.! d;~ llll h;1I1eeJ: , \\lc le~l e ti Ihe I 

Iha l 1!I :II,ill l! did IInl arrccl "',,''',',,",:,. 
o f J: l'ceies ;.nd ccnloJ!ie:ri 
:rrdl7cd lII e;I"~ werc l c.~ l e tl 

lI ~ illJ! a pai lcd ' -leJ:1 :1l1d 
f{l ll owil1{! 1I1:1I1I1CI: S!! = 2NJ;! 'f N u + 
!'ill = 2 Nrr/ (Nu I N,!I: whcle Sg 
:"lii 'cr! IIIC:1I1 IlIlInhe r tl r ;",.11;,,";""" 
p:r il ~ in :1 ';rlllctl lI ealllle lll. Ng 
nf indil'idll:r[ ~ II( pair~ in:r r.r:r7C~1 

Nil - 1I1I1II1 'lC 1 Ilf ill(li\' i t lll : t l ~ or 
!I n IInf!r :I7.ClI Ir ca'mc n!. ;lllri 51! 
;" di7e.1 IIIcail IIIlll1hc r pf il1r1i v idtl ; rI~ 

J: 1 :rti~ I ic ;l1 :I"I'III :1 CIr \\' :I~ 

!.~ I : t ~,\ l:rl1d !" bec:l lI~e (If . lrc 
,~ hl1 wlI h)' 111:111 )' hilt! 
t;r:r ~~ I:1l1d I)'pc.: . 

FpI lire gt1 ild :l11:r1) J:l'!". ~ I'cci{'s II'cre 
t:" 1 i7.e tl inl o r, r(lIlI" ~ :1 ~J:od ; tl c ,1 wilh 
("PCI1 II cJ: li n)!, III c:t\' il y ne~lin~: , 
",,1 '1 ro, Iii,;" i;1I1 h:t"i l : lt.~ l , 

(g.IO UIltI. dUllh, or ~ rrl~',;::,::~~:7.:;~~::~~ :tntl fut ;l)!i,,!! hch:lI·inr 
' ·tll e, lIeClali •• II C, nr i 
011 dl;n:H:leli J: li e~ dcsclihed 1,»' 
(1971J). Ehrlich ci a l. ( 19XR), ' 
(i'J'J.l), ' - i"all }', ~pcdc~ lI'e lc _ .. , .:~: , 

Ihei r lIli r-,alo IY ~ laltl J: (T:r hlcs 
12-4: (i :lIl\hrc: l1l ~ 19911, III cfl llircrou$ 
l'q !t: l:r l iPIl. II'e lac ked illfnrmaliull 
hi i'll ' e~ I" ' '' ~(~ In li vc~It'ck I).f :l7ing, 
r .. , c, \I'l' 1>;lwII (lilt' l' nlld,,~ i""J: nil 
a lu , ltt l'lTce l ~ "I \i\'e!o' Inc k 11\1 \'c(!e t:1lion, 
Ihe kllnwn h;rhir :lI lell\tir c rne l1l ~ or 
lriHI~. 

UYI5toCl( eRMINC; UII US 

GRA 5SlANI)S 0 '- Tllf GRI''' r l'lAINS 

,, (:h"" ' ,,;"k. "I Gr: ... , \.l, ,, t II .l t.il ,lh 

Great I'laill ~ C""I\'e ll ill If Ie l:1ill ~Ir:tuow 
• Rnck 'l MIlII"la in ,~ (\)allhcnrnir e 1(78), 

1!J:1 ~~I : "ItI~ ' c:lch f,utll Ihe e:r ~ I C ltl ' 

mo,~r c,~c;"I""e '" o f 11 ,:,1 1:'I"I:e '~tll ' n lite 
mi~( rI "Cci rl l h l ll ~ f"l e~ l ~ " I rhe /I.'i icJII'C( ' , :1nd 

/l,lhe rl a :\1111 S;,:; I.; :II d'ew;lII ~ol1l h III !he 
add :1lld ~C llli · :lIi.l J! 1:I (~ I : \I"I~ ,~\J" I "'n ( lil1l! 

and lIIilcd 11'1 111 rhe ( ' ll ilr llah ll ;1I1 nc~e'l in 
Ncw hl c ~ il'''' ~ ollllr\I'{"~ 1 /I"i'III1 :I. :t 11t1 

nl ~ll h ~1 1I MClic!' Wc :I ~l , i"c 10 Il le t'l:li,, ~ 
I h l ~ Irlll: r,,1 so " rlre rrr e ll"111 l 'Ct: ;ll1 ~e Ihe 

:0,;'""""", '" l) cJ:c rl l! ,a ,~ d:1l1lh h;l l'C 1I111c h in 
; in lfty, n p ri,~ l ie; ll1 y, :tilt! CI'O, 

' 1~' ;n"" ;ll y willi Ihei r 11I1IIlrCIII C" IH1 l c ll' :Ir l ~ 
I '''(~) 1'1I1111C'"1(II C, :1 'lI l1nhc r Il r 
hiuk TlI:rI lIlI 'ed ill Ih t: IIlII lhe lll 
• lI' inl cr ill llrc J:O\,rhCl ll pl :, i l1 ~, 

: .. ,',0""" ;11111 Ihc ldnrc :II C innue l1l.'cll hy 
al1(1 I:lI1d ' lI(c 1':IItCI1t ~ :t e" 'J:~ Ihc 

i n :I ,~:t wll1'le IC,J! .• \Vic lI~ 1')7 .', I'II11 i:l1l1 
I'}7'J, I )lIl1ll ill l!;,"t1ll!nll' lt I I}!:II ). 

~Irikin!! clima.ic r,' ;ldic l1l ~ flccu r 
Ilrc (il l'a l 1 'I :r il1 ~ 'I he lir J: I i ~ a 

tIOrlh -,~n ll'h IClH llCl :tlmc ~r:ttl ic nr, ~lIeh 111:lr 
the .mc:'l l ~ :l1 l1l11a l " 'lIlIhe r (If h (l(I . (r cc II:t y ~ 

Ca n:1d t:I II J!' : , ~~ I : t l" l ~ i~ Ic):~ .1' :1 11 I ).11, wh ile 
Ihe , w;,,, rul's l ( ' Ilih":lhll:l11 \)eJ:( r' (:I !' J:~­

II I ~ I11me th:II' NO (Vi~hcl 19fi(.). 
r,C I1C I : ltI ~' pCII'C ndicll l;II 10 Ihi ~ 

lb'""o,II;", :111 ('11":1111' if 111'1 morc 
; Ii i'" I!r:lllic liL rc ncl' lile 1,1 
il1l1l1e l1 eC or Ihl' !I(.cky 

e: I ~ ' \\';tn' 1111 It' the 
!"' ;.~, . "",;1;, .. " II y.", ,,,, II , ",,,!,, 'n IIlc \"{'!" l :11,,1 

, 
U~~(1 11 :1Ilcy\ II 'nf" I '17X) ccolt'f!i lll1~ 

I 1 r "l l:t ~~I f)' lhecc"~)'!" I C 1I1~ 

Gtcal I'I:tit1 ,~, wh idl i"drrtle~ Ihl ec 
di,' i ,~ i ('1 l1 s; pra i, ie, ~ I c prc , a nti C hi­

I)e~e r I 1'1 ;Iil ic I!I a~~ I :r nd~ :t' C (,' tUll ­
, lall lind tlIoi\{ , anti, c.~ pc l'i :r ll ) ill 

, ca ( 1. fr n lllcully illclllric par k. 
I (l';l l1t' rcd Ir{'e~ nr 1:111 ~ lrl'llh ~ ' I he 

.. r I lIu l i ~ ltllhcd 1:llIgl :' ~~ p,:ride 
hlt1c~ l c lll ( 1,1' 1.1""1""" '" ~ I 'I' 1 :Ilh l 

1/ ',1011..,111, ,." """lill I, S lt' Pl'C 
;II e ,hicr, e \I .... ,ICIl( e mn' e frc . 

dIOlI t; III ~, :1IHI ;rrc d ll1 t1ill :tl cd by 

3IJ 

sho"et gr:1J:J:CJ: 111:111 Ihe 1 .. lIgnr "~ pt :'li l icJ: , 
1 )""lil1:1Il I ,~pede~ iud"lle blue glllll1:'1 (n" IOl r -
101m yrodfl,l) :111t! bulr:11tlgt:1 ~' ( /Jud,/o(' III,,·, 
Ir /llitlc,(), Nl1Ithcrl1 ~ I C f1flC eco,~y ~lern$ (~uch 
n~ in the we~l ern 1):'It.:or:"t~, e~~ l e" . MOI1 I:III:1 , 
:I nti Ihe (':"t tl:'ldi:1n r':1ilie proll ineeJ: ) h e ­
qllc tlil y ~r' l~pml :"t v.1lie ly o r mid -he igh 1 

1 ", "cllg r:1 ~~e~, c,~pcci:1l1 y \\'he;1 l glil«e~ (A,/ro -
1' 1"'" ~r") :I nd necd lcg ' :1HC~ {Stir'" J:rr I, 
!llId fcSC II C~ (Fr." IIf't'J ~Pl') Ihal .11 ( (;l rce ('I( 

lI1 i~~in~ (1(1U1 rhe efl ll1l':1 l :1lil'ciy :1li,1 ~"ofl ' 

g r :l ~( I'la ill~ f:1'lher ,~"\l l h , The U, ilIII:'I11tI:r1l 
Ik!"crt ('I" "p,i~e~ .lrc II1" ~1 :llid a lld hc:tr . 
~ lr eJ:,~cd pari or Ihe (i lc:.1 l 'l:li",. Il er e, 
~r:r (~ latl tl~ IIf :w )' ~(\f l :r re ha nging (In :1 
c1 in.latic l,Ji l1k , whcrc c llI' iro nll1cnl:'l l jlC rlur ­
hallon5 ($ue lr :'I~ gr:r7in& by d{lnLcJ:ric lil'c ­
~ I ock) call rr:1dih' cnnvt'rl l!rcm ill in ,1{,~cI I 

~ llIubl:1rrtl ,~ 1 >c~e~ Il!' :I~ d:"tntl , dominal n l h,' 
~ p{'c i e ,~ ~l1c h :r, hl:1ck gr:1m:r (l11ll/lrI,,,,;, 
r,j,II''''/'!) ' r(IIll1ed), \II:1 !" \\Iitlc ,~p , e :1d in thc 
Sllulhwe~l, hilI hi J: ltllic O\'("~ I :"tIinl! h:l ~ 

con ve il ed 'l1mt 01 it In llc~c" ~Clllb I llu ning , 
It.n :1l1u lle rhcl 19(5), Ilnwc\'er, in :r l e :1 ~ 1I';lh 
~tj~lr ll~' l,iJ!lrcT anll\l:11 11I cciri l:1 l ift u . ~c nri , 

de~Cl I g, :tJ:d :lIlds I'el.\ j't in Ihe !'inlllhwc~t , 

and I h{'~c :II C impnl l:"t nr h lcedillg :tIlt! wi II ler ­
i"p. h :I"ir:JI ~ ((If (ire:1 1 PI:1il1 ~ ~1:1~d :1I1d hiflh 
(II (IC k :1l1d It !lct.: IWI.II). 

'I hI.' IlI e(cd i,,!! di~CII.~~i(ln 1'( . hc ~uh . 

t.li\;J:i~"I~ o f tire rlaill~ i ~ much 111 <11(' Ih:11I 
~ ill1"l)' :r l es~o ll in rla" l ~e ('gr:"tphy, hce:rl1~e 
"I m l Nco"t ' pic:1 1 migr:"tlll hiHI$ r e~ l'n,, (1 

diITerc lIll ), II' li l'c~ l lIcl J! T:1 7i"l! in d,ffclcl11 
I'la(c.~. 'lire ~:'I l11 e :rlllflilul nf gl:17il1g Ihal C:"tll 
he used 111 e rC:1 IC idc:'l l hahit:11 ft" :1 J:1'Cciet 
ill :r 1:111(!":1 ,~~ !, r!lilic 1lI:1 )' he eqllall,' cert:1in 
In dc~lrny Ih;lt !"all1e ~ pecic (' h:lhilal in :r 
~ 1r" 'lgr;l ~~ ~ ' ('I' ''(' III ~etl1il l e ~c ll I!I : t ~d;I llll. 

'I he lcr"T e. 1I1 :II1 ;I ~c lt1e I11 ' Cl'OII ItIIICIII I :l li" I1 ~, 

dc rill'd h 0 1ll ttaln ~ )l1thc~ ilCt! in Ill i~ (ITl inl1, 
( hplIld l'IC l:"tilm Ctl lu Ihe 1':1riO Il ~ ~" 'I ~ o r 
g r :r ,~~ I:lntl ,\ i'II,tr lve t! , 

lt i ~ l",ic,11 rrr 5pl'C';"c Mill 1)),I1MTlin III G'c,, 1 
rl ,li,,, [(m,.~ l rm5 

'1 he m;ljnr ("r ec\ cle :ll inJ! Ihe pl : l il1 ~ /! I : I< ~' 

1 : lItrl ~ II'CI(, :"tlld ;1I C,IIr!l1l1!11 1. liIC :1 111 1 ,:' :'/i",: 
1> ,1' " i~ "11 :11,.1 ",:r il ic II "J!~ rSall l'l I') ~", 

S I ( hl'"1~ P},Iq , /l,l1Ikr ~,, " Iq~ 2 1 Fllde nn' 
~ lIl:gC~ I ( Ih:'1 111 :" ' ~' "I;ril1\ p :r~~I:t l1 r1 ~ :lI e 
iithc relll ly \' lIll1l'1 :1hlc It) j'l\' :1~i"l1 $ hy 1\' t1"d~ 



] 1,1 

l"al1l.~. :11 1111 11 :1 1 cI; 1l1:11c :III1I1C 1,;:1111101 ~ 11.~ I :l; n 

Il ll' lI1 1I" I!I:ls.da nd ,S:III t:I 1'1 .~O). F ill' rt: l:lfdo; 
f' r I C \'c r ~c~ i n \'a~i .... n~ by I rcc~ (II" ~ l l1uh~. w hilc 
gr:rlinp. e nc .... uraJ!c'O; Ihc rn. hoth hy reduc ing 
flle ,", f,., nrc a nd h y f:1(.: i l i l a l ill~ lhe 11i ~ f1e r .o;a l 

11 1111 c-", .. hli ... hl1lc lIl Il f Ih c wn nd y illl'a d e r ... 
( n i ~~e r cl:. 1. 19R I.II .... ck :lnd !lo ck 19f17. 19R8. 
11 1II1I1"ucy I '1X7. S lcill:lUe r 1I1It1 Ihag!; 19R 7. 
Ar c he i 19X9 ). 

ll i ~ l nricli ll y. dr(lll~h l . fir e. :lilt! g ra7ing 
\\'e l e li n ! equally ;11I1'1lI1 :1I11 in a ll p1ail1~ 

J!la .o;~b"d' Fill c)I:l11I1"c. fil e appe:H.o; l(l h :I\'c 
hce n Ihe tn:ljnr fm ce ~ 11.~ I:Iillit1 g ' :IlIgrrl ...... 
pnli";(,: , :11111 p :uk l:lnd ~ nf!:.ill ~ 1 1I1c Idc rltlc~, 

ill\' a ~i,, " ~ I, f IIcc .o; :1IIt! -" I ,,"h~ ((ji1>,,,,, and 
1I IIIhe il 11))( 7 ). F arther \\'e .o; l . Flrl.o;~e.o; ell: l l . 
:lc le r i, l ie I. f ~hpII l! la ~~ ' Ic ppc cell.o;},s lc tn'. 
' lI t:h a' 1.llIc !!r;III1:1 :1111 1 hIlITal!>J! r:I, ... . WCIC 
Iho .'c ~ h l. IH; l al\lrc ... pcdc~ c q ua ll y Inicran t 
nT Ihc h cqllcil l d roll!!!! I ... and oT gra7i n J!. hy 
n:. I i,'c ul1 t; lIla Ic.'. c'peei:11I y hi5011 (fl" ilch\llla ... 
e l:ll. 19RR). lIy cOll lra ... l. rhc re werc fcw if a n y 
1I:1I ;\'c II I1{! u l;IIC J!r:l1CI", in Ihe tle ... erl :llld 
.~(:m illc'c 1L ~r:I'~ 1:i nd ... of ti le Sn\l lh wc ... t . :11111 
hClc file r roh;lbly wa~ a u l11jor faelM kee pi ng 
cer raill d e",cll ... h rub~ h u m in v:ldi llg Ihest 
fr:l gi lc CC{l~y ... lc l11 '" (!la tHc 1991). 

" 111I~\hlt.: l i(l n (If don.c,t ;c II I1 !!-u l:lt e.o; II' the 
(ire: tl I'bill'; g. l ca l' y inc l ea~ed the /t.1e o f 
g l :tl;nl:! . ,cI;t li,'c III fi l c :tnd dWIIl:!hl. ill 
\k l e lln illlll~ Ihe 11:lI ll1 e (I f Ihc r. r:l ... ~ l:lIId.o; . In 
'he lk~c r r Iq!.illn li\·l· ... tlll·k lp:l1.il l(!. pcrhal's 
cl.t tpt rt l \, illi tl ro ll{! h l. Il eg l a llctl lll :tI IY g la ...... -
lalid ,; i" ' 11 c .,~e l1l ia l l y PIIi C a ll tl penna llclIl 
dc,;cl t ... cl ub (UllllinJ!llltl ;Itld Il e fl lel 19(' 5. 
Neit.~o t1 19Rf,. Sc h lc., illger e l til. 1990). Ma n y 
fOl 111cr rallg l :t ...... a nd 111ix ert ~nl "'''' ecn ... y.~tell1 ... 
lI'ere ({1I11'cr lcd I n f!r a !>~ l al1d ~ d"111;lIa !eti hy 
~hIHlc r . IIH"C J! 1:tling' l\llc l :11I1 "' I'ccic.o; (c.@. .. 
II tll'k :\11\1 IInck 191}.1). I IIm ·c \·c l .... ho r l(!. r a ...... 
~ t e l'l '<' c\·"~r ... t c11 1 ~ nil thc t:cu1r:11 I' l a il1 .~ lllay 
h:I\'c t:h :lIIJ!ell rc1a l i\'d y titt k (M ilchulla ... c l 
:d. l 'lIUi). a ... rnilJiOll' II f IIa l i,'c u lI !! lIl a l c .~ 

(hi.o;""1 \\Cle "hlilelarcd and the ll rep/: lcctl 
h.\ I'lilli, ... ~ 1'( c .~ t.ti t: 1I1I!;. llla l e~ (t::1 I lit:. h" rM:"', 
;llld ~ h t:cl' l 

Dc n~ i l y and d i,·c r.o; it y IIf hirtll! i ~ IIIw in 
1!1l 1 ~\ la lld , " f I It t: (il c:11 l 'I : I i ll ~. cOlllpared to 
we ll:lIl1h. l; r ari:\I . wll .. r.I l alld ~. o r adj: lt:c lIl 
IllI"e~led ceu')'!>tc lI l'" (J "h"~'!:Hl l 1'J79. COtl y 

GI.Nl MI\. l IL UMI\.N Linen 

I I)R ~. Kllo"f I'}:;!R ). Thi~ 1m); I>ce ll ya lio ll ~l y 

:IIIJi h ll lt:1 1 t n lil t: s llllc llIl:ll ); illll'lici l}' . ceo· 
11'l;ica l ill~ l ilhi lit }'. :",.1 Ic(el1 1 migin of 
t he {!. ta ... ~ 1:111 t1 COlll1lltllli l ic!l (Ul1Ya nl y 1958, 
M e l1 r.cI 11)70: Wicn); 197.1. 11)7<1 . Ro lc n berry 
:tHU W ie u ... 19RtJa, I,)ROh. C lIlly I IJ~S). 

T{ll a l hilu dells it ic ~ ill 'hc G reat P I"ins 
W :1 .~ .~ I : I I I( I \ 1I .o; II ;II1 }' I an,~c Tl llll1 l lMI 1\1"111 hirds! , 
kill 1 (Wicn.o; 1974. emil' IIJXS). Mil ... ' lallgrllSJ 
pr:1irlc ~o llgbird 11':t);!>c r ine ) cn rnl1111ni lies 
inclll \lc Ea ~ lcrn M c.ulllw1:11 k.o; , II l1uoli nks ' 
or I)ie kc i ...... d ... . ami (j l :l~~ hn l' l >C l . Savann"h, 
:l1ul /11I Lel'nntc'); S p :""H\' ~. with Rtd­
w inged Ilbd hilll.~ IIlItl Cf'mrnnl1 Yellow- . 
111111a l ~ In weHer arc as I('nd y I'IRS). Sholl­
I! I : I ~' ... tc ppc .o;ollghild a~~cl1lhlat!c.o; mll~l1y . 
i.ld lltlc Il tllllcd Lal b . We~ l crn M cadow· 
I;uk!>. Lark II lIlI tinJ! .... anti r-.·l d iuw ,,·s or 
l ·hcs lll ul -cI. lIa rcll Ll1ug.cl'llI ,\. I'a .o;~e ri nc rllU' 
lla '" (l r l1Ii ~ ed gra ... ~ p r:dril· ... inc1uuc clemenls 
"f hllih I"e";oll); ty pe .... :lud Ihey . wi lh 
1!r:t ... ~ I :lIId cOl1di lion. Two speeic.' r , 
le~l l i e l ed In Ihe 1I1 i)lc(1 g 'a ...... prailie 
;Ir c lJ ainl's S p :tr row rllll i SPl l1gUC'S 

fI ' I "~ 1 uiltl .~Jlcc i e); 11el':111 I'l aim g,:~~:~:;~:,~ : 
w in le r bu t Ihi.o; i ... 11(1 1 Iruc ,I 
r.las~1:1I1ds ( n oek e l a i, I 
ill!! 1':I ... .o;e rill e.o; in t hi ~ habil :II I 

Illlk s. Ilolllcll L:lI k ... , 11111 11 ;" ,;i:;~',:';'> ~~~::; 
l' :t ~~i l1 ·S . ltl1ttCri·~. :l ntl La rk S 
leling a .(~t: nlhl: l l!e5 a rc tlllntil ialed I,. r""ii', .' 
Ih ewer·s. VC.'flCr. :rllll l " ;I ...... ll1lJ1PCr '1"""0"' , 
:lI lt! ntc :t tl (lw' .lr k);. 

Ayi.:m R('~ponSl:"s 10 
G r;tul.:l nds 

We r .. tllHI l'''hlishc\1 tI :lt :I :Ihllllllhc e !Teets 
li\·e ... lm:: k !!r;ll.ilig (III .\.1 Ncu l lo pic:11 
h ill l ~ f"ccic.~ thaI bl cctl :llId/ or winler 
Ille (ile:lI rlai n.o; (Tahle 12· 1). w c rou nd 
;n fOI"l I1: lI ioll al}(lll ! Ihe effec t ... uf gr;lzing 
bill J.( itt .u id ('h illll :l I" I:1I1 ~ l a~~ I :tlltl-". 

:II, ly IlCca ll",c 111 (1.~ II'( Ihese hahil:!I.o; 
1;11I 1ell (' " 1 ',( cxi.o; lc ll t:c. 
nC~ pil e inc yi lahlc 1':Hialillll in Ihc I 

Ilr in tli \'kllwl .~ ll1 l li e~, Illc \l a la rn l 111 0~1 
1{'\'e:tI e,,".o;i~ l crtl . t·t:"llIl:ic :lll y ;" ",,, ,,,,"t~ 

Jlallc l lI ~. Impu rt alli ly. ('I\C fir t he 
e 111CI{! illl! fro m (1m Sy ll lll c~ i,; i ~ I , 
' pce ics 1 c..~ l' ll lI tf di lk , c IIII : .. Iii Ihe 
lt ra ~ il1 g ill \lI l1c rclI l l:!1: ' ~5 1 : 1I 1 d 1 )" l'c~. and 
cC ll ain ... pet:ic ... ilia), IC'Iuil e 111;r,;sl"nds 

r.hI( t 2· 1. ~l c.' I' II~"(~ I, . t: :'1 11c ~ , :" inl! t.y Nc"II I." it:1I 1 mi~ I : l n t t : I "t lt ,i ' l l ~ brccl ling in !',r ~~~ t llr1tb (' I Il rc 
Nmlh Ame'I t:" " ( .r t::1 1 I 't:,m~ :, 1111 Suullrw($I. 

M;~.~nl R(~;on Or~"t~nd ( ;r;";n~ R('f'On'( 10 Rd.r'l!« 
Slarn. · I,,, Inl.n';lf' Oraling' 

" , t )"k"l ~ Mhttl ,.Ia\! M .... k ral( - I)u.b\x,l Ind Ln~(m~n 

N I"~;"~ M I •• ,/ ~, ., .. 
(1971) 

V~, ; .hl( K~n l ,,,d ud K nln~i. ~t 

n N l·b;n, Mi •• tI ~'~<I 
11 9"1) 

Vuiabr. K""lIud and K{'I".'.kl , 
I)~kola Mi' ed ~ •. '" 

(19R}) 
!.ohm ... " ~nd l)uchl""1 

" 
I I'}' ''I 

('"I",~tlo lih" ' I" ... l1 e ~~,. R)lkr lI'18n) 
N. pl",n, Mh.d t,.,. M"o. "r. K~nl",d ,nd Kol .. ,i, ~ i 

N rbinJ Mi, .d , . n\~ 
(l 9R2 ( 

lIenr Kanlrnd ~nd K or n,i. ~ , 

N Iblot" 
(1 '111) 

" li, ro l/ift lL ~t ",rfql' n K.nt",d (l 9 ~1) 
N n ., l ",. M i · (.J/I~U "co.,. K~ n" "d (1 ?R r I , 
( ·"I",~. I " li t ""I~ ' "" II t~vy (, ," ul (t9 1~ 1 

" " 1,,, .,,'" ~""' I ~ ' ~ .. 1I .~,·y , R)·,ter (t '}~f), 

N. I ·t~i,n Miult ~I'" M \ld. , ~'" n K~"I, ,,d ~nd Kol .. ,i.\; 

N. rbins M" "I ~ ,~s, Ik~"Y 

It9K1j 
K~nl<ud ~ntl Kn,..,i.\i , N U~ kol" 

(I?g2) 
~H .ed ,. r~" K; t«h HId lI i, ,;n' fI'I If; ( 

N rl ~;n' MiH " 8'~" ~ t "dc '~ l c , 
K~,""" I ~n" Kn,,,, i,1.; 

N. rbi". Mi. td ~, ., .. II .. ,·)· 
H9111J 

0 Kanl tt>d .nd K,,'n,i,kj 

N 
(I t)RlI 

I,b; 'l< "'"ed Itr~ •• \!~.j.h'" K~n"U,tI"d lti, !;n, I 1'1'111 
N ' I"lo·.~ M" t.r fr ~ 1L "' .... If •• ,. n K .• nr"" I ,r 9 ~ 1 , 
N r hl ".~ ~ti,., I ;I~1I lI e~~r K~nh l"'lI t)R I ) 

~ti ."",,; I ~ IIF'"" S ~ jnnn (It) U I 
( '"1.. , ,,,1,, ~I"" I ~'"'' I l r~'r , II)" •• ,""10( 
N I,bi" . Mioe,1 t .~" Ilu,y , K.nl " wl 3nd r<, ,,I .. . f,\t 

N. " b ;n .• Mi. (,1 ,.r~'~ MoJ"~le 

I It)R1, 
0 K ~ nt , ,,d ,,"01 K"t l' ~i.\; 

II 5. I\. , irnn~ 
(tIlR2' 

!;(mi,te\( ,1 Mtrdu ate , Ikod d at. t1?UI 
CI,I .. , ~d'J Shn.t'I ~'~ II t :tvy 0 Rr.1er (19Kn, 
N. "I.;ns Mh(d "~J' "'OOU,I( 0 K~nlllld and Knll'.;.k; 

N .. pl;,;" .• "'11(d F'"'' Ilu~y 

(1 '1.2 ) 
~Ii.(" K~ttl ' "'' .".1 r<,nj n, i.ki 

N 1).,l .. 1.~ 
/I 'IR1) 

" li'e,I/ t"lt M, ...... ~re , 
K~nIlUtI /l t)R I I 

N Ibl "I. M;, t"JI ~ 1I rk~ ' }" " K~nlflt..t (19. " , I . n. Inn.' ,1<, II t ~ .,. , 
11 ~ \ t r ~nd (;,,'h . ... ,, ?'Xl) , N. I·I:tin, Mh.,1 8"'" ~ I "d,,"r t n K~nl,,,d Jnd KI'I" , i, \i 

N. "",;". "' "e,t ~,~" lLu~)' 

\I'IRl) 
K.,"I.,," ~nd K 'I I"r;,~ ' 

" S. 1)., \ ,'1. Miord ,, ~ .. M"d~'~ I e 

, !?It} ) 

- !)"crt ... ,1 ,~ tld I. .. lfm.~n 

N 
11'1111 

1'1.1;" .' M i'f, l ll~" \',,,;~ bk K~nh",t and I lir-, in. { !'J'I l ) , ( ',.1",,,,1 •• lil " " r,.r ~" I k~vr , R)du lI?m, 
N r!:. in, Mh ... R I ~" Mot.!cntc " K~nlllld .nd Kot,.t;\~i 

N 1·I~i "< Mi .. ,1 ,,~ .. 
(It)R21 

rt~.,.· , K ~nl",, 1 .nd K .. ,,·, .. l i 
11 "-'21 

" 1\,;" ."" S(".;, tr'r'l "1 ,·"e .~I ( n,,<" ~ fl al. Ir'}~ ... 
('.,r .. . ~,I •• lih,'r lj:,.l\\ Itfa.y 11.),1 .. II 'JRt'l 

t(""" ""rJ t 

'OS 



·,.!.It 11· ' (n·m.1 T.ItI~ 12. ' (1 ""' ·1 

S,~ciu ~ l j~I ~n' Hc,.'"'' () . ~ "bnd (;'~lil1ll R e' p, ,"'~ ,,, Rcfc.cn«, "'i~"tl U fI~ 8ion G.~ <. 1.1I1" GluinS R.c' J>On.e 10 Rtfc.cntt 
Sl ~h'" 

1 '''' 
I"'cn~i ' y ' t;.Min( St~h,,' " '" Inlcn,il }' GI~, 'n( 

I·b in. S I" " 'I1' ~"" "u,"y Wic" . I1 'II) ) n S."~~lc IlC "'~ n "'i. t,I/.. I",. 1 "hilt. 11919) 
S'''~ '' ' c he ... ~n "l i ,~tI,.h,'" • "hllc. 11 91'/) Alt>cll~ ",i ' ftl ,..~ .. II r~.y O"-rn, .",1 "',.u ( 19H) 
AlI~ rt ., "' i' f ,1 .R'"" I kny Ow.". ",,,1 "' Y'($ (l97J) N Ih • ., ,~ Mi"c,ltt.,1I M",leI Me - " 'nl,ud (198 1) , Ir" l, ·,,, ",hr.1 ~ . "" II r "wy Wi.n. ( 1'111 1 N Ihl .. l. "'iu.I/I"n I k~ w, K'nl, OO (1 981) 
N. "bin$ "' iocil ~'''~ . ", ."It .~l e K ~"',,,d ."tI K"'''8i! ~i "'inrw: .... '~ T.U~ •• " Modrrale - T.'ln Ind ",."h. 1I (1961) 

n?R1) A S~.k~I C hc"'~" "'he.l/lh" " "hhel (19 19) 
N. I"" i,,_. "'iHel II"' .... Ilc.H)' KMd, ,,,, :ond K" '''Sil \; Alt>c,,~ "'ht<i SUI' Ilu~)' O"'cn, Ind "'yrr' (l9U) 

( 1 9~1 ) N. r,·inl "Ii'cd 8" \1 "'"dcu'e - K"n', lId and K"loJ;. \i 
N. 1 ):ob'l ~ "'i'e,l/,,,II M ... 1c.nh~ • K" nl n,,1 (I?RI) (l9Rn 
N Ihknl" "li.e,I/,,, 1I lie"",. • KII" , ,,,,11I 9R I) N. "Ia'n .• Mi.cd S'a" Ikn)' K."" ,,r! I"d K o l "Si'~i 
Oll"h",n ~ T~Ug. "~~ M .. den le II II.k .. , ~I :01. ( 1!l1I 1) ( 19811 
C)lbl""n" 1,,11',:0" IIr:>" .' Ri'lCl el:ol II "R I) N I)" l n'. M "rtt/l~ n M"",c,,,,. 0 K_ ",. w ( /981) 

N". ,10(,,, " S. A. i,.UII :' S(m;rJc~c " MO<.I( '~ le lind el :o l (I ' IM " ) N. I ,"~" I~ "';\f " /!~II Ik u), K~" ' . oo (1981, 
"' ''dingl';,,1 A S. A,ill'n~ Stmidne', Mocl~.a'c - nod c, . 1 (l 98 ~) 

Sr':O~\Jc"' " iril " N. rl .,i l1 ~ M i . e"8 ' ~" M,,.,jc'~le II K:on",,,1 :011<1 Kol"Ri!~, Colo,~rJ" Sh", IS"" 1I ~~ w)' R.~tlc' (1980) 
11 9M2) N l eu. Sh""g'~" 1I ~ .<v)' W;cn,(l911) 

N. r lnln• "',oe,1 g'.,,, II c~ .. ,. K"I1 , ,,,,1 " ",I Kolo,i.\' , 
I>~ ko 'a Mh~,1 'f~" lIu,"), WIc", (191)) 

(I ?~2) N. r l• in! Miltd J; '~" "'odt .. le - Kln" IId .nd )o( .,to ~ ;' ~i 
.';.,.hlchc .. ',," ",i'cd/.I"" , M~hc . (11)1'1) CJ9!n 
AI1~ lI i ' "', <el' ~, ~" IIc:oY)' O wen. ~ntl "1 )lU (191J) N. rl .,j", Mioetl r.IU.t lIe. w), K~" ', 1Id and )o("''''8i,\i 
N. 1>"\",,, '' li''e.I/ I:01I fo,t ,,,k,;o'e K~n!fn.' ( 19K I) (l 9~1 1 

N Ih~ .. ,~ "".ctl/ ,,,,, lI e:> .·y K~"',,,d (l o~ 1) N. 1)~ ~O I ., Mit(!1/I:>1I "'oo lc •• '. II Kan"lId (19~ 1) 

C('n.m,,,, A N. fI :lb " " "I,'rol/ ,,,II fo,J ,"k,,, 'c K"" , ,,,, I (I 'JM I) N. I):o \ ",~ "'ilc.i/ 'nil IIrn" K~nl'ud (1981) 
Y.II" .. II" ... ~I N Ih k .. ,,, "' i.cd/ ' " II 11r" "y Knn", ,,1 t I 9~ 1 ) n~J"h ,,,,," 1·.,11,,:0<1 "' o<l ~I.'c Riner (1.1. (1981) 

Ilidc;.,ci A OHnh,, 'n :o Tftl1g'~" " c.,y), It i'<c 'el d (1911 1) Ol"h .. ",. l~lI gl n .. Hu "r Ri .. u!I.1. (1911) 
(lkl.,lu,.' ma I ~IIRI.~' M,r;jcr:o'c + fli •• e, t' :01. (I?~I) "'im;m" l:oIlRu •• M('<}e '''le + ~~Inn" (/913) 
"Ii, .. ,,,,i ·' ~II"~" M .. ,lnalc Ski""e ' (l91~ 1 " Coh, •• oI o SI",u"'. 'J lIu,'), , R) du fl lJ~O) 

n"tleri'\ SI'.,,, n,,· C S A,il (' n~ Sf ." idf ~C' , M(l(k,,,'c - Wcbb "od lI"d (1 990) S:o~ k~' c"c"'_ n M;'cdlshol' M~hCl (1919) 
C~ .. i" ·. ~r;u ",,,, " 

, A,;,,,,,,, ~"',(!(~C ,' "h .. I(f ~le - Ihld ~".I " 'lCk ( I 'JR~) N. rl~,nJ "Ii,etl "'~J< M odrr~lc + K_"I. ud ~nd K"' ('Silki 
Cbr·e.,I" ,ed A AII~ .' :'I "".(.1 ~ .~ .. II t"vy • 0 .... ". :0, ,, 1 "')'u (1 91J) Ii"./) 

S " ~"<! ,,,, N. ,,1.inJ Mhctl gl ... Motle'~lc 0 K:on , ,,,,1 ~nd K('I"gilli N. rl~ in, M,u,1 ~ ." .. lIu,'), K"n! , ud and Kolo,i.li 
" 9~2) Ilq~l l 

N. I'I ~i ". "'"eel l'~" 11. :o~,. )0(",,,.,,,,1 ~",I K"I('lli. ~' " , I\.i , n"., Semi,leIC '1 Mu< lc"l( • nod J"d nod (I ?UI 
(1 982) C .. I , ,,~,I,, Sh""~ ,,, .. II tn, 0 11.)·.1(1 (19811) 

N. 1),,1 "u M'\e 'If'~1I M ", le'~'e 0 K:on""tl ll 'lR I) S".b ldlC .... n M" r d/ • ., .. ,. M~hcr (l911J1 
N Il " ~"' i' "' ; lnl /' ~ 11 lie"",. Knnl""I,I <) RI) A,!>c. I" Mi. r,1 ~.~ .. lIuv)' , U,,·cn. '"" MYlu (19 1.1) 

Ihe .. e, ·, SI'.""'''' A , A. i,.,,, ,,, s.-n, ~le'( ' 1 "' ... ln~ l e 1\,,,,1 (' ~I I I 'III~) N . r b i". "1i1f.1 "~ •• MnJe' ''l t II K~o" ooJ ~ ", I Kul""idi 
("" I" ' n,l .. SI""lg'"'' ItCH ' ), Itytlef II?RII ) (19" ) 
N. pl" i"! ",htd !\IIIU M otl c'~' e 0 KAII, ,,,, I :'I"tI K"lo,.i~U N. rl~in. Mi.(" I'~" lI u", 0 K.nl,,"' ~nd K ol ,,~i. ~i 

119RJ) ( l 'l~l) 

N. ,,1.1ins Mi<etl gl:OJ. li e.,..,. K~lllf1l.1 "",.1 Kol"s,.t ' N I):'I~"' ., Mi,,etl/ I:01I ",,,, Ir,alt K~" ' "rd (l9BI) 
n ?RH N ' f)~~",. Mhe, I/I~ 1I lIeny K_"' , IHI (1 98 1) 

"-(' flt' Sr-~''''\V " 
, 

Arilt"'~ S(nli,l(5c ,1 M .>de,~'c II 1I. 1C ~ cl ~ I li9R~) A N. "lain .• Mi.ud 8'." M odu~tc - R. ",. "" and Kolo" . ~ i 
Alllt.l:'! " ' i , t ,1 @'~" lIe.u)· , O W(II' :0",1 My.c. (1 01]) 11 9m 
N . .. b inJ "' i. r,'@':o" ~"->d (I~ 'C 0 K""I .. " I ~11d Kol,,@l. t i N. "I;tin. MiI( tI J;'~ss II t~wy K.n' !lld .n" K "I"r.i. ~i 

lI 'Iftll 
(l Q~lI 

N r bi". "' i.rd/ lall lI e .... y t.::o""",1 an,1 K, ,1" 8i, l l N /) :o l ,,'a "' i . e' I/'~1I "' ,'<.Ie •• le - K.n'llotl (1981) 
fI'lR1) N Iblfl ' ., "'i' c,I, ' ~1I I If." ')' K.n'",,, (l IJMII 

N I I,, ~ .. '" ~C;,("/! ~ II 11c~~y " K ~ "'""I (I <)~ I ) Minll f'~ "" 1 .,U~ •. , .. MOIln" 't , Tf"e. In ri ~h " hpli 11 96 11 
L:,,~ Sr~I " 'w A , 

Arll""~ M",itlcse" "'<><JerRIe ., IhlC k II ~ I 11'184) ", j .. "".1 T.II~ . " .. " 1 .... l e '~I( St illnr , (1913) 
m~r~ · " ""'"lc tl " S. Ad,,,,,., ~( ,"ide~f' , Mndt,~' e ,. It ...:k e l :01 (I !l8d) , N Ih l. ,, ' ~ ""H.I/ MII ",,,, Icule - K~n"~d !1 9~J) 

Sr:o""'" N II" ~" I. "';~t.I/!:o1l II r~~ , K,'n" IIt I ( I'JR I) 
I.~ I~ lIu l1liug A N lu:o. Sh" "~I~" Ile:o" y Wicn .• t 191)) "Ii .. ",,,] Toll,,:> .. M ,,.,je '~ le , S\i"nrt 119131 

( " " "'~ ~' n ~ 1",,'S':O" I te .... y It)tlCI fI? Rfl) " S. I";",,, ,, Sem]tlc'e 'l ~ 1 ",lt ' ~'e , noel (! ~I CI ?~ 4) 
N r JRi". "';'(llll'"" "' l'tIe '~ 'c .. I( ~ nll n" ... ~ I KoloSi, l i O\ J:oh om~ l~II,,~ .. "'n.lu.'~ Ri"url "I 11981) (1 9ft2) O kbh" m. T~IIR·a .. Il f"~Y Ri.,!! cl ~r " 9~ 1) 
N r lnilu "'iuol ~' '''1 11 . ~ v,. , K"ol .. ,,1 ~"d K (' ln~i ,U 

Mi~ .. " .. i 1 "II~' .,,, M n-tl~1.1 IC Skin"!1 flIJH) fl 9R' ) S. Tu~ . l"lIs ,a .. II f "')' n~ 1 f' Ind Gu,tor.) f Iq.I)f)) 
N j) ~ ~ .. l. Mi. t .I/I.1I "' ~" Ic.",c , K~n l "'" (19~I) 

N. I)" l o'. "' i ~~d/lall IIcuy 0 K.",,,III (/981) (r"n, in"rd ) 
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III 

CO IIIIIIIIII s pcl.:ics. III Cf-lliar preeill il"titl .. Jlill· 
l e l l ' ~ in shru l's lcppc habila ts h Ol\'c rcs ultcd 
ill an nua l rcdislributilll lS or iluJiviJunt bird s, 
Illcally 1ll1U regiuna ll y (Wic ns Hml I(ul cn bcrry 
I'l lt l a. Wiens 19R~) . 

Ce rtain associn ti li liS ells l bel ween bird 
s rceies ami pa rl iculill plallt ~[>Ccies, perhaps 
ill res pO usc In a rlhro lp ,\cI ahU lld :III I.:C n r 
HV Hi lahil ity (Wie ll s alll i n Ole ubellY 198 1b l. 
Snmc !>Iuuhstcppc billi!> show a high d eg'cc 
IIf select ivi ty for g lass seeds of cCll aill $fledes 
(Goebe l and lIer ry 197(1). 1 hll.', ~c1 cl.: li ve 

remova l of parl icu lar plant specic!> hy livc· 
shIck co uld have direct eITcc ls 011 individual 
billl !> peeies. 

,\ " j;1II pl clbt l"ll" ,1I.x uPY;1I1; " lllu h" tc p pe 
Ilahi !.lt s ;II C ;1I1!tIClIl'l.:d h)' their ~I n,dlll\alll ' 

mal pi C)' . SlIl ;III ' lI l:IlIlI lIa l l" HllII llilli l y COIII -
11o"ll i'II I, Ikll~; ll l" :'I"I,I;" lllhlll;"U lOlly wllh 
1l'1!cl;t l inll Structu lC ( l' cldhalllcl' 19 7'), It og.e ls 
;IIHl ll edlund ItJf\O. (ill 110 alill Itid. ;lI d tWQ, 
t.!cuee 1911l) alill ~ pcdcs d;I'u slly dedilll:s 
:IS 1!ra / ing tr"cnsilk~ (~cc Koche rt IIJS tJ) . 
I luwcl'cr. thc ~pcc; ric ":c'll ugiea lll'lali o ns llillS 
Ixlwcen 5111 [111 \l1:1I1111\ :tls and s luubs1cl'pc 
1:lplOlS a fe essen l ially ul1kllown. 

In-LUI II:c ~poml'S h) l it'c slill"k Gr,uing in 
Si1 rullucl'pe 11 ,lbiIJ I ~ 

Wc r\UlllU il1r\lrUla l ioll rrolll 15 stu dies Iha l 
\.'v;t lllal cd gril zin~ clrcet!> o n )4 NCUI I\.lpical 
lII ;gr:Jn t ~ Ihal blced in shrubs tcppe vc gC la · 
l iu ll (rable 12,2 ). Ili ld s consi,lcl c, l ill lhis 
('1·a IU :I 111111 I a IIgt; rll"l1 lia~cl lIlI sh tlhl ;l;;\ lcs 10 

much IIII1I C wi,les!, • ..::,,1 s pn·jt'!> 111 ;11 ,w': uil ly 
pe ril'hef;d'y il s~tld a lcd wil h s ill IIUSICp pC (scc 
Id e re liccs ;n ·1 ahlc 11-2 ). In a qlla lil:tti\'c 
a !>~C~S Ill C IlI uf l:fa/inl; c /fC":IS o n ~ llIlIh ~leppe 
hjll l ~. 11 s l'c( ics ll's p" lltlcd Jl' 1.~; l i vcly, 12 
IIcl:a l il·cly. ;tntl IU s pccics s howcd 110 d c;u 
I e ~ p, II I\l' 

·1 lie Icf":ICII\.·cd ~ lUd,cs l e port clt Hbllnt! :lI ll·C 
i" f\l IlIl:ll il 'lI on .1 1 lII ij.!li lill spec;cs i\IIU tlnl y 
1,1 ,If IIHISl· II·Cle ":I,d ll :ll ed liy 1\\"\1 ,II IIItliC 
s lll \lics I l"able 12·.1), Ih llS liulltlllg CUII­
cJ u ~illm h;ls(d 11 11 qll,llI ti lati l'c Ilata . Nt) 
~ l l\'cies \)1" CCllhl~ical &lIllt l !>ho\\"ell s lg llilieanl 
,l il1cI ... IKcs ( I' < II tJ,~) ill ahllnd:rl1 re~ be tweel , 
i:\r,lled :111 <1 unglued 1I "::lIIIICIII S, or Ihe 34 
~ l lCC I CS cvalua tetl . 0 111)' s ix arc consideretl 
l onl~·d i!>t:1I1ce lIligl aut s anti 28 s hnr H lis tancc 
IlI ig. alll s (Gau,hrca u l I 992J. COllib illCJ 

GI. NII(f, l HUMAN II !l e IS 

in t;I"lIl1pS, lIe ;lhc .. I P II I~ · d i ~ I;III ..:e tIIig l:t!lts 
l SI;lI ld :lldi/.l.:llmca lis 'Uti \·s I. l U 1I; 1:l/ctl vs 
UIlt;I :" ctli, T = I .HI . I' = (I .. Hj lI \1 r ~hol'­

,Ibl:!" ... c 11l ij.!rant s l .~ I :lIItI ;lldi/.I.: J Ilical l$ 1.00 
vs 11.'1') 1t;l a /c tJ v .~ IIll tt l·;17Ctl) , 'f" - - 0.09. 
I' _ U.'.Il) a p pea rcd particu larl y vu lllel"ble 
ttl I; \"u tllc k gnl 7in g. Thl!se re s u l l ~ ~hnllM be 
vkwetl wi, h t' :lII I;OIl COns;dCl i ll l~ lhe lillie ' 
tillalll;t a ti \'c .la l:l a l'ailahlc a 1111 a lack 
inr,lrlna liu n ahoul f1 ,iSli l1c sllfllh~ l cp l'e h it /}. 

il :lI :> (i C, Iltl cO Bl ruls fWIII whicll to jllllge 
g ra / i"g ct lccl.~ l . 

Musl s ludies wc re l!ollllu r.:: tcJ wi l li "atllt 
li B 1\ s hort- teflll bll.~ i .~ tluring the growing 
season (Icfercnces ill Tahlc 12-2), Effects of 
lithe r \:iUlt !> of livcs lnd. (t. l cK n il~hl 1958, 
Il a liley ;lml IlI ;I" y 11)'17 1 during o tl lCf lililtS 
or II II! YC;!r lIIig hl , Iilfcr .~ lIb s tallti :J tly, 

NCVC llh ck~s, wc UlUk c SlI lII e tCllla t ive 
co nclus io ns basetl on Ihc limiled JlIlhlis hed 
;l1f ... ·lllilliIlH , allJ k IlIlw lcdgl! ahOll t Ihe elfects 
or gll lliJlg UH vcgc taliu" ;111(1 Ihc knuwn 
h .. l>il:l 1 rellu ircmCl1 lS of Ihe birds. 

WiellS ;lIId Dyer (197 5) slIgges tl'tllh:1I the 
eellhlgk al plas t ici l y o f l\lallY s l' lubsteppc 
bilds wiluid makc Ihe m unrc,~pons i \ c to 
nw,lc ra tc Icvcts IIr li"cs lock gra7.ing, M ~jOI 

l! vif:llln ;, 1 s hifls ma y oecur nul y afle r somt 
1I IIcs iUlIti of hahi .al d ,:Il II-\C has pa ~~cd . S tich 
th res lwlds llI:! y hal'e passed hi ~ l\Iliclltly, . 

..... he ll li vcsluck were lil s t jut rUtluc:cd ill lU lhe 
rq~i ull Il uwcvl: r , vilillally 110 I'IiSl inc ceo­
!>ys lc lils c.ds! whc lc this hypolhes is lUigh l be 
,cs lcd , As a resu lt , 11m cU llcJu s iulI .~ aho ul the 
erre..: ls I lf 1!r'lli llt; till Ncu trup;(,, 1 lIIigrantJ 
lI1 us l bc 1;lI gcly Spcl.: u!;tlil'c . 

Distinguis hing he twcell h islorieal nnd cu r­
re n l li vcslClC k irnp;te lS is im port ant when . 
calc l!ori1.iug bini l esponses to gla7.i ng. For 
c.\;t rnpl ..: , ~pcd..: s Il!lItliriug .~ h I ubs n ~ IIcs l 5iles 
llIa y ha \'c hCllcii ll cd IWIll ca d y, gnll.ing· 
ICb lCl1 illcrea ~.:s in .~h ruhs a .:", ~!> the WcsL ' 
'1 hcy ma y nu\\' hc h"flllc tl by Ileavy grazing 
tltal IcnlOVCS hCl bacco us 1.:00'cr. UrCWCf's 
Spanuw! m ay he an e l:ll1lplc. OlncJ we 
co usidellhis ~ pccics It! be ncgativcly affected 
by gr:t7i ul; (Ta bles 12· 2 and 12.)). 

Ih cwcr's S pa rr \! \\' Pl11I"I:t tioIiS ha ve dc· ~ 

e1inctl si,.;nifica nlly bOlh in tl lC wes,ern 
Unit ed S' a tc!> alld OVCI thci, elllil c l ange 
tluring thc las t 25 YC:II S (f(ubhllls e l a l. 1993. 
I'c lc rj llhn e l a I., c ha il ie r I, this vulullle). AI 
lh is s pedes ;s the lI1 uSI Iypica l, witlesJlrcad 

r lb!t Il · 2. I (c ~p"",cs III l·;I U!c l1ta.,il1g by Ne" l l\jpi ~:11 
h~ b ll :lI ~ Ilf ",e-Ie'll N, .. lh Anll; li"::I. 
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T. ldr 12·.\. SI.ltul:'II .li/( .I ,ci:l lhe "humlam:e f," J I ~ llCo.: ,cs li t 1II " , ;,IoIl Y lanrlloinb . Origin:.1 .1;'1 ;' lI(r( 
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~ I""crf\ .lhurlll.,lIu·\ \1,1(.:1(,1 , ,. , 
1 ~ ll'io.:o.:H I ' C" lmc"' ~ 
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SH " I If, '1< "" 0 11 
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111.,,\ ,,,,,, ,.1,,1 S,,,,,,o" " '" " '" 0.11 
~~rc SI'~""" ( il S" " 0'11 1,1)1 "n "" Ihc"c,'" SrJrro .. ,., SII 0 Oil ' " 0.69 04' 
:" , •• "1!O~h Sr.1I ..... (i' (ilt " 01' .. 1 II~ 

\\ h'I( ·'f" .... nc.1 SI',,, fl ..... • 0 ", (ilt 0 II I "" II. 1111 
IInl ","!!e.1 III .,, ~ 1",.1 0'" M I " UhfI 1t~1 

WtolCIn Mc~ ...... l.lI \ cit (ill U , "" l UI III '00 
lI ,c .. c(. 111"\11.,,,1 OM SII II II )~ 1 4(, O.6} ",' 
11." .... ,, ·11<";),1(.1 ( '" .. 10,,", OM 

" 

1.7& II.U 

' I ''' ''f'''' r."~1 ,1+ .. " ,,,,.,,. ,I, .. , ... 1 '" "" "'''f~. 111 _ 1 ... ,\ ", ... , ,, ,,~~. II ,,~.~,., .n ... " ..... ~, 

• I ,,,n,,,,,, N ' • ''''''''''''1<. 11101 .,,""""" 
• Nc" I.,,, . 11" .. , .... "", ~11 _ ,1",,10 II<U,,,. 'I""OC'. (i l« _ ,,,,w,,,1 "'''III, .1 ........ ( ·1\ _ ".1 .... ''''1') / •• ''''1') !In'''', .10000K. 
'I" " ' ,,"' . ' I~ , ,' ,', ..... " ~ "."''' " ""'" I' _ I"'. "'e 
• , ... I",~' l'f",I, I" .",,, ~",l l.on 1,,1<,1 " , .,""''''' 

unJ CtlnUU1I1I sluubstcrpc billl ill Imlll)' 
IO('a l iol1 s, II lcir rJcc1il1c is a nmjtu cau se ror 
cunccl n in ~agc bru !lh ccosy~ I C III S. 

()lhl' l <: hl\tI )~ l l' I ' I "I<: spct.:it.:!Ol !Iud, ;1<; ( imy 
I 1)'·iUd ,t.: I , 1( ,Il. 1o. \\"'::11. (;) o.:t.:ll lalkrl'l'I1 l1' ht.:l', 
S.I!!o.: ·1 hl ,l~ho.: l . trlll il ;111. ami Sa~c Sp,uruw <; 
It",o.: \11<1\\, 11 '"I "~III Ii.:.l nt I'up"la l iult Il 000u rl .. 
1110.:1 II IC \\C'\(III lJllil n l S \ ; lt t.:~ I I' t.: h!ljl)11II 
e l ,11 , ( 'h,II'IC, 1.11" , .ululllo.:l II II\\C\'CI, I ,u l. 
SI';II lm,,, ,Ind 1( 1)1. 1. Wa'lI\ ~IIIIW ~ignrfk:1I1I 
1;1I11:':: ' "lok .h, lu ,o.::. 11I ; 1 t.:~ · lh " ... tl"ll SJlll l' 
rll",~, which IIlltahit mUll! lCIlC ~hrul> t.:01l\ · 
Il\IlIIi lt C~, h;l\'c alsu shown Slglilli t ""1 POPULI' 
ilIOn Ikdll1c~ 

1>,1 1.1 r" l III" IIlho.:l .\ I K:\ It.:~ ,iI:.,. ~u~gc~l l h,11 

s luulls lo.: l'l lC hil d l'UlIlI lIlIlIilics alc _ . ... , ..... , 
whcthc r lH IlI lt lil'cs lllck g l:II.illg is III' '" 1''''''''" . 
;1 5 a 1Il00jur Ci lll~C. Lo ng· billcd 
lJurrowi n~ Owls bOlh brcerJ ill ,I 
d l;Hal·lo.: ,i /ctl h y a 1;ldi or $hruhs ;II ~ .I I · 

afC;I ~ ,,( Idallvely I.m ,o.:go.:l:rlillll 1J0th 
l> pt.:l·io.:s ~I\I,"cl l .. igllilic,1I11 1'('plll ,1 11II1I in· 
Cte;l\0.:5 11t.: II\o.:e ll 1'1(' (1 alill 1')1)1 in the IIo'I.'Slein 
Ulllto.:lt ~I,rto.:s (l't.:It.:IJullU t.:1 al ., Clt,rplel I, 
IhlS ",Iwllt.:} 

I. llIie ill'IIIItI ,II" >!1 e ') ' I>; "" I C~ PIlIl \CS to 
glallllg 11) UIII:IO.IIII)' 1,lphl!\ 11\ :.hluilsICPpt · 
(Kulllo.:, t I '}~'J ). UUI tll!:.tgnalitil is (If 
SP,·CIC:' illl: , ca <; lIlg IIr rl Cr. 1 e:I."IIl; III ahunJ anct 
\\c,e 1""t.:,11111 Sla/illS l'I,lul.clll',I I" I,113I1cl· 

UYISIOCK (.;NMING UllliS 

' ,Iiuns, wh h:h all t.:t.:1 s inaI! IIwllllllal popula . 
lions, nes l C(lYI.'I and subslral cs. InICnsi \'C 
I,o/ing al\(I li lo.: supprcs .. 1tI1i fav o rs en . 
cro:tChmcnt hy 1> llIuh.~ allli Irct.:s (cspccia lly 

. Ju" i' ll'fII~ s PII.1 (;llluml·ne$tili g 1:llIlor.'O (c.!!. ' 
Norlhem IIII I IICI. Sho ff ·ca rcd 011'1. and 

, Fr:trugill"u~ Il il\' ~ I ;lI e (l ll c lI nq;:rli\dy 
.1T«led b) l,! , ;r/lllg PI:lCllt'CS Iha t ICJUCC IIl'S I 

IUuc hhcn nnd 1. t) ~ e tll ut.: 11 1977 ). RilJl . 
lid Ihe ir IIIl1cnt prcy tl rl e l! J ccrcilso.: 
comlillulI~ wi lh , cduced amoun ts of 

,h'"b"",o"" CIIYc r and inc,eu scd s lllub den. 
od iC" 1'1/19) O lh cr p, ey species 

I C~ J1I!"'1 pusi t, vdy 10 Jcu~e 
NYlicl,!gefallJ S lIIith 19R(,), 
iug thcil )llimi" }' pro.:tl;r\rlf , 
IlI c lca~cs in jllllipe r lI ees 

lI Y: liI;,bilit y uf Ilcst Silcs Ie l;, 
0 \\ Is mill Hc" · laikJ Il a wks ) 

1 '1/11}) ~ I I "I pCldl StlC!l o f sUi ne mpll'l 
pulcnlially s ignHiC:1II1 in · 

of gr:lling On migranls in 
i ~ 1Ic..~ 1 palasili.~nI by Broll'l\ . 

L"""""'''' . IIIIWC\'CI, a llll uS I 110 rial a 
rill .s luubslr: llpe (Rich 1918. 

Ro(hstcin 1985) and Ih r: degree of 
causer! hy cowbi rds is unknown. 

:I'; ;~::':::;,':~~ ~:~,:h;::;';:'II;S,,~g enCraIlY respo nd ncg· 
" COIIYCISitlllS o f n:lli \'C 

ha bilals 10 CAll lic ,'cgc laliull fo r Ihe 
IX lldl l o t !i\·cs lot.:k W esl 1912. 

; ~,hl oc,'" altd Sltu gcs 11)15, Kcy nuld s auJ 
191U1, Imll. C;ls trale '1) /lZ ) Il uwcvcr, 

l es pllll ~o.:S liM y 11111 he Ik lct.: let! Jue III 
. or clca r JIOPU lat iUII Il'SPIIII.\('S due 10 lil n t.: 
,site ICll auly by iruh Yilluals :lIIJ sc<rle of 
I (Wicu~ uud I(ul c llhe n y 11)85) 

shorl · lcrm hef(l rc al'll arl o.: r SUIYC}'S ill 
I Cllll lllltlllil ), ' " ;I}, he "rJlmgcrously 

.is'""cll' ,,,' g ' (WII'/ IS c i :rl . 1'1116). 

0 ,,,,,,,,;,,;,, ,,' Mil'.Hi.lrl 11..I,il,,1} 

I IIl11e~ lI ,ll .. rlc ; l s~el ttlol ;IL!\'S or plant 
,,,, il\l,11 , ' llIIll tUuil ics IIl'CIIIIIII!! al Ihe 
J,KCS hehlCCIl tl'flt'~\( l i , l ,lIId a llu:r ti t.: 

In :I .. rll''' l ti''II ~'' ( \\o.:'le)1I NOt II, 
,I 'I ,ItC, I ~ nr"le wdllfdillel'. 

ti l ~cge t , llllHi ailing l'ph.::",cral, 
'~, ,,, ,, ; ,, ,,,,I., awl pcrl'!I l1 ia l strea ms ;11111 

alld ;n c ttl,,\ 1 l.I"l ~ p)eIlOU~ 11\ .'Olt.:ppc, 

m 

1ih,llbsteppc, alill desel ( lesiuns, 'Ihc tli\'c i ' 
si ly ;11It1 Pl otl uct iyily o/Ihese systems com . 
palc t.l III ~u"olll1t1illg uplands arc largely 
illldbulablc lu biolic and nutricnl uchatt~cs 
bc twecn afluatic and adjacenl upland ill cas 
((iI Cgllf )' e l a l 1991). 
We~ l c llI 1IJ1:tnan lIooutilamts Y;II )' fr UII! 

(XICnSll e II twJpla in fOlcsl~ ,Io minal l.'d h)' 
Cull OI1WlIlI tlS I 1'01111/111 $I'P,) II lo ng la, gc ri\cl S 

tu 1I:III\1 W hallds of :tS pell (I'OPII'"S " £,1111 " 

Ividt's ) woodlands llild willow (S(lIi."( SpJI) 
thickct s ailing s lII;lIIIII{lUlIl l, in SIl C3 I1tS. 1'1;111 1 
CIl IIIJlII ~ iliI111 va l ics gwgl;IJlllicall}' "nd eli· 
malica lly, wit h h ighe, eleva l io n ilre:rs of len 
composcil u f nltler <Almu spp,), bilch (lJ"/II/(I 
51'1'.). and iJUgwOlld (C/JI IIIH ~ pp. ). Sycalllore 
(I'I.ltrlllll.f SPI" )' chc rr y (I'wmu SliP.), haw· 
Ih Oi II (e l /It (I"lIlf f spp,), !tnd ha o.: kbclry ( Cdll ~ 

spp.) ;II C Iypically ((l und .. t lo wcr elcYorl 'olls 
:llIrJ in ,hlcr dim;ll es. 

lIi)luriul " CI) IH!C l iY~ uf Rip,ui .. n lI .. bil.l~ 

'11 ,e cri lical anti disrlClpm lio!l irle Y,llue (If 
dpllli;,n "abllal lu \\ll tillfc has ber:n rr:c(l~ · 

lIi/cd uli ly willti" Ihe I.ls l Iwo J cc:tdes 
(Johnso n ci al. 1977, Knopf et at 1988;" 
KlpOIlia n vegr:(a lio n IS uscil by wildhrr: 1Il0le 
Ihan a ny o ll,cr \'egclat ion type (Th o m:u el 
at. 197'J) " c l. 'iparian ,II CIIS ;11 1.' am on!! lire 
111051 tlll e,Helln l h:tbltaU 0 11 Ihe cun i incli l 
UCC;lIISC tI ,ey arc f:I\'\II clI rur lIIall Y lanJ " 'C~ 
includ ing li \'c\ luck gr.llil tg, Ilg,icullll' C, wal l.'l 
1II1111;t l,!e ll1e nl , lilllhcl I I .u VC~ I , Icclcal iulI , :1 fill 
Illhani n rl illil (c g., '1l lolllas e l ill. 1979, K nupf 
el at 19118 .. ). 

l.i vcMocl. gtillillg has caused geOl,!I:! ' 
pl lic;III)' ellcn .~ iI' c impaels 0 11 WC$le", fl · 

parian 1tl!IC ~ (C lIfUlirCIS 1977, C,ulllpackcl 
1'184 , (,h:rlle y c i al . 11)911), U IIlI I hc~c a lCIIS lI ' C 
eu ns itJclcd the 11)0SI lIl ollilicJ la nd I)'pe in 
l ire Wesl (Cha nc), CI :.1, 1990), G rallll!! 1111 
"P[Ui;1I1 h\1 l1 o ll1lallJs le illis 10 he 111,),,' 
tiamagilll:! Ihan on IIj l j:IIUh (!'lallS all.! 
Nelso n I'}HS), e~ilCciall)' ill II l iJ Ic!iom \\ hele 
watCI, sh:llie. SlIccu lent \'Cl;o.: t:lliulI, a n.1 f1allel 
l':: ll ;nn un'lIr tie;" SlIl':IIII) IJkllnl.e I'lN. 
thalll' y l·t [II 1990. PI,.IU ItJ,} l) Ll\'u lml. 
l!,a/illS ,IJI'ClI$ I lpar""1 IllIhil a lS by aite flll)! . 
ledudn!!, or , cllIo\iug vqlc ta lio ll. and h~ 

,1t.:11I ;,lI y cllllIlII :ning IIJl;lIm n arcas Ihr ou~h 
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C"I"OIlwuoul 
1" ". 

Will",,' 
t '"I!"""".,,,, 

I''''e 
l"ull.m .... u".!/ 

I'inc 
ASI>cn 

C"llu,,"OW/ 
1';'1e 

A~I"'n/willuw 

Will" ... 
1..'"11""10',,, ... 11 

II;Ut 

Cu'lunw""..!/ 
pille 

ASI"''' 

C" ' III""uudl 
"'"u .. 

( ',' IIt '"" o,><I1 
pili. 

\\' ;11" .. 
A,I"'" 

l'"llU"wVU<f/ 
1';11 . 

Wil1.,w 
W,II" .... 
A'I'<II/ " ',\I" .. 
All"' '' 

COIIVII",u<>d/ 
Il ine 

I\ ' I":n{ ... ,lI"w 
( '" u"""'<"" d / 

"ill"," 
" ' I'<"II 
{'"'h,,,wovd{ 

",II .. .... 
W,II" .. 

c.:u ll"""'IO<.I/ 
1'II1( 

( " 'lh'""UO<JI 
,"111,,10' 

( '"Ih''''''''',/I 
I'"'\' 

\\' ,II"w 
Cull""""",I, 

.... 111" .... 
W,II"w 
, '""·",,·,,, .. ..11 

",II .. w 

Cul l"" .. "",I/ 
""II",,' 

"-"'""11""".1, 
pinf 

l" le,uil)" (j'af;",' 

IIUY1 ,., 
li~I,. 

V~,i~hl~ 

" c,, ,) . ) 
I"hl 

IIcd.Y n 
light 

NOI 
. t llO . l(d 

I' e~'rvs 
liglol 

M"dcrale 
I k~"y 

l le~ .y YJ 

lighl 
1I (~ "1 ft 

light 
Nu. 

' ~IK" l ell 
Vall~bl( 

lie:,,', ~ $ 

l'Il" t 
lIu~y 

Nul 
rcpu ' le..! 

II c; .. y YS 
li,l+ t 

V~,i .1hk 

V;" i~hlc 

Mutlc, Mc 
N", 

'~ I "'tlc<1 
1I(3¥r YS 

" Iht 
M " .. I( .ltle 
IIf3', 

Nu, 

,el'""ed 
V~,jahlc 

I k''' 1 

l !ca~y H 

1;11'11 
Vaoi3blc 

He;" , "$ 

li,III 
V,,,, .• htc 
Mu"'c r~l c 

V", ,,, htc 
M ,,,I ~ . ~le 

Variahle 

lIu~y YJ 

1i ,11I 

" , . 

, , 

o 

))2 

Molt-vni u ti lI ulio (1911) 

'I ~) I" , (I 'JR(,) 
MVJ,'. ",; ~,,,J lI uu " (I'IU) 

M "~c(l,,i am) lI ull(l (1'111, 

I '~,c CI ~I. {!'HIII 

Mm,,,,,i and I lull" (.9111 r 

M~d i u ~"d (h,y ( 1'1911 
s.. 1",t( "n..! 1.(;U;"lc'I . 99I) 
MuJ<:utli a"oJ lI ullo 1\ 911, 

I' ~&e cI a l. UY11) 

~",\.C""i a",1 lI uliO (1 981) 

s..hu l( a",1 1.0:II,i"8e, 1199. , 
1'~1l •• 1 il l (1'1111 

""")C",,i ~" Il II lIlIoOYU) 

I ~)Iul {''111t., 
"'''''1.1 el ~ I Ilq~8 h, 

Mcdin ~",J CI~'r OY'lII 
I'allc ~I al (InS) 

MUKu"i and 11"l lu (19111 

,.. ~,I", .",1 Cla,y (19911 
So.Io"I" alld ldnj"le, (1'19') 

Cluud, ( 1IUIl) 

Sdwlll a,,'" I.c;ni",u 
( l 'l"II, 

MUKunl a,,'" lI ullu (191l1 

ClOud, (' ?U) 

"'"~ .. ,,i ~"d lI u\lo n 91l) 

1 ;" ,,,, 11!llIt'I 
s.: ... , ...... k alill )("" 1" 

Cll.lu~h (I 'JHZ) 

,..j"~111 K.lion 
S ' ~ lu~' 

II 

II 
II 

II 

II 

II 

II 

A , 

A 
II 

II 

" 

C~Iof. ""i.ll 
Ne •. "I~ 

M"nl.",;, 

0 .. ,,,,, 
/I.I oIII ."a 

Monllna 

Ca"(O ' '';~' 
N ... ~,b 

, ·~h ' ... n;,,' 
N,,,,, I ~ 

Cul", ~..! o 

Culul3t1o 

l.Ial .. . 
1eI •• h .. 
{j'qr."" 
{ '" I..".utu 

M""I.",a 

( '.'I",~..!u 

Nna,lh 
( '"IIIIad" 

(.',.\ •• ,:"1,, 
l'~hf"I' "~/ 

Neva,l. 
Colon..!o 

C .. lu,~do 
(". Ior, ' r ni~' 

Ne.~tl~ 

('"1 ...... 1,, 

C.,I"la"u 
(.''''''111,''3/ 

Nco •• d.l 
( ·ol. ,, :,..!o 
C .. I .... 1<I" 
C.,I" ratlu 
CulurAdv 
O,~,,," 

("ot(lr~..!v 

hl~h" 

U ...... n 

Coluratlo 

O' CI"n 
( " '''" ~tl,, 

.... "Iou 
C~lofn'nia' 

N(o~"'1 

( '"1 ""'10',,, .. 1, 
I ';"~ 

W,U"w 
Cull"II",>O<J1 

1'111. 
C ... 'lu""ood/ 

pin. 
AI Il(II 

Cu I1 U" ... <NJ/ 
"';11" ... 

0,1I0<11000J/ 
w,lIow 

11 . ,h~ c."u. 

I lf'''~ccous 

W,II .. ,", 
W,U ..... 
I I Cl h~.e",,< 

C.·II.,,, ... ·"' .. I/ 
pille 

W,lIo .... 
A·'llCn' ..... I .... 
( ·" lh." ...... "'I/ 

.. ,Ii ",", 
W,II " ... 
ASI"' '' 

C"lln,,""IO<1/ 
.. 111" ... · 

Will" ... 
I\ ~ I"'" 

W,II ..... 
" ' llCn/"illuw 
W,lIn'" 
A~ ll( n 

Will •• ,,· 
WIII"w 
W.lluw 
Will" ... 
Willow 
CoU.m"voJ/ 

... ,Unw 
l !clha~cuus 

W,Uow 

C(1 llo ,,"oo.J/ 
"ill ...... 

W,lIo .... 
W,lIuw 

G' ~I, in, RUI'on..e 10 Rducnec: 
I nl.,,~ily· Gnlin( 

N" 
1(,1("1." 

l \c:,,'y WI 
h,101 

Vaoiabk 
l/u.· ~ \I 

"Ihl 
I h~ .. y .. , 

hlhl 
No< 

'Cll(l' IC.) 
Nul 

,cp",I.d 
VauaMe 

MVUfOl lC 

lIe.,'y 
II c.H~ 

V~II .,h'e 

V.,; .• Ne 
IIc"') 
I k a"1 n 

hili! 
V,uiahle 
Mu..!c' ~ I. 

Va.;ablc 

Ilra ,'y 
NUl 

' ~I't.UI.d 

Va, ; ~ble 

Ik;ny 

N", 
.el""le'" 

Va.;ahlc 
M,,,k, alc 
II ••• , 
Nul 

' . ",)llfd 
\' :,"~ble 

I k~'y 

V~II~blc 

1 1 ·~" r 

v : .. i~hle 
Va l;abl. 

l !c:!.y 
Vali~ble 

Variabl. 
Valli hie 
lIu.y 
NI'I 

'" I1(>II<..! 

o 

, 

MOl ... ni uti lI u' ''' 0 '11111 

I ~}Iol (l98~1 
MUlc"", 11111 II l1l1u 1I ~81) 

MOKO n; .n" lIu llO (1 9811 

Crouch (1981) 

Medin an'" CII,y (1m) 
Me.);n an ll Ol' y (1m) 
h } IOI 119~6) 

K, n' I,1 (I at. ! 19BBhl 
M.llin antl ClI') (1 1J<1O) 
M u)O;o ni Ind /l ullo (1981 1 

Kn ll l" (I al 11 98810) 
M.tl", anll Ouy 11'1'1 11 
(' ... uch (1982) 

Schu l( aml lcl111118C. n9'll) 
" ale cl al. (1 918) 

C,,,ud' 1I 9HZ) 

Schull alld le", lnie, " !}'} I) 
I'age el I I 119 18) 

KIIUI,I CI al \l 9118hl 
Me" ,n an.1 ('tAl~ 11 \1'1 11 
5.;",,1., ~"tJ I C;";"E" C 199 11 
" .,~ c l ~1. (l 978 1 

Kll ul,r e' al 11 98gb) 
Schul, ."d I.cilli"ltel 119'l 11 
"" .. p, . I.1 ( 1'J88h) 
S~ llul/. an..! I.e j"in," (1 9'1 1) 
T~,l u l 11'1&6) 
Crouch (1'18 1) 

Medin anJ Cia.) (1'1901 
1"1)10 1 (1 986) 

h,loI (1 '186) 
Knil l" <I al. \ 1 9811h) 
Mcd'n a"..! O.'y (1 990) 
I'age ( I al. (1978) 

(r",,,; .. urJI 

)J) 



uu (; l Nl Kt\l II UMAN LIlTeiS 

1"1.1,, I l ·1. :\1,,, ,,1 ,,,,11 /,'.1 1..1,,11\, ' ." .. ""1:."",,, ,,( ~O:H' " I"" :'I:,nl: ,'" ,,1.1, ' ''I "r'Cnl llll! (,K ~ I'cc i c. of 
Nt'III'''!, icll l "" II' :lIIh IIl l: lllI\'l1 11 1111 '''' I;nllell 11:" ' 111'15 Sample ~ i /c i~ Ihe I1lI1l1hel .. r !lCCllrr"IICC~ ill which 
I' ,:"11.1 ,"I ' S " '",ew"L':'! i ll el • .: h 1I00,IIIIIeil i (), i)!i llal ,bl:, " 'CIC I "~C II (HUll nil1 O: s i Ul l io: ~ "I ' Il , IUCIC, 1 ill wc~lcIn 
1'1""10111 li a!>,",h " 0:0: 1"I Ik 11· 11, (j"II,!s ,,10"'0: : l h ll"",," o:C~ ,j,lfci ~ i~lIiril'allll)' (pai,e.l Hc~I, I' < O,Ol) 

hel \\ .' ~11 11 0: ;,1 mCIII ~ H',: jndlc" le, 1 C" !'C'C"':.::H 5=':"Ci ~=kC· '---;:::--;--;;-c-;-"'"::-------;;::------;;-;;:, 
I "I " I!I"g(j,, ;101 S''''' l'k Si,e S'I.",I, .. ,I;/C.I M":.,, SE 

( ;,.tI~J 

,\,'" ,.t ""C. ". " , ~ " '" I I 'II ~ ''''n l' ''''e • II M'I 

t ;"""",r " SR 
I' "h"j!t ,,,)r,,,,,,,c ." fI~1 

lj""""I ,,,,," ' '''' 'C " I ~ I 

N<d,"" ,,,C , 11 ,11 

(}""""'If '" Ulil 

" "' ''10k. t" I"I) f . .... ,1 .... , ", 11 , •. ,,<,1 "~~,,, .... ,,. 

(j,"UIlII iIlSl'l' lil'tll\:s wcre IlC lt c r Iqu C' 
scnlcu in gilt/cd :ll l.' a ~ (hoc. hair the spccics 
ill tlli , }!lIIld 111\' ' l'PI" 'CII lcd h)' hilds [c,g, 
", IICII\'II II 1( 11 1'111 , "-,IIII \'C I) Ihal ;tI C 1\\' 11 
~1I 1'" II r" l Ihcil :,.1"1'111'" .. r h,II, .. "Hdlc ,cd 
h,lllIl a l ~ (j ln,,"d :tIIU I' e l i:d i ll ~eC Il \OI' res wcrc 
Ihc 1I 11 ' ~ 1 , '''" ItIl'' I''V fl) lI lId g ll ilu :o: ill g"'tlc ~1 

lip;" ia ll ha I1l 1:1I:. " I' \O M in us cle \ .lli"l\s ill Ihc 
SllIl lh 'I'CSI (Slaw ;1,,,1 Hi llllC I'}XX). 
A ~ II (!'lIU P, 1 1I 1t ~ ' ll i s l a"ce III ig ' II Il ls (St:11 us 

A III ' I allle 12· -11 a pl ~"l l.'l llI "IlC ,,,, scepl,ble 
tSI:IIUI:,Hh/I.' J tll l.' all$ II,M(I vs, I 1.\ [g r;' l.c I! 
I ~ UII I! I:tlCdl. 1' ... Ih,l . 1' = 1110, III 
dis llllh,l lIl"·' h) h l"' I' I\' ~ t! ', ' / IIl I~ Ih a ll 
, hI lI I d, ' I.," \e 1It1~f,llIt ~ 1 ~ l.lIu ' II ill I :thk 
I ~ .. I. , Ia l1dault /\' t! lIIe:II" n,I)S , ,~ I UI -t 0 20 
(fl.tlCt! I ~ III ' !! I.IIl',lJ, /' ... 111 11. 1' ... UI1 2 1 
( h,,' C.\pl:lIll1litlll 1111 II"" II,'\ ull '- tlult! bl' Ih :1I 
lII :wy SIItI,, ·dls laIlCC 1II1 ~ laul ~ :l rc ca ,i l ), 
II I.'S tl' IS, 11'1""c IIC, t lll}! ~i ll'S appc ar ,, "I 
a llcclc, \ \1)' g, ,II;nl! in Ihc ShULl le rm. 
'-",,): ,III , l.lIIlC II I1!!I,III I\ ,Ib .. 1111 1:111 he 1I1 l1 le 
,' lI l' I)! ,' " 1"''''''11 '' 1'11 11 :11,11',,1 " I Ihc h l ~"' lllIIg 

f ' '' "II,I,. allo! 11 1\1' II.", .: , ,,JII .. ' lah!..: hI 
r,UIII:tI1 -ld:t lnl,I ,, '\ll b:lllces 

.... '()N I ,'Nl CUNII UI Q US 10 11.[5 1 II ,\UII ,\l S 

<...1., 11 .11 le i ;)Iil ~ <If I ' "1" " '11 11,,1111,11\ 

tl l" III ,,"C ctl llll .: , (I II ' ("'l'~ I ' '" I\'C,ICIII N I'l lh 
I\IIICII .. -. . ,,") III ' I'\· .. ·,l'\ , " 1111,, 1\1111'" 11I'C I 
1IIII,hl ):I."'l! ' ;' plll l :II C'" It l IC ' I"'",e III Ihc 
".IIIIP!..: ' III !(' !,'"' I II '" ~ " 1",1" .. ' .. '" h} dUII I,IC. 
""c",lt i"" I.lIilll l\,' , SIIlb. alltl II 'l' ICUl I" " ,11 
,lIId ~ I I,' I I'" p,llll'111 .If tlb llllh.'"ll· I,IlIUl' ~ 

41 '1/, UH 

' " "" ,., IlI I 

, "' UJ! 
1I 1'J 1I 11J 

I "J (1M 

'" "" 

s lH.:h ,I~ lile A h igh ly si lilplil icu d""""""'",;,,,· 
l iol! f" , Illc gCHcral pa ll Cl 11 .)1 "",;;[e"". 
' '' I .:~ I ," ~ ltlhHli"HS \\'0111.1 placc jlll1i,lC r 
\Cl i.'- lnl:lI'ICd I'IIiC (PiWH) w"",1l1Il1ds 
IlI"c l ck l' ali,,"~ PlIlIUCftlSa pi)1c (I'. [ IIIII'/rr­
IISII) ~1 1\' , lI llIaI I S il l Hltllkl ale l~IC\' al i o n s 

prmitl llll! slig hll y less :>.c.ie etl lllliliolls. and 
l)o ll gl,ls -lir f 1"'I,,,,/, ,' .\ II!I<' 1Iu-II:h'~i,) fUlcsl, 
:Illt l Illi ,\Ctl ·e'" Li f,'r ass" cial ill llS at hightl 
dc\'all l lll ~ li lal typi call y 11I lw;dc III"'C mesic 
l·.II.li ,i,, " S. T hlllllgh tlU I Ihe Wcsl , luJ!!cpoic 
lI im: \1';/111\ 1'111111'11,1 Of I' . 11111"'-".1'111111) rOlests ' 
IICCll l "I CI a 11'1.1c I all,.:C 01 clevalinllS. Iypically 
, ),'n lp) in,.: I I lca~ Itilltll\il1g di~IlIlhallce . 

EIIl;cl lIl:t1l1l ~ prul'\: (I'in'" ""nelmmm;i) and · 
~Ilhalpil ll' fir (A "II'\ las illf'<lI'l'lI) arc dllininanl 
I, ce I> pCt· i ,·.~ :I I h il! 11 ·clC\',11 il'lI In, cs ls 11uuugh· 
tl ul lhc 1{ ,lt: I.. y t-.lt ll lll latlls( l'cci IYRX). Milro 
l'cdal Ill' lnl"d, 1'11Il! (7'1t11 j, , - Tm!111 . 

',,1 c,I' ,I Ill ! g l :I III t· lil ( / tI' i, ·.1 !/' 1iI,,/i ... )1 
Ii, 1 \l l c~ I S abo ,li e ,-'UlllI11 UII al 
d CI' lltl"II' III Ihc nUnhCIII luckics and 
tIIl c,i, 11 NI, t'lh wc~1. 

wldlc Ii ,. (.-I/,it's (,lIIh'''/'''-) 
(J.II ,,,, "'/' " 1 .I," III I ('"s), .~ug:lr 

1"'1'/ 1111101" Ih lll ,Ie"" siI pinc, I 
(' ,Im p' i,,: Ihe rlllt:s ls al tl "j: Ih,: 
Illl hc Sie lla (VCfIlCI I ')~II). 

f'. IIIII Y ft ' l c~ I :O: I.f \\t:~ I C I Ii Np llh AIIIl' , IC,1 
1II,III II. III ICd 11I ~ It"ieally h)' frctjll "I1 I, 
HllcllMtr I ilc~ ',lllInl II}' lillc hCI 

lIVIS IO( I( LIli\lINC I I!L e lS 

fu cl~ (l '''''pcl IW,II. Vale 1')77, 11 :111111111 
. 198K, I' l.'e l I ,)XX ). ' I his pa tt c ... ill WCs tClI1 
. l andscape .~ ha .~ hccl! d i ~ llIpt cd lIy Icce nt 

changcs in laud -usc m lllwgc lllcn i (Fl'anl.. lin 
198'). 

Domes tic li \Oe~ tcIck , in cll ltjunclilU l wilh 
" aCli\Oe rire supple.~s i'" I , prOtl tl ced a wide­

trall ,~ rtH lll n l ion of woodillmis inlll 
fOIC~ I ,~ as II tcsnll o f incrca sed 

I • eSlabli ~ hnlt:nt lIy woouy specics, nll,l ,d,,,,,,,,,,,,, CO\'CI uf pcrennial g las.\cs IIntl 
Ilclbaecous planls (c,g., Johnsc n 1')"2, 
1')77, Vanka l 1111,1 M :ljOi 11)78, Wesl 

III a l ICIIS! sume alCilS, ,i n'sluck 
'I " lcUlly was Ihe plimlil Y eausc ,If 

',:~~',':~ :':: ',:"':" :::;:~I . wilh lirc Stll'JllcssiuII 
S impurlallce (RulHllle li 11) 5 1, 

Wc.~ t 11)8.1). OUC rc~ utt :tc. 
compan ),ing Ilus 1II1.' 1:ll1ltHphtls is flOlII sa . 
Yau""I, '" r" IO:,~ 1 " tl iC HII Pl c~~i\'e a ,'c ulI,,,I ,I' 
lions (If fud ~ ill Ihc~c f' '' C~ I ~ II, :lt ItOW 

pHlt tucc Iil es Ihal :u c ulic il ca l l1s ll ' )ph ic :,,"1 
. (1 (l luClltl )' resul l ill widel>pread Il cc 1I1l111 :1,., )' 

.. II)KX). 

AI luw dC\' lIt i(IHS. IIic iC I la .~ hcc n a SIHlltg 
posil h·c C(l(fl'ia l io l1 bClwcc " hca \Oy ca ll ie 

• ;lnd e" e llsh 'c e" l'aIlS;OIl of jU" ll lI: r 
;."o.lb""s (Juh nscn 19(.2, Wesl P)K8). 

II I f!r;uins uy .IIIIIIC ,~ It C cali lc It.' tluCes 
COVtl ami "ill"f or ,h lllli llalil ~ 1:I ~~cs, "lid 
facilita lcS Ihe es ta blishment ur j unipe r whilc 
simLill illlcotisly Icducillg Ihe frcqucncy (If 
grounJ JiI CS tha i Il lhcl lI'ise wo uld elilllin"I e 
,,:oody l'l't;.CI:l liu li . WItCIl c .\ ccs~ il'c gl:, l. in g 

! Vi rtua lly IClll0lCS Ihc grasses, lires cal) 1111 
he Cll/l ic, t (,,11,1 I htl~c tlH.t ucc .. " ... 1 
\ S lIjlplcs~cd) wil h a rcsulling 

1 ill s ll/tth iultllrCe dctlSi lks 
'1 hI.' IIc l c llccl ha .~ llCCIl :111 

ill I, ce tl e n~ il)' Itl ~' II;a l c 1I'1I .. ,lIl1ml ~ 
I s :l \ h lll, ;,h 1)ICl' iuli sly uccu lrcd 

c,\pansiu Jl llf thc.~c ,I CIISC I' wuodi: II "!s 
, I I ami ~ 1"tlhS l cJlPc Iku I\'CIC 

li l'c~tuc ~ :11 both IlIg llcr rllltl 
d,,, "" ";,, '''' , . 

shcc l' j! lalllll! It:I ~ alt l.'lcl l ~'",\. 

I ~"haII'IIIC ;11,,1 1I 1t1 1l1 :1I )0: II ll'ad ull's 
~ (L' ""."''''' ''' 1')'17, V,III~a l :11111 t-.I :lju r 1\l1lS), 

pi" e I,a\ ,'''lce~,f"lJ y ill \',ul..:i l 
IIlcad"w" :,'lcl ti ll.' ICUl" "'n l fl f ~ l leql 

Vallbl :ultl tll :llnl 1')7t;), Il ca l}' 
1e.1 I" II lclca~cd 1',,",, 11 , illclC:l scd 

, :11 1,1 SIICIIIII ClillclIChlllenl. IC~lIh lllg 

] t·, 

itt IlIlI'cl ed Wit le r lahles :lIId drit l mell,hn' 
Ihal faci lilal C.I":lI l1 irO: I sccll iing eS lahlishmclI1 
(Du ll widtlie 11) 77, Vnllb l a uu Major 197111 

I\ItI Olig Ihe n llietl a llihlJ illaliy d iSlr ilHl lc,1 
ro , c.~ 1 eUlIlIlIllni l ics ,I omiualcd by conircl ' 
Ihusc ruu nd :11 low and 1Il0dcla tc elel'ali lln ­
(c g.,j unipcI pinY'Hl woodlands and pmldCl 
usa pi llc fm cslS) lIIay havc Occn illnllClleetl 
m o rc by livcSlock grilling by \Oj llllc of IhCII 
lu nge r, snow· f, ce IlC riuds COl ch ycar. 11 01\ 
CICI , li tis cunclusion ignilles II,c c.\ l ra 
OIdi ll llfY ttUll lbclS o f shee p 1I1a l 0 111'" 
llr:llcli i ll Ihe rOl es ls allli 011 Ihe ran geland .. 
tl f the we:~ l e rll lJnited Sla ies. Sheep t1tl111OcI __ 
lose spcclacuh"ly bc, wec n 1865 ami 190 1 
leaclle,1 a pc:,k ill 1910, alld h:II'c dedillcd 
s lead ,ly s ince Ihal l i"'e (Thilctlius 1975 ) 
GI ."illt! was )e:l l "ound wilh flocks mIn-i II )! 
ups lo pe liS Ih!!y fo ll ,;'lIIcu Ihe: r ~ ccJing sno\\ 
II",: III SpilUS, 1\lthtlul; h Ihe higher ahi lutl . ' 
CCOS )' ~ l l'ms \\'CIC u~ablc ror ~ra/ing (J "I ~ 

tlUI"'g thc SlIm ' "cr III 1:l le s limmer -"""w. rrc,· 
pCl iud , Ihey we le !i tlhjccl 10 ex trcmc gril7in~ 
I" C~ ~ IHC h ll Hi e cillile brid growing sca ~"1\ 

'If IIl\lil Ihc f" lagc li as dcple lcd. " hit:l ,c\cr 
oce lli led l i ' ~ I . Ihe iUlc ti SC IeITl s o f li\c.Iowd 
gl:l/ill g lha l l)pilied Ihe laIC I IIUOs rcsu llc.1 ill 
g lc:ll ly illc leascu " tc d ensilics Iha l ,1fC s il li 
I'is,hle loda)' ill lod gcpule pinc alld suo,l lpillc 
f\llc ~ I S 

[ v,llu;lliulI IJ I CrMitlg Spll' lIIs in ConilrrlJu s 
rUlesls 

I.litle il1{orlll l1 l io ll i ~ ;\\,:III:,blc III l!JU I grallll!! 
~)'S l c nt ~ ill ell l1 ifcWI1S f(lles1S. With i" rl" e ~ lcti 

1:lJLdsc:q lCS, Ihe impacts I, f 1i "cs luck Icnd It , 
Ill: ctl llce nlralCII in tlr;1i "age: bolloll1 s. In'l 
IIIC:u10ws, 'IIHll!f:lss), s lupcs (W;IIIIId 19 R91. 
although fUfcstcu ,Heas ale freq ucn ll y usc,! 
I\lr bedlling :111\1 Shel lc r (c g, Waf/ CII and 
t-.l ys te llitl 11)')1). The cffel' ls of gril l ing , III 
these :'IfC1t S I'lIIies d epc lluillg uplln climalc . 
clCI' lllj OIi. a nti nuri~ t icl'OlllflO ~ ili p lI , :'III hough 
gcnc!:dl )' Ihe I C~ lIlt i~ d cc l c:l~cd .~J1C(ie, 

III ICI\l I)' ,11111 dCmll ) o f I ll',ba,cou ~ ""d 
ShlUhb y I cgel:lli () I1 , Inl ense graling pl eSSllll' 
~')lHc IH II': S leads 10 e nliancc(J c~labli ~ h 

111 1.'11\ "rcolltfc l seedl ings :'IIIlI (in conjunction 
11'1111 ti fC supprcssio n ) CO II SCquCl11 COl1l'cfs ion 
Il( 1110 1l1;llle shru ll, meadow, "nu gra ssla lld 
,., eas 10 fu res ted h" bi' als. 
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lincoln's Spa rnlws were ~Hlllnd - l1 c~ting 

. Ihal c~pcricnced Ihe ~ l c"les l rcdrrc­
i M"I;oc,1 r" cas. "' hr,:~c grv ll luJ nc ste, s 

tlc pc lh1c1l1 til l Ihe gr:l~s- (\)Ib sillub 
(""IltH I!!" IIIalllll! IIIcll1 r :lll iclIl;lI ly 

yu"'''''''''' 10 gr;lIilll!- dis l "rballees (Sedgwid. 
1'):-1 7) 

~,,,,,,,, "" ",,!ill~ h",l ~ WC IC h:a .~ 1 :1I1~·e l c. 1 in 
ICI m (I ahle 12-6). '1 hc!>c Iiai a 

o lhcr s l liJics imlicilling Iha l bi rth 
IIII0SI by habi la l pCllu l b;lIio llS 

vcgc lnli\'c 70 ne ill whic h IIlcy occur 
ant.! lI uru lm lll 1 ~82" Verner 1911;1). 

(1 995 )IIII ICli Ih ,ll illihe \'crt io.:.11 plai ll . 
1 has lillie oJircel illlp:,c l 0 11 

I '1 I rOlligillg in r,) r C~ 1 c;lI lt1pics. 
callie trampling lIml brnw~ i ll C fir 

can lil\lit Ihc IHlmhe r \If lI ecs 
IIIII ~ 1 ~'lhll .. ing lUI Inc 

(iHl1l11g /tad a ,lifrclclllia l effcci on il\'iau 
ror:ICiug ~L1ilrh Crahle 12- 7) Ac , ial anti 
h:,,~ inscl llvOICS Ilcrc plObablr nol grcall), 
"Ucl,' lcJ (\ CI i.tI in$ccli"(IIcs lio 1\11 1 lei)' 

UJlIIII I cgctal H)n fOl k cliing ~lIhstr :l l e' 

ami had. imccti vOlcs c \ploi l :t 5t1h~ l r :ll c 

~cnc l ally 1101 used II )' ca ll ie In l"Ontl;t ~ I . 

S I}Ccic~ Ikpcullenl "ron rood r e~o urecs 

prod uced dircc lly (ueclari voru) ur imlirecll y 
(omuivllles) b)' undcr ~ to ry pla nts were k~s 
rcprcse nl etl in glal.ed comrared 10 ungta1cd 
Ir ealnteli is. Similar res po nses 10 g,:t 7ing 
II)' Ih("~e gui ld s wCle (Jb~cf\c\1 0 11 III ' r i(a l 
1\ll1lt' dug IltutlHoJS of HII};I;I lory l alH l hlld~ 

15.mb alll..i !'e lil 19<)1) Loca l rell ll("tio ll ~ 

ill necli"h'\) , es ami ollln i \'o l u (ould l1:I\'c 
wiJc~ prclHI l i l l l\ i r ic:' liol' ~, hccau ~c I h c~c 

SIte": IC' :II C il1ljlllll :l111 pll ll in:llr" ~ :lIId ~ccd 

d"I'r,: I.~c l s. Icspct:I;vdy IFc;IIsinger 198-'. 
l letlela 11)84 1. 

,d:ll i ' e ahu ml :lI1 r CS (II I ~I"nllll .. ~ llInh · . :111,1 C:\I"'r)' · nn l in~ hi"h in 
111,1 unl:l:lIl'rl h a llll,l \5 S."llplc \ItC I ~ I h ~ 111111,11,'1 01 fI('CU Ii COcc.\ ill .... I"dl a lit" I.I)·t l "a~ 

""" "'~"",,' t il c .... h It C.III II,,"1 ('II~l lIa l ll :II , I "C lr,: t ,,~ et l hllill lillie \ luJIU ,·ulI<.Iuclc<.l ill "cslel" lil,arian 
I ., hk 11"1) ( ·:I\II)'. n t~""~ 51" ...... IC' ,. t lC pl.lcc,1 on the ~. I Il" I') 1:')1,'1 and Ih ull n· /le,lIk.1 

ndlll\clilr"", Iht :"':")'M~ ( ;rolll" "r ) J'C(lC' < ill (,'c it IIt , Ii:.t )el 1I1,,' ~c abunoJallcn d.lkr 
I i ' · Ir,:,I . /. < {Ins, I IC I "~"" Il c.,I",,·uU :1Ir,: Imtll.llcJ by a ll :1\1" " 5" . 
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UlI l: I , 'H' ~ si gllilll' .lIllly I )":"I',I C IIUli ' ;lli ,, " s h I 
"" 1 ( 1111 1' 111 km,\\'Ic,I~ ..:, lI e ullcl Ihc fl.lIl1will g 
l;cllcral IIlall:l!,!.CI1lCIl I l":l'II Il'II,cl.dalitlll!l. 

G' .lu l,ll l1 ls 

1 · 1I ~ t. ... uh"' lalilially illcr c: l.~ ": II,,,: ;1 111(1(111 1 (If 
1'lIhl; \' , :IIII:<"I :'II<I f'''111 w ll1d, : ,IIII1·I'~llld. a,,: 
1Il! IIIIallcllil y ":\l' hll!..:tl (iJud. l' l at I'NJ), 01 
p ,lrtkul., r illlp",l .llIec 1'" ,1 ,,,: (;'1:,11 I'laill s 
:II I! Ihl' U S Nallllu:d t i ' : I ~~ I ,lIlJ ~, Ilhid. 
IlId lld \' 111 11 '1: IIt.11I I. .~ IlIahull 11.1 jll..:sc"n y 
1II,1I1:Jg.l't1 h y II ,C US 1 01 C,1 SClIll''': I:u gd ) 
I", Ihl'<; llId . 1"'111111 11111' Il.c\\ , ... " lX'I, Wcst 
!'/'lll i 1\1.1I1~ I'uhllc ' :lIl l!d,l l1d ' llIl"I'l1 lly ;11 ": 
1l1OIIW gcd b y ;l l'plYI II I; ~Il "' l' ~ ,,' I .,f . 01:lli,," a l 
I! ,a / lll~ ~ I, a l q!~ , III 'III! I (' , . thc f,CI III": 1I9 of 
,,,1.,111'" ' s 1:11 1"1' h .,dl h'I'I" 1I1I1 p" ... l g . :'/ .II !! 
cII. loglca l "IKCI:SS'Ulll lI I',ul"l~..: d II) thc IlIl; 1I1 
whc,,; habl\;ll I ~ Cl l:a ll' J fu r Ihosc Nco , 
11"pka llll igran l h; " I"II " any , . II ,cr s l'cl' i": :- I 
l:": lIe r,III )' IIIlIIlcl :l1I1 I. f II 'e IIIIJla l' I .~ o f !!' ,O;II!;! 
"',IIIIIIl" ls r ... ,h": .lIh lr.' , I "I,I II II II ,d li ... ..:sltll.:k 
1I1 :"I:II!CI'Il' nl lai l ~ II' l' l c.,lc I,cali ly 1:' ;I/CII 
I Hl hil : ll ~ th:11 111 :1)' be Il' '1II1I C\1 hy SOllie 
l> l'ccico; 'I heldt"":. IIC IC ":III IIIIICmll"" I :lhli ~h -

1Ill,! a S)~!CII\ Ihall·. c:tl..:S :t 1l 1U~; II C " I hC;II' ,ly 
1:= '.11..:<1 hahll .lh lII il ": ll 1111 11 !;II g...: (a l Ie;, :-I 
I! ltk l h a), I'l'l 11 1:1111'11 1 III C~ I " d. 1! .\l: h l ~ IU C~. 

\tliid l 1I, IIIld illdmle a "Ig. ulfl ~·alll rOIIIl'1I 
\1'1'1 haps ~O" .. ) I.f l'"bll..: I.IIIII ~ prcM'II II )' 
11 ": llil',lln ) III 111 C\I'IC Io. p".d,IL' II .1I1 ( lind. c i 
al I'JI) II 

Wc :II C :III: IIC "f 11, \' \hlll l lllli..::- jll \t' I ~'c l! 

II I ll c~ i l.lI1 "till1: pll hlk 1:11111 as iJi ll lllgl ..:;t1 
jlr\!$C I \''':Ji ;\1111 Wt' IC(,Ol.lll i/e I Itc \, tllI1l'ct i,,~ 

il11 c l e~ l s ill ,"oll" ClL II "WCI'\: f . il is ill ~ tI im ' 
p"rt :lII! III Il'l"Il~l1 l1 e II,c d cdtllil1g. :1g.rl ': lIl -
1111 :,1 \: rlu ..: ,I I '11:111 1' I.f 11t ..: .. C 1;11 111 .. and 111.;I r 
IIlo.ell IJIlI,' ;!SC 111 ' 1,ll ul' 111 th.: I'u h ll ': a :-
1I" IIII.,lla lh b "'IIC t 1'''1'1'''1 ami 1'"I'I".:f I 'N il, 
\ \\ . ..:. III, lI lh 1111 all ..: 111'11 h, I c~lu l C II' Ihcsc 
1.1. lIh "' '''C'tHUg. .e~I'lIIhhnl! 11t,' 11 1"Chl " I, "IC 
1I1111 h llllli " h e "hl' '' ' II '' Iii .. ) ' Iq. s ll"u ltl he 
h I fl"" aI")' [i,ll, " I Ih,'"" 1,Ind s It'''11 Ihe 
nll 'II I .lll n~ 11 111 "\' 11\''': \I f d"IIIC~lk ,!r :lIl'I O; 

() u r ."cI, ', 1< 1 11',"" 11111'; 1101;,1; " '1 i ~ I,. "; Illl ' 
111111"; " 1I",d,l il'" le l ,) \I ' 1I Ill' Ih e I' nler:" 
( " " .. c llallllll n C~CI\C P IIl)!,.11l 1 (' I{ I'J. h' 
1'111"111"1:" blld, '"II1'I \ I, . 1.1I\I I· fl a lld 111:1111 -
1.1111 1" , ,11\' ,11 u lled \ 1"I'1.lIld ~ :" g. , .If I" J; 
1:'lld .. I'lallk'~ 1 III 11.1111": Iq!C la lioll . C I{ I' 
I.lIl1b l elll .lill lul"CI,lhle I<11 ..:..:ullllalloll alld 

l itis IkCl.~ i ll ll ri !;!hlly is III Ihc ha IlJ .~ of lhe 
lallt!oll'llcrs. 1! llwcvc r, il 11'11 111,1 hc 
cally unfo rtuna lc if l'IU' lands were 
(SCHill!;! ccoh l!;!kal S tlCCC!l~; 1I 11 hack 10 ' 

1, .. ly lu he rclurtlCll ttl g l a .~s l:tllt' whc n 
prkcs nf fulure govefllm c l11 illee nl i ... c$ onor: 
: ' I~ai ll lu akc il ":Clllhllllil'; lIl y attrac live, FIOrD 

11,\' \ 1." " III" illl II( IlId"'CII" IIS 11 11 1:1 :tlld fa una, 
II wuu ld I.J.c ul\Ill , hCll e l tu IIIIJ I\;tys of 
lI1a"ill~ Ihe C R I' glas~ I :t l1ds \'al llable 10 

la ll d\'wlI":I.~. pCI 11 .'1 " Ity ClIl'llI lral! llIg lIIo11,,· 
:IIC atllulI lIl s p f 1 1I~~ ltlc" g.a/illg Thit 
:-11 :t l..:gy I\'ullid h e d tlu hl y mluaille if II could ' 
~lI l11c h llW hc l'HUple.J with c r..::tliu ll ol 
pc nuallc ill li vc~ l"d C Xl'lO.~ III CS 1111 Ihc public 
lal'l!d :ll.tlS. 111l'lmli "g c~ p..:ci"l l )' Ihc Nalional 
(jl a:-.. I:tlld .~ 1111 Ille <i l l! ,,1 I'laills. 

I 1", 11. lil c :-1"" lld hc 1~' illllt>lI\II:Clr 1I111l3n, 
~':t ss 'a lliis fmm \\,IIILi , il has Iccenll y b«D 
nl'ludl:ll, "Illi w h l! rc il is a 11 :11111",,1 ceolo gial 
Pl tll·CSo; . 

Fllutth, C.III\;1I1I :- hlluld he \ :ll:cn III ;m" 
I' I..: II1CII ' iug s hUll llm " llIlIl l: r;1I i ll~ a s it gnu­
la",lm:lIl:tgc IIICIII II lul. S h (lrH.hu :llio n gu.,, · 
illg ;s alh,tll:a lCI I a s a " 'ca IiS uf illC/cas;n. 
IlI c .~ l l1c k prOllul' li.,II , w h ll..: illl l'r o"' ;lI g ;ango­
laml cunll.li.m IS a l'llt)' I')XX) I\ l u s l frchlle.s LJ 
I. f Ihis l!ra/il1!;! :'O)·.~ II· lll hal'C fail c,ll .. SUpPtlrt 
c , lhl'r clailll {C.l:" Wei l l and Wood 1986, 
1 1r.:11 ~cl lIIlI\ll c l al 11)1(( •• Ta yr. ' r el al. 1 99j~ . 

I IIl1hc rl1lUIC, II c flllll lli 1111 Sl tidies ",' ''''' """I, 
Ille IIlIpacts of ~ lI ch IlI g h ,i lll ClIs i! y gr;u.ing 

glll ullt! ' lIes ling hil\l s 

Shrulti leppe 

Fir!lI,CxciucJe or s ignifica ntl y reduce 
I:r ai'l lig . A1tIICll1l!h wc ha ... c 11111 "'I "" "''' '',"''~ . 
h lery Il·S I'"mc .. \.f b iul I'''pu l:llium III 
11I:t1l :Ii!l- IIICIl I d, •• I1!!":, ;'1" :111 I , I 
n l"ICl'IC\1 h. rcs l'"m\ p"s"I H' I), ill a' I 
Ihat . c:o.l' lIlhlcs 1",lu'I.:,, 1 CUIIJ, l i 

l il'c~ l\lck :lI e l!"IIC.r . Ihe ',' ,:::: ' ;,';';;:',: ,;~: 
:-h p llid bc 10 111;11111.1111 ad":' IU :llc 
\', IICI h ' 1..1111\0:.11 II ,' ''''' Ihl llll1'-h 
'1\1·uh:l. im l pCll lld . ' 1 1,t ~ Clll1111 he 
ph~ I ... :.1 h y IIlHiHl ni llilll: c urrenl 
!;IIIW lh IlI m lt!;h 15 Jul y, IlIld ; ·i 
tI ,,1II 5u"~, f ·~ee !'Ilml IYC>Ul 
1l'l!..:I:IlIl·e ~n.wlh lIt Ill! lc lllli a l I" , ,,, ' "I'''':''' 
III IlC rs i!'1 tlll u ugh Ihe lo lluw illl: 
sea ~ III I , 

S":co llll, Ic ~ I'" ~' pCI,,:ullia l 
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