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Winter Foraging Response of Elk to Spotted Knapweed Removal

Abstract
Piclofain $as u\cd lo con\elt I 10 ha of.Ln hj\toricnlly culti!ated gftrs\land (hereaiicr old field) fionl spofied knrr]$eed (airrrrtrr
/ " , , L k 1 i 1 l , J , ) I o g r . 1 s i 0 n u e ] k ( C . ] - | l l l . / z ? , i l l ! ) q ' i ! c r r 3 n g e i D w e \ t e | n N l o n t a n n ' A b 0 u l 3 0 h a \ \ '
eslzed that knapxccd rcno\.rl roukl nol: (H,I) xfect inlcr laraging rcrivity of elki (H,r1l) .rlect q'inter dierst (H.,lll) \ rr! in 1ts
effects on iirraging aclilil) and diets rc0is the firn lour $irrers ftef knapweed rcno\.rll and (H,,lV) aiicc( clk popularion
distr jhut io l r .  ELk Nulked in.rd jacent  knapreed rnd g ss s laDd\ indiscf iJninatc l ! .  bLrt  lof tged . r lm, \ r  c \ !  tu, r \  ( t \  rn rhe ! r r \ \  \ r .  r r l
(H,1) .Dic lssrmpledbel i teandafterknap$ccdrcmo!alwefenotrankcorrchlcd.andtbmge\characlc ist icof theoldt le ld( i .c . .

Pod. Dtonlt6. Phl nt) "J.nked highcr in dicls .rlier knrpreed remo|al (H,ll). Elk tin.rging aclivir) $as significantl! highcr ln the
lirsl $i er than in subsequent t\rntcA (H,lll). A highef proporljor ol |he estinrted elk popularion used rhe old-field alicr knap-
$,ied relno\'al (H IV). I concludcd lhrl rbundant gfeen grass a(raclcd elk to dre old-field in $c lirst uinrer after knap$eed
rcmo!al. Cured 8r.r\s affarentlv allraclcd elk ibr ging acti!it) and allccr.d $intef diets ro a lcsscr crlent in subsequenl win(ers.
wlcn pllnning knrp\reed remo\'al. clk rn.rnrgcfs should consider preexisling r.rnge condition and knap!vced density. occurrcncc
of prclcircd loralre species. current a d dcsmd elk distribution. and thc probtrbilit!' of rdequatc ranliall fif sub\ianljil g SS
gro$th in the f i fs t  gro$ing \eason ai lcr  hcrbic e appl icat ion.

Introduction

Knapweeds (C(ntoLtreo spp.) are Eurasian spe
cies occulring on over tlve mill ion hectares in
thc nofthu'est United States and southwest Canada
(Lacey 1989). Annual production ofspottcd knap-
weed (C rrrrcrlosri) may exceed 1,000 kg/ha on
disturbed rangelands near roadside seed sources
(Carycntcr 1986). Tyser and Key (1988) also re-
pofied tl're invasion of spotted knapweed (hcrc-
aftcr knapweed) i l l to relatively pristine lescue
Easslands rvith a coincident decline in native plant
divcrsity.

Winter runges of Rocky Mountain elk (Ccnus
e laphus t te l sou i ) typically include rangcltrnds (Lyon
and Ward 19821 vulnerable to knapweed inva-
sion (Mooers 1986). Elk arc not obligate grazers.
as evidenccd by the l5l winter forages l isred by
Nelson and Leege (1982). but nray lose lbraging
elficiency (Wickstrcm et al. l98.1) whcrc knap-
weed dominates productire grasslands. Althou-qh
speculative. an Lrnpublishcd Forest Service report
(Spoon ct rl. l9E3) has often bccn ref'erenced to
iustify wamings of f'uture elk declines as knap-
wced spreads  (Lo lo  NaL iona l  Fores t  l99 l ) .
Bedunah and Clrpcnter ( 1989) ertrapolatcd the
results ofherbicide trials to imply a potential2..+
lbld increase in range canving capacity tbr elk
lirllorving knapweed control and concunent grass
procluction gains. However. results reported by

Lavelle ( 1986) suggest elk can incorporrte knap
wccd into their winter diets. Participants at the
1989 Knapwccd Symposium identified knap*eed
impacts on elk winter ran-ees as a research need
(Fay and Laccy l9E9).

In May 1989. knrpweed was removed liom
most of ar historically cultivated grassland (here-
aftcr old-field) on an elk winter range in rvcstern
Montana. This vegetation conversion provided an
unusual oppofiunity to study elkdietary respenses
because the vegetation composition of the old-
field was unique in conrparison with surround-
ing habitats; thus, dietary changes caused by old-
lleld treatments presumably would be indicated
by coresponding changes in proportions of old
ficlclgrasses in elk feces. I hypothesized thatknap-
weed removal would not: (H1)l) af]'ect u,inter lbr-
aging activity of elk; (H0lI) aflect wintcr diets:
(HnIIl) vary in its effects on foraging activity and
diets rcross the first tirur winters after knapweed
removal; lnd (HoIV) affect e1k population distri-
buhon.

Study Area

The study focused on a l:10-ha old-licld in the
northwest portion of the Threenile Wildlife Man-
agementArea (TWMA), Jocated in Ravalli County.
Montana (Figure l). The old-field is 1.3.10-1.,160
m abovc sea level on the wcst slope of the Sap-
phire Mountains rnd normally reccives 32 cm of
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westem whcatgras! (A. stnithii\, ti:meth\ (.PltleLtnl
praten\e). Idaho lcscue, bulbous blucgrrss (Prrrr
bu|bostt),,ntd Ciurada bluegrass ( P. (o1tlpressa).
Forbs and u'oody spccics were uncommon in the
old field.

On 5 Ma-v 1989. piclorarn was aerirl l l  broad-
calt (200 cc/ha) over about l l0 ha of the old
ficld. About 30 ha werc lefi untreated (Figure 1 ).
D. J. Beclunah (pers. comm.) agreed the vegeta-
rion response to picloram visually resemblcd that
measwed during the earlier herbicide trials bv Car-
pentcr ( 1986) and Bedunah and Carpenter ( 19Ii9).
An abrupl dcmarc tion between the grass (piclo-
ram-treated) and knapweed (Luttrealccl) stands $'as
conspicuous trom Septcmber 1989 through 1993.
Grass growth in the old field afier knaptveed rc-
nr r , \ ! l l  beg i l r )  l r t c  in  rhe  l08o ! rou in ! .c l r .on .
and was likely stinulated by above-normal July-
August rainfall. Grasscs renrained green through
the ti lsl winter. but grass phcnologv retumed 1()
normal in subsequent growirg seasons. Tempera
lures and precipitalion were broadly similar across
the four winters of study. The old-field generally
\!as snow covcred in December-Fcbruarv and
snow-tree in March.

Methods

Unless otherwise stated. 1990 denolcs Decem
ber 1989-February 1990 (the t'irst rvintel of srudy);
l ikewise. 1993 denotes Decembcr 1992 Febru-
ary 1993 (the founh and tlnal winter of studv).

H..l: Foraging Act vlty

I counted track-trails (not individual tracks) and
t'eedilg craters in the sno$' as evidence of elk
foraging activity in the old-fleld knapweed and
grass stands during 1990 1993. Four parallel bclt
transects (2 x 80 m) u'ere establishcd tirr count
ing tracks and craten on each side of the demar-
cation between thc knapweed and grass staods
(Figure I ). Transects were either 50 or,100 m (ap-
proxinately) tiom the demarcation. Sanpling fre-
quency depended upon enough snow to cover grass
foliage and previously counted track trails (here-
alter tracks). Mean tmck and crater counts in thc
knapweed and grass stands were tesled ti)r dif-
tercnces using a paired t test.

H -  l : D i e t s

Conposite winter diets ofelk wcrc estimated bv
fec , r l  i rn rhs i : t s tc r r rn  196- .T : lb lc  I  r .  f . r . r l  pe l l cs

Figure L. lu\ tapo\ i t ion of  stud!  s i res and !cgct . r r ion zone\
x i th i .  thc \a inter  home fange ladaprcd l iom Beal l
L I c]7.1:701. hcr!) outline (n fi gure) of lhcTtueenile
elk populNt i | )n.  199( l l99l .

annual precipitation (Car?enter 1986). It is part
ol an ecotone betwecn ponderosa pine (Pi?r.t
ponulerosrr) lirrest and native rangcland dominated
by bluebunch rvheatgt.\ss I A g rop| ron spi (atunt ).
Idaho fescuc (.Fe.stu(a itlahoensis), neeclJegrass
(.l l l7ra spp.) and arrowlerf balsamroot
lBaIsantorlt i;u \.tgittItut). Livcstock had been
excluded sincc 1967. when the Morllana Depart
nrent of Fish. Wildli l t and Parks (MDFWP) pur-
chased the TWMA to naintain and enhance elk
$ inter range.

Knapu'eed dorninated the oldJield b1' 1973
(HalJm 1975). Carpenter ( l986.) and Bcdunah and
Carperter (1989)cimducted herbicide tritr ls on 2
ha of the old-fleld in 1985-1988 (Figure l). On
their control plots, annual production averaged
1.23,1.6 kg/ha knapwced rnd 7l1.7 kg.4ra -urasses.
comparcd with 8.0 kg/ha knapwced and 1.582.9
kg/ha grasses on picloram-treated plots (Carpcn-
ter 1986). Prairiejun egrass (Koeleria necruntlto)
and Kentuckl' bluegrass (Pon prrlcrrsis) incrcased
si-snificantlv alier trealnrcnt. Other glasses in the
old-fi eld included clreatgrtss (B rc nLt.t l e c to rLt 1 ).
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TABLI L Fcc,rl \amp]ing dcsign lbr e\rjrnxting fi\e $inter diets ofelk on the Threenile \Vildlile \{artrgcncnl Arca. Erch dict
rcprcscnlcd r  col . rc\ponding co posi ted, t rmpleof l - lpel ler \ l io lnerchofNindi ! idudpel letsroups.

llk Pcllcl Croup!

Rcpr ( \ .  n lJ l  i , ,n

a;l t , \S90

C] RA59I

GRAS93

KNAP9I)

KNAP86

E2

Okl field

Old-f ie ld

Old lield

I  I  knl  south
of  o ld f ie ld

Old f ie ld and
immediale v ic in i t )

Firsr $ ir tcr alicr knaps eeed re mo\'al (pellets collected on 25 Febmafr- 1990);
dier porcrtirlly rflccrcd by knip$ccd rerrolal

Second $ inrcr  a j icr  lnapnccd rcnrovxl  (pel le ls col lected on I  I  ebruxrf  l99l) :
d ic l  polc l l l ia l l )  at iccrcd b!  knapxeed femoval

Fou.th \ \ inter  a i ier  knap\ ieed remolal  ( fe l lets col lected on : :  N{r fch 199- l ) :
dicr porenrialll affected b) knap$eed fe|ln)\'.Ll

Fi rst  \ \ i r rer  r l ier  knrp$ccd rcnro! t l  (pcl lcrs col lectcd o.  l5 Fehruar l  l990Jl
dier poteDti|ll) unLrllected b] knlp!\ccd rcno!al

Fouf  $ mten belbre knrp$eed reno! . r1 (dala l iom 1-a!c l lc  l l91i6 l .  pc l lc l \
collecled December 1985 Nlarch 1986)

deposited during the current wintcr period were
identif iecl by color and shape (Ebefhardt andVan
Etten 1956). I u,as url ikely to mistakenly collect
summer-rnd lall depositions bccause nost elk
migrated to the study area in li,rte Novenrber. Early-
spring biases wcrc avoided b) selecting against
freshly deposited pellets durjng late-winter col-
lectiols. Composite stmplcs included I 2 pellets
liom nranl pcllct-groups 1(] incorporate a repre-
scnlalive raDge of anilnal and tempori,rl variation
(Table l). Microhistological analyses were per
tirrmcd by the Wildlife Habitat I-aboratory at
Whshington Strte Universit) ', Pullmrn.

Diets ol clk in the old tleld were comparcd
am(nr-s lbur winte$ (Table l): i.e.. one (GRAS90.),
two (GRA59l) and tbur (GRAS93) wintcrs aftcr
piclorirm tleatment, and four winte$ before ffeat
mcnt (KNAPS6). I sanpled a i i l ih diet (KNAP90)
to test tbr temporal-enhanced lariation belween
thc KNAP86 and GRAS9O diets. My sampling
obiecti le lbr the KNAPgO dict wils to represent
the same combinalion of foraging habitats which
yiclded the KNAPS6 diet. Accordingly. I sampled
the KNAP9O and all other diets within thc winter
home rlnge of thc Threemile elk population (as
dr l inea tcJ  b1  Bca l l  I  l ( ) -J l  r .  Ry  'uh je ,  t i r  e  rs . .  r . -
ment oltrack patlerns.l concluded that the influ-
ence of the piclor-am-treated old-ficid could be
excluded from lhe KNAP9o sample b,v collect-
ing pcllcts I 3 km south ofthe old-tield (Table 1.
Figure l). If elk fbraging distributions reprcscntcd

by the KNAP9O and CRAS90 samples overlapped
in the old-field, the probabil ity of clctccting ac-
tual clk dietary responses to knapweed lemoval
was reduced.

Diets were comparcd by l irst calculaLing a
rrrean winter diet composition fion the tlve indi-
vidual diets. The t 'ewest foragc taxa with mcan
pcrcent compositions totall ing > 75% were se
lected for'lurther analysis. These principal tbr-
ages were rlnked by their percentages in each
individual diet, and the five diets were compared
using Spearman's rank correlation. Spearmrn's
coellicients were segregated iDto thrce diet groups
(i.e., KNAP versus KNAP. GRAS vcrsus GRAS.
KNAP vcrsus GRAS; Table I ) and grouped co'
efficients were averaged as an index ofdiet sini
ladty fbr comparison anrong groups. Principal
tirrages were softcd by thcir occurrence in threc
habitat categories (i.e.. old-1ield. sunounding native
habitats, nixed) and rankings were compared.

H"l l :Tempora Trends

Snow depth was nrcasurcd to the nearest I cm in
the old-field whenever ffacks were counted. Counts
oftracks and leeding craters were tested ti)r dif-
t'crcnccs belween years using a I way alalysis
of variance. Dil lerences between )cars wcre ln-
teryreted. in pafi. by testing track and cratercouDts
(dependent variables) 1or correlation with snow
depth andjulian day l indcpcndcnt variablcs). ancl
multiplc l inear regression analyses were pefomed.

12 Thompson



Juiirn day (beginning l lom I December) was pre-
sumed 1r) reflect a gradual reduction in the eco
logical rnetabolisn (Mocn 1978) of elk benvecn
late fall and nricl-rvinter. cumulalivc ti)ra-qe re-
moval" and deteioraling snow conditions (i.e.,
settling and crusting). Dietarl differenccs between
),eaIS were examincd by conpadng Spearntan's
rank correlation coeffi cicnts.

H.. V: E k D str but on

I estimated levels of winter clk use on the old
lield lbr conparison with previous estinalcs by
Beall (197.1), Hakim (1975) and Lavelle ( 1986).
I recordecl all incidental obsen,ations of elk in
the old l ield l icinit l. Croup size rvas estimated
whenever a group of elk lcft tiesh and individu-
ally distinguishable tr. ltck-sets headed in the same
direction. Pellet groups were counted on the
transects in Februarl ' 1990. and the total rvas ex-
1 '1 . .seJ  in  pc l le t  i roup. / l t r r  \  .ub jecr i re  r . .e . : .
meul of 1o\\'. nrodelate or high elk use was made
lbllowing the dcscriptions of Beall ( 197.1). con-
sidering all i ldications of e1k presence. Annual
aerial surveys of the Threemilc clk population
(single counts during March or April) continued
through this study (J. E. Firebaugh pcrs. comm.).
Ditl 'erences i l mean populrtion size u ere tested
$'ith a t-tcst. The J992 11ight produced rn outly
ing low count ( l3) thlt was omitted.

Results

Eightccn surveys of elk tracks and feeding cra
ters were acconplishcd cluring the first lbur win-
ters al 'tcr knap*eed removal (Figurc 2). A lack
o l  l re .h  rnor , .  p r , ' ren led  l ro le  lh tn  onr : : l r r \e )  in
1992. Coresponding fccal sarnples lbr diet esti-
nlation wele not collected thirl winter.

H!l Forag ng Activity

I counted 1.1103 tracks and l90 lteding craters.
Elk walked through adjacent knapweed and grass
slands indiscriminatelr,'. but pawcd only tirur (2.17c)
of the cralers in the knapu,eed stand (Figure 3).
Theretbre. I rejected H,,l and concluded that lhc-
tols ilssociated with ktapweed rcmoval attt-acted
eJk tbraging activity (H,l).

Hr l l  D  e ts

Forty-eight lbrage taxa wcrc identit ied l ioln a
combincd 700elk pellet groups strmplcd b1 l-avelle

I

1 9 9 0  1 9 9 1  1 9 9 2  1 9 9 3

Y e a f

Figure 2.  N{can counl \  ( r l l  t r . rn\ects conrbr icd)ofelk nrcks
and tccding craters in. rn o ld i le ld on theThreeni le
Wi ld l i i i  M.rraSenent Afea.  ANO\A (1 \ ia))  on
track\ b] yellr: F = 0.809. P = 0..+7: ANO\A (l
$a,""  )on craters bv \err :  F=;+ 725.  P= 0 01.  Dj f
lcrent lettefs lvithin group\ (i.e.. truck\ or crao-s)
derore s igni f icani  d i i i i rcnccs (P < 0.10) indicarcd
b] Bonferoni test. N = number of surve]!.

( 1986) and the prescnt studv. Thirteen (27. J %)
genera cornprised >7570 ofthe average winter diet
(Table 2). KNAP and GRAS diets (Table I I ger
erally displayed norc sinrilarity within groups than
betwccn groups (Table 3.). Spcannan's coetlcients
iodicated zero correlatioD between cither KNAP
dicr and rhe GRAS93 dicr. rvhile the GRAS93
and GRAS9I dicts displayed the highcst con-ela
tion (Table 3). Genera characteristic of the old-
tield (i.e.. Poo, Brornus, Pftlearr) ranked higher
in GRAS diets than KNAPdiets, while the rankings
ol widely distributed gcnerr were variable (nrble
2). Therefore, I rejected HnlI and concluded that
firctors associated with knapweedremoval caused
neasulable shifis in elk rinter dicts (H"I]).

H,l l  :  Temporal  Trends

Elk prescnce in the old field (i.c.. tracks) was
consistent through four witters followinc

S sE (Tracks)

I sE {craiers)
j  nacks: 1 Observation
: Cralers 1 Obsetuation(J

E

F
:
Lrl

z

N = 8

l ] '
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( 1 9 9 0 - 1 9 9 3  C o m b i n e d )

K n a p w e e d l n f e s t e d  K n a p w e e d B e m o v e d

Figure -1. Nlean counts of elk rfack\ .Lnd feeding crrters b)
sanpl ing s i tc  in an old l jc ld on lhe Threeini le
Wi ld l i fe Management Arer.  Di f fefent  let ters
! \  i th in gfoup\  ( i .e. .  t rack\  or  c l . t te ls)  denorc s ig
ni t icanl  d i l lerenccs (P < 0.05).  Paircd r  = 0.5,1
( t racks) and 1.65 (craler() .

knapweed removal (Figurc 2.1. Foragin-q activity
indicated by craters wrs highest in 1990. and was
signil icantly lower in subsequent winters. Dur-
ing 1990. tracks and cratcrs wcrc not corrclatcd
with sno*,dcpth, but tracks tcndcd to lncrcasc as
winter progrcsscd (Table 4). During subsequcnl
years. track counts declined as snow depths in-
clelr.ed JnJ u in1qt. prugres.eJ. The inlerr,. t ir.rrr
of snou, depth and julian day explained 417c of
the vadation in track counts during l99l-1993.
The addition of data frorn 1990 reduced this ex-
plained variation to 8'lr (Table 4). The CRAS9l
and GRAS93 diets displayed more similarit), than
any other diet comparison, and both diets $ere
relativel.v dissimilar to GRAS90 (Table 3). Therc
fore. I rejected H,,III and concluded that elk re
sponses 10 factors associated with knapweed re-
moval persisted through the filst four rvinters after
knapweed removal, but were more pronounced
in the first \\"inter (H,III).

H.lV Elk Distr ibut ion

On 3l December 1989, I counted 95 1i'esh track
sets heading west and verified thatexactly 95 fresh
track sets retumed across the old field. This in
dicated nearly four times the number of elk en
coultered during prevjous studies in the old-tleld
(Table 5). Other measures of elk-use indicated a
170 1.200clr increase in this study comparcd with
previous reports (Table 5).

lAUl-E 2. Principal planr genefa in file estim.rted \\'irter dier\ of elk on thc Thrccnilc Wildlili Nllanagcmcnl Arca (c.g.. rh.
KNAP86 die l  f l -a le l le 19861 Defr ins to the 1986 \L i r ter :Tlb lc 1) .

Dicr Compo\ition

Rank B\  Wintel

Habl t r t
Cenus KN,A.P90 CR,A.S93KN,A.PE6 GR,A.S90 CRAS9I

O1d'lield gfrssllllld prin.ril)
Po( 11.20
B r o  u \  5 . 7 l
Phl tLt  l  1.58

Sunoundi. g ra. gela.d/lbrest primxf il,v
7 . 1 3
6.55
.1. tl
.1.1
3 1 0
1.36
2 .89

6.19
1 .81
1 .99

.1 . l 0
1.53
3 .29
-1. t5
1 .59
-1.91
1 .95

2
5

l l
1 ,1
.1

23

2
1 l

5
I

l l
.1

1
22

3

E

I

' l
9

16
l

1 l

1 i
IJ

)
l

I
)

l l J

8
l 5

.l
6

l 2
t l

5
3
1

I

6
3

tL)
l 7
l l
22

1
5

1
t3
l l

I

12
E

B . . r l '  . .  J  ' L  . l  .  I  d  . r r r ^ | | n J r - J  r , r  r p e l , r  r d  i ,  r i  .
FesI  td 12.15
Attr)11\'tott 7.15
(:entuut.u 3.91

lbral  16.07

9 .71

l . 2 l
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TABLE 3. Spcannan s correlation coefficients (" denotes P < 0.05, b denotes P < {) 10) comp.ring live eslimated lvirter diets ol
c l k o n t h c T h r c c r n i l c w i l d l i f e M a n a g e m e n r A f e r ( e . g . , r h e K N A P s 6 d i e t f l a v e l l e l 9 S f l p e f i a i n s t o t h e l 9 3 6 w i n t e l
Trblc I ).

Diet

1) iet KNAP86 KNAP9O GRAS9I CRAS9]

Poteniirll! .riltcted x potentiall] ttfiected by knap\-ccd rcmo!al

GRASq0 0.335

CJR AS9 ]

Unailiclcd (KNr\P86) x poientirll,v unrffected b] kn.rp\ieed remolrl

KNAP9o 0.511'

Pote.Iiall! affected \ un.r*ected or potenti.rlli unaiiecled by knapNccd rcmolal

0.'121
0 .610

0.51

GRAS9O
CRAS9I
GRAS93

0.225 0.526F

0. r0  0 .108
-0.005 0.005

0 . l 9

T,A.BLI.1.  Thc in l lucncc ol  sno$dcprh(c in)andJul i rndx)(beginninglDecember)onrv iDtefcountsofelkt facksrndfeeding
crrrers, as indicatcd bt Pcrrson conclalion coeificients and multiple linear regfes\ion. Threemile Wildlife N{.rnrge-
ment Afer  ( '  denoles P < 0.05.  '  dcnolcs P = 0.01).

Correhtion

N
Dependent

Vttlirblc I)ay

1990

l99t l99l

r990 r99-l

Track\

Cmte|s

Tracli\

Cmters
'lrrck\

0.26

0.0,1

0 .17
-0.26

0 . l l

0.5.1

0 .33
,0.59.

0.06
-0 .18

0 . 1 9

l l

r8

1.5.lb

0.1.1

0.6.1

2.08

0.,11

0.0-l

0.011

0.12

TABLE 5. Comp.u.rtrle irdic.rtions of $intcr clk prcscncc al1d abundancc on thc old iield grassland of lhreemile Wildlife
Ntanagement Afea.

Vethod Previous Strrdies This Studv

Subjective

Pcl lc l  group (PC)

Lrrgest elk !ruup

Lruge\t elk group.
judging n.om 0rck\

Nlodcratc hca!] usc. balad on
lhc cri tcr ia oi Bcal l  (197,+).

18,1 Pc,fta

68 ( l8 Jan 1993 )
I I t'. of N'

95 (-l I l)ec lgEq)
:l3tf oi N'

Lighl elk use, occasion.rLly moderate or no use (Beull 191,1).
Fe\  e lk minnnal  use (La!el le 1986).

l , l  PG/ha (Hakim 1975)

l l  (La\c l lc  1986)
I  1 9 ,  o l  N "

15.  approx.  (Beal l  197.1)
l7% ( l t  N"

N'= 1,19 elk cnimlcd in lhc Thrccni lc  populat ion.  l986 l989r Nb = 1. lE elk er l imated.  l97l-  1973. b}  Beal l1 l97,1)r  N'= l20 elk
est inated.  1990 19q.1
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Annual trend counts of the Threerri lc clk
population ayeraged,lT% higher (t = -2.10.P =
0.07.11 during March-April l990. 1991. 1993 and
199:1  G =  165.  SD =  38) than dur ing  1986-1989
(- = 112, SD = 26). Sirnilar methods in conrpa-
rable cover ard terrain in thc Elkhorn Mountains
detected 7:1.77 of87 marked elk (R. M. DeSirnone
pers. comm..). providing a co[ection factor to
suggest the Thrccnile population averaged about
220 e lk  in  1990-199.1and l : l9c lk  in  l9 l i6 -1989.
Beall (197.1) uscd nrarked animals and multiple
ccnsus counts to obtain annual estimalcs of 127-
168 elk in the Thrccrnile population in l97l 1973.

Elk numbcrs rnd indicators ofuse in the old-
tield ilcleased beyomd proportions explained solelv
by the population increase docunrcnted during this
stud]'. I obscrved 3l-43% of the estimatcd
Threemile population in the old-ficld. comparcd
wlth fepofis equivalcnt k) | l- l7% of the popula-
tion betor-e knapweed removal (Table 5). There
fore. I rcjccted H,,lV and concluded that factors
associated with knapu,eed removal attlacted elk
to the old-field. presunably fronr elsewhere rvithin
the wintcr h()me range of the Threenile popula-
tion (H"IV).

Discussion

Factors associated u'ith knapweed removal in thc
old lield apparenLly attractecl elk nunbers equiva
lcnt k) 1;+-327 of the Threemilc population. in
addition to thc cstimrted 1 J-17% of the popula-
tion that used the old field bcforc knapweed re-
noval (Table 5). By definit ion. this distfibutional
shifi to$ard the old field (H,tV) also decreased
elk-clays ofuse elsewhere across the wintcrhonre
range. Although other$ ise unaftected by knap-
weed renoval. elk renaining in trrdit ionally used
habitats away from the old field ntay have
benetltted from reduccd cornpetition fbr limited
resourccs (e.9., Bartmanl et al. 1992). Thus, e1k
redisbibution in responsc to knapweed removal
may have been analogous to a winter population
reduclion approaching l. l 32./r.. Prerious studies
have associated changes in population density wiLh
changes in the population dynarnics of elk
(Buechner and Svanson 1955) ard red deer (C
e. scoti(us. Clutton Brock eL al. 19132:259-285).

Morcover. knapweed lemoval expandcd for-
agirg options for thc estimated 3l ,137c of the
elk population (Table 5) which used the old l ield
(H.l). A corresponding dietary response to tac-

tors linked with knapweed removal was dctected
in all three rvinters (H,ll). This dietar1 responsc
\\"as indicated by t 'ecaJ analysis despitc high en-
vironmentll variabil ity which may have over
whelmed this studl's power to detect nore subtle
diclary changes of potential biological significance
(White 1983). Environmertal variabil ity was high
because: (l) knapweed removal modificd only
about 5% (i.e.. old field) ol the wi nrer hone rangc
ofliee-roanring elk, (2) lew forage Laxa occurred
in the old-tield comparcd to the rernailder of Lhc
u in te r  hornc  l r rnpe.  r r rJ  l l )  p l ln t  l - r ' l gnr t .n ts  in
teces collected in the old-field may have becn
ingcstcd at distant leeding sites scveral days be
lbre defecation (Nelson and Leege 1982). I inter
high biological significance liom the facl that a
dietary response attributable to knapveed removal
could be distinguishcd tiom the influences ofthese
uncontrolled vafiables. Likewise. Wickstrom et
d. ( 198,1:1299) concluded that management prac-
liccs aft'ecting vegetation on winter ranges are likeh
to havc profbund inpact on ungulate tirraging ef'
liciency during the season when energy balance
is especiaJly crit ical.

The KNAP9O and GRAS9O diets were rank
co[elated (Tablc 3). This u,as an expecled rcsult
of sampling both diets fron the sanre populatiot]
dudng the samc winter (Table l), and did not di-
rninish the importancc ofobserved diflerenccs be-
twcen these diets which werc rtrributed to fac
tofs associalsd with knapweed lemoval (?rble 2).
Further, the significant rank correlation between
the KNAPgo and KNAP86 diets. and a lack of
correlation between the GRAS90 and KNAP86
diets (Table 3), promoted confidcnce in the
KNAP86 d ie t  r :  r  r . r l i J  ha .e l ine  fo r  rs .c . : in !
dietary changes linked with knapweed removal.
Therctbrc, the purpose forestimating the KNAP90
diet was served.

Only one treatment sitc and one control silc
were compared. Theretbre. this study lacked rep-
lication. which precluded the use of inferential
statistic! to test for treatment effects (Hurlbert
198,1). The t-test in Figure 3 indicated that crater
counts differed bctween sites \\"lile track counts
did not. Fron this, I concluded that elk lbraged
more on the lrcated site than on the control site.
though they $'alked through both sites indiscrilri
nately. This, considered with the other results of
this study. led me to subjectively conclude that
tactors associated with knapwccd removal (1.e.,
the ffeatnlent itself) caused the observcd foraging
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response. Replication was sacril iccd to e!l luate
r  t re r lmen l  , r l ' \u l ' l i c i cn l  s i t  e  I r r t  r . -e -s inc  t t t rn -
agcment applications rvhi Ie si multaneously con-
tlning environmcntal vafiation to that fourd within
the range of a single elk populatit)n. Rcplicated
experiments, as wcll as obsen'ational studies such
as this onc, are needed to advance ecological un-
dcrstanding (Eberhrirdt and Thomas 1991).

Factors associated uith knapweecl removal
$,ere most attractivc to foraging elk iu 1990 (H,III,
Figure 2). This init ial attraction rppearcd to over-
ide the efltcts of snow depth and $'lnter dura-
tion rvhich influenced lbraging activit l in 1991-
1993 (Table;l). Knaprveed rcmovrl may have
attracted elk becau sc: ( I ) knap$,eed \\, as removed.
(2) gr:rss standing clop increased, and/or (3) t i)F
age quality characteristics of thr: grasses improved.
Knaprvccd and grass stalding crops \r'ere con-
sistent across all wintcrs allcr knapweed remo\.al
and could not explain a higher attraction in 1990.
Horvever lbrage quality nray havc been higher
in 1990 due to: (1) a shon{erm ferti l izer eflect
caused at thc lime of treatnent by a release of
nutdents previously occupiecl by living knapweed
plants (Harvcy and Norvierski 1989). and/or (2)
a one time occufience of abunclant grccn grass
on thc winter range.

Morc grass litter was present ill the old-field
in 1991-1993, but probably did not explain thc
abrupt drop in firrrging activity observed in 1991.
Jourdonnais and Bedunah (1990) observed less
elkfeedinguse ofrough fescue (E scabrrllri) plants
with dcnsc standing l itter. While rough iescue
produces dense tulis of pcrsistcnt standing litter.
the nontut'ted grasses prevalent in the oldjield
(c.-r.. bluegrasses and bromes) did not. By ocular
estimate. elk consumed rbout 35% ol'the grass
standing crop on thc transects befole 25 Febm-
ary 1990. and the remaining unconsumcd tbli-
age tended to tlatten, presenting Do apparent ob-
struction to elk leeding on current ycar's growth
in  the  v in te r  o f  1991.

The eflects ol knapwccd rcnloval appeared
to continuc atlracting elk foraging actir, ity and
influencing winterdiets in l99l-1993 (Figure 2:
Tables 2, 3. and 5). Prior 1() knapweed removal. a
high density ofcoarse. per-sistent, knapwccd stcms
nrry havc dctcrred elk from grazing the scattered
grass plants in the old-field. compilrablc to the
ellect of standing dense liner on clk use of lough
fescue (Jourdonnais and Bedurah 1990). Addi-

tionally. grass productiolr gains concurrcnl rvilh
knapweed removal may have iDcreased wlnter
foraging efficiercy. Wickstrom et al. ( l9ll4) rc-
pofted that dry malter intake rate decleased $'hen
elk grazed grass stands with tirage biomass lcr'-
els below a threshold of about 1,500 kg/ha. and
lhcy concluded it was ulplofitable 1br eJk to graze
grass swards of low productivitl,. regardlcss of
digestibil i ty. Applying thcir rcsulls to the present
sludy, |he increase from about 700 kg/ha grass k)
1.600 kg/hr (Carpentcr 1986) caused by piclo
ranl treatment may have exceeded a production
threshold impoftant in thc foraging energetics of
wintcring elk.

The foraging response ofelk might have beel
stronger in l99l 1993 ifnative bunchgra!ses were
more abundant in the old-ficld. Although blue-
grasses comprised l8% of the winter elk diet in
the Elkhorn Mountains. GordoD (1968) reported
that elk did not use cured bluegrass foliage. The
cured lbliage of Idaho fescLr,c and bluebunch
wheatgrass were thc primary wipterfoods reponed
by Gordon ( 1968.). Likewise. Threemile elk werc
aftracted to the bluegrass donrinated old-ficld whcn

-qrasscs were predominately gleen in 1990, but
foraged less in the old-field when bluegrasscs *crc
prcdominately cured in l99l 1993.

Conclusions and Recommendations

Elk populations in Montana are at twentieth cen-
tury highs (Firebaugh 1993). coincident with the
increase and spread of knapweed (Lacey 1989).
Although existing habitat could suppot more elk,
lower population obiectives are necessary firr
compatibil i ty with competing hunrtrn uscs of thc
land (Wildl. Div.. Elk Manage. Plan. MDFWP.
Hclcna. 1992). Thus, the questior ofwhetherex-
i . l i ng  knap\ \  eed in  le \ t r l i ,  ' n \  ,  ' n  e l l  r t  in le r  r rngc :
limit ccological carrying capacity is somewhat
academic when elk numbers are l imitcd to a lowcr
cconomic carrying capacity, as detined by
Caughley (1979).

Neve{heless. the results ofthis study are per-
tinent to elk management in two respects. Firsl.
continucd spread of knapweed beyond current
distdbutions, and increased knap*eed densities
within cxisting stands, sl'rould concern malagels
of grassland winter ranges who strivc to main-
tain thc currenl productivity ofassociated elk herds.
Second. removal or thinning ofexisting krapweed
stands in tavorable lbraging habitats may attract
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elk. potcntially vielding similar habitat and herd
enhancencnt results as f-erti l izing. burning. and
prcscribed cattle grazing (Ro\\' land et al. 191i3.
Skor'l in et al. 1983. Jourdonnais and Bcclunah 1990.
Frisina 1992).

I t  i '  u r rk r r , ' r r  r r  i l  t j t c  e lk  i  ' r r ! in t  re \pon\c  i r l
the old field was representati\e of the response
managers should cxpect tr-om knapwecd removal
on tr-pical bunchgrass tvinter rt l lces. Recovcry
rates of nalivc rangeluds nal bc depressed bv
historical use (Willns ct a1. 191i5), u'hich would
renrain a factor rc-eardless ofknapwccd removal.
Exlrapolrting the results of the present study.
knaprl,ecd removal rvould elicit the latcest for-
aging response where preexisting densities ofboth
knapweed ald preferrcd firnige grasses rverc high.
Further at least a pofiioD ol thc elk rcsponse 1()
knapueed rernoval in the old-field rl,as l ikcly rt-
tdbutable 10 a short-terlrl tbrage quality increase
in the first winter lblJowing picloran trcatment.
The coinciclence of massir c knaprveed nortali ly
u i th  r r leqr ru tc  r . r in lu l l  u r '  p rohrh l l  i rn  i rupor
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