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Winter Foraging Response of Elk to Spotted Knapweed Removal

Abstract

Picloram was used 1o convert 110 ha of an histerically cullivated grassland (hereafter old-field) from spoted knapweed ( Centare-
rea inaculova) 10 grass on an elk (Cervies elaphuy) winter range in western Montana. Aboul 30 ha were left untreated. [ hj,poth—
esized that knapweed removal would not: (H Iy affect winter loraging activity of elk: (H 11} altect winter diets: (H, 1) vary in its
effects on foraging activity and diets across the first four winters after knapweed u.muml and (H V) affect Ik population
distribution. Elk walked in adjacent knapweed and grass stands indiscriminately, but loraged almost exulusn ¢ly in the grass ;mnd
(H 1} Dicls sumpled before and after knapweed removal were not rank corrclated, and forages characteristic of the old-field (1.
Poa. Bromus, Phileunt ranked higher in dicts ufter knapweed removal (H I1. Elk foraging activity was significantly higher in lhe
[irst winter than in subsequent winters (H_III. A higher proportion of the estimated elk population used the old-field alter knap-
weed removal (H TV). | conclnded that abundant green grass attracted elk to the old-fleld in the first winter after knapweed
removal. Cured gfusq apparently attracted elk foraging activity and affected winter diets to a lesser extent in subsequent winters.
When planning knapweed removal, ¢lk managers should consider preexisting runge condition and knapweed density, occurrence
of preferred lorage species. current and desired elk distribution. and the probability of adequate rainfall for substantial grass
growlh in the first growing season after herbicide application.

Introduction

Knapweeds (Centaurea spp.) are Burasian spe-
cies occurring on over five million hectares in
the northwest United States and southwest Canada
(Lacey 1989). Annual production of spotted knap-
weed (C. macufosa) may exceed 1,000 kg/ha on
disturbed rangelands near roadside seed sources
(Carpenter 1986). Tyser and Key (1988) also re-
ported the invasion of spotted knapweed (here-
alter knapweed) into relatively pristine fescue
grasslands with a coincident decline in native plant
diversity.

Winter ranges of Rocky Mountain elk (Cerviy
elaphuts nelsoni) typically include rangelands (Lyon
and Ward 1982) vulnerable to knapweed inva-
sion (Mooers 1986). Elk arc not obligate grazers,
as evidenced by the 151 winter forages listed by
Nelson and Leege (1982). but may lose foraging
efficiency (Wickstrom et al. 1984) where knap-
weed dominates productive grasslands. Although
speculative, an unpublished Forest Service report
(Spoon et al. 1983) has often been referenced to
justify warnings of future elk declines as knap-
weced spreads (Lolo National Forest 1991).
Bedunah and Carpenter (1989) extrapolated the
results of herbicide trials to imply a potential 2.4-
told increase in range carrying capacity for elk
following knapweed control and concurrent grass
production gains. However, results reported by
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Lavelle (1986) suggest elk can incorporate knap-
weed into their winter diets, Participants at the
1989 Knapweed Symposium identified knapweed
impacts on elk winter ranges as a research nead
(Fay and Laccy 1989).

In May 1989, knapweed was removed from
most of an historically cultivated grassland (here-
after old-field) on an elk winter range in western
Montana. This vegetation conversion provided an
unusual opportunity to study elk dietary responses
because the vegetation composition of the old-
field was unique in comparison with surround-
ing habitats; thus, dietary changes caused by old-
tield treatments presumably would be indicated
by corresponding changes in proportions of old-
ficld grasses in elk feces. I hypothesized that knap-

- weed removal would not: ( H [} affect winter for-

aging activity of elk; (H/IT) atfect winter diets:
(H D) vary in its effects on foraging activity and
diets across the first four winters after knapweed
removal; und (H IV) affect elk population distri-
bution.

Study Area

The study focused on a 140-ha old-ficld in the
northwest portion of the Threemile Wildlife Man-
agement Area (TWMA), located in Ravalli County,
Montana (Figure 1). The old-field is 1,340-1,460
m above sea level on the west slope of the Sap-
phire Mountains and normally receives 32 cm of
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Figure 1. Juxtaposition of study sites and vegetation zones
within the winter home range (adapled from Beall
11974:70]. heavy outline on figure) of the Threemile
elk population. 1990-1993,

annual precipitation (Carpenter 1986). It is part
of an ecotone between ponderosa pine (Pinus
ponderosa) forest and native rangeland dominated
by bluebunch wheatgrass (Agropyron spicatmn?),
Idaho fescue (Festuca idahoensis), needlegrass
(Stipa  spp.) and arrowleaf balsamroot
(Balsamorhiza sagittata). Livestock had been
excluded since 1967, when the Montana Depart-
ment of Fish, Wildlife and Parks (MDFWP) pur-
chased the TWMA to maintain and enhance elk
winter range.

Knapweed dominated the old-field by 1973
(Hakim 1975). Carpenter (1986) and Bedunah and
Carpenter (1989) conducted herbicide trials on 2
ha of the old-field in 1985-1988 (Figure 1). On
their control plots, annval production averaged
1,234.6 kg/ha knapweed and 711.7 kg/ha grasses,
compared with 8.0 kg/ha knapweed and 1,582.9
kg/ha grasses on picloram-treated plots (Carpen-
ter 1986). Prairie junegrass { Koeleria macrantha)
and Kentucky bluegrass (Poa pratensis) increased
significantly after treatment. Other grasses in the
old-field included cheatgrass (Bromus tectorum).
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western wheatgrass (A. smithil), imothy (Phlewm
pratense), Idaho fescue, bulbous bluegrass (Poa
bulbosa), and Canada bluegrass (P compressa).
Forbs and woody species were uncommaon in the
old-field.

On 5 May 1989, picloramn was aerially broad-
cast (200 cc/ha) over about 110 ha of the old-
field. About 30 ha were left untreated (Figure 1).
D. J. Bedunuh {pers. comm.) agreed the vegeta-
tion response to picloram visually resembled that
measured during the earlier herbicide trials by Car-
penter (1986) and Bedunsh and Carpenter (1989).
An abrupt demarcation between the grass (piclo-
ram-treated) and knapweed {untreated) stands was
conspicuous from September 1989 through 1993,
Grass growth in the old-field after knapweed re-
moval began late in the 1989 growing season,
and was likely stimulated by above-normal July-
Augustrainfall. Grasses remained green through
the first winter, but grass phenology returned 1o
normal in subsequent growing seasons, Tempera-
tures and precipitation were broadly similar across
the four winters of study. The old-field generally
was snow-covered in December-February and
snow-free in March.

Methods

Unless otherwise stated, 1990 denotes Decem-
ber 1989-February 1990 (the first winter of study);
likewise. 1993 denotes December 1992-Febru-
ary 1993 (the fourth and final winter of study).

H.I: Foraging Activity

1 counted track-trails (not individual tracks) and
feeding craters in the snow as evidence of elk
foraging activity in the old-field knapweed and
grass stands during 1990-1993. Four parallet belt
transects (2 x 80 m) were established for count-
ing tracks and craters on each side of the demar-
cation between the knapweed and grass stands
{(Figure 1). Transects were either 50 or 400 m (ap-
proximately) from the demarcation. Sampling fre-
quency depended upon enough snow to cover grass
loliage and previously counted track-trails (here-
after tracks). Mean track and crater counts in the
knapweed and grass stands were tested for dif-
ferences using a paired t-test.

H,Il: Diets

Composite winter diets of elk were estimated by
fecal analysis (Stewart 1967, Table 1}. Fecal pellets
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TABLE 1. Fecal-sampling design for estimating five winter diets of elk on the Threemile Wildlife Management Arca. Each diet
represented a corresponding composited sample of 1-2 pellets from eack of N individual pellet-groups.

Llk Pellet-Groups

Diet N Location Representation

GRAS90 250 Old-tield First winler after knapweeed removal (pellets collected on 25 February 1990,
diet potentially affected by knapweed removal

GRAS9I 80 Old-field Second winter after knapweed removal (pellets collected on 3 February 1991):
dict potentially affected by knapweed removal

GRASS3 250 Old-field Fourth winter after knapweed removal (pellets collected on 22 March 19931
dict potentially affected by knapweed removal

KNAP9O 82 1-3 km south First winter alter knapweed removal (pellets collected on 25 February 1990);

of old-field diet potentially unatfected by knapweed removal
KNAPHES 38 Old-tield and Four winters before knupweed remoeval tdata from Lavelle [1986], pelleis

immediate vicinity

collected Decemnber 1985-March 1986}

deposited during the current winter period were
identified by color and shape (Eberhardt and Van
Etten 1956). I was unlikely to mistakenly collect
summer and fall depositions because most elk
migrated to the study area in late November. Eurly-
spring biases were avoided by selecting against
freshly deposited pellets during late-winter col-
lections. Composite samples included 1-2 pellets
from many pellet-groups to incorporate a repre-
sentative range of animal and temporal variation
{Table 1). Microhistological analyses were per-
formed by the Wildlife Habitat Laboratory at
Washington State University, Pullman.

Diets of clk in the old-field were compared
among four winters (Table 1):1.e.. one (GRASY0),
two (GRASY) and four (GRAS93) winters alier
picloram treatment, and four winters before treat-
ment (KNAP&6). [ sampled a fifth diet (KNAPYO)
1o test for temporal-enhanced variation between
the KNAP86 and GRAS90 diets. My sampling
objective for the KNAP9( dict was to represent
the same combination of foraging habitats which
vielded the KNAPS6 diet. Accordingly. T sampled
the KNAP90 and all other diets within the winter
home range ot the Threemile elk population (as
delineated by Beall [1974]). By subjective asscss-
ment of track patterns, 1 concluded that the influ-
ence of the picloram-treated old-ficid could be
excluded from the KNAPY0 sample by collect-
ing pellets 1-3 km south of the old-field (Table 1,
Figure 1). If elk foraging distributions represented

12 Thompson
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by the KNAPY0 and GRASH} samples overlapped
in the old-field, the probability of detecting ac-
tual ¢lk dietary responses to knapweed removal
was reduced.

Diets were compared by first calculating a
mean winter diet composition from the five indi-
vidual diets. The fewest forage taxa with mean
percent compositions totalling > 75% were se-
lected for further analysis. These principal for-
ages were ranked by their percentages in each
individual diet, and the five diets were compared
using Spearman’s rank correlation. Spearman’s
coelficients were segregated into three diet groups
(i.e., KNAP versus KNAP, GRAS versus GRAS,
KNAP versus GRAS; Table 1) and grouped co-
efficients were averaged as an index of diet simi-
larity for comparison among groups. Principal
forages were sorted by their occurrence in three
habitat categories (i.e., old-field, surrounding native
habitats, mixed) and rankings were compared.

H_.III: Temporal Trends

Snow depth was measured to the nearest T cm in
the old-field whenever tracks were counted. Counts
of tracks and feeding craters were tested for dif-
ferences between vears vsing a 1-way analysis
of variance. Differences between years were in-
terpreted. in part, by testing track and crater counts
{dependent variables) for correlation with snow
depth and julian day (independent variables). and
multiple linear regression analyses were performed.
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Julian day {beginning from 1 December) was pre-
sumed 1o reflect a gradual reduction in the eco-
logical metabolism (Moen 1978) of elk between
late-fall and mid-winter. cumulative forage re-
moval, and deteriorating snow conditions {i.e.,
sertling and crusting). Dietary differences between
years were examined by comparing Spearman’s
rank correlation coeflicients.

H.IV: Elk Distripution

I estimated levels of winter clk use on the old-
tield for comparison with previous estimates by
Beall {1974), Hakim (1975} and Lavelle {1986).
I recorded all incidental observations of elk in
the old-field vicinity. Group size was estimated
whenever a group of elk left fresh and individu-
ally distinguishable track-sets headed in the same
direction. Pellet-groups were counted on the
transects in February 1990, and the total was ex-
pressed in pellet-groups/ha. A subjective assess-
ment of low, moderate or high elk use was made
following the descriptions of Beall (1974), con-
sidering all indications of elk presence. Annual
aerial surveys of the Threemile elk population
{single counts during March or April) continued
through this study {J. E. Firebaugh pers. comm.).
Differences in mean population size were tested
with a t-test. The 1992 flight produced an outly-
ing low count (13} that was omitted.

Results

Eighteen surveys of elk tracks and feeding cra-
ters were accomplished during the first four win-
ters after knapweed removal (Figure 2). A lack
of fresh snow prevented more than one survey in
1992, Corresponding fecal sumples for diet esti-
mation were not collected that winter,

H_I. Foraging Activity

I counted 1.803 tracks and 190 feeding craters,
Elk walked through adjacent knapweed and grass
stands indiscriminately, but pawed only four (2.19%)
of the craters in the knapweed stand (Figure 3).
Therefore, I rejected H I and concluded that fac-
tors associated with knapweed removal attracted
elk foraging activity (H D).

H.Il. Diets

Forty-eight forage taxa were identitied from a
combined 700 elk pellet-groups sampled by Lavelle
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Figure 2. Mcan counts (all transects combined) of elk tracks
and feeding craters in an old-field on the Threemile
Wildlife Management Area. ANOVA (1-way) on
tracks by year: F = 0.809, P = (.47: ANOVA (1-
way) on craters by vear: F=4.725 P =10.03. Dif-
lerent letters within groups (i.e., tracks or craters)
denote significant differcnces (P < 0.10) indicated
by Bonferroni test. N = number of surveys.

(1986) and the present study, Thirteen (27.1%)
genera comprised >75% of the average winter diet
{Table 2), KNAP und GRAS diets (Table 1) gen-
erally displayed more similarity within groups than
between groups {Table 3). Spearman’s coetficients
indicated zero correlation between cither KNAP
dict and the GRAS93 dict, while the GRAS93
and GRASY1 diets displayed the highest correla-
tion (Table 3). Genera characteristic of the old-
tield (i.e., Poa, Bromus, Phleum) ranked higher
in GRAS diets than KNAP diets, while the rankings
of widely distributed genera were variable {Table
2). Therefore, 1 rejected H I and concluded that
factors associated with knapweed removal caused
measurable shifts in elk winter diets (H 1T).

H_IlI: Temporal Trends
Elk presence in the old-field (i.c.. tracks) was
consistent through four winters following
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Figure 3. Mean counts of elk tracks and feeding craters by
sumpling site in an old-field on the Threemile
Wildlife Management Area. Different letters
within groups (i.e.. tracks or craters) denote sig-
nificant differences (P < 0.03). Paired t = (.54
(tracks) and 2.65 (craters).

knapweed removal (Figure 2). Foraging activity
indicated by craters was highest in 1990, and was
significantly lower in subsequent winters. Dur-
ing 1990, tracks and craters were not correlated
with snow depth, but tracks tended to increase as
winter progressed (Table 4). During subsequent
vears, track counts declined as snow depths in-
creased and winters progressed. The interaction
of snow depth and julian day explained 41% of
the variation in track counts during 1991-1993.
The addition of data from 1990 reduced this ex-
plained variation to 8% (Table 4). The GRAS91
and GRASY3 diets displayed more similarity than
any other diet comparison, and both diets were
relatively dissimilar to GRAS0 (Table 3). There-
fore, I rejected H,IIT and concluded that elk re-
sponses Lo factors associated with knapweed re-
moval persisted through the first four winters after
knapweed removal, but were more pronounced
in the first winter (HuIH).

HCIV: Elk Distribution

On 31 December 1989, I counted 95 fresh track
sets heading west and verified that exactly 95 fresh
track sets returned across the old-field. This in-
dicated nearly four times the number of elk en-
countered during previous studies in the old-field
(Table 5). Other measures of elk-use indicated a
170-1,200% increase in this study compared with
previous reports (Table 5).

TABLE 2. Principal plant genera in five estimated winter diets ol elk on the Threemile Wildlile Management Arca te.g., the
KNAPRG diet [Lavelle 1986] pertains to the 1986 winter: Table 1).
DMt Composition
Combined% Rank By Winter
Habitat
Genus X SD KNAPSO KNAPS) GRASS0 GRASS] GRASS3
Old-field grassland primarily
Poa 12.20 6.49 7 2 1 1 1
Bromiis 371 3.84 23 12 4 2 4
Phicim 2.58 1.99 23 18 9 10 14
Surrounding rangeland/forest primarily
Berberis 7.13 4.10 2 5 6 8 9
Carex 6.35 4.33 5 1 3 15 16
Stipa 4.33 329 i6 13 10 9 3
Artemisia 4.21 315 12 4 17 4 12
Ralsamorhiza 370 1.39 14 7 2 4] 10
Psetdotsiga 3.36 392 4 22 22 12 11
Calumagrosiis 2.89 1.95 23 10 8 22 8
Both old-ficld and surrounding rangeland/forest
Fesruca 12.25 9.73 1 3 2 5 5
Agropyion 7.25 4.55 12 9 3 3 2
Centeurea 391 1.23 8 8 14 7 7
Total 76.07
14 Thompson
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TABLE 3. Spcarman’s correlation coefficients (* denotes P < 0.03,  denotes P < 0.10) compuring five estimated winter diets of
clk on the Threemile Wildlife Management Area (e.g., the KNAPS6 diet [Lavelle 1986] pertains te the 1986 winter:

Table 1),
Diet
Diet KNAP8O KNAPYO GRASY] GRAS93 Average
Potentially affected x potentially affected by knapweed removal
GRASY0 (0.335 0.423
GRASYI 0.610
0.46
Unaffected (KNAPS6) x potentially unaffected by knapweed removal
KNAPY0O 0517
0.52
Potentially affected x unaffected or potentially unaffected by knapweed removal
GRASS0 0.225 0.526
GRASS] 0.110 (.308
GRAS93 -0.005 -0.003
0.1

TABLE 4. The influence of snow depth (cm) and julian day (beginning 1 December) on winter counts of elk tracks and feeding
craters, as indicated by Pearson correlation coefficients and multiple linear regression, Threemile Wildlife Manage-
ment Area (* denotes P < 0.05, " denotes P = 0.07),

Correlation Regression
Dependent
Year N Variable Snow Day F R:
1990 5 Tracks 0.26 0.54 — —
Craters 0.04 0.33 — —
1991-1993 13 Tracks .44 -0.56+ 3540 0.41
Craters .17 -0.06 0.14 003
1990-1993 18 Tracks -0.26 -0.18 0.64 0.08
Craters -0.33 0.19 208 0.22

TABLE 3. Comparative indications of winter elk presence and abundance on the old-field grassland of Threemile Wildlife
Management Area.

Method Previous Studies This Study
Subjective Light elk use, occasionally moderate or no vse (Beall 1574). Mederate-heavy use. based on
ASKESSMEent Few elk, minimal use (Lavelle 1986). the erileria of Beall (19743,
Pellet-group (PG) 14 PG/ha (Hakim 1973) 184 PG/ha

count

Largest elk group 17 (Lavelle 1986) 68 (18 Jan 1993)

observed 11 ol N2 31% of N-

25, approx. (Beall 1974)
17% of NP

Largest elk group. 95 (31 Dec 1989)
Jjudging from tracks 439 of N°

N =149 elk cstimated in the Threemile population, 1986-1989: NP = 148 elk estimated. 1971-1973, by Beall {1974); Ne =220 elk
estimated, 1990-1994

Elk Response to Knapweed Removal 15
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Annual trend counts of the Threemile elk
population averaged 47% higher (t =-2.70, P =
0.074) during March-April 1990, 1991, 1993 and
1994 (X = 165, 5D = 38) than during 1986-1989
(X =112, 8D = 26). Similar methods in compa-
rable cover and terrain in the Elkhorn Mountains
detected 74.7% of 87 marked elk (R. M, DeSimone
pers. comm.), providing a correction factor to
suggest the Threemile population averaged about
220 elk in 1990-1994 and 149 clk in 1986-16%9.
Beall (1974) used marked animals and multiple
census counts to obtain annual estimates of 127-
168 elk in the Threemile population in 1971-1973.

Elk numbers and indicators of use in the old-
tield increased beyond proportions explained solely
by the population increase documented during this
study. | observed 31-43% of the estimated
Threemile population in the old-ficld, compared
with reports equivalent to 11-17% of the popula-
tion betore knapweed removal (Table 5), There-
fore, I rejected H IV, and cencluded that factors
associated with knapweed removal attracted elk
to the old-field, presumably from elsewhere within
the winter home range of the Threemile popula-
tion (H IV).

Discussion

Factors associated with knapweed removal in the
old-field apparently attracted elk numbers equiva-
lent to 14-32% of the Threemile population, in
addition to the cstimated 11-17% of the popula-
tion that used the old-field before knapweed re-
meval (Table 5). By definition, this distributional
shift toward the old-field (H 1V} also decreased
elk-days of use elsewhere across the winter home
range. Although otherwise unaftected by knap-
weed removal, elk remaining in traditionally used
habitats away from the old-field may have
benefitted from reduced competition for limited
resources (e.g., Bartmann et al. 1992). Thus, elk
redistribution in response to knapweed removal
may have been analogous to a winter population
reduction approaching 14-329%. Previous studies
have associated changes in population density with
changes in the population dynamics of elk
(Buechner and Swanson 1955) and red deer (C.
e. scoticus, Clutton-Brock et al. 1982:259-283).

Morcover, knapweed removal expanded for-
aging options for the estimated 31-43% of the
elk population {Table 3) which used the old-field
(H D). A corresponding dietary response to fac-

16 Thompson
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tors linked with knapweed removal was detected
in all three winters (H LI). This dietary responsc
was indicated by fecal analysis despite high en-
vironmental variability which may have over-
whelmed this study’s power to detect more subtle
dictary changes of potential biological significance
(White 1983). Environmental variability was high
because: (1) knapweed removal modified only
about 5% (1.e., old-field) of the winter home range
of free-roaming elk, (2) few forage taxa occurred
in the old-field compared to the remainder of the
winter home range, and (3) plant fragments in
teces collected in the old-field may have been
ingested at distant feeding sites several days be-
fore defecation (Nelson and Leege 1982). I infer
high biological significance from the fact that a
dictary response attributable (o knapweed removal
could be distinguished trom the influences of these
uncontrolled variables. Likewise. Wickstrom et
al. (1984:1299) concluded that management prac-
tices affecting vegetation on winter ranges are likely
to have profound impact on ungulate foraging ef-
ficiency during the season when energy balance
is especially critical.

The KNAP90 and GRAS9( diets were rank
correlated (Table 3). This was an expected result
of sampling both diets from the same population
during the same winter (Table 1), and did not di-
minish the importance of observed differences be-
tween these diets which were attributed to fac-
tors associated with knapweed removal (Table 2).
Further, the significant rank correlation between
the KNAP90 and KNAPS6 diets, and a lack of
correlation between the GRAS90 and KINAPRG
diets (Table 3), promoted confidence in the
KNAPS6 diet as a valid baseline for assessing
dietary changes linked with knapweed removal.
Thercfore, the purpose for estimating the KNAPOO
diet was served.

Only one treatment site and one control sile
were compared. Therefore, this study lacked rep-
lication, which precluded the use of inferential
statistics to test for treatment effects (Hurlbert
1984). The t-test in Figure 3 indicated that crater
counts differed between sites while track counts
did not. From this, I concluded that elk foraged
more on the treated site than on the control site,
though they walked through both sites indiscrimi-
nately, This, considered with the other results of
this study. led me to subjectively conclude that
factors associated with knapweed removal (ie.,
the treatment itself) caused the observed foraging
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response. Replication was sacrificed to evaluate
a treatment of sufficient size for assessing man-
agement applications while simultaneously con-
fining environmental variation to that found within
the range of a single elk population. Replicated
experiments, as well as observational studies such
as this one, are needed to advance ecological un-
derstanding (Eberhardt and Thomas 1991).

Factors associated with knapweed removal
were most attractive to foraging elk in 1990 (H_IIT,
Figure 2). This initial attraction appeared to over-
ride the effeets of snow depth and winter dura-
tion which influenced foraging activity in 1991-
1993 (Table 4). Knapweed removal may have
attracted elk because: (1) knapweed was removed.
(2) grass standing crop increased, and/or (3) for-
age quality characteristics of the grasses improved.
Knapweed and grass standing crops were con-
sistent across all winters afler knapweed removal
and could not explain a higher attraction in 1990.
However, forage quality may have been higher
in 1990 due to: (1) a short-term fertilizer effect
caused at the time of treatment by a release of
nutrients previously occupied by living knapweed
plants (Harvey and Nowierski 1989). and/or (2)
a one-time occurrence of abundant green grass
on the winter range.

More grass litter was present in the old-field
in 1991-1993, but probably did not explain the
abrupt drop in foraging activity observed in 1991.
Jourdonnais and Bedunah (1990) observed less
elk feeding use of rough fescue (F scabrella) plants
with dense standing litter. While rough fescue
produces dense tufts of persistent standing litter,
the nontufted grasses prevalent in the old-field
{c.g., bluegrasses and bromes) did not. By ocular
estimate. elk consumed about 35% of the grass
standing crop on the transects before 25 Febru-
ary 1990, and the remaining unconsumed foli-
age tended to flatien, presenting no apparent ob-
struction to elk feeding on current year’s growth
in the winter of 1991,

The eftects of knapweed removal appeared
to continue attracting elk foraging activity and
influencing winter diets in 1991-1993 (Figure 2:
Tables 2, 3, and 3). Prior to knapweed removal. a
high density of coarse, persistent, knapweed stems
may have deterred elk from grazing the scattered
grass plants in the old-field, comparable 1o the
effect of standing dense litter on elk use of rough
fescue (Jourdonnais and Bedunah 1990). Addi-
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tionally, grass production gains concurrent with
knapweed removal may have increased winter
foraging efficiency. Wickstrom et al. (1984) re-
ported that dry matter intake rate decreased when
elk grazed grass stands with forage biomass lev-
els below a threshold of about 1,500 kg/ha, and
they concluded it was unprofitable for elk to graze
grass swards of low productivity, regardless of
digestibility, Applying their results to the present
study, the increase from about 700 kg/ha grass to
1,600 kg/ha (Carpenter 1986) caused by piclo-
ram treatment may have exceeded a production
threshold important in the foraging energetics of
wintering elk.

The foraging response of elk might have been
stronger in 1991-1993 if native bunchgrasses were
more abundant in the old-ficid. Although blue-
grasses comprised 189 of the winter elk diet in
the Elkhorn Mountains, Gordqn (1968) reported
that elk did not use cured bluegrass foliage. The
cured foliage of Idaho fescue and bluebunch
wheatgrass were the primary winter foods reported
by Gordon (1968). Likewise. Threemile elk were
attracted to the bluegrass dominated old-field when
grasses were predominately green in 1990, but
foraged less in the old-field when bluegrasses were
predominately cured in 1991-1993.

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 support more elk,
lower population objectives are necessary for
compatibility with competing human uscs of the
land (Wildl. Div., Elk Manage. Plan. MDFWP,
Helena, 1992). Thus, the question of whether ex-
isting knapweed infestations on elk winter ranges
limit ccological carrying capacity is somewhat
academic when elk numbers are limited to a lower
cconomic carrying capacity. as defined by
Caughley (1979).

Nevertheless, the results of this study are per-
tinent to elk management in two respects. First,
continued spread of knapweed beyond current
distributions, and increased knapweed densities
within existing stands, should concern managers
of grassland winter ranges who strive to main-
tain the current productivity of associated elk herds,
Second, removal or thinning of existing knapweed
stands in favorable foraging habitats may attract
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elk, potentially yielding similar habitat and herd
enhancement results as fertilizing, burning, and
prescribed cattle grazing (Rowland et al. 1983,
Skovlinetal. 1983, Jourdonnais and Bedunah 1990,
Frisina 1992).

It is unknown if the elk foraging response in
the old-field was representative of the response
managers should cxpect from knapweed removal
on typical bunchgrass winter ranges. Recovery
rates of native rangetands may be depressed by
historical use (Willms et al. 1983), which would
remain a factor regardless of knapweed removal.
Extrapolating the results of the present study,
knapweed removal would elicit the largest for-
aging response where preexisting densities of both
knapweed and preferred forage grasses were high,
Further, at least a portion of the elk response to
knapweed removal in the old-field was likely at-
tributable 1o a short-term forage quality increase
in the first winter {ollowing picloram treatment,
The coincidence of massive knapweed mortality
with adequate rainfall was probably an impor-
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