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Effects of Grazing by Ungulates on Upland Bunchgrass Communities
of the Northern Winter Range of Yellowstone National Park

Abstract
Hefbivor,v by natne ungulrtes, prinrril,,- elk (Cirn,rr rLrlnrr). $as !!udicd on xeric, bunchgras+dorninated slotes on the Nofih-
efnYello$'sture unguLrte $ iDtef r.rnge ol Ycllow\tonc Nalional Park. Plant cover. standing green biomass. and nutnent concentra-
lion\ $ere compared belv\ccr gra\sland silc! protected iiom graTing for 2:1-27 ye s and adjacent plds gfazed nnrstl) during
winrer b) elk. and to sorle crlcntby bison (Bir'rn rirl)n). AccurNlated liiter and standing dead vegetation $efe fouf tines nlore
abundant on the ungrared plots. Ho$c!cr.lc$ con\isre ! differences !lere obsened in gfas\ or forb biomass fft)n elk herbi\'ory.
l hefe \\as no olefall efitct of grazing trertmenl on ibrbs or oficr nongrasscs (P < 0.05J. Total grass biomass \las les,i on graTed
than ungrazed sites in 1986. afier r dfy, \\'arn spring, but there lras no dillcrcncc in 1987 (P < 0.05). Bioinass ofjunegrass
(Koeloit tristuti) and thick-spiked \lheatgrrss (A8roflm,? ./dj}rrd.l)rrr) was greatcr on grazcd than Lrngrazcd siics. Thrcc
nongras\cs (.,lncrr;lrd.trigidu, I'hlo\ hoo.!ii, Anttnnutkt nticnph\l1a) \\ete nore .rbundant on solnc ungrazcd sircs although rhc
cl]tcl on grazing treatment $'a,i not signific.rnt (P > 0.05). The numbers |)1 srasses 0r = ,t.5). ibrb (n = 17.5) and shrub 0r = 3.5)
\pccics did rot difttr ber\leen gfazed and ungrazed plots (P < 0.05). Veselativc culms ofblucbunch $hcatgrass (Pre!.1.)n qn?/irr

V1ir",rd). Idaho fescue (testucd id(thoensis).bluegrasses (Prd \pp.). nccdlc and llrrcad grass (.tripd .,,Lra). junegrass. and thick
spiked wheatgfass were shofter on winter grazed plots (P < 0.05). bul grazing did not aifect lhe numbers ofvegerative culms or dre
height or numbers of fepfoductile culms of gr.rsses (P > 0.05). \{ilh lhc singlc cxccplion tlat morc vcgetati\e culms ofjunegrass
occurcd on graTed sires. Protein content averuged 16f. higher ir bluebunch whertgrass. 167., highcr in ldaho icscuc. and l0t;
highcr injLtncgrass (P < 0.05) on grazed site\. Bare ground .rvefrged 38% more on grazed sites $an on ungr,rzed sitcs (P < 0.05).
bu r pebbic co\ cr $ as 507 lcss on graTed sites (pfobab ly because of hoof compactid) r as a resuli r l brre suriirces (baij ground
pl u s pebble co! cr ) a! cragcd onl r- I E9i greater on grazed s'tes. Dead clLrnrps of the gfazing sensitive bluebunch \' healgrass and
ldaho ltscuc can bc cxpectcd on ar overgrazed range, but dead bunchgras\ clunps did nol !ary betueen grazed and urgrazcd sitcs
(P < 0.05). The cifect\ of herbivorf b]' native ungulates was observed iD swrle siles that had bccn dislurbcd by agricullural
acli\ i!jcs urri I the | 930s. I hree gra\ses (S/ ipa t it iduld, Po(t t)ra te |srr. P .orrp,"cr.r d ) pos scsscd grcalcr co\'cr on grazcd swalc\.
bur onc tbrb, iield pennycress (7/ilaq)l a r.f.rri ), wrs less abundanl on grazed silcs. Hcrbilory by natvc ungulates greatly stinrLr
latcd grass but no! forb cover on these productive s\\'ale sites (gr ss cover was double thal of urgrazcd sitcs) (P < 0.05). and

Sruzing mosdy by clk contribucd ro the continued dominance of these sites b) the exotic, gmring resist.rnt P.r.r /r,?/€r.r;.r even 5.1

) e r r .  t o  . .  r \ ' n !  ! e \ . - l r i  r ,  u t  J ; r .  -  l l u r J l  r c t  \  |  r ( r

lntroduction
Caughley(1970, 1976, 1979) and Sinclair '(1977)
suggested that fiee-ranging ungulatcs reach an
equilibrium with their vegetative food base. Be-
ginning in 1967. Yellowstone National Park em-
barked upon an experimental program crf"hands-
oft" or natural regulation management ofthe large
ungulatcs within the park's boundaries (Cole 1971,
Houston 1976), although han'est ofmigratory elk
north of the park was encouraged to the greatest
extent possible. Cole (1971) stated that over a
period ofyears. naturally regulated ungulate popu-
llt ions werc sclf regulating units. Yellowstone
ungulates regulated their own nortality and com
pensatory natality in relation to available winter
food and their population size, and predation
seemed a noncsscntial adjunct. Prior to 1967. elk
(Cenus elaphus).bison (Blr.rr bir.)r). and prong-

horn (Antilot:upru atnerit:unt) r'ere reduced by
park staff (Craighead et al. 1972, Meagher 1973,
Houston 1982. Coughenour and Singer J991). Elk
numbers were reduced to below 5,000 by 1967,
and after cessation of artitrcial controls in 1969.
elk increased dramatically (Houston 1982. Menill
and Boyce l99l). Hanests of the northern
Yellowstone elk that migrated nofih of the park
averaged only 9% of the herd dudng the years
1967 88 (Houston 1982. Singer l99l), a level
insuff,cient to control the herd s growth.

Ye l lo$ . tone s  un !u lu le  m. lnu !e lnen l  \ in re
1967 can not be regarded as a scientilic experi-
ment in that there is no ecosystem replication, no
control situation(s) with similar climate where
\ \o lve .  e \ i . t .  uhcre  ungu la te  migra t ionr  r re  un-
influenced by human activit ies. and where natu-
ral f ire is unregulated (Cayot et al. 1979. Peek
l980, Kay 1987). Yellowstone Nationrl Park's
clirnate is different this ccntury than last sum-
mer tenpentLlres are increasing and January June
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precipitation levels are decreasing (Ball ing ct a1.
1992). The climatic changes night alter vegeta-
tion-ungulate relations. Evaluations of the park's
managcmcnt program have been linited mostly
to monitoring of range plots (mostly 195[i to
presenl), conrparisons inside and outside of un
gulate exclosures. and comparisons et current
photos to those taken 100 120 years ago (Hous-
ton 1982. Houston and Meagher in prep.); infer-
ences from these kinds of monitoring studies are
limited (Plart 1964). Few precise criteia for rest-
ing  h5pothe .c '  wer r  ph ' r i Jcd  Jur inu  the , ' r ig i -
nal statement's of the ungulate managenent ex-
per iment  (Houston  1976.  l9 lJ2 ;  Co le  l97 l ) .
overgrazing was not defined, and equilibrium theo-
ries prevalent fbr the time. which have since bccn
queslioncd (DeAngelis and Wateftouse 1987).
uere  cent r r l  to  lh (  o r ig in i l l  c rpc l in ren l
(Coughcnour and Singer 1991).

Houston ( 1982:12-5) who used Parker transect
and chan quadrats fbr his analysis 1957 7,1. con
cluded there were ". . . little or no consistent dil'-
le rencc .  he tueen lhe  l rcc ln rcn t .  o f  n  ngrJ / ing
and grazing by nativc ungulates on plant species
abundance, basal area. orcornposition. Dillerences
over tlne appeared to bc rclated more to tluctua-
tions in growing conditions." Conrparative pho-
tos fiom the 1970s compared to historic photos
i ronr  rhe  l8h0-8U.  .u f !e \ r (d  no  inc reasc  in  g ros \
evidence oferosion such as in visiblc erosive ri l ls,
exposed tlee roots, or bare ground (Houston 19132).
Houston (1982) concludcd the eft 'ects of elk on
vegetatioD did not excccd those expected tr-om a
population near ecologi!^al carrying capacity: tluc-
tuations in abundancc of perennial grasses were
int'lucnced more by fluctuating grorling condi-
tions, especially rainlall, than ungulate dcnsities.

Several serious qucstions wgre raised, how
ever. conceming ungulate densities on the r]ofih
emYellowstone wintcr range titlowing Houston's
(1982) study which ended in 1979. Elk counts
increasecl to 16.000 in 1982 and then to 19.000
in 1 9813 (Singer l99l ), r 'aising concenrs lbr over-
grazing of the winter rangc (Chase 1986. Kay
1987). Bison counts also increased l5'17c. mule
deer (Odotrti[eus hetnionus) ]26%. and prong
horn 215% on the northern Yellowstone wrnter
range during thc 1980s (Meagher 1989. Singer
l99l ), conlributing to the concerns. Altenatively.
the winter range might not be overgmzed. Useable
elk winter range nay have incrcased during mild
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rvinters of thc 1980s (seven of the 8 winters be-
tween 1980 and 19lJ8 received less than the avcr-
age anount of snowfall). ungulates ranged over
a widcr area, tirrage was rnore accessible bccause
of the shallower snows. and elk more legularly
migrated north of the park boundary beginning
at about l9lJ0. thus ellectively adding l87c to their
arca of winter use and dispelsing grazing pres-
sures (Singer 199 | ).

To resolve the contloveny. in 1987 the U.S.
Congress directcd the National Park Service to
''start a study onYellowstone to see whether-there
is evidenccolovergrazing (Congressional Rccord

Senate S. 1261 3. I 9136)."

Studies published liom this largc research
init iativc. 1986-88 did not document ovcrgraz-
ing of grasslands by native ungulates. Parkcr
transect data sampled in and out of exclosures
1962-li9 suggested vegetation responscs to cli-
mate were much morc significant than changes
due to exclosure from grazing. Crasses increased
in l iequency ofaburdance unli l 1986 (in spite of
increasing elk nunbers) and forbs decreased. re-
versc trends were observed after 1986. apparently
1n response to drier conditions (Coughenour ct
al. J995). Changes in plant l icquency were par
allcl inside and outside of the ungulate exclosures.
Coughenour et al. (1995) concluded elk glazing
has not degraded the herbaceous vegetation ofthe
northern winter range, but the authors pointed out
probJems with the sampling including: no corre
lation of Parker hits to plant bion.rass, high vari-
ances. and snlall sampie sizes. Coughenour (1991)
reported grass and forb biomass production in
side and outside of exclosures was largely unin-
l luenced by elk grazing in 1987, but both werc
reduced on grazed sitcs in 1988. a dry year. Root
biomass and soil moisturc were not affected by
grazing. Coughenour's ( 1991 ) sampling. hou'ever
was restricted to plant groupings: he did not sepa-
rate helbaceous biornass to the species level.

The purpose ofthis investigiition was to evalu-
ate differences in aboveground biomass produc
tion by plant species between -qrazed and ungrazed
. i te .  on  Ye l l , ' u . tone .  nonhe ln  e lk  u  in lc r  rangu.

Methods and Study Area

Thc Ye l l , ' u . t , ' ne  nor thern  u ln lc r  rJn8c  ( , rn \ i \ l \
of about 100,000 ha. of nhich about 82clr, lies
within Yellowstone National Park and l liclc lies
north ofthe park on Gallatin National Forcst trnd
private lands. The Ycllowstone nofihem winter



range is lower (l.500 n-2.400 m). warmer, and
receivcs less precipitation than the higherplateaus
ofthe palk. Total precipitation averages less than
75 cm for most ofthe norlhem winterrange. Mean
annual precipitation at the lowerelevations (1,620
m) at the park boundary near Gardinet Montana,
is 30 cm, but prccipitation is 55 cm at 2,000 m
ncar the Lamar Rangcr Station.

The majodtv of the winter range is undisnrrbed
h )  h u r n i r n  r t t i r i t i e .  u  i t h  t u , , I n r j , , r e \ c e p l i o n . '

( l) Thc 4.900 ha Boundary Line Area de
scribed by Houston ( 1982) was subjected
to a livestock grazing. irigation and haying
ofneadows and swales, and thc introduc
tion of a variety of exotic hay meadow
plants (timothy, Pltleut lt'utense. Ken-
tucky blucgrass. Poa prztrerzsis, smooth
brorne- Brornus ire,.m Lr; quackgrass,
Agrop )"ron re pe n.\: chea,tgrass. B romus
tectorLun). Houston ( 1982) telt that pdor
to the agricultural activities the Bound
ary Line Arca was dominated by needle-
and-thread grass (Stipa comottt) and
bluebunch wheatgrass (.P se udo t o e gneriu
.\picqta). I studicd swrles and the intcr-
r  en  ing  r r , l l i ng  g r r .shnd.  rn  lh i \  r re l r .  near
the tu'o Gardner ungulate exclosures.

(2) Bison q'ere largely restricted in the park
to the LamarValley from about 190,1 52.
when bison were ted hay cut tiom both
the native meadows. and trom irigated,
cultivated fields ofexotic gmsses (Meagher
1973. Houston 1982). Exotic grasses that
still persist in the Lamar Vallcy area in-
clude smooth bronre, timothy, Kentucky
blucgrass, and quackgrass.

About 4l% of the northern winter mnge is
lbrested, largely with Douglas-fir ( Pseudotsuga
nten:.ie.sii) stands and a grass understory (Hous-
ton 1982. Despain 1991). About 557r of the area
is grassland, especially ldaho tescue (Fzsrlca
idahoensis\ and big sagebrush (Artemisiu
tidentat.l) habitat types (Mueggler and Stew;rt
1980.), about 27. is aspcn (Poprfurr fr"nubides)
stands, and about 0.47c is willow (.lal-r spp.) and
riparian shrub stands. My investigation focused
on two plant community types used mostly by
elk: (l) upland bunchgrass cornmunities (ridge
and slope) never subjected fo agficultural activi
l ie . .  l l nd  |  2  )  lower  c l ( \  a t  i ,  ' n .  sw l le  w in te r  runge
sites grazed mostly by elk. but subjected to canle

grazing and haying activit ies unti l 1932 on the
Boundary Line Area (since my study. these swales
are also being grazed by the park's expanding bi
son population (Meagher 1989).

Upland Bunchgrass Commun t  es Never
Disturbed by Haying Act v ties

Sampling u'as conducted within upland bunch
grass communities both inside (ungrazed) rnd
immediately adjaccnt (grazed) to 8 2-haexclosufes
forungulates. The exclosurcs were erected in 1957
and 1962 between Gardinerand the LamarRenger
Station. All 8 exclosures arc on dry. upland rid-tes
or slopes within a complex ofgently rolling swales
and ridges. These ridges;urd slopes are windblown
and receive high use by elk, especially in lale winter
(Houston 1982). The ridges and slopes ar the
Gardiner exclosures were grazed by livestock until
1932. but were not subjected to the seeding or
haying ofgrasses no soil disturbances occurred
on these slt(]s.

Measurenrents in bunchgrass communities in
1986 and 1987 included biomass and cover in l0
pairs of l0xl0 m macroplots (grazed and ungrrzed)
located with similar slope, aspect, and soil char-
acteristics at each exclosure site. Sampling ofpaired
plots was conducted simultaneously. Lane (l991;
described the soils at the macroplot sites as Typic
Calciborolls, Aridic Haploborolls, and Aridic
Calciborolls. Lane (1991) found no consistenr
trends in soil organic matter. nitogen, sulfur. elec
trical conductivity, iron. and zinc between grazed
and ungrazed plots. Slopes between paired sites
varied less than 60l., and aspects varied less than
187a. Ten 1xl m quadrats or 15 0.25x0.25 m quad
rats were located randomly within each larger
( 10x10 m) macroplot. Percent cover of each plant
species, along with cover ofdead litter, dung, barc
ground. rocks (>6 m diameter). pebble (<6 m diam-
eter). and pavement was estimated with a grid
frame placed on the quadrats. Percent covcr by
dead bunchgrass clumps was estimated tlom the
grid tiame. AII herbaceous and subshrub above
ground biomass was then clipped and frozen, later
sorted into grcen and dead material by species,
oven-dried fbr 48 hours at 60'C and weighed.

Swale  Commun t  es  Sub lec ted  to  Hay ing
Activit ies

Swale communities in the Boundary Line Area
were studied inside and outside ofthe two Gardiner

Ef fe i t .  o l  t r1x7 ing  b)  Un!u la res  in  \e l l , ' us lone l9 l



exclosures, but sampling was restricted to mca-
surements of percent plart cover only. I selected
5 paircd macroplots (10 m x l0 m) located inside
and outside ofeach exclosurc in swales. Each swale
site was separated fiom the other by rolling ridges
and slopes (n=10 paired macroplots total). Since
thcsc swales were small in size (about 0.1 ha)
and since they were separated spatially by inter-
vcning rolling steppe vegetation, I treated each
swale as an independent replicate samplc, but I
pooled the data within each srvale. A single mean
value from all the plots in each swale was used in
a 1-way ANOVA with grazing as the treatnent
and individual srvalcs as replicates. Physical evi
dence (fam machinery parts. ditches) indicated
these swales were sccdcd and grazed by livestock.
and some were ifigated prior to 1934. These swales
were likely mechanically seeded, but were prob-
ably not plowcd under.

Nutrit ioral and fibrous constituents were
sampled after senescence in August at 2 of the
eight total exclosures. The two exclosurcs sampled
were located on the Blacktail Deer Creek. Crude
protein. fat tibcr, Van Soest llben, total ash, gross
energy, in vitro digestibil i ty 0VDDM, Til ley and
Teny). and Calcium, Phosphorus. Manganese.
Potassium, and Magnesium levels were determined
(Wildlife Management Habitat Lab, Pullman) for
the thrce most common fbrage grasses, bluebunch
wheatgrass, junegrass (Ko e I e ri u py rami dat a), ard
Idaho fescue. Heights and numbcrs of reproduc-
tive culms and vegetative leaves were counted and
neasured for the same three grasses on a 20 cm x
30 cm subplot within each quadrat.

Each exclosure represented one replicate
(Hurlbert 198.1) of the grazing treatment (grazed
vs. ungrazed). One mean value fbr each exclosure
rvas conpared for only the most common spe-
cies rnd plant catcgorics (lbrb, subshrub, total
grasses) that were present at all locati()ns with 1-
u11 ANOVA. Percent Fround corer c.tleg,'r ie.
were compared between grazed and ungrazed sites,
with the non-parametric Kruskall-Wall's test. The
data was not transfbrmed because of the large
numbcr of small and zero values ofcover catego
ries and biomass.

Grass morphology and reproductlve charac
teristics werc compared with Mann-Whitney U
tests bgcause the data were not normal
(Kolomogorov-Smirnov test), and the vi:Lrances
were heteroscedastic (F-max test. Sokal and Rohlf
lq6q) .  Nut r i t iona l  rnd  l ib rou .  c , 'n \ t i luen t \  were
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compared between grazed and ungrazed sites with
the t-test.

Results

Most of the ungulate herbivory near the eight
exclosures was attributed to elk, with somc her-
bivory by bison. Herbivory by pronghorn urd mule
deer occurs at the Boundary Line Area near the
CrrJ rn .  r .  rc losu lcs .  bu t  thc .c  ungu la te r  . r re  p r i -
marily browsers in the study area (Singer and
Norland 1995). Elk outnumber other ungulates
on thg northern Yellowstone winter range by r-a-
tios of 100 elk:14 mule deer:3 bison:2 pronghom:2
bighorn sheep (Olis cairarlelsis):I moose (A1ces
c/ces) (Singcr 1991). Bighorns and moose were
not obsened nearthe exclosures. Rodents (lepus
ton:nsentli, L. americanus, Spemtophilus unnatus)
occu near the exclosures and pass freely in and
out of the fences.

t  n g u l r t e  h e r b i v o 1 5  a t  l h e  e \ ( l o . u r e : i r e .
was restricted almost entirely to winter, but some
gr rz ing  o l  ear l )  .p r ing  gr r rs  occurs  jus t  p r io r
to elk leaving the winter ranges (Houston 1982).
Spring off-take was zero near the Blacktail
exc losure  in  1990 (S inger  and Har te r  unpub l .
data), but spring ofT-take was more signiticant
in the Lamar Valley (Frank and McNaughton
1992). Elk vacated the winter range sites dur
ing the remainder ofthe growing season (Hous-
ton 1982). Bison, however, recently shifted their
area of winter range use westward (Meagher
1989) and began wintedng near the Junction
Bune in 1983, and to a l imited extenl near thc
Gardiner exclosures since 1988.

Comparisons of Herbaceous Biomass n
c , r ^ 7 a . 1  ^ ^ d  I  l n ^ r r 7 o d  R l_ . r c ' r g ' a s s
Co"] 'nJr t  es Not S rbjected ro Ag. iculLJra
Activities

Less standing crop of annual green herbage bio-
mass was collected on grazed sites than on
ungrazed sites in 1986 (F = 45.7, P < 0.01. Table
l ) ,  bu t  no t  in  lq87 lP  >  0 .05) .  Forb  b ioma ' .  wa.
not influcnccd by grazing in 1986 (F = 2.0, P =
0.12), but the dillerence dueto grazing approached
significance in 1987 (F - 2.1. P = 0.10). Less
grass biomass was produced on grazed sitcs in
1986 (F  =  28 .0 ,  P  <  0 .01) .  bu t  no t  in  1987 (P  >
0.05). Numerically, 85% less biornass of nrsy
pu ssytoes (Aa /e,?/?.1. ia mic rop h v'lla) amJ 33Vc less
tringed sage (A rtenrlsln lii.grda) was collected liom
grazed sites, but the differences were statistically
not significant (P > 0.0-5).



TABLE L Conparisons ofbi(nnrss betqeen grazed and ungrazcd bunchgrass connunities onYellolvstone's northern clk riiter
range.

l q R 6 l r  =  I  m J ( r i , p l o t \ ) 1987 (n = 6)

Unsrazed

x l S E

Grrzed

i l S E

UngraTcd

r i S E

Grazed

i l s E

Blucburch Whe.rtgrr\s

ldaho Fescue
Juncgrass
'fotalClri1sses

Tdal Sedges

Total Forbs
fringed Sage
Total Shrubs and Subdrrubs
Total Green Herbage Produciion

l l . .+
8..1
1 .1

.19.8
0.1

22.5
3 .3
1 .8

16.1

2.9
2.5
1 .1
0 .1
0 .1

1 . 8
).o
.1.3

8 .3
5 .9
4 . /

18 .9
0.'1
0.9

10 .9
L'1
2.0

3 1 . 8

2 .9
2 .1

t . 9 "
0 . 1

2 .5
o.l
1 . 0
3.8"

'7.6

1.2
4 .d

21.4

10 .8
26.O
.+.E

10 .8
62.0

t.8
1.0
1.0'
5 .2
0.2
0..1
1 .6
2.0
2.8
6.0

2 .8  1 .6
L6 10.0
1 .6  10 .0
5 .6  31 .6
0.3 0.4
6.8 0.8
8 .8  10 .8
2.0 ,1.0
t . 6  6 .1
.2 19.2

-  
P < 0 . 0 1 . ' P < 0 . 0 5 .  P < 0 . 0 l . B i o m a s s d i i i c r c n c c s \ ! c r c r c s l e d u s i n g l w a l A N O V A w i t h l o c a t i o n a s r e p l i c a l e s a n d g r a z i n g a s

rDoes not include biomass ofthe pcrcnnial succulcnl!. Oplrtid rpp.. which occured at rhe 1()$est elevation. Gardincr erclosures.
bec.ruse I could not dilTerentiare annual fronr pcrcnnial grolrth. Oprrtid.?p. biomass (annual plus perennial) was 19.2 I 9.6.1 g/
m' on D(xected sites and 9.61 7.:1 e/mr on qrazcd srtes.

Several other plant species were less ubiqui-
tous in the study plots. and inferences concern-
ing grazing treatment effects are tenuous. For
example, thick-spiked wheatgrass (.A.
da.systachun) was tound at only the two highest
exclosure locations in the Lamar Valley where^it
was more abundant on grazed (6.2^1 0.9 g/mr)
than on ungrazed sites (3.5 t 0.7 g/nl/) (P < 0.05).

Elk herbivory did not influence the frequency
of grass, forb or shrub spccies (Table 2, P > 0.05).
An average of :1.5 grass species. 17.5 forb spe-
cies and 3.-5 shmb species wcrc identified on each
l0  rn  r  l0  m macrop lo t  in  bunchgrasr  communi -
ties. One species, Arabis holboelii , was recorded.
from only grazcd plots.

Lichen cover was not intluenced by elk her-
bivory (P > 0.05. Table 3), but moss cover was
significantly greater on ungrazed sites in I986 (P
< 0.05), but not in 1987 (P > 0.05). Litter and
standing dcad vegetation tveraged 3.5 times more
biolrass on ungrazed plots (P < 0.05. Table 3).
and as a result bare ground averaged 3.8 tines
more on grazed sites both years (Table 3). Pebble
cover, however. averaged 507c less on grazed sites
(P < 0.05), probably because pebbles were Iess
obvious on grazed areas due to hoof action and
soil compaction by ungulates. When bare ground
and pebble cover were combined, all bare sur-
laces averaged only l87o more on grazed versus

ungrazed sites in 1987 (P < 0.05). but the ditler-
ence was not significant in 1986 (P > 0.05. Table
3). Small pebble cover was greater on ungrazed
plots both years. Animal dung fiom ungulates and
rabbits provided a minor amount ofground cover
(1.2-4.17c) and its abundancewas greater on grazed
than ungrazed sites (P < 0.05) (Table 3).

I observed no evidence of any significant in-
crease in bunchgrass mofiality due toelkherbivory
(P >0.05, t-test, t = 0.54). Dead bunchgrass clumps
averaged ,1.3% cover for both treatments.

Grass l\,4orpho ogy

Numbers and heights of reproductive culms and
numbers ofvegetative culms did not vary between
grazed and ungrazed paired plots fbr bluebunch
wheatgrass. Idaho t-escue. junegnss, thick-spiked
wheatgrass, needle-and-thread grass (Srrpa
comata), er bhegrasses (Table,l). The single cx-
ception was more vegetative culms ofjunegrass
were sampled per individual plant on grazed sites.
Heights of vegetative leaves were shorler in grazed
sites ofbluebunch wheatgrass (t = 5.7, P < 0.001).
Idaho tescue. junegrass, thick-spiked wheatgrass,
and b luegras .e .  rP  <  0 .05r .  Reproducr i \e  r r r io
(the number of reproductive vs. the number of
vegetative culms per plant) did not vary between
grazed and ungrazed paired plots tbr any gmss
species (P > 0.05).
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TABLE 2. \ u mber of gras s. ibrb. and shrub spccics comprred between 1{l p.rirs of gfazed and un grazed macroplots. in 198 6 rnd
1987 lio r upland bunchgrass comnnrnities on Yellorvstone'\ nodhern range.

No. Plant  Specrcs Control Grazcd

1986

Marnnoth E

Control Grrzed

Blacktai l -W

Contfol Crazed

Blacl la i l  I

Control Gruzed

\0.  Crus\es

\o. Forbs

\o.  Shrubs

TOTAL

a)

5
l 9

.+
1
-l

4
l 5
l

t 0
5

2t)

.l

l6
1

32

25
l

3 l
2

)1

3
2 l
2

l6

N , , . l h n t  S t e c i e \

Crrdin.r E

Control CraTed

1987

Gardiner-W

Conrol G zed

l l lacktai l

Control Gfazed

\o. aira\scs
No. Fofbs

),io. Slrubs

TOTAL

2

l :

2

I

2 I
3

2IJ

1 1
2

J

t0
2

I 2
l

l 9

Juncti()n Bufte

No. Planr Specres Clonlro l  Grrzed

l-amar Fl

Contfol Gfazed Connol  CraTed

No. Fofb\

No.  S I rub !

TOTAL

3

2
21

t 1
2

25

5
22

I
2IJ

2 1
I

2l

l

2 1

l

3 3

32
3

39

TAtsLE L C;round co\er catcgonc\ and standiis dead and downed littef on gfazed and prorected bunchgrass comnnrnities in
Yello$'slonc Nalional Park. 1986 87. Dillerences \rere tested using the Kruskal \\hllis I $ ay ANOVA w ith Srazing
as treatllrent and locailons 0r = :l or 6) as rcplicalcs.

1986 (n = 1)
Ungra^d

1987  (n  =  6 )
UngraTcd

x  1  S E
Gr.Lzed

x t S E

Grazed

1 S E

Lrchen C(Jt'er(.):)

Voss Colef (..2)

Berc C;rcund (7.)

Pebble Cover (ti)

All llare Suriaccsr (',t)

AnimalDungr (%)
Li t lef  rnd Standing Dead

Veget.Lrim (g/n )

6 .3
10..1
1 1 . 7
29.1
, l l . l

0.2

8.1.1
2 .1

l.- l
-1.9
5 . 1
.1.5

5 . 1
0 .1

0.6

9 .8
I . l

20.2
r 8 . 3
38 .5
3,1.1

2  r . l
1 . 7

8.0
0.2-
2 .5 -
8 .9
2 .5

11 .6 . '

1.2'
0.5

1 .2

37.0
:l l.:l

1 .2

61.0
1.2

0 ;
0.3
8 .2
,1.1

0.3

9 .1
0.1

5 . 1

3 5 . 1
r3 .8
'18.8

23 .3
2.0

1 .9
0 .3
6.5-
0.1'
2.1'
1 . 2

3.9-
0.1

LPehble\ |rcre dclincd as < 6cn diumeter.
rBare ground and pebble cover combined.
'Elk. pronghorn. deer and rabbits pellets as pefcent ofground cover in l9li7. and total
.unbcr C)l pcllc(s pcr ln' in 19iJ6.

'l)cad stems ol shrubs (big sugebrush. horsebmsh. fabbitbrush) and lubshrubs (iiingcd

sage. Phlol) l!ing on lhc ground suriace.
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TABLE.1. Nle.rn noryhological easurements fi)r 3 common grasscs at E graTing erclosures onYello$none s Northcm winlcr
R nge (n= 110 grazcd and 130 ungfazed plots,  1-m') .

Bluebunch whcatgrass Idaho Fe\cue Junegrass

Ungrazed UngLJru i l Ungfazed

No. Vegetatile Culms

No ReprLrducli\c Culns

Tal le l i  Vegetat ive Cul In (cm)

Trllesr Repr uclilc Culm (cm)

15 . ,1113 .3  18 .6115  8

1.011.7 2.3!2.1

22.312.5 1E.011.6*

21.1!t3. ' ,7 29.5111.6

9'1.0150.1 127.6!107.2

1.2i-1.3 3.211.9

15..113.1 7.810..1:

33.219.6 21.1!9.1

21.1117.9 11. ' ,7!2r.1+

2.512.6 3.212.7

10 .112 .1  7 .611 .0+

18 .5110 . I  11 .91 r .8

i Signilicant difterence. p<0.05. \Iann Whihcy U lcsts.

Nutr i t  onal  Responses of Grasses to
Graz ng

Elkherbivory enhanced thc protein content oflive
grasses. Protcin content averaged l67r higher on
grazed versus ungrazed paired plots forbluebunch
$'heatgrass (r = 9.8, P < 0.0001), 36ola higher tbr
grazed Idaho lescue (t = I 1.8, P < 0.001). and
l0Tr higher for grazcdjunegrass (t = 6.8, P < 0.05,
Table 5). Grazing did not signiticantly influcnce
digestibility (IVDDM) orfibers (NDF. ADF, ADL,
P > 0.05). Ash contcnt was significantly higher
in grazed tdaho fescue and junegrass (P < 0.05,
Table 5 ).

Grazing resulted in a minor enhancement of
nlacronuffients. Calcium levels were higher in
grazed than ungrrzed ldaho fescue (0.56 10.07
ppm vs. 0.41 t 0.06 ppm, t = 15.8, P < 0.001. d.f.
=  l8 )  as  were  Phosphorous  levc ls  (0 .16  10 .0 l
pprr ls. 0.1.1 t 0.04 ppm. t - 6.20. P < 0.01 ) and
Magnesium levels (0.1.1 t 0.01 ppm vs. 0.09 I
0.01 ppm, t = 15.8. P < 0.001). Potassiunr lcvcls
wcre higher in grazed bluebunch whcalgrass ( l.l4
1 0.10 ppm vs. 0.99 t 0.03 ppn. t = 7.9, P <
0.001). No other dift'erences attributable to elk
herbi\'ory were observed fbr 5 elements (Phos
phoms. Calcium, Magnesium. Potassium. Man-
ganesc) in ldaho fescue or bluebunch wheatgrass,
and no differences in any elenents were observed
in junegrass.

Etfects of Nat ve Ungu ate Grazing in the
Former Agr cu tura Zone

BLtnchgrass Cornmunitie s Fornterly Graz.ed by
li|r,slocli. Vegetation on elk grazed and ungrazed
rolling bunchgrass-dominated ridges and slopes
in the Boundary Line Area was similar; appar-
ently both treatments recovered in aparallel fashion
from livestock grazing terminatcd 54 years be

fi)re. No erotic plants were sampled on eithertreat-
nent and no biomass difTerences by plant spe-
cies occured with the singlc exception that more
biomass of Phkx hoodii was sampled on sites
ungrazed by elk (P < 0.05).

Swales FornrerLl- Hayed and Grazed bt Li,e
stocf,. Swale comlrunities in the Boundary Linc
Area, however, where seeding and limited soil
disturbanca from agriculture occured, diflered
on sites grazed by native ungulates during the 54
recovery period venus those sites ungrazed by
native ungulates. The differences did not suggest
decreased productivity on the elk grazed sites. iD
trct, grass coverwas nearly double and bare ground
less on the elk grazed sites (Table 6, P < 0.05).
Three grasses (grecn needlegrass: Kentucky blue-
grass; Canadian bluegrass, Poc conprcssa) were
nore abundant on elk grazed sites (P < 0.05. F =
5.7, 5. | , 3.6, respectivcly). but one ofthese glasses
is an exotic (Kentucky bluegrass) suggcsting elk
grazing p()motcd continued dominance ofthe sites
by an exotic grass. Field pennycrcss (Ti1a.yrl
.lnersl). an exetic forb, howevel, was more abun-
dant on sites ungrazed by elk (F = 3.9. P < 0.05).

Discussion

Grass biomass on upland bunchgrass types was
reduced in 1986 by grazing, but therc was no ef-
t-ect l iom grazing in 1987. The winter of 1985-
Uo uhieh pr. 'cedrd the lq86 gro\\ ing icu\un \\u\
characterized by an early spring snowmelt and
less than normal spring precipitation (837r, of
average). Grazing effects on gmsslands may be
exacerbated during dry conditions (Coughenour
1991, Frank and McNaughton 1993) and rccov-
ery lron a drought is slower on heavily grazed
sites (Young 1943). Growing season consump-
tion by ungulates was negligible at the study sitcs
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TABLE5. Nutf i t ionalvalues ofgrazed and ungrazed (exc Loscd )  gras ses onYel lo\ lsronc's northem winierrange. 1986(r t  S. t ) . ) .

Alu!hun(h \ \ 'he. , Ierass Idaho Fescue Junegrass

Lrngr.rTed Ungrazed Ungrazed

P r o r c i n ( 9 . ) ' 7 . 1 1 ! 0 . 1 9

Digestibilit,,-
(lvDMD. -c, 60.9E I 1.83

Fiber(NDF.' / .)  68.6912.76

Ash (AIA 7.) 1.5,110.32

9.01 1 0.80** 7.0t 10.56 9.5E 1 l .r i2*+

60.061,t.50 6.1.9313.08
'73 . t 5  !  1 .74  68 . t 313 .69

1 .2010 .36  2 .15  t  0 . , 12 :+

7.95 1 0.31 8.711 1 0.75**

61 .11 !2 . lO  62 .8913 .26

69 .63  12 .33  69 .23  12 .93

0.7E I 0.13 2.091 0.57**

6 1 . 1 8 1 2 . . 1 6

68 .21  1  1 .09

1 . , 1910 . l 8

+Signilicant difference bcl$ccn lrazed and ungraTed grasses, P < 0.05. ** P < 0.01, t tests.

TABLE 6. PerceDt cover of common plant species in swale comnunities of the boundary line area (BLA) of Yellowstone s
norlhern *'inter range. n = l0 plots of I ml randomly located in erch of l0 swales \rithin each ireatment. Unsfazed
si tes were f rotected f rom grazing for27 and 29 )cars.  Each swale was considerr l  t ref l icrrerJrnplcrn. l , ,n l r  i  me;n
value from subplots in each swale (n = l0) was used a 1-*'a) ANOVA wirh grazing as rhe rreahent (p < 0.05). Thc
BLA .|\,as grazcd by domestic livestock until the 1930s and sonre arcas werc seeded with exotics lbr hav crops. ihus
exotrc plant\ are more prcvalent in this parr ofihc winter range.

Lrngfazed Grazcd

SE

Planl Species

Grasses:

Rtu,n s tectorunt kxoric)

Pod p rate ti s is ( exoric )

/\gtoDron spicatuhl

Other Gf.rssesL

Totrl Grasses

Iri.rryi ar"r,./?.rl (exotic)

./nrrfa.&,n spp. (erotic)

0ther Forbs:

Tdal Forbs

Ll :l

1.1

11 .1

1 . 0

2 . 1

0.9

5 .2
r  1 . 4

2.9

t . 0

3 .5
' L I

5 . 1

u.4

2 .8

6 .2

0.6

0.8

0.5

2.8

t . 8

1 . 1

u.5
1 . 5
3.2
2.2

5 .5

3 . 1
,r3.8
,1.5

1 . 4

2.2

0.1

3.r i

64.6

0.9

0.3

1 . 2

2.1

0

2.0"

l . . t

9 . 1 -

3 . 1 -

1 . 0

0 .1

t . 8

t9.1

0.6'

0.2

0.:1

l . l

'Othergrasses included P sandlftryii. H. punduntd,A snilhii, S. omot4 A. cristtltun. A. tltninutn. Eb/nu\.i't{i|'s, B. itrcmu\,
Si dr,o,? 11\'sr;r in frcquencies ioo lolv for anallsis.
rothcr l orbs incl uded loll frequcncies of Poh.q.) nun, Eurotia, A\- ss un gabrun, Tragapagan (f rhiut. C hetbpadiun, De v:uainid
ti( hurdsonii. lnnuh t"&M rki i.

in 1990 (F. Singer and M. Harter in press) and
growing season consumption was suspected to
be negligible most other years, since so lew elk
were observed near the study plots. But spring
consumption by elk was not sampled in l986 or
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1987. and it may have been more significant than
I suspected.

The response of individual plant species to
grazing were minimal. Only 4% (5 of 133) ofthe
plant species found on the macroplots reflected



bionass differerces that might be attributcd to
grazing. Three species (rosy pussytoes, fringed
sage. Arabis ltoLboelil) might have decreased duc
to grazing (not strt istically different, but a con-
sistcll l  trend), but two other-species ouncgrass
and thickspiked whcatgrass) night have incrcased
due to eik hcrbivory (statistical difterences).

Smith (1960) rtrtcdjunegrass as an rncreaser
specics in response to elk herbivory in the netrrby
Jackson Hole region of Wyoming and thickspiked
whcatgrass was resistant to grazing: these obscr-
\,ations are consistcnt rvith these Yellowstone
n r lhcm rJnpe dr ta .  The Iuc l  , r l  r rn )  e , ,n r i . t cn t
grazing responses in other grasscs on the study
plots is note$'ofthy sincc both Idaho fescue and
bluebunch whetltgnss are sensitive to grazing ancl
clipping experiments (Daubenmire I 9.10. Young
1943. Evanko and Peterson l955. Pond 1960.
Cr ld r re l i  e t  r l .  l9b l1 .  H , 'uerer .  mo\ l  n i l l i \ ' (  un
gulate herbivory of Yello\\,stone nofihern winter
range occuned during \\,inter when grasses are
dolmant lrnd during the first 2 weeks of initial
grass gro$th (Hou slon 1982). Other reseuch sug-
gcsts that winter combined with minimal spring
grazing, as occurrecl on the sludy plots. might have
fcw efl'ects on grass production. For cxample,
clipping of ldaho fescue and bluebunch wheat-
grass after they had cured had minirnal efttcts on
future production (Mueggler 19691. Early sprirg
grazing has minimal cllccts on production of manl'
glasscs and forbs (McCuthy and Price 19.12.
Stoddart 19.16, Blaisdell and Pcchanec 1949).

Total firrb and subshrub biomass was not con-
sistently influenced by elk herbivory. A few forbs
and subshrubs wcrc lcss abundant at some paired
grazed sitcs (fringed sage, rosy pussytoes, phlox).
Perhaps some ofthese sites received elk herbivory
into the spring on newly growing forbs. Jameson
( 1963) concluded that forbs \\,ere more sensitivc
to gmzing than were grasscs. as my data indi-
cates. Elk eat very fe\\'' lbrbs during the winter
months in Yellowstonc Ntrlional Park (only 37c
ofu,inter diets), apparently because ofdeep snows
and forb desiccation (Singer and Norland 1995),
but less litter and more bare -qround on grazed
sites may providc conditions that are more (or
lcss) suitable to some plants needs for seedling
establishnrcnt, for exanple some fbrb species.

Grass cover was substantially greatcr on elk
grazed s$'ales in the BLA. Thcsc swales are nore
productive than bunchgrass commulities (Hous-

ton 1982). High nutrient return in urinc and fc-
ces, and stimulation of grass growth were likely
in the morc productive swale communities (Frtnk
and McNaughton 1992, 1993). These swales weLe
seeded to exotic hay grasses prior to inclusion in
the park during the 1930's. Apparently, grazing
by native ungulates. especially by elk. contrib-
uted to the persistence of exetic grasses. whilc
conplete protection from ungulates since 1958
contdbuted to the decline of exotic grasses. The
dominance ofexotic grasscs on Lamar Valley study
sites (Frank andMcNaughton 1993) also suggests
heavy grazing by nativc ungulates, both elk and
bison. contributes to the pe$istence of the Eur-
asian grasses.

The maintenance of aboveground and
belowground biomrss ofgrasscs on heavily grazed
sitcs onYellowstone's northem range may be due
to the benefits of ungulatc deltcation and urina
tion (Will iams 1966, McNaughton 1979) and to
the accelerated decornposition of plant matedal
(Cusev and Guscva 1983). Furthermore. grass
mcr i : r (n rs  m11 be rc t i va ted  h1  gruz i r rg
(McNaughton J98,1). and the gro*'ing season may
be extcnded by enhanced water availabil ity
(McNaughton 1983) and by highcr carly season
soil temperatures on gmzed sites (Whitman 1971,
Archer and Detling 1985). Total protection of
bunchgrass winter range sites from Dative ungu
late grazing for 2.1 27 years resulted in a .l-1itd
increase in accumulated dead litter and standing
dead vggetation. Excessive accumulations of mulch
may reduce grassproduction (Weaver imd Rowland
I 95 2, Jamcson 1963) due to a cooler soil surJace
(Johnston et al. 1971, Whitman 1971). but the
addition of litter increased production in other
studies (Ell ison 1960). Whatever the mechanrsm.
we observed no diflerence in total standing crop
biomass between grazcd and ungrazed sites dur
ing the first year, but only about one-half the to-
tal standing crop biomass was produced on gmzed
sites versus ungrazed sites during a seconcl, drier
year. In contrast. Frank and McNaughton ( 19931
reported more consistcnl and numerically mole
biomass increases due to grazing (,17'lc more
aboveground primary production fron grazed)
sites) inYellowstone National Park. However, their
study involved diflerent ycars than mine ( 1988
and 1989) and they sampled prirnary production
(I sampled standing crop only). Frank and
McNaughton's ( I 992, 19931 study sites were nore
nresic, and more productive than mine. Five of
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their 12 study sites were dorrinated by grazing
reslstent, exotic grasses (tirnothy, Kentucky blue-
grass. and/or smooth bromc). Their study sites
$er€ located on surnmer range! transition range,
and uppcr elevation winter range, nearly all of
their sites were located at higher elevations with
more precipitatioD than my study sites. The swale
sites I studied were more similar to study sites of
Frimk and McNaughton's ( 1992, 1993). i.e.. depo,
sitional, productive sites and the swale conpari-
sons were more supportive of their conclusions.
Apparently grasses were stimulated by grazing
in swales, and the exotic grass. Kentucky blue-
grass, continued to dominate sites grazed by clk
lo l lou  ing  ie . . . r t ion  o l  rg l i cu l tu r . r l  rc r i r  i r ie . .

Grass heights and shapes did not differ fol-
lou ing  2R )cJr :  r ' l  p ro t (c t ion  l ro rn  n r r i re  ungr r
latc herbivory. with the single exception that vcg-
etative culms of most grasses were shorter in grazed
areas. Grazing lesults in shofter, more prostrate
lbrms of grasses (Jameson 1963, McNaughton
198.1) and more horizontal leaf angles (Detling
and Painter 1983). My study indicated no eft 'cct
on the height or numbers of seed heads ofgrasses
from winter and early spring grazing. ln contrast.
most clipping or grazing during the growing sea
son reduced seed production ofgrasses (Jameson
1963. Mueggler 1975. Owen and Wiegart 1981,
McNaughton 1983. Ruess et al. 1983). The e1-
l'ects of winter grazing on seed production, as
occurred on theYellowstone northern range study
sites, are less significant than are the ct'fects of
grazing during the growing season.

Cr lz ing  cnhunced f ' ro te in  con lcn l  in  g r r . 'e '
by an average of2l% on the study sites. Several
macronutrient concentrations (Ca, Ph, Mg. K)
averaged l3-36% higher in g;razed versus ungrazed
grasses. The average crude protein content on the
northem winter range for 3 common cured grasses
in early August was 7.66lr on ungrazed sites and
9.l7c on grazed sites. Mould and Robbins ( l98l.1
indicated dry-matter intake of tbrage by elk sharply
increased when dietary protein concentfation fcl]
below 87r. Therefbre, enhanccment of protein
content on the northern u'inter range from graz-
ing thus may be critical to elk over-winter sur-
vival. Increascs in fbliage N concentrations of
grasses in response to grazing have been reported
elsewhere (Jameson 1963, Everson 1966, Chapin
1980. Detling and Painter 1983. Day and Detling
1990). Enhanced N content has been attribured
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to greater prcpoflion ofyounger stems after graz ing
which are higherin N and othernutrienls (Jameson
1963, Owensby et al. 1970). Uptake rates of N
are higher atter clipping (Ruess er al. l983), soil
nutnent pools may be enhancedby dung and urine
deposition (Will ians 1966. Ruess and
McNaughton 1987), and incrctrsed net mineral-
ization rates (Holland and Detling 1990).

Compensatory growth of grazed grasses (sensu
Belsky 1986 = any positive increase in plant growth
due to herbivory) may have occurred in years of
adequate precipitation on my study sites and
also on Coughenour's (l991) and Frank and
McNaughtons' (1993) study sites. Tolal protein
yield (biomass x 7r protein) produced in 1986 on
grazed sites was only 507c that of ungrazed sites.
but in 1987 grazed sites produced 1567e ofthe
total prctein yield ofungrazed sites. Cordon ( 1988)
observed greater biomass and a higher propor,
tion of grecn grass availablc for red deer (C.
elaphus) on sites grazed by cattle (Bo.r tQrrur)
during the previous winter.

Conclusions

The upland bunchgrass sites under study on
Yellowstone's nofihem winter range apparently
uere  no t  o \c rgr i l / cJ . r l  (he  t i lne  o f lh i :  in \e \ l iga
tion in 1986 and 1987. at leasr in terms of de-
clines in aboveground biomass production, while
rrnll the nto.t min,.rr changes in .peL ie. compo-
sition were observed. There wele very few dif-
ferences in plant species composition or numbers
ofplant species between grazed and ungmzcd plots,
and there was no evidence of accclertted mortal-
ity of bunchgrasses from elk herbivory. Protein
concenlrations and the concentrations of scveral
nutrients were enhanced in grasses by elk her-
bivory. Very few dit'ferences were observed on
the heights or growth forn of grazed grasses. An
increase in bare ground and a large decrease in
accumulated litter and standing dead vegetation
were observed on grtrzed sites which, combined
with higher bulk densities, conrdbuted to slightly
lower soil intiltration rates on grazed sites (Lane
l99l). Numerically less total forbs and shrubs
werc fi)und on grazed sites, but the dif'ferences
were not statistically significant. Less total glass
biomass \'",as tbund during I of 2 years on grazed
sites. Limitations of the study include the small
nunrber of replicate comparisons (n = 10 paired
macroplot comparisons) over only 2 years. Te-



dious hand sorting of all l ive and dead materials
by species tbr this study was enormously labor'
intensive (> 1.3 person years) and limited the
number of replicates. In addiLion. pre-exclosure
d i l le rencc .  in  rpcer r .s  rhundunce or  mic ro . i t c
charactcristics might have occurrcd. and possi-
bly obscured real eft'ects due to grazing. P;irker
transect data gathercd at the time of exclosure in
1958 and 1962, however, does not suggest any
consistent site diff'erences at the time ofexclosure
(Houston 1982. Coughenour et al. 1995). Data
liom swale grassland types was limited to spe-
cies cover data. EIk grazing on th9s9 more pro
ductive sitcs apparently resulted in stimulation
ofgrasses (doublc the total herbaceous plant cover
in grazed sites). but the clk herbivory also resulted
in continued persistence ofa gmz ing resistiut exotic
grass, Kentuckl bluegrass. firllowing cessation of
agricultural activit ies. The work of Frank and
Vc\ rughton  I  I  493 t  a l . r '  sugpe. ls  e ro t i c  g r l . : .es
persist with intense elk and bison herbivory (,157o
consumption) in the Lamar Valley wherc haying
activit ies persisled unti l 1952. Exotic grasses ap-
parentlv declined more rapidly in ungrazed swales
in the Boundary Line Area, but one exotic wced,
ficld pennycress. was more abundant on ungrazed
sites. NatioDal Park Service policy states that na-
tivc animal populations be nanaged under con-
ditions reprcsenting as near as possible natural
conditions. Natural conditions include herbivory
by native ungulates. At the time of this study,
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