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An Increase In Herbivory of Cottonwood inYellowstone National Park

Abstract
'this studr- eranincd an efect of elk (C€nxr elaphus nekoni) on nanowleaf cottonwood (P.,prlrt a g,rrr&lid) in noahern

Yell(nv srone Nadonal Park. x here stands con si si of old trees and younger. densely-branched brrshes. The elk hefd increased from

acensus of3, l72in 1968roacensusof l8.9 l3 jn 1988. The purposes of th is study were tor  l )  document the height 'growth of

cotronwood bushes. 2) determine if rhe height ofbrowsing corresponded \Vith snow depth, and 3) detetmine ifthere has been a

recent increase in corlon$ood herbi\rry. In 5 stands of different age (ranging ca.9-45 y old), I measured the height of live

prcvious year-grcwth and the height of the oldest stcms killed by browsing. The tallesi previous-year growth wa! 80 cm; all

nens laller than 29 cm had bccn browsed. Stems were killed by browsing closer to the ground in younger slands (respectively.

87.62.28, 1 4. and 9 cmr P < 0.001 ). There was no change in mid-$,inter snow depth during the period 1950 1994. The2stands

established since 1977 had relatively snall rarianccs in the height at which stcms were killed by browsing (21 and l5 cmr), a

uniformity Iikeiy caused by jntense herbivory sincc respecdve stand crcation. The large variances in fie height ofbrowse-killed

nems in older stands (7,{5. 399, and 291 cml) were likely caused b} an initial period of light-to moderate herbivory followed b}

an increase in herbivory thar killed rhe stem tips a! the heights existing at thc dne. The bush growth lbrm apparently results fiom

an increase in herbivor) rha! occurred between 1968 and 1977. a period in which the elk winter census increased from J,172 to

8.981. The \I,eight of eridencc suggests thar EuroAmerican jnfluences have caused the northern elk herd to increase in number

since rhe cnabli!hment of rhe park. lfherbilory does not dccrease. cottonwood may be eliminaled from Yellowstone's northern

range.

lntroduction

Over the past century, the elk (Cenus elaphus)
population of nofihemYellowstone National Park
(YNP) has fluctuated in number In response to
studies that indicated range damage due to over-
grazing (Wright and Thompson 1935), the herd
was culled lrom 1935-1967 (Houston 1982). By
1968. the population declined to a low census of
3,172. Following the halt of the reduction pro-
gram in 1968, the herd increased to a high cen-
sus of 18,913 in 1988 (Coughenour and Singer
1996). The current condition of the northem range
has become controversial (Chase 1987, Wagner
et al. 1995).

There has been general agreement that some
species of browse have declined since the estab-
lishment ofYNP Singer and Renkin (1995) re-
pofied a decline in big sagebrush (Artemisia
tridentatq) ̂ tlowet elevations ofthe northem elk
winter range. Kay and Chadde (.t992) and Singer
et al. (199,1) reported the decline of willow (Salrr
spp). A decline of aspen (Popal.rs tremuloides)
was documented by Kay ( I 990, 1 993) and Rornme
et  a l .  (1995) .

The effect of herbivory on other common
browse plants such as birch (Betala spp.). alder

(A1nrs spp.), and chokecherry ( Prunus virginiana)
has not been formally documented, however, the
hedgeJike appearance of young plalts attests to
signilicant herbivory. In areas where elk feed
dwing the winter, lodgepole pine (Pin rs contorta)
and Douglas fir (Pse udotsuga me ziesii) that arc
about 10 - 15 years of age have the following
growth fom: stems ca. 1-1.5-m tall have live
branches from 0 ca. 0.4 m above ground level,
the remainder ofthe stem being dead. Bite marks
indicate that the upper stem was killed by brows-
ing. The live foliage on the Io\\er \ lem i5 appar-
ently protected by snowcover Older conit'ers are
highlined, while younger plants are browsed to
hedgeJike bushes 20-40 cm tall.

There is disagreement on the cause of the
declines. Proposed explanations can be placed
into three general categories: 1) the declines are
due to past f ire suppression (Houston 1982,
Despain et al. 1986), 2) the declines are due en-
vircnmental change (Singer et al. 1994), and 3)
the declines are due to EuroAmerican influences
(Smith et al. 1915 unpub. rep., Graves and Nelson
1919, Cahalane 1941, Kay 1990). To be gener-
ally accepted, an explanation should account for
the level ofherbivory experienced by all browse
species growing on the northern range.
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The purpose ofthis study was to exanrine the
effect ol herbivory on narrowleaf cottonwood
(Poltulus angustiJbLic) in northern YNP Narrow
leaf cottonwood is a riparian ffee that grcws to
20 m tall (Harringten 1964). Establishment fiom
seed is usually limited to the moist zone at the
edge ofstreams, therefore, stands ofdifferent age
often record a history ofchannel migration (Everitt
l968. McBride and Strahan 198,1). Once estab-
lished, recmitment from suckers is conmon (pers.
obs . ) .

Herbivory can alter the form and size ofwoody
plants. In some species. clipping init iates clus-
ters of twigs at the ends of shoots (Cole 1958,
Ferguson and Basile 1966, Riney 1982). Heighr
growrh may be inhibited (Gafthey 1941, Harlow
and Downing l968. Ross er al. 1970, Olmsted
1979).Intense herbivory may kill the top ofaplant
and cause young shoots to odginate from the sur-
viving lower stem (Ganison 1953, Patren 1968).

Snow depth influences the feeding behavior
of elk (Nelson and Leege 1982. Skovlin 1982)
and a change in snow depth could plausibly alter
the height at which plants are browsed. An in-
crease ln herbivory could also affect the height at
which stems were browsed. If'. during a period
of light herbivory. plants grow to heighrs thar
rppror i r r l te l l  cone:prnJ  u  i th  age.  un  inc rea 'e
in herbivory could logically cause the sten tips
of younger (shorter) plants to be browsed closer
to the ground compared to the stem tips of older
(taller) plants.

I observed that cottonwoods in northernYNP
consisted of two age related growth forms: old
tees. and younger densely branched bushes (Fig
ure l). One objective ofthis study was to docu-
ment the height-growth ofbushes. Asecondob-
Jective was to determine ifthe height ofbrowsing
corresponded with winter snow depth. A third
objective was to determine if there had been an

Figurc L A voung cotlonwood near Sodr Butte Creck. Yelbwstonc Natiomal Park. Bite narks indicare rhar the bush-form habil
was produced by herbivory. Virtually all ]'oung cotron\,oods in rhe no(hem elk winler ranse are restricled ro a bush
ibrn growth habir.
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increase in the herbivory of cottonwood since the
end of the elk reduction program in 1968. Evi-
dence consistent with an increase in herbivory would
be: l) if younger bushes were browsed closer to
the grcund compared to olderbushes, and 2) if there
was not a corresponding decline in snow depth.

Methods

The study was conducted in northeast YNP on
Soda Butte Creek 5.5 km upstream from its
confluence with the Lamar River (elev. 2050 m).
The average precipitation at Mammoth, WY is
412 mm. Substrates consisted of a poorly sorted
alluvium with coarse clasts ranging ftom pebble-
to-cobble in size.

Cottonwood bushes are presently uncommon
in northern Yellowstone, so I designed a study to
minimize coring and sectioning. The study was
based on a comparison ofstands ofdifferent age,
thus reducing the need tbr the age determination
of individual plants.

F ive  s tands  uere  i t : s igned re lJ l i \e . r8e .  u5
ing aerial photographs. Stand I was visible on a
1954 photograph and was the oldest known stand
of bushes in the area. Stand 2 was visible on a
1972 photograph, but not on the 195,1 photogmph.
Stand 3 was first visible on a 1987 photograph.
Stands 4 and 5 were not visible on the 1987 pho-
tograph.

I supplemented the relative ages indicated by
photography with the dendrochronologic ages of
plants presumed to be early colonizers of their
respective stands. No plants in stand I were sec-
tioned because all were dead and establishment
date could not be fixed. Live, large plants were
very rare in stand 2 and none were sampled.
Relatively few large plants sur-vived in stand 3
where 4 were sectioned. Twenty plants frcm each
of stands 4 and 5 were sectioned. The bases of
several plants from each stand were examined to
determine if plants were established from seed
or from root suckering.

Stand boundaries were defined so that plant
height and density were approximately homoge-
neous within respective stands. Within each stand,
3 belt transects were placed at distance intervals
along a baseline. Transects in stands I -,1 mea-
sured 2 r 25 m. Transects in stitnd 5 measured I
x l0 m (plant density was about 5 times that of
other stands).

Measurements were made in the summer of
199,1. For each bush I recorded: 1) whether the
bush was alive or dead,2) the maximum height
above ground level of live previous-year-growth,
3) whether or not that stem had been browsed,
and 4) the height of the oldest browse killed stem.
Previous year-growth was measured because it
had experienced browsing dudng the winter of
1993-1994 while current-year-growth had not yet
been browsed.

Browse-kill was defined to occur when atleast
3 teminal twigs were dead. at least I of which
was pruned by browsing. Within a bush, mortal
ity may occur on a succession of shoots. The
oldest such shoot was identified by: 1) a central
position of the dead stem among acluster of stems,
and 2) condition of bark. A stem where bark was
absent was interpreted to be older than a stem
with frayed bark.

Transect data were purled for statistical analy-
sis. The variance ofprevious year-growth height
was homogeneous after natural log transforma
tion and stands were compared by oneway
ANOVA. Tukey's honest significant difference
fbr unequal sample size, protected by a signifi-
cant F-test, was used to test for dift'erences be-
tween means. Variance of browse-killed stem
hcighr remainetl heterogeneou. [olJou ing natu-
ral log transformation (Hartley F-max = 2.9, P <
0.001). Stands were compared by Kruskal-Wallis
ANOVA using natural 1og transtbrmed data.
Tukey's honestsignificantdifference forunequal
sample size, protected by a significant H-test, was
used to test for differences between means.

Snow depth at January 1. January 15, Febru-
ary 1, and February 15 was used to calculate a
mid winter average snow depth for years of record.
Datafrom 1950 1994 were trom the Tower Ranger
Station located 23 km west at 1,910 m elevation.
Trends in snow depth thickness were tested by
regressing average mid-winter snow depth oz year.
On 8 March 1995 I took l0 snow depth readings
at the study site to compare with the snow depth
occurring at the Tower Ranger Station.

Results

Based on the age ofthe oldest plants, stands 3, 4,
and 5 were estimated to have been respectively
created in 1968, 19'71, and 1985. Usingacom-
bination of dendrochronology and photography,
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stands l-5 were int-erred to be in sequence of
decreaslng age.

Stands 2 and 3 contained individuals that were
established within a period ranging trom respec
L i re  r1xn6 c rea t ion  to  1994.  Recru i tment  in  re -
cent years was fiom root suckering. Stands 4 and
5 contained individuals established over the pe
riod from respective stand creation b 199 | . Re-
cruitment was fiom seed. The extent of root
suckering in stand I could not be determined due
to decay of the root system. The stems of many
plants in all stands were decumbent.

Mean height of l ive previous-year-growth
ranged tiom l2 to 33 cm tall (Table 1). The maxi-
mum height was 80 cm. All stems taller than 29
cmhad been browsed. Monality ranged tiorn 100
% in  s tand l to4a/c in  s tands , land5 (Tab le  1 ) .

The mean height of the oldest bro$,se-killed
stems rangedfrom 9 to 87 cm tall (Table 1). Height
was greater in older stands compared to younger
stands (Kruskal-Wallis H = 358, P < 0.001). The
untransfbrmed variance was greater in oJder stands
compared to younger stands (stands I 5 respec-
tively: 745, 399, 291, 21. and 15 cm:).

Overtheperiod 1950 1994. there was no long-
term trend in the average mid-winter snow depth
at the Tower Ranger Station (Y = 89.3 - 0.02 *

X; the standard error ofthe regression coefficient
was t 0.16. P = 0.89, N = 45, Figure 2). On
March 8, 1995 the snow depth at the Tirwer Ranger
Station was 71 cm, | 8 cm of which was new snow.
On the same date, snow depth at the study site
averaged 7l I 0.7 cln (1 SE; n = l0). 18 cm of

which was new snow, with no evidence of dis
turbance to the snow surface.

Discussion

Narowleaf cottonwood is capable of vigorous
growth and in areas just outside of YNP. often
attains more thaD 2 m height within a t'ew years
(pers. obs.). In contrast, the age ofbushes in this
study area represent a period of at least 45 yeals.
yet the tallest live previous-year growth was only
80 cm. The ubiquitous browsing of stems taller
than 29 cm suggests that the bush growth-1brm
has been maintained by intense herbivory. The
survival of live stems to 80-cm-tall appears to
result fiom the mechanical protection provided
by thatches of browse-kil led stems.

The average height of browse-killed stems
measured in older stands was greater compared
to the heights measured in younger stands. If a
change in  snow depth  caused p l ln t .  in  yuunger
stands to be browsed closer to the ground (com-
parcd to older stands), one would expect a cone-
sponding decline in snow depth in recent time.
There was no long-term decline in snow depth,
indicating that this factor was not the cause of
the change in the height at which plants were
browsed.

Stands 4 and 5 appear to have experienced
intcnse herbivory since establishment. The av-
erage height at which stems were killed by brows-
ing was l4 and 9 cmrespectively. Seventeen years
after the crcation of stand 4, the tallest live previ-
ous-year-g()wth wiLs only 42 cm. The 1 7-year period

TABLE L Mortality. height ofolde\r browse killed slcms. and height of preliou \-veaf-growth.

Snnds in sequence of oldef to lounger

Mortall] (q.)

l,ive prc\'ious )ears growth
N
Ntean heighl (cm) l SE
Manimum heighl  (cn)

Tallest unbfowsed heighi (cn)

Oldcst browse killed sten
N
Mean heighr (cm) 1 SE
Maxinum height  (cm)

100

8 7 . 1 I
1',73

lll

6
28 - ]  I

11

52
62b i I

l 0 l

l 0

1,13
33 .1  I

80
29

139
2 8 " 1 1

E5

,t

199
l 8 h r  I

12
14

163
14 .1  I

30

1U0
12 .1  I

33
22

'70

22

Similar superrcript lctlcrs dcnole lne ns which did not differ at P < 0.001.
: All stems were bro$,sed.
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Figure l. Sno\\' dcpth can inlluence the height at which cotton\'oods are browsed. Alcrage nid winter snow depth from 1950
1994 was eramiDed to determire if a recenl decrease in snorv depth could have cuused younger plants to be browscd
rnore closcly to the ground compared to older plants. Over that period ihcrc was no significant change in the alerage
mid-$inler snorv depth.

of intense herbivory experienced by stand 4 prc-
vides an opportunity to explore the relationship
between snow depth and season ofbrowse use.

The average mid-winter snow depth for the
period since establishment of the stand (1977
lgq4)  \ \  as  + . r  cm.  I fhe igh t  o fb row\ ing i :con-
trolled by mid-winter snow depth, the vadanca
of the height at u.hich stems are killed by brows-
ing should be similar to the variance in mid-win-
tel snow depth. The yariances of browse-killed
stem height and average mid winter snow depth
were 2l and 199 cmr, respectively. A Hartley F
max ratio of 9.8 (P < 0.001) indicates that the
height ofbrowsing is significantly more uniform
than mid-winter snow depth.

Two lines ofevidence suggest that herbivory
occu$ when snow is less deep than the mid-win
ter level. First, on average plants in stand,l were
browsed at l;1 cm, ca. 30 cm below the mid-
winter snow depth of43 cm. Second. the height

of browsing does not reflect annual vadation in
snow depth, thus indicating that elk did not con-
sistently remove 30 cm of snow to reach the bur-
ied plants. During autumn, snowcover becomes
prutially responsible for the incleased use of browse
relative to forbs and grass (Nelson and l-eege 1982).
The height at which stems were cropped in stand
4 (and stand 5) may record a snow depth at which
browse becomes important in the elk diet.

Betbre browsing killed the tips of stems in
stands 1, 2. and 3, those stems grew taller than
the stems measured in stands,l and 5. A stem in
stand 1 grew to 1.7 m tall. Growth to this taller
height suggests an early period of less intense
berbivory compared to the present. A prior pe
riod of less intense herbivory would be consis-
tent with the reduced elk population that was
present during the late- 1960's.

Herbivory would consistendy inhibit the height
growth of plants in a stand established after an
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increase herbivory. In conhast. a stand established
prior to an inclease in herbivory would logically
contain: l) individuals establishcd prior to the
lncrease (the initial height growth ofwhich would
not have been limited by browsing). and 2) indi-
viduals established after the increase (the heighr
growth of *hich would have been limited by
brorvsing). Conrpared to the first stand described
above, there wouldbe greater variation in browse-
kil led stem-hcight in the second stand.

Pairwise comparisons of browse-kil led stem
height variances suggest that herbiyory increased
between the creation ofstand 3 in 1968 and stand
r1 in 1977 (Figure 3). Chronic pruning since stand
creation is inferred to have produced the relatively

low variances of stands 4 and 5 (21 and 15 cmr,
respectively). The relatively large variance (i.e..
compared to stands 4 and 5) of stand 3 (291 cmr)
is infcrred to have been produced when the growth
of plants that had attained a variety ol heights
(approximately conesponding to each of rheir ages)
was halted by an increase in herbivory. Plants in
stand 3 that u'ere established subsequent to the
increase in herbivory rlould be cropped close to
the ground.

Where recruitment is continuous. older stands
contain a wjderrange ofages compared to younger
stands. For this rcason, significant differences in
stem-height variance such as that lbund in the
comparison of stands I and 2 are to be expected.

P=0.00

P:0.01
P=0.08 P=0.04

Comparison between stands
Figurc 3. The cottonu,ood stands $ ere nrj xed aged due to conrinucd recru itment aftcr stand crearion. Stands estab liihed Drior to

an increase in herbirory would coniain cotoDwoods whosc hcight gnnvth \las not limited by herbivory. and cotton
{'oods whose height gro$ th was limited by hcrbivor}. Herbivory wouldkill stem tips atdi}erse heighrs abole ground
letel. Planh in stands eslrbli\hed after an increase in herbivory would be browscd at a more-uniform heighr. ln
sequencc of decreasing sland age. pairr of variances of brox se killcd stem height rcrc compared by ralio rest. The
seren told difterence betrvecn $e variance ratio ol stands 3 and ,1 and the ratio of othcr lariance pairs is disrincr in
magnitude. The ages ofthose stands mark a period within which browsjng intensity increascd.
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It is the magnitude ofdifference that suggests that
the comparison of stem-height variances of stands
3 and 4 is distinct from the other paircd compari-
sons.

The incre l .e  in  b rows ing  in tens i ty  lpper r '
to have occurred some time between the creation
of stands 3 and 4 ( 1968-1977). Over this period,
rhe  number , ' l  e lk  countcJ  dur ing  rhc  u  in te r  ccn-
sus increased from 3,172 to 8.981 (Houston 1982;
Figure 4). t hypothesize that the increase in cot-
tonwood herbivory was caused by an rncrease rn
the nonhem elk herd.

The pre-1968 period oflcss-intense herbivory
may have been brief. Plants in stand I have
decumbant stems that eLre similar in lbrm to the
stems lbund on young cottonwoods that are cur-
rently intensely browsed. In autumn 1961, the
nonhem elkherd was estinated to number 10.000
(Howe, unpublished YNP report). During the

196l 1962 elk reduction, 5.135 animals were
culled liom the herd. It is plausible that a herd
reduction of this magnitude could have a signifi-
cant effect on herbivory. I hypothesize that plants
in stand I experienced: l) intense herbivory frorr
ca. 1950 (i.e., since establishment) to 1961, 2) a
reduction in herbivory beginning in 1962, and 3)
an increase in herbivory sometime between 1968-
1977. The decumbent stems observed in stand 1
could have been produced dudng that initial pe-
riod of intcnse herbivory.

The reduction in herbivory hypothesized to
have begun in 1962 only permitted growth to 1.7
m tall. If the period of less-intense herbivory
spanned on the order ol l0 years. this height is
shoft compared to the potential l0-year-growth
ofyoung cottonwood. Height growth during that
period may have been limited by stress due to
herbivory prior to 1962, moderate herbivory lrom

zc

l < ^
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1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Year

Figure 4. Brolvsing was infeffed to have become intense some tine within the period 1968-1977. Durine this penod $e elk
populatbn increased f ion a winter  censu\  of3, l72 to 8.981.  Data are f io ln Hou\ton (1982) and Coughenour and
Singer (1996).

Herbivory increased sometime during this period.

I

I
t

t t

T

I I
I

r l
I

Cr,rlunu uud Herhirorl in Yellowstone 1 3 3



1962 unti l the increase in 1968-1977. or unfa-
vorable site conditions.

Mortality in stands I and 2 (respectively. 100
and 82%) was greater than the,+7. measured in
stands 4 and 5. The difference in mortality may
reflect the number of young. latent buds protected
by snowcover The chronic cropping of young
plants may increase the number of buds that are
produced close to the ground. As the tips of stems
arc browsed. replacement branches can develQp
tiom the activation oflatent buds. Plants in stands
4 and 5 may owe their high rate of survival to
chronic intense herbivory that has occurred since
establishment.

Comparcd to stands 4 and 5, plants in stands
I and 2 may have expericnced a period of rapid
elongation. thus producing fewer buds close to
the ground. If the plants were topkilled by an
increase in herbivory. there may have been few
young. latent buds protected by snowcover from
which to replace the browse-killed stems. Plants
that rapidly aftain I -to-2-m height may be espe-
cially vulnerable to a subsequent increase in her,
bivory.

Although plants in stands 4 and 5 appear to
to le ra te .h ron i .  in tense herb i r , . r ry .  i t  i s  uncedr in
whether the cottonwood population can be main-
tained. Recruitment in stands 4 and 5 was from
seed. Because the bushes do not produce seed
(pers. obs.). continued recruitment depends on the
survival of older seed-producing trees. As the
surroundlng tlees die. the local cottonwood popu-
lation may signiticantly decline. Elsewhere on
the northern range I have not observed cotton-
wood bushes to grow as vigorously as they do in
the vicinity ofSoda Butte Creek. The cottonwood
stands in the Soda Butte Creek area likely repre-
sent a best-case scenario with respect to cotton
wood regeneration on the nofihern range.

Throughout much ofthis century, intense her-
bivory in YNP has been attributed to an over-
popu la t ion  o l 'e lk  cau.ed  b1  LuroAmer ic rn  in -
tluences (Graves and Nelson 1919, Wright and
Thompson 1935, Kay 1990). Keigley and Wagner
(ms in review) estimate the pre-YNP nofihern elk
herd numbered ca. 5,000- 6,000 and thatthe herd
was more migratory compared to the present. In
the winter elk migrate from high elevations in
YNP to lowet less-snowcovered elevations. Prior
to the establishment of YNP, elk were reporled
to use an ancestral winter range north of YNP

13,+ Keigley

(Graves and Nelson 1919). Elk use ofthat range
was inhibited when it was sertled in the late 1800s.
After the establishment ofYNP. hunters concen
trated just outside the park border Hunting at
the YNP border has been found to cause an arti
ficial concentration of elk in the park through
conditioned avoidanca behavior (Houston 1979).
Predation was essentially eliminated by the ex-
tirpation of the wolf (Canls lrpils) and protec-
tion from human hunters. In combination, these
factors would cause an increase in the number of
elk using the present winter range.

In the past 25 years. two additional explana-
tions have been proposed. Houston(1982,p. 136)
and Despain et al. (1986, p. 104) attribured the
declines ofaspen to be primarily because ofpast
fire suppression by the NPS. Heuston was of the
opinion lhirl. "The effects , ' f l i  re suppre.sion mr1
be largely reversible as fires are again permitted
to bum." In 1988 YNP experienced widespread
1irc. Romme et al. (l995) tbund that elk contin
ued to prohibit the growth ofaspen to tree stature
in burned areas.

Singer et al. (1994) speculated that '...a more
xeric climate, lowered water tables. and./or changes
in hydrological pattems contributed to rhe wil-
low declines and changes in chemistry produc-
tion on the northern winter range." Their princi-
pal evidence was the observation that heavily-
browsed willows contained lower levels ofchemi-
cal defense compounds compared to less-heavily-
browsed plants. By this scenario, the environ-
mental factors listed above caused a reduction in
chemical defenses that then attracted increased
elk use.

In a response to Singer et al. ( 1994), Wagner
et al. (1995) pointed out that reduced levels of
chemical defenses can be a resllt as well as a
caase-of intense herbivory. The datapresented
by Singer et al. support this interpretation. ln
their study, Singeret al. found that heavily browsed
willows outside ofan exclosure produced signifi-
cantly less condensed tannin than did protected
willows inside the exclosure. Because the envi-
ronmenl in:ide and out.ide rhe exclo.ure i: simi
l iu ercept for herbivoD. rhis relarionrhip sugge\t\
that the reduced chemical defenses are a rcsirlt of
herbivory. In response to Wagner et al. (1995),
Singer and Cates (1995) presented the case that a
"comple \ .  mu l t i  caura l  s i tua t ion ,  n  here  in te rac-
tions between elk abundance, climate change, fire,



mammalian predators. and beaver abundance.
might all inf'luence the status and recluitment of
willows." No specific model was described.

The tire suppression and environmental change
theories (i.e.. Houston l982, Singer et d. I994)
were based primarily on the physiology and ecol-
ogy of aspen and willow. respectively. A more
realistic assessment of probable cause should begin
with a complete description of the browse spe-
cies that are in decline as a result of elk use. In
my opinion, that l ist would include most of the
\\"oody plants on the nofihem range. If a broad
spectrum of species is contlrmed to be intcnsely
browsed. it may become difficult to support the
theories above. For example. it is questionable
whether the degree ofenvironmental change ob-
served in YNP would reduce the vigor or pro-
duction of chemical defenses of all members of
such a physiologically-diverse group of plants.

The episodic nature ofdisturbance may make
i t  impo: r ib le  to  de l ine  the  na lu ru l  re !e la t iun  or
the natural distwbance regime in many areas
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