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UNGULATE HERBIVORY ON ALPINE WILLOW IN THE
 
SANGRE DE CRISTO l\fQUNTATNS OF COLORADO
 

Linda C. Zeigenfllssl,:], Kathryn A. Schoeneckerl , and Lisa K. Van Arnhnrg2 

ABSTRACT.-In many an~a-" or-the H.ocky ~dolllltains, elk (Cercus elaplws) migrate from l()\V-cl~vation rnmmtain valleys 
during spring to high-elevation subalpine anti alpine arcas fix the summer. HC!'lT:arch has focused on the impacts of elk 
herhivory on v\'iTlter~nlT\ge plant comTllunitie.'l, particularly on wooJy species 'Sllch as willow and aspen; however, little 
infl)nHation is availahle all the eHc.-:ds of f'lk herhivory OTl alpirw willows. In the Sangre de Cristu \fountains of south (;t'T1tral 
Colorado. select alpine arcas appear to receive high levels of SLimmer elk herbivory, while otlll'r arC~L<'; iJrl' Tlcarl)' unhnwiscd 
In 2005 and 2008, we nwasllred willow height, cover, and utilization on ,it", that appeared to be used heavily by elk, as well 
as un sites that ilppeared to 13(-' used lightl!: to determine ditftTt-'!H.TS betwl'<.:n the~e l'Ommlinities over time. \-V<:, flHlIld Il's~ 

willow cover and shorter willows at sitt~S that H.'ccived higher levels of browsing compared to tho....c that had lower levels of 
hrowsing. Human recreational lise was brrcatcr at lightly hrowsed sHes than at highly hrows-cd sites. From 2005 to 200H, wil

low utilization declined, and willO\v cover and hci.e;ht increased at sHes \\'ith heavy hrowsing, likely O\ving to ownership 
change of i.ldj.-lccnt vaHey land which led to (1) rcrnoyal 01" grazing cOIllpct-ition (l"Olll cattle at valley locations and (2) inCrCi.L'ied 

Imrllan lISC in alpine lucas, which dispbcc·d elk \Vl' dbcllSS the implications of increased human liSe and climate change on 
elk liSP ofthcse alpioe habitat.,. 

Ih:SL\ilE~.-En lllllchas {ireas de la~ "lontaflil~ Hocosas, d dcrvo rojo (Cen',us daphlts) TIligra durante 1a primavera de 
vall!:'s mont:.1TIO....OS de b~\ja e]cvad6n a ,ll\·;.L\ al t:lS subalpinK'i y alpinas para d verano. Hasta ahora la in\'l~stigaci6Il sc ha CTlf()~ 

cado en el impado de la herbivori'i.J del eiervo rojo solwc las conHmidaJes de pbntas en pI invierno. particl1larmcntc en las 
especies lellosas como P) Sallee y d alamo: sin emhargo, existe poca inf()rmaci6n disponible sohre el efedo de la lll'rbivorfa 
del ciervo rojo en los SDuees alpinos. En Ja cordillera Sungw' de Clisto al eenh'O-slIr de Colorado, dertils Jre,L'" aJpinas parecen 
teller altos llivelC's de hcrbivol'li.1 UC verano pur cl eicn'o rojo, en tanto que otras ..'(cas ljlH'UiJn cHsi sin l'amonl'o. En 200,5 y 
2008 mcdimos la alhml, coherhln.l y usn de Ins sHuces en sitios en los que p'.lrcda hahl'r ~ido ahundantc d nUl)onco y los com
paramos con sHios dondc pal'Cc\;.1 hahel' ')ido rlHls ligcro, a ill) de dctcrminar las di/(;rcnL'ias entre estas cOlllunidades en el 
tit:'mpo. Encolltl'amOS menos cohcrtura y altura de sauces Ul Ins siti[)s que recihfan nhdcs lHl.i"i ~dtos de ramonco en com para
ci6n a los quC' ten ian mcno~ c\'idcncin de ('Ilo. E\ uso humano I"l'crcativo era mayor en los sitios de rarnonco ligcro que en 

donde t'W abundante. De 2005 a 2008, disndnlly6 d usn y aurnent6 la <..:obertura y la ;:Jtllra en sitios de rarnoneo alllHldante, 
prolmblemente debido a que un valle :.u:lyact'Hte ei.lmhi6 de propietario, 10 eual provoc6 (1) la eliminaei6u de 101 eompetenda 
pol'd [Xl'iton'o ('ll ganado ell el valle; y (2) un '.lllllwnto delllso lmwano en ,lre:LS alpiTltL", desplazando all'iervo rojo. Discllti
mos las implicaciones del aumento del usn humano y el camblo dimiitico en cl uso pur el ciervo 1'0.10 de e.'itos h:lhitats 
Hlpinos. 

In many locations throughout thc Rocky conccntrated OIl thcir winter rmwcs in thc Rockv b • 

Mountains, elk (Cervus elalJhlls) migrate each Mountain \Vest. Howevec VClY little research has 
spring from low-elevation montane valleys to been done on the effects of elk concentrations on 
high-elevation summer ranges in slillalpine f(Jr alpine Sllllllller ranges. Ef{(xls of intense brows
ests and alpine tundra, then return to low ele ing by elk on alpine willows have been obscrved 
vations in autumn Wrazda 19.53, Adams 1982). in Rocky .\fountain National Park, Colorado (Zci
Historically, resource mauagers aud researchers gcnfllss 2006), but little data has heen collected 
have cOl1Sidered winter range to be limiting to to quantifv long-term impacts of intense ungu
ungulates, and thus llluch attention has been late herbivory in these sensitive range systems. 
dcvotl'd to the effects of elk on winter-range Scasonal migratory movements of elk, as well 
vegetation, particularly willows (Salix spp.), quak as elk distribution within seasonal ranges, can be 
ing aspen (Populus trellwloides), and upland influenced by Ulany factors. Seasonal migrations 
shrub habitats (Singer et al. 1994, White et al. may be instigated by a desire to follow the green
1998, Zeigenfuss et al. 2002, Johnston et al. up of nutritious forages to higher elevations 
2007,2008). In some places, elk have become where animals can also escape sumll1er heat and 
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Fig. l. Arc" nscd by the sonth Lcntr,,1 San LlIis V"ileY. Colorado, elk lH'nl. 

insects (Brazda 185:3, Hehhlewbite et a1. 2001'1, 
Hehhlewhite and Merrill 20m»). Otber t~1(:tors 

which lllav influence seasonal elk movements 
include li~'estock grazing and human distur
bances (e.g., hunting, seasonal road nse, and 
other forms of seasonal recreation; Rowland ct 
al. 2000, Coe et al. 2001, Stewart et al. 2002, 
Naylor et a1. 2009, White et al. 2009). 

In south central Colorado, a portion of the elk 
herd that winters all the east side of the San Luis 
Valley are fOllnd annually, £l'om l\-1arch to Novem
ber, in the Hio Grande National Forest (HGNF), 
the Bac," National \VildJife [{eFugc (I3N\-VH), The 
Nature Conservancy's Mcdano-Zapata I{aneh, 
Great Sand Dunes National Park and Prcserve 
(CSDNPP). anel adjoining private lands (Fig. 1; 
K. Sehoeneckel; U.S. Geological Survey, unpub
lished data; H. Hivale, Colorado Division ofWiJd
life [CDOW], personal communication). Some 
elk in this herd migrate to and summer in areas 
near and above timberline of the Sangre de 
Cristo Mountains (Fig. I); howevel; a portion of 
this herd summers on the valley Hoor. iudicating 

that !iu:tors of heat and insects do not necessarilv 
drive seasonal movements (K, Schoenecker un'
puhlished data). 

Prior to 2005, the lands that now make up the 
BNWH and the adjacent GSDNPP lands to 
thc east were managed as a private ranch-the 
Baca Ranch. During the decade immediately 
prior to the transfer of the ranch lands to fed
erallancl-rnanagement agencies in late 2004, ap
proximately b500-ilOOO yearling steers and 
approximatelv 2500 cow/calf pairs were season
ally grazed and rotated through the 92,500 acres 
of thc ranch each spring through summer (H. 
Carcia, U.S. Fish and Wildlik, Serviec, personal 
comUlunication), Dliling this time, wildlife man
agers from the Colorado Division of ~!ildlife 

observed more intense willow browsing by un
gulates in the adjacent alpine areas of the Dead
man Creek and Pole Creek drainages compared 
to browsing in other nearby alpine areas. These 
creeks extended from the Baca Ranch onto the 
adjoining Rio Grande National Forest But most 
other nearby alpine arcas on the HiD Grande 



88 \VESTERN NORTII AMERICAN NATURALIST [Vo\umc 71 

National Forest appeared to receive lower levels 
of elk herbivory. Puhlic access to the alpine areas 
to the north, south. and east of Deadman and 
Pole (Teeks was available from trail heads on 
RGNF and GSDNPP lands, hut trail access to 
these 2 drainages was limited by private own
ership of the access points of forest trails and 
hy sheer cliffs, which preventcd access from 
over the crest of the mountains. As a res nit, 
human disturbance in the alpine areas of the 
Deadman and Pole Creek drainages was very 
limited compared to neighhoring areas, which 
received mnch use by backpackers, climhers, 
and other haekcountry recreationists. 

]'vIanagers speculated that high densities of 
cattle and related ranching activities encouraged 
elk lllovemcnt up the Deadman and Pole Creek 
drainages to the alpine areas, imd that these areas 
were particularly favored because they experi
enced low recre,ltional usc. However, uo qUiUlti
tative data on willow decline or browsing levels 
existed to compare these areas with other nearby 
;llpirw areas. The objectives of our study were to 
(1) quantify the extent of ungulate browsing in 
alpine willow communities, (2) collect baseliue 
data for future measurements of trends in willow 
cover and height, and (:3) quantify summer 
browse intensity at high-elevation areas used hy 
thc eastern San Luis Valley elk herd, including 
areas perceived to he subject to high and low 
levels of elk use. 

Currently, GSDNPP is beginning the process 
of creating an elk management plan. Information 
on the efleets of elk herbivory, and potentially 
othcr ungulate herbivory, on alpinc wilIO\\' COln
ll1unities is important to properly identit~, the 
effects of management actions on all vt'getation 
communities in GSDNPP. Iu particular, alpinc 
vegetation communities may become snbject to 
increased environmental strt'ss if Future clirnatt' 
ckmge leads to wanner and/or drier conditions. 
~vlan;;g('ment actions that affect nngnlate distri
butions need to consider the combincd elTects 
of climate-induced as wcll as herbivOly-induced 
(lynamics in these habitats. 

STUDY ARE,\ 

The study area was located in the Sangre de 
Cristo Mountains on the eastern side of the San 
Luis Vallcy of souili eeutml Colorado (Figs. 1, 2). 
The Cottonwood Creek, Deadman Creek, and 
Pole Creek study sitt's are managed hy the Sagu
ache District of the U.S. Forcst Service (USFS), 

Rio Grande National Forest. The Upper Sand 
Crcek Lake and Little S;md Crcek Lakc sites are 
within GSDNPP and managed by the National 
Park Service (N I'S). Tbe study sites range from 
3555 m to 3765 m elevation. Sites werc located 
in stands of dwarf alpine willows (primarily 
Salix hrachyco'1)(l. Salix woljii, and Salix planifo
bal. Prior to 200,5, the alpine arcas around Dcad
man Lak('s were virtnallv innccessihle to tIle 
general public, as the la;lcl at the hase of the 
Deadman Creek drainage leading to the lakes 
was under private ownership, with only a few 
hunting groups allowed access to the backcoul1
try trails each ycar. Thc top of lhc drainagc is not 
easily accessiblc by routes over tbe tops of the 
ridgelines. In £,]] 2004, the lanel was acquired by 
thc f('dcral govcrnmcnt and managcment trans
ferred to thc U.S. Fish and Wildlife Service, 
the N I'S, and tht' USFS. Although motorized 
access to the trails at the base of the drainage 
remains doscd to the puhlic, acccss by horsc 
and on foot is permitted. As a result, public use 
of thc Deadman drainage has increased li-orl1 a 
few small groups per ye'ar to 5-10 campers per 
week during the summer and £,11 (Holl Hivale, 
CDO\Y, persoual communication). The adjacent 
vaHey floor was grazed bv domestic cattl(l for 
seve;al decaclt's prior to tl~e change in manage
ment (federal agcncies) in 2005. Tirc Poll' Creek 
c1nlinage has a similar history to that of Dead
man Creek. 

Cottonwood ,md Upper Sand Creck lakes are 
both located in art'as that are near trails with 
good public access and that arc used hcavilv hy 
hikers, backpackcrs, flshenncu, and climbers. 
The area around Cottonwood Lake is nsed as a 
staging area for climhers attempting to scale 
the popular Crestone Needle and Crestone 
Peak. Upper Sand Creek Lake is a popular des
tinatioll lor rccreationists as well, but Little 
Sand Crcek Lake receives \lluch Icss human 
visitation (Fred Bnnch, NPS. personal com
munication), likely lwcause of its inaccessihil
ity and distance hom trailhcads (15 krn). 

METHODS 

In Septernber :2005. we initiated a surH'y of 
alpine willow in thc DC;Lchnan Creek drainage 
Olt'reafter Deadman) of the Rio Grande National 
J:«lrest. \Ve selected thc alpine willow arcas 
around Cottonwood Lake and Cottonwood Creek 
(hereafter Cottonwood) as a presumably less 
heavily browsed eompmison to DeachmUl (Fig. 2). 
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Several 30-m transect lines were established at (4 transects), where there was a single lake and
 
each site. \Ve determined the number of transect stream (Table I),
 
Hnes based un the relative size of the alpine wil In August 2007, USFS biologists established
 
low areas, distributing more to Deadman (9 tnUl ungulate pellet plots at Deadman and measured
 
sects), where there were several lakes and stre,Ull them in 2007 and 200S to flllther quantify ungu

branches above timberline, than to Cottonwood late presence in this drainage,
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In 2001'\, we added 5 transects at Pole Creek, 
<1 transects at Upper Sand Creek Lake (here
after Upper Sand), and 1 transect at Little Sand 
Creek Lake (hereafter Little Sand; Fig. 2) in 
order to expand our inference beyond 2 study 
sites. However, because of inclement weather, 
we were only able to measure height and cover 
at one transect at Little Sand. All sites were 
sampled during a 2-week period in late August/ 
early September during each sampling year 
Cnlhle 1). 

During aJl sample years, willow cover. per
cent of plant canopy that was dead. wiUow 
height, and brow,() intensity (percent of ..,hoots 
browsed) were lneasured usi ng a line-intercept 
method (Canfield 1941) along :30-111 transect 
lines. 'Ibnsect lines were laid ont along a ran
dom bearing through willow patches; willow 
patches were selected for sampling based on 
presence of a large enough patch to contain a 
30-m transect line. If the initial random compass 
bearing led in a direction that exiled the willow 
patch bef()re the 30-m distance was reached, the 
back bearing and then alternate random hear
ings were attempted until one that led through 
the willow patch was [(lund, U'],M coordinates of 
each transect lioe were recorded using a hand
held C 1'5 (Carmin, Ocean Isle Beach, NC). 
Lines began at the edge of a willow patch to 
eusure that any heavier levels of browsing oc
curring near patch edges were included. At any 
point where the line intercepted the canopy of a 
willow, the length of that intercept was recorded. 
along \\ith the average height and species of the 
willow. For each willow that intercepted the 
transect line, the number of browsed and un
hrowscd current year's annual growth (CAG) 
shoots on the plant were also nwasllred. \Vhere 
willow clnmps were continuous. thus uwking it 
difllcult to distinguish individua.l plauts, or where 
the growth consisted of many single shoots 
emerging from the ground, a U.5 x U.5-m plot 
was used lor counting browsed and unbrowsed 
shoals instead of counting on the entirc plant 
or clomp. 

To measure elk and other ungulate presence, 
eight 25-rn2 (5 x 5-m) fecal plots were estab
lished at Deadman in 2007 and remeasnred in 
2008 in order to index species and density of 
ungu late use. The center of each plot was lo
cated with a handheld CPS and the corners 
marked with landscape staples, The number of 
fecal piles and ungulate species, and whetllt'r 
the fecal pile appeared to he fresh or old 
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Fi~. :J. '[Y'rica! willow transects measured ncar Deadman Lakes (left) and Pole Creek Lake (right), Hio Grcmde Nationa! 
F()rest. (:o!orado, 20()S. 

Fig. 4. Typical willow transects measured near Cottonwood Lake Oeft), Hio Grande National Forest. and Cpper Sand Creek 
Lake (right), Great Sand Dunes National Park and Presene, Colorado, 2008. 

(weathered and dried out) was recorded, and 
then the plot was cleared for remeasurement 
in 2008. A fecal "pile" \vas defined as 5 or more 
individual pellets that W('W either in a pile or 
stn'wn about in a line (or even more scattered 
in appearance). In 2005, only general visual oh
servations were made as to amount and species 
of ungulate seat along the willow transect lines. 

Statistical analyses were p(~rfonned nsing 
SAS statistical software, version 9.1. \Ve used 
nonparametric tests to evaluate differences 
between 2005 and 2008 measures f(Jr each site 
and a Kruskal-\Vallis test statistic to determine 
significance at the 0.05 level. ~vleasured vari
abJes were compared between all sites for :2008 
and between the Deadman and Cottonwood 

sites in 2005 by using genera! linear models and 
'11lkey's studentized range tests for multiple 
mean eOlnparisons to detcrrnine significant dif~ 

fcrences at the 0.05 level. 

HESULTS 

The Deadman and Pole Creck sites appeared 
to be afl<.'cted IIJore heavily by ungulate her
bivory than the Cottonwood and Upper Sand 
sites (Figs. 3, .1). \Villows at Cottonwood. Upper 
Sand, and Little Sand had high percentages of 
live canopy and were characterized by dense, 
intertvvined plant eanopies with low levels of 
browsing evidence. These sites had willow cover 
measures of >50%, with mueh less dead canopy 
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Fig. 5. (a) Average willow plT('('Tltage ofhrowsed shoot,l,; (II) perce1lt dead canupy; (cl percent willmv ('over; and (iI) height in 
centimeters at alpine willow sitL'~ on the Hio Gnmde National Forest and Creat Santi Dunes "ntional Park and Preserve: in tilL' 
Sangre de Cristo l\1ounti.1ins of Colorado. Gray backg.round shading indicates that the area rcceives high human lise. 

«5%) than the Deadman and Pole Creek sites. 
\Villow canopies at Deadman and Pole Creek 
had a higher percentage of browst'd shoots and 
larger amounts of dead material than willows at 
Cottonwood, Upper Sand, and Little Sand. 
Browse intensity, as mcasured hI' thc pcrcentage 
of shoots browsed (% leader use), was higher at 
Pole Creek than at any other sites (P < 00001) 
in 2008 and was higher at Deadman than at 
Cottonwood and Upper Sand (Fig. Sa). Perct'nt 
of dead willow canopy was greater (P < 0.001) 
on all the Deadman and Pole Creek sites com
pared to the Cottonwood and Upper Sand sites 
(Fig. 3, 4, 5b). Willow cover was significantly 
lower (P = 0.002) at Dt'adman and Pole Creek 
compared to Cottonwood and Upper Sand (Fig. 
,5c) in 2008. Willow heights ,vere not substan
tially different among sitcs (Fig. 5d). 

In 2005, average willow cover was approxi
mately 4 times greater at Cottonwood, where 
only 'I minimal amollnt of ungulate sign was ob
served, compared to Deadman (Fig. .sc), Willow 
heights were also greater at Cottonwood than 
at Deadman (Fig..5d) in 2005, Percentage of 
browsed shoots was about 5% on willows at 

Cottonwood but averagecl over ,50% at Deaclman 
(Fig. Sa) in 2005. Howev{)]; in 2008, percentage 
of browsed shoots dropped by more than half 
at Deadman (P = 0,005, Fig. Sa) and cover was 
twict' as great at Deadman in 200S compared to 
2005 (P = 0.009, Fig. 5c). Average willow height 
more than doubled from 2005 to 2008 (1' = 
0.00.3) at Deadman. Between 2005 and 2008, 
percentage of browsed shoots and cover de
clined slightly (1' > 0.05) at Cottonwood, and 
average willow height increased (J7%; however, 
this increast' was not significant (P = 0.:39, 
Fig. .sd). 

Fresh seat and tracks of bighorn sheep (Ovis 
canadensis) or mule deer (Odocoileus hemionus) 
were observed at Deadman in 2005, No bighorn 
or mule deer scat was found on the pellet plots 
in 2007, but 0.4 (SE = 0.2) bighorn or mule deer 
pdlet groups per plot were -observed in 2008, 
Bighorn or mule deer sign was observed along 
1 of 4 willow transect lines around Cottonwood 
in 2005 and in the vicinity of Cottonwood in 
200H. 

l30th elk tracks and fresh elk scat wert' oh
served at Deadman in 2005. An averagc of 8.1 
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(SE = 1.2) fresh elk pellet groups per plot (0.:32 
groups . m-2) were observed at Deadman in 
2007, but that number droppml to 1.9 (S E = 0.9; 
0.08 groups' n,--·2) in 200S. Elk sign was not oh
served in either year at Cottonwood. 

DISCUSS1U' 

Alpine willow sites in the central Sangre 
de Cristo Mountains displayed a range of con
ditions and levels of ungulate use that varied 
between sites and years. Areas that were sub
ject to higher levels of ungulate use, as deter
mined by pellet plots and browse levels, had 
willows that were shorter in stature, a greater 
percentage of dead canopy. and overall \r'ss 
willow cover than areas with little or no ungu
late usc. Fecal-pellet data indicated that elk 
arc the primary ungulate present in these drain
ages during summer. 

The level of elk use in the alpine areas we 
studied was apparently influenced by recrea
tional usc and by cOlllpetitive displacement 
by cattle at lower elevations. In areas where 
cattle activity was concentrated on the valley 
floor during the SUnlll\el~ elk apparently lIloved 
up to higher elevations in the drainages that 
were used most heavily by cattle at lower ele
vations. Coe et al. (2001) fOllnd that elk in 
northeastern Oregon uecreased their use of 
pasture and forcst 'areas during Sll1lHner whell 
cattle werl~ present. I n the sallie region. elk 
also lIsed lower elevations when cattle were 
absen t bnt moved to higher elevation when 
cattle were present (Stewart et al. 2(02). While 
there arc several creeks which cross the f(Jrlller 
Baca Ranch (Cottonwood, Willow, Crestone, 
Sand, Deadman, anu Pole; Fig. 1), only Dead
lIlan anu Pole creeks went directly fi-om thc 
most heavily ranched areas to the pnblie lands, 
possibly funneling elk li'om the rancldands in 
spring and SUllUner to tbese alpine areas. 

Human devdopment (hollsing and roads) lTlay 
also have inJ]uenccd the distrihlltion of elk into 
these 2 drainages. Hoads and disturbance asso
ciated with roads have been shown to inflnence 
seasonal and landscape distribution of elk (Lyon 
1979, Cole et al. 1997, Rowland et al. 2(00). AU 
the other creeks, except for Sand Creek, passed 
from public lands through residential area before 
entering the Baca Ranch lands, so elk would 
have to cross through the town of Crestone or an 
adjoining subdivision to migrate to higher ele
vations. They IlIay have avoided these residential 

areas by migrating along the Deadman and Pole 
Creek drainages. 

Finally, recreational nse in alpine areas may 
have inJluenced the degree to which elk used 
these alpine ranges. Elk would be able to travel 
bctween the various drainages at lower eleva
tions on National Forest land, tllough topography 
likely limits their crossing over the top of Illany 
peaks because of sheer cliffs. However, elk 
browsing of willows in the upper Sand Creek 
and Cottonwood Creek drainages was much 
lower than at Pole Creek and Deadman. vVe 
believe recreational use by hikers, backpackers. 
and climbers inclined elk to avoid the prior ;2 

drainages. Sand Creek Lakes is a popular desti
nation for backcountry campers iu GSDNPP, and 
Cottonwood Lake is a popular camping spot fell' 

climhers attempting to scale nearby Crestone 
Peak and Crestone Needle (F Bunch, NPS, per
sonal comlllunieation; S. Neid, U.S. Geological 
Survey, personal obselvation). 'hails and hnman 
l(lOt traffic have been found to influence elk 
movements in other studies. Elk avoided 
areas <GOO m from hiking trails in the Black 
Hills of South Dakota (tvl illspaugh 1999). Elk 
often move in response to approach by hikers or 
persons on filOt (Schultz and Bailey 1974, Naylor 
et al. 20(9), but these etTeds nre nsually short
lived and do not alleet animal distribution. VVe 
believe that the longer duration of a b,lekeountry 
camping visit cOlIlpart~d to hiking. howevel; lllay 
caUSl' enough disturlJ,lllce to displace elk f()]' 
louger time periods, depending on the number 
of campers and fre(jlJCney of camper pn~scnce. 

\Vi1low in our stndy areas recovered with de
creased browse pressure. In the time between 
2005 and 2008, substautial changes to the man
agement of lands adjaeen t to the alpine range, 
and an increase in public access to alpine areas. 
resulted in fewer clk concentrating in the Dead
man and Pole Creek drainages, based on pellet 
plots and less ungnJate use of the alpine areas at 
the tops of these drainages. Although these 
drainages arc still rcct~iving more elk browsing 
than the Cottonwood and Sand Creek drainages, 
the decrease in hrowse pressure is resulting in 
increases in height and cover of willows ob
served in 200S. This change in elk use (and pre
sumably elk distIibution) lIlay have been caused 
by increased human activity in the Deadmau 
,md Pole Creek drainages, the removal of cattle 
from the valley adjacent to the drainages (which 
decreased forage competition with cattle that 
may have previously pushed elk to seek !(lrage 
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and shade at higher elevations), or a comhination 
of these l;lctors. \Vith greater hnman use of the 
area, and increased availability of forage on the 
valley floor, elk use appears to have declined in 
Deadman and Pole Creek drainages (It Rivale, 
CDO\V, personal communication). Continued 
monitoring of these areas is necessary, however, 
to determine whether these trends in elk use are 
just a short-tcnn plJenomcuon that might he due 
to other factors snch as recent weather trends, 
or to changes in overall elk distrihution in the 
adjacent San Luis Valley because of mmmgemeut 
actions taken by land management agencies. 

It is possible that precipitation during 2006
2008 in!luencecl willow growth. There are no 
high-elevation weather stations located ncar the 
study area; however, 2 NOAA COOP stations 
are l;JCated within 15-25 bll (Crestone and Great 
Sand Dunes) at lower elevations (> 1000 m 
lower). An examimltion of the available precipi
tation data from 2006-2008 found that annual 
precipitation wns higher than the 2,5-year aver
age nt hoth stations. Much of this area experi
<mced drought in the early part of this decade, 
and the winter of 2005-2006 had extremely low 
snowpack in these mountains (L. Zeigenfuss 
personal observation). These conditions shonld 
have affected all study sites similarly. Anv de
cline in willow cover or increase in dead canopy 
<ltlributablc to drought, or subse<luent willow 
growth due to abnndant precipitation, should 
have been evident at all sites. Therefore, the 
change in levels of elk herbivory at these sites is 
likely the primary factor in th<; differences be
tween sites and measnrement periods. 

\Vhatever thc cnuse of variation in elk use of 
alpinc \\illows obscrved in this study, we can still 
conclude that high levels of elk browsing in 
these delicate systems leads to increased per
centage of dead willow canopies and snppressed 
heights of alpine willows. Stndies of the dfect of 
elk browsing in both snmmer and winter in 
monume and suhalpine riparian habitats indicat!:' 
that intense hrowsing can lead to declines in 
willow cover and death of individual willows, and 
can compound the efTects of poor hydrologic 
conditions upon willow growth and survival 
(Peinetti et al. 2001. 2002, Zeigenfilss et al. 2002, 
Johnston et a!. 2(07). In alpine environments, 
soils are nntrient poor and the effects of chronic 
herbivory can recluce plant fitnt'SS and lead to 
increased mortality (Chapin 1980). Deciduous 
species. such as alpine willows, are aille to 
rapidly trans[ocate nutrients into ncw growth 

early in tbe growing season. making the willows 
particularlv susceptible to herbivory at this time 
(Chapin 1980). In addition, shortt'ned growing 
seasons in alpine regions allow littl!:' time [or leaf 
regrowth and replaeement of the energy invest
rncut lost to herbivory hcl()]"(' the end of thc 
growing season (Archer and Tieszen 1980). 

As federal land mnnagers consider future 
access to remotc drainages, tbey should consider 
the effects of management dccisions on ungulate 
populatiollS that use these remote areas and how 
management actions may influence future elk 
distIibutions in alpiue areas. AIl awareness of tbe 
potential vulnerahility of alpine systems to cli
mate-induced cluUlges and how that may impact 
thcir ahility to sustain high levels of herhivory 
is particularly important. Information gained 
through ohservation of the effects of seasonal 
ungulate use of alpine plants may be valuable to 
future management if Rocky Mountaiu alpine 
regions experience shifts in ungulate distribu
tion, density, and/or grazing s!:'asons. 

Some climate projection models indicate a 
warming climate in future decades for this re
gion of Colorado (Hay et al. 200S). If warming of 
subalpilw and alpin!:' regions occurs, seasonal 
ungnlate nse of alpine areas may be extended or 
!:'ven begin to occnr year-round as large ungn
lates, such as elk, move upward in !:'Jevatiou to 
escapc bcat at lowcr elevations and to take ad
vantage of alpine {(md sources tbat may he in
creasingly available heeause of earlier snowmelt 
in spring and later snowfall in autumn. Early 
snowmdt could incn'ase acceSSibility to alpine 
\villow stands earlier in the growing season when 
willow arc nUb-itionaJly advantageolls forage for 
elk (Morgantiui and Hudson 1989). If bll snows 
anive later, elk could also remain on high-eleva
tion ranges lat!:'r in the year, diminishing the 
plant matClial that conld eonllihnte to thc plants' 
nutrient reserves f(B' the following year. Lower 
snowpacks may leave parts of shrubs nncovered 
during the coldest, windiest parts of winter and 
snbject them to frost kill and desiccation. A 
short-term drought could potentiaJly decrease 
water availability to alpine shrubs for several 
years. Any of these stresses may lead to willows 
that are unahle to withstand increased levels of 
herbivory by elk and other ungulates. 

Mouitoring elk distributions and/or alpine 
willow and herbaceous vegetation condition is 
necessary in order to detect substantial change 
in these variables if manag!:'rs wish to adaptivel)' 
mauage wildlife ami vegetation to ensure their 
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persistence. However; jf sudden shifts in elk c1is
tributionleacllo increased use of aJpine summer 
rangcs for extended periods of time (i.e., several 
C(Hlsecutive vears), research results may not he
come available within a timc fi-ame that would 
allow initiation of management actions that 
could prevent damage to sensitive alpine rangcs 
in this part of the Sangre de Cristo Mountains. 

If land managers wish to hIlly understand the 
influence of recreational and livestock use on elk 
distlibutions and herbivOly in alpine ecosystems, 
then further studies are needed that docnment 
the spatial and temporal extent of recreational 
and livestock use and the movements of elk in 
rclation to these activities. It would also be use
ful to have a bctter understanding of the intcr
acting dl(x~ts of water availability, temperature, 
and l;erbivory so that the response of alpine 
plant communities to changes in any of these 
factors can be better understood and predicted. 
This would provide managers a b,Lsis for adap
tive management of elk, recreation, and grazing 
in a manner that protects all communities iu this 
complex ecosystem. 
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