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Preface

National Park policy for management of ungulateswithin'Y ellowstone National
Park (Y NP) hasundergonemajor changessince Y ellowstone, theworld’ sfirst
nationa park, wasestablishedin 1872. Thesechanges, fromlittleemphasison
wildlifeat thetime of establishment to amajor focus on wildlifetoday, have
accompanied anevolvinginterestinwildlifeby thevisiting public together with
increased understanding of the ecosystem relationships of wildlife by the
National Park Service. Theecological relationshipsof theelk, bison, and other
ungulates that inhabit the northern portion of Y NP are, however, extremely
complex. Acquiring adequate knowledge of thiscomplexity asabasisfor park
management policy has been complicated by both the dynamic changes that
have characterized the system and the recognition that the natural boundaries
of this ecosystem extend well outside of YNP, largely to the north into
Montana. Asaconsequence, any management activitiesthat may affect the
ungulateswithin' Y NP, such as previous reduction huntsand the more recent
reintroduction of wolvesto theecosystem, are not independent of land useand
associated human activities in the northern range area outside of the park.
Thenational park concept originated inthe United Stateswith the National
Park Service' s mandate for management of Y NP has been to assure protec-
tion of the geological, landscape, and biological features for which it was
established and to provide opportunitiesfor the public to visit and appreciate
itsuniquenatural values. Interestsand expectationsof visitorsto Y NPregard-

Xi
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ingwildlife, although changing over time, have continued toinfluencewildlife
management policy withinthe park. Anunderstanding of theecological rela-
tionshipsof wildlifewithin the park isal so animportant component of national
park management. A major challengefor park management isto meet expec-
tationsof thevisiting public regardingwildlife, withthe cumulativeincreasein
understanding of the ecology of park wildlife.

Withinthiscontext of ecosystem changeand complexity, changing human
perspectivesandinterestsinwildlife, and markedly differingland designations
and usesinsideand outsideof Y NP, itisnot surprising that controversy arose
over National Park Service policy toward ungulates within the park. The
National Research Council’sCommittee on Ungulate Managementin Y ellow-
stoneNational Park, charged to review information of the popul ation ecology
about ungulateson the northern range of the Greater Y ellowstone ecosystem
and associ ated practicesfor their management, was cognizant of thediversity
of perspectives, concerns, and opinions that the public has expressed about
management policy for ungulates in Y NP. The committee appreciated the
opportunity to hear from awide range of people interested in the issues the
committee was asked to address during open forumsin Gardiner, Montana,
and in Mammoth, Wyoming. The oral and written submissions, reports, and
publications provided to the committee by membersof the public; the National
Park Service; the U.S. Forest Service; MontanaFish, Wildlifeand Parks; the
Biological ResourcesDivisionof theU.S. Geological Survey; and other agency
representatives, were particul arly valuablein our effortsto comprehensively
review all relevant information. We thank the following people who made
presentationsto the committee: John Dennisof the Washington officeof NPS;
Michael Finley, John Varley, Paul Schullery, Ann Johnson, and Wayne
Brewster of YNP; Steve Torbit of the National Wildlife Federation; rancher
Brian Severin; Mike Harris of Senator Conrad Burns's office; Frederic H.
Wagner of Utah State University; Bob Beschta of Oregon State University;
Richard Keigley, Peter Gogan, and Kim Keating of the U.S. Geological Sur-
vey; TomLemkeand Kurt Alt of MontanaFish, Wildlife, and Parks; Clifford
Montagne of Montana State University; Timothy Clark of Yale University;
Rex Cates of Brigham Young University; and members of the Northern
Y ellowstone Cooperative Wildlife Working Group.

We hope the efforts of the committee, culminating in this report, will
enhance understanding of the complexity of the ecol ogical relationshipsof the
ungulatesof the'Y ellowstone northernrangeand will strengthenthe scientific
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basisfor effectively managing themwithin the context of the Greater Y ellow-
stone ecosystem.

All membersof thecommitteewere generousintheir commitment of time
through participationinthe meetings, discussions, and writing of thisconsensus
report. We appreciate the assistance provided by National Research Council
staff Lee Paulson, David Policansky, Chris Elfring, Margaret Walsh, Kathy
Iverson, StephanieParker, MirsadaKaralic-Loncarevic, Kelly Clark, Ramya
Chari, and Jennifer Saunders, who supported our effortsto meet, discuss, and
prepare the final report. Of particular importance to the completion of the
report are the efforts of Lee Paulson, during the initial stage of committee
meetings and preliminary writing; Gordon Orians, who as liaison from the
Board on Environmental Studiesand Toxicology, provided oversight, guidance,
and critical review; and David Policansky, who undertook thedifficult and final
editorial task of melding and integrating thewritten contributionsof committee
members.

David R. Klein, Ph.D.

Chair, Committee on Ungulate
Management in Y ellowstone
National Park
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Summary

THEGREATERY ELLOWSTONEECOSY STEM (GY E) isalargeand rich temper-
ate ecosystem that includes avariety of natural landscapes and supports di-
verse human activities. It provides economic, recreational, educational, and
aesthetic benefitsand hasagrowing resident human population. At theheart
of the ecosystem is the 8,991-km? Y ellowstone National Park (Y NP)—de-
clared the world’ s first national park in 1872, made a biosphere reserve in
1976, and added tothe World Heritage Listin 1978. Sevenungulate! species
arenativeto theregion: elk, mule deer, bison, moose, bighorn sheep, prong-
horn, andwhite-tailed deer. All thenativelarge predatorsarepresent: grizzly
bear, black bear, coyote, mountain lion, and the reintroduced gray wolf.

Y NP faces peculiar and complex management challenges. One of the
most contentious issues is the management approach in place since the late
1960s called “natural regulation.” Under natural regulation, ecological pro-
cesseswithinthepark generally areleft tofunction freeof direct humaninter-
ventions, or, asdescribed by the National Park Service (NPS), “ natural envi-
ronmentsevolving through natural processes minimally influenced by human
actions.” Concern has centered on the ecosystem of the northern range of
Y NP, especialy about the effectsof natural regul ation on ungul ate popul ations
and subsequently their effects on vegetation.

Hoofed mammals.
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2 Ecological Dynamics on Yellowstone' s Northern Range

Ungulatesthat grazewithin Y NPfor much of theyear often winter inthe
northern rangein and adjacent to the park. Two-thirdsof the northern winter
range iswithin YNP; one-third is north of the park boundary on public and
privatelands(Figures1-1and 1-2in Chapter 1). Elk and bison populationsin
thenorthernrange haveincreased dramatically in recent years, particularly in
yearswith mild winters, |eading some scientistsand membersof thepublicto
guestion the appropriateness of the park’ s natural-regulation policy. These
criticsbelievethenorthern winter rangeisovergrazed and that woody vegeta-
tion and riparian areas are being damaged, mainly by elk. Further, they see
overgrazing by elk and bison as contributing to serious erosion and stream
degradation. However, other scientistsand resource managersnotethat ungu-
lates haveinfluenced vegetation on the northern rangefor thousands of years
and believethat natural density-dependent factorssuch asforageavailability,
predation, and disease are regul ating popul ation dynamics so that current con-
ditions fall within the natural range of variability.

In recent years, the controversy over natural regulation has heightened,
especialy inthenorthernrange—winteringrangeof Y ellowstone’ selk herds.
In1998, theU.S. Congressdirected the NPS“toinitiate aNational Academy
of Sciencesreview of all available sciencerelated to the management of ungu-
latesand theecological effectsof ungulatesontherangeland of Y ellowstone
National Park andto provide recommendationsfor implementation by the Ser-
vice.” Inresponseto that mandate, the National Research Council convened
the Committeeon Ungulate Management in'Y ellowstone National Park. This
committee of expertswascharged toreview thescientificliterature and other
informationrelated to ungul ate populationsinthe Y ellowstone northernrange
and to attempt to clarify what isknown and not known about natural regulation
and theecol ogical effectsof elk and bison popul ationson thelandscape.? The
committee’ s geographic focus has been Y ellowstone’ s northern range. The
committee’ s evaluation addresses the issue from a scientific perspective,
which dea swith only part of amultifaceted problemthat includessociological,
economic, aesthetic, and other important dimensionsbeyond the scope of this
study.

2See Chapter 1 for the committee’s full statement of task and a description of its
methods.
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Summary 3
NATURAL REGULATION

Natural regulationisthe current NPS policy for managing ungulatesand
other ecosystem componentswithin Y NP. Intheory, natural regulation means
simply “freeof direct humanmanipulation.” Theintentistoallow thebiologi-
cal and physical processes within the park to function without direct human
intervention. A moreaccurate definition of natural regulation aspracticed by
NPSin YNP isthat it attempts to minimize human impacts on the natural
systemsof thepark. Implementing natural regul ationisdifficult becausethe
NPS must accommodatethemillionsof visitorsto Y NPannually and control
naturally caused firesthat threaten humanlifeandbuildings. AlthoughYNP's
natural regulation policy involveslittleintervention within the park, ecol ogical
processesintheregion are prof oundly influenced by human activitiesoutside
the park.

Theunderlying belief that national parks should, to the maximum extent
possible, harbor natural ecosystemshasfostered extensive debates about how
to react to ecosystem change in the parks and how to determine when such
change is caused by humans. In Yellowstone, the controversy concerns
whether human activities have caused ungul ate popul ationsto grow toolarge
for the ecosystem, or whether observed changes in the ecosystem are due to
natural variability in factors such as climate. If the changes are caused by
humans, Y NP snatural regul ation policy presumably would allow intervention
to mediatethe effects. If they are not caused by humans, intervention would
beinappropriate. Theproblem of differentiating human-caused from natural
change is complex because no ecosystem on earth is entirely unaffected by
human activity. Thus, defining“natural” isdifficult. Inview of theprofound
changesthat have occurred within the GY E, such asincreased devel opment
of roads and housing in areas adjacent to the park, it isno longer possible to
havean ecosystemthat istruly natural—that is, contai ning the same numbers
and distributionsof all the speciesof plantsand animal sthat werethere before
European settlement, |et alone before Native American populations arrived.
Y NP may contain many of the same species, but they can no longer respond
to change as they used to by dispersal and migration.

To understand the controversy about ungulate management in Y NP and
eval uate management options, itisal soimportant to understand thedistinction
between policy and practice. A policy isformal and is used to determine
present and futuredecisions. A practice, whichislessformal and moreflexi-
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4 Ecological Dynamics on Yellowstone's Northern Range

ble, istheactual action of fulfillingamanagement concept. Natural regulation
clearly isregarded as a policy by Y NP resource managers. Asaresult, if a
changeintheecosystemisnatural, then management interventioniscontrary
to park policy, whereasif change results from an action implemented by the
park or other human causes, then management is considered appropriate. If
natural regulationwereonly Y NP spractice, perhapsthe debates could focus
moreontheactionsand their outcomesand lesson whether they wereconsis-
tent with apolicy. Also, adaptive management would be easier to pursue.

Thecontroversy over natural regulationin'Y ellowstonerevolvesprimarily
around the question of whether ecol ogical processeswithintheecosystemare
serioudly disrupted. Because some component of the ecosystem may appear
tobedisrupted—e.qg., effectsof heavy grazing in the northern range and deg-
radation of itsriparian areas—some peopl ecriticize natural regulation. Sup-
porters of natural regulation argue that, in the face of constantly changing
biotic and abiotic environments, current conditions are within the range of
natural variationandthat Y ellowstoneisnotinecological trouble. Therefore,
oneof thiscommittee staskswasto eval uate whether conditionsinthenorth-
ern range ecosystem are outside the range of what might be expected based
on comparisonswith similar ecosystemsel sewhereand historical information
about the GY E. The committeealso addressed whether current conditionsif
allowed to continue, arelikely to lead to substantial and rapid changein any
Major ecosystem components or processes.

PERSPECTIVE: FROM PREHISTORY TO THE PRESENT
Abiotic Factors

I'n addition to recent human-caused changes, the ecol ogical processes of
Y NP have been profoundly influenced over the long term by changesin the
physical environment. Climate change has been important during the past
10,000 years. Averagetemperature and preci pitation have changed substan-
tially over this period and continueto fluctuate over periodsasbrief asafew
decades. ThelLittlelce Age, which ended inthelate 1800s, wasacooler and
wetter climate than that of the 1900s, during which no substantial trend in
either temperature or precipitation is evident. There have been drier and
wetter times, and the past century has been characterized by somewhat less
snowpack and fewer very snowy years than the previous century.
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Over millennia, geological events, including mudslides, erosion, and de-
structive earthquakes such asthe onethat struck in 1959, have recurred over
the centuries and continue today. In the shorter term, on the order of centu-
ries, the influence of geological eventsis not usually enormous (except for
cataclysmic earthquakes or eruptions), but it isnoticeable and is perhaps the
largest factor influencingthevalley floors. Themajor floodsof 1996 and 1997,
which caused changes in the park’s streams and their associated riparian
communities, are examples of rapid geomorphological change.

Firesalso have been part of the GY Efor millennia. Mgjor firesappear to
occur every few hundred years, usually during particularly dry periods. Small-
er fires occurred approximately every 20-25 yearsin the northern portion of
Y NP beforetheinitiation of fire-control measuresinthelate 1800s. Natural
firesweresuppressedin’Y NPthrough most of thetwentieth century until that
policy changedin1972. Themajor firesof 1988, which occurredinavery dry
period, affected about 36% of Y NP.

Biotic Factors
Plants

Althoughthenorthernrangeisprimarily ashrub-steppeinterspersed with
Douglas-fir and lodgepol e-pineforests, willowsand aspen, which occupy only
asmall percentage of the range, have been the focus of scientific and public
attention. Aspen spread clonally and typically regenerate by root sprouting with
occasional episodesof seedling establishment. Thus, clonesmay bemuch older
than the age of the oldest tree-sized stem. Recruitment (i.e., entry into the
population) appearsto have occurred through about 1920. Since 1920, how-
ever, recruitment of tree-sized aspen has been almost nonexistent. In most
parts of the northern range, the sizesand aereal coverage of riparian willows
and cottonwoods have decreased sincethe early 1900s. M ost tree speciesthat
burned in the fires of 1988 successfully reseeded and regrew. Aspen vigor-
ously reproduced by sprouting and seed germination, but browsing has pre-
vented recruitment of tree-sized individuals. No systematic changesinabun-
danceof other tree specieshave been documented, although thereisevidence
of expansion of coniferous forests into shrub and grassland areas.

Sagebrush and grasseshave changed littleat higher elevationsinthenorth-
ernrange, locationsnot heavily used by elk inwinter. But the cover and den-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10328.html

6 Ecological Dynamics on Yellowstone's Northern Range

sity of sagebrush and other shrubs has been greatly reduced at some lower
elevation sites, especially areasnear the northern border of Y NP. Introduced
timothy grass has spread widely in the northern range’s Lamar Valley, and
elsewherein YNP.

Animals

Humans have used the area that is now Y NP since the end of the last
glaciation, about 10,000 yearsago. Thislong history of human use hashel ped
investigatorstoidentify other speciesthat were once present because humans
(along with some other predators) tend to deposit animal and plant remainsin
concentrated areas. Based on evidencefromthisprehistoric period, itisclear
that all the major ungulates and predators now occupying Y NP, aswell as
many of the smaller animals, have been present for at least the past 10,000
years. However, it isimpossible to estimate historical abundances of those
species; al that can be stated with confidence is that they were present in
large enough numbers that their remains can be found.

Reliablepopul ation estimatesfor elk inthe northern range became avail -
ableonly withtheinitiation of aerial surveysin1952. Historical recordssince
the 1860sreport encounterswith elk, bison, grizzly bears, and other mammals,
but they do not permit estimates of the densities of those mammals in and
around Y NP. Thus, itisnot possible—and probably never will be possible—to
have good estimates of the popul ationsof elk and bisoninthenorthernrange,
annually and seasonally, between about 1870 and 1920, afocal period for the
controversy over aspen and other vegetation.

From the 1930s through the 1960s the NPS hunted and trapped elk to
reducetheir popul ationsbecause park scientistsduring thisperiod considered
the northern range highly degraded by an excessive population of elk. By the
late 1960s, when' Y NP adopted natural regulation, the northern rangeelk popu-
| ation had been reduced from some 10,000 animal sto fewer than 5,000. But
by thelate 1980s, asmany as 20,000 elk were onthe northernrange. Approxi-
mately 12,000 elk were on the northern range in 1999, with approximately
120,000inthe GY Easawhole. Asof themost recent census(2000), roughly
2,500free-ranging bisonwerea so presentinthe GY E. Other ungulate popu-
lationsinthe GY E have a so fluctuated over time; pronghorn apparently are
declining, with only about 200 remaining in the late 1990s.

During various periods after the park was established in 1872, ungul ates
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werefed inwinter, huntingwasrestricted, and predatorswerekilled. Predator
populations(e.g., mountain lions) were reduced and wol veswere extirpated.
Of themajor predators, the best current popul ation estimates are for wolves,
which were reintroduced to YNPin 1995. Today (2001) about 160 wolves
residein’Y NP, 50 of which are on the northern range. Thereare perhaps 300
grizzly bears, between 1,000 and 2,000 black bears, and afew hundred moun-
tain lionsin YNP and environs. Coyote populations have been reduced by
wolves; for example, thecoyote populationinthe Lamar Valley dropped from
801in 1995 to 36 in 1998.

Although beaversinthe northern range have never been accurately count-
ed, itisclear that their popul ationshave declined dramatically sincethe 1920s.
Thereasonsfor and theeffectsof that declineremain uncertain, although they
include commercial trapping in the decade after the park’s establishment.
Thereiscontroversy about whether thedeclinein beaver populationsisrelated
to changesin aspen recruitment and changesin riparian vegetation communi-
ties.

CONCLUSIONS
Animal Populations

Factorswhoseinfluencesarerel ated to popul ation density (called density
dependent) interact with factors whose influences are not (called density
independent) to regul ate elk and bison populationsinthenorthernrange. There
isastrong density-dependent signal in northern range elk and bison popul ation
dynamics, but their responsesdiffer: bisontend to expand their rangeto areas
outside Y NPwhen their popul ation exceedsroughly 2,500, whereasreproduc-
tiveratesin elk declinewhentheir populationsexceed roughly 15,000. Inaddi-
tionto density-dependent factors, elk and bison popul ations al so are affected
by density-independent factors such as weather and because ungulates and
their food do not always vary in a synchronous way. Thus, some ungulate
populationstend to fluctuate regardl ess of human management intervention.

The pronghorn popul ation has fluctuated widely during the past century
and hasbeen declining recently. Adversefactorsincludecoyote predationand
hunting on privateland outsidethepark. Also, pronghorn may beaffected by
competition for food with elk, mule deer, and bison during severe winters.

Wolvesal so affect the population dynamics of ungulatesaswell asthose
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of other predatorsin YNP. The nature and magnitude of the effects are not
predictableat present, becausethereintroduction was so recent (1995), but it
islikely that wolveswill reduceelk numbers. They almost certainly will cause
changesinthebehavior of ungulates, especialy ek, including changesin areas
where the elk spend time. The effect of wolves on bisonislikely to be less
variable and dramatic than their effect on elk, because elk are their primary
prey in YNP.

Ungulates and Vegetation

Currently, inthenorthernrange, herbivory by el k onyoung aspenisintense
and has probably prohibited recruitment since 1920. Althoughtherehavebeen
fluctuationsin climate since 1920, none has been large enough or persistent
enough to account for thefailure of aspenrecruitment. A plausible hypothe-
sis—anditisnomorethanthat at present—isthat wolves, beforetheir extirpa-
tion, affected the distribution and abundance of elk so that at |east some re-
cruitment of tree-sized aspen andtall growth of willowscould occur. Recent
restoration of wolvesto Y NP may allow evaluation of their rolein aspen and
willow recruitment and maintenance, but scientific informationislackingto
understand therole of past development and hunting outside the park on elk
behavior and migration patterns.

All tree-sized aspeninthenorthernrange are now morethan 80 yearsold,
and in the absence of recruitment their abundance will continue to decline.
Speciesassociated with aspenwill likely declinea ongwith tree-sized stems.
Elk alsoarereducingthesizeand areal coverageof willows. Defensive chem-
icals®in riparian woody vegetation may influence herbivory; however, their
roleinthe declinein stature or loss of willows and riparian vegetation in the
northern range during the past century is not known.

Thearchitecture, size, recruitment, and coverage of sagebrush havebeen
changed by elk, pronghorn, bison, and muledeer. Theeffectsaremoresignifi-
cant at lower than at higher elevations in the northern range.

3Plants defend themselves from predation in two main ways: (1) defense struc-
tures, such as thorns, and (2) toxicity and unpalatability caused by so-called “secon-
dary chemicals.” These compounds may be directly toxic or they may reduce the food
value of the plant—for example, by reducing the availability of the leaf tissue protein
to the animal gut.
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Composition and productivity of grassland communitiesin the northern
range have not changed much with increases in herbivory. Humans have
caused some changes (e.g., the introduction of timothy grass and other
exotics). Other changesmight have occurred before careful inventorieswere
taken and may not be detectable. Although conifer forests are used by ungu-
lates, there is no evidence that ungulates affect their species composition.

Summer range does not seem to belimiting to the ungul ate popul ationsin
Y NP. Densitiesonthe summer range arerelatively low because the animals
spread out over larger areasthaninthewinter range. Thereislittle evidence
for an ungulate effect on the summer range communities, with the exception
of young aspen, which are heavily browsed.

The Northern Range

The condition of the northern range is different today than when Euro-
peans first arrived in the area. This has led some people to conclude that
somethingis“wrong” with YNP snorthern range. Such conclusionsreflect
subjectiveval uejudgmentsinadditionto objective observations. For example,
some people comparethe northern range unfavorably with nearby ranches, but
that reflectsamixing of values. Ranching seeks high production for human
uses, but Y NP seeks to preserve anatural environment and the species and
ecological processes within it. The committee recognizes that such value
judgmentsinfluence debates about Y NP but hasfocused thisreport on scien-
tific information and conclusions.

Thecommitteejudgesthat the changesin thenorthernrangearetheresult
of the number of ungulatesin the areacombined with biophysical factorssuch
as climatic variability, but current methods do not allow us to separate the
relative contributions of each of theseeffects. However, the committee con-
cludes, based onthe best avail able evidence, that no maj or ecosystem compo-
nent is likely to be eliminated in the near or intermediate term. Further, al-
though we recogni ze that the current bal ance between ungul ates and vegeta-
tion does not satisfy everyone—there are fewer aspen and willows than in
somesimilar ecosystems el sewhere—the committee concludesthat the north-
ern range is not on the verge of crossing some ecological threshold beyond
which conditionsmight beirreversible. Thesameistrueof theregion’ ssage-
brush ecosystems, despitereductionsinthe number and size of plantsat some
lower elevations.
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Natural Regulation

Theconclusionsinthisreport should not beinterpreted either asacriticism
or asavindicationof Y NP’ snatural regulation policy other thanto say that it
has not been associated with ecological disaster. “Natural” cannot be unam-
biguously or objectively defined. Inaddition, human activitiesadjacentto Y NP
have |arge effects on the animal s present at | east seasonally within the park.
The animals do not have free access to the adjacent areasthat formerly were
availableto them as migration corridorsand winter range. For thesereasons,
true natural regulation in Y NP—that is, really letting nature take its course
with no human intervention—is not possible.

Y NP’ spracticeof intervening aslittleas possiblein the ecol ogy of ungu-
lateswithin Y NPwill likely allow the persistence of the northern range ecosys-
tem and its major components aslong asthereisno large changein climate.
If theNPSdecided that it needed tointerveneto protect specieslike aspen and
the species that depend on tree-sized aspen stems, localized interventions
would beprudent. For example, if Y NP decided to maintaintree-sized aspen
inthe park, putting exclosures around some stands would be less potentially
disruptive than eliminating ungulates or reducing their numbers. The most
effective way to reduce ungulate numbersin Y NP would be to shoot them
(unlesswolveshavealarger effect than currently expected). Earlier shooting
of elkin'Y NP provoked strong public protest. Without strong scientificjusti-
ficationfor doing so, which the committee cannot provide, future shooting of
elkinY NPwould provokestrong public protest again, and itsbenefit would be
unclear at best.

Weemphasizeagainthat large ecosystemsin general and Y NP snorthern
rangein particular are dynamic. Ecosystems changein unpredictable ways.
Therecent addition of wolves, which hasrestored animportant component of
thisecosystem, addsto the dynamism and uncertainty, especially inthe short
term. Whether viewed as an experiment or not, the near future promises to
bemost instructive about how elk and other ungul atesinteract withacompl ete
community of predators.

RECOMMENDATIONS

Giventhecomplexitiesinvolvedinmanaging Y el lowstone’ sdynamic eco-
systems, thereisacontinuing need for rigorousresearch and public education.
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The committee offers the foll owing recommendations designed to enhance
understanding of thekey processesthat affect Y ellowstone’ sungul ate popul a-
tions, vegetation, and ecological processes.

Park Management and Inter pretation

» Tothe degree possible, all management at Y NP should be done as
adaptive management. Thismeansthat actions should be designed to maxi-
mizetheir ability to generateuseful, scientifically defensibleinformation, includ-
ing quantitative models, and that the results of actions must be adequately
monitored and interpreted to provideinformation about their consequencesto
guide subsequent actions.

» Thereisinsufficient scientific knowledge availableto enable objective
comparison of different management approaches and understanding of the
consequences of management choices. Thus, long-term scientificinvestiga-
tionsand experimentsto provide solid scientific evidencefor eval uating man-
agement options are needed.

*  TheNPSeducational and outreach program can play animportant role
infostering public understanding of the complex and dynamic nature of ungu-
lateecology inthe GY E, whichisan essential adjunct to effective management
of thenorthern'Y ellowstoneungul ates. Inthisregard, weencouragethe NPS
to increase their focus on entire ecosystem rel ationships, processes, and dy-
namicsof the GY E, especialy emphasizing theimportance of primary produc-
tion (conversion of sunlight to stored carbon by plants) and trophic-level (i.e.,
hierarchical levelsin the food web) relationships.

Vegetation

» Arigorousstudy focusing on current aspen popul ationsthroughout the
GY E should be undertaken to quantify the rel ative importance of the factors
known or hypothesized to influence aspen stand structure. It should include
the use of anincreased number of large exclosureswith along-term commit-
ment to monitoring theeffectsof restricting herbivory by ungulates. The study
sites could be discussed in the NPS ecosystem interpretive program.

*  Themostimportant driving variablesthat affect themodified riparian
ecosystemsintheseareastoday, especially therel ationship between herbivory
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and groundwater availability, need to be carefully examined. This should
includean understanding of fluvial processes, surfaceand groundwater hydrol -
ogy, and biotic processes.

* Research and monitoring should continue on northern-range sage-
brush—grassland communities.

» Researchtodeterminewhether itispossibleto differentiateungulate
useof tall and short willowsonthebasisof both thefood-deprivationlevel sof
theungulates(i.e., winter starvation) and level sof defensivechemicalsinthe
plants is needed.

Animal Populations

* The behavioral adaptations of elk and other ungulates as well as
changesin their patterns of habitat use as a consequence of the presence of
the wolf as alarge predator newly restored to the system should be closely
monitored as a basis for understanding the dynamic changes that are taking
place within the system.

» Thechangestaking placeintheinteractionsamong thelarge predators
of YNPandtheir effects on the trophic dynamics of the ecosystem should be
closely monitored asthereintroduced wol ves become an establi shed compo-
nent of the system.

» Thoroughstudy of current and likely futuretraj ectories of the prong-
horn population and the rol e of human impacts on this population, including
disturbance by visitors and the Stevens Creek bison facility, isneeded. The
study should evaluatethelikely consequencesof afull rangeof potential man-
agement optionsfrom doing nothingto actively controlling predatorsand pro-
viding winter feed.

» Periodic surveillance for pathogens (including brucellosis) in wild
ruminants in the northern range should be continued, and a more thorough
understanding of popul ation-level threshold dynamicsgained. Samplescould
routinely be obtained from animalsimmobilized for research, found dead, or
killed by hunters.

Biodiversity

* A periodicand comprehensivebiodiversity assessment every 10to 15
yearsisneeded onthenorthernrangeto evaluate potential direct andindirect
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impacts of ungulate grazing, for both terrestrial and aguatic environments.
Indicator speciesthat reflect habitat change should beidentified. Those spe-
cies should be monitored intensively between comprehensive assessments.

Human Influence

» A comprehensiveresearch effort is needed to assesstheinfluence of
seasona densities, distribution, movements, and activitiesof peoplewithin Y NP
and adjacent areas on wildlife species, their habitat use patterns, behavior,
foraging efficiency, effectson vegetation, and other aspectsof their ecosystem
relationships.

» Theeffectsof changingland-use patternsinthelandscape surrounding
Y ellowstone must be understood with regard to its expected influence on the
park’s biota and natural processes, such asfire.

EPILOGUE

GY Eisdynamic, and changeisanormal part of the systemasfar back as
we have records or can determine from physical evidence. Based on that
record of change, itiscertainthat sooner or later the environment of GY Ewill
changeinwaysthat causetheloss of some speciesand changesin community
structure. 1f human-induced changesaretakeninto account, bothwithin GY E
and globally, that circumstanceis likely to be sooner than would otherwise
occur.

Although dramatic ecol ogical change doesnot appear to beimminent, itis
not too soon for the managers of Y NP and othersto start thinking about how
to deal with potential changes. Before humans modified thelandscape of the
GY E—limiting accessto much of lower elevation wintering areasand inter-
rupting migration routes—animal scould respond to environmental changesby
movingtoalternativelocations. Over alonger timeframe, plantscoul d adapt
aswell, althoughto alesser degree, especialy in placeswith significant topo-
graphicrelief. But many optionsthat organismsformerly had for dealingwith
environmental changeshave been foreclosed because of human devel opment
in theregion. Human-induced climate change is expected to be yet another
long-term influence on the ecosystem. A future challengefor the GY E area
and other wildlandswill bereconciling thelaudable goal sof preserving ecosys-
tem processes with human interests and influences. That reconciliation will
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requireresolving conflicting policy goas, bolsteringincompletescientificinfor-
mation, and overcoming management challenges. Doingsowill requireall the
vision, intellectual capacity, financial resources, and goodwill that can be
brought to bear on them.
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BACKGROUND AND CHARGE TO THE COMMITTEE

THEGREATERY ELLOWSTONE ECOSY STEM (GY E) isalargeand rich temper-
ate ecosystem (Figure 1-1). It includes six national forests, Y ellowstone
National Park (YNP), Grand Teton National Park, and two national wildlife
refuges. It containsthelargest functiona geothermal basinintheworld. More
than 1,700 plant species have beenidentified inthe GY E; 80% of the areais
forested. Ten speciesof fish, 24 of amphibiansand reptiles, morethan 300 of
birds, and 70 of mammalsare present inthe GY E in addition to thousands of
invertebrate species. Thisrichand varied ecosystem supportsdiversehuman
activities; provideseconomic, recreational, educationa , and aesthetic benefits;
and has agrowing resident human population. At the heart of the ecosystem
is Y NP—established as the world’ sfirst national park in 1872, made a bio-
sphere reserve in 1976, and added to the World Heritage List in 1978.

Y NP, which encompasses 899,139 ha (8,991 km?), faces peculiar and
complex management challenges. In the 128 years since Y NP was estab-
lished, avariety of management policiesand strategieshave been used to fulfill
the park’s mission and its relationship to the American public’s desire for
expanded tourism and recreational opportunities. Theconcurrent changesin
societal valuesand attitudestoward the natural environment have complicated
management of Y NP over thistime. Adding to the management challenges
is the knowledge that management approaches implemented in Y NP, the
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nation’ spremier park, influence management in other parksinthiscountry, and
throughout the world, as well as affect the economic bases of neighboring
states, wherewildlifeviewing, recreation, and hunting areimportant. Oneof
the most contentious approaches, applied sincethelate 1960s, isthe policy of
“natural regulation.” Concern hascentered around theeffectsnatural regula-
tion might have on ecosystem processes, particularly in the northern winter
rangeof ungulatesof the GY E (Figure 1-2). Under natural regulation, ecologi-
cal processesand physical influences—such as primary production, foraging,
competition, weather, predation, and animal behavior—determine or limit
population dynamics, rather than hunting and other human interventions.
Seven ungulate' species are native to YNP: elk (Cervus elaphus), mule
deer (Odocoileus hemionus), bison (Bison hison), moose (Alces alces),
bighorn sheep (Ovis canadensis), pronghorn (Antilocapra americana), and
white-tailed deer (Odocoileus virginianus). Mountain goats (Oreamnos
americanus) are not nativeto the park, but their numbersareincreasing from

"Hoofed mammals.
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introductions made outside Y NP, particul arly inthe Absaroka, Gallatin, and
Crazy Mountain ranges of Montana. All native large predators are present,
including the grizzly bear (Ursus arctos), black bear (Ursus americanus),
coyote (Canislatrans), mountain lion (Felisconcolor), and the reintroduced
gray wolf (Canis lupus).

Ungulatesthat grazewithin Y NPfor much of theyear often winter onthe
northern range in and adjacent to YNP. The northern range, a mixture of
grassland and forest approximately 153,000 hain area, encompasses lands
alongtheY elowstoneRiver and Lamar River basinslower than 2,255 mfrom
the junction of Calfee Creek and the Lamar River in the east to the area
around DomeMountain and Daly Lakeinthewest. Two-thirdsof the north-
ern winter range iswithin YNP; one-third is north of the park boundary on
public and privatelands (Houston 1982, Clark et al. 1999) (Figure 1-2). The
pre-European winter range included the lowlands north of the park now
devoted to agriculture, ranching, and rural residences.

Elk and bison popul ations haveincreased markedly during the past century,
particularly inyearswith mild winters, | eading some scientiststo questionthe
appropriateness of the park’s natural-regulation policy. Claims have been
made that the northern winter rangeisovergrazed and that woody vegetation
and riparian areas are being destroyed. Because they are the most abundant
ungulate species, elk have been held primarily responsible for these effects.
Elk commonly browse woody vegetation, such as aspen, cottonwood, and
willow, especially inwinter. Theclaimisthat they have eliminated much of
theriparian-zonewoody vegetation and are preventing generation of aspenand
cottonwood stands, thereby reducing food sourcesfor other species, such as
beavers, moose, deer, and grizzly bears. Stream degradation and serious
erosion haveal so been attributed to overgrazing by elk and bison. Thespread
of diseases, especidly brucellosis, anong dense popul ationsalsoisaconcern.
However, other scientistsclaim that ungul ates haveinfluenced vegetation on
the northern range for thousands of years when natural density-dependent
factorssuch asforageavailability, predation, and disease regul ated popul ation
dynamics and that current effectsfall within the natural range of variability.

Becausethe controversy over natural regulation has hei ghtened recently,
in the 1998 appropriationsto the U.S. Department of the Interior, Congress
(theHouse A ppropriations Committeereport) stated: “ A number of scientists
guestion the natural regulation management program conducted by Y ellow-
stone National Park as it relates to bison and elk, while others defend the
approach. The Committeewishesto resolvetheissue of population dynamics
of thenorthern elk herd aswell asthe bison herd. The Committeethusdirects
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the[National Park] ServicetoinitiateaNational Academy of Sciences(Board
on Environmental Studies and Toxicology) review of all available science
rel ated to the management of ungul atesand the ecol ogi cal effectsof ungulates
ontherangeland of Y ellowstone National Park and to providerecommenda-
tionsfor implementation by the Service” (HR Report 105-163; appropriations
in 105-83).

Inresponseto that mandate, the National Research Council convenedthe
Committee on Ungulate Management in Y ellowstone National Park. The
committee is composed of experts with backgrounds in ungulate ecology,
wildlifebiology, animal/veterinary science, animal popul ation modding, grass-
land ecol ogy, riparian ecol ogy, climatol ogy, hydrology and geomorphol ogy,
landscape ecology, and soil science. These expertswere charged to review
thescientificliteratureand other informationrelated to ungul ate popul ationson
theY ellowstone northernrange, particularly asthey relateto natural regulation
andtheecologica effectsof elk and bison populationsonthelandscape. Much
of YNP is not noticeably affected by current management practices. The
northernrange, however, whereY ellowstone’ selk herdsspend thewinter, is
the origin of much controversy, and the geographic focus of thisstudy. The
following specific scientific questionswere addressed within the context of the
park’s goals:

*  What arethe current popul ation dynamicsof ungulatesonthenorthern
range of the GYE?

* Towhat extent do density-dependent and density-independent factors
determineaverage densitiesand fluctuationsin populationsof Y NPungulates?

*  What aretheconsequencesof continuingthecurrent natural regulation
practices (e.g., on range condition, habitat for other species, risk of disease
transmission)?

»  How do current ungulate popul ation dynamics and range conditions
compare with historical status and trends in those processes?

* How do current ungul ate popul ation dynamicsin the GY E compare
with other North American grasslandsand savannaecosystemsthat still have
native large predators?

* What aretheimplicationsand limitationsfor other natural regulation
practices applied to other biota?

* What gaps and deficiencies in scientific knowledge should future
research attempt to address?

Duringitsanayses, thecommitteeidentified other topicsrelevant toitscharge
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andimportant to eval uating the consequences of current ungul ate management
strategiesin YNP.

Thecommittee met four timesover thecourseof itsdeliberations. Meet-
ingswereheldin Gardiner, Montana, andin Mammoth Hot Springs, Wyoming,
to permit committee membersto seethe northern rangein summer and winter
and to obtain input from federal and state agency personnel and members of
the public who are intimately familiar with the issues. The committee is
awareof the deeply held convictionsof many different partiesand thedifficul-
ties faced by land and animal managersinthe GYE. This consensus report
presents the committee’ s scientific evaluations of the issuesit was asked to
address. The committee recognizesthat these evaluations are only part of a
multifaceted problemthat includes sociol ogical , economic, and other important
dimensions that it was not asked to evaluate.

NATURAL REGULATION

Natural regulation isthe current National Park Service (NPS) policy for
management of ungulatesand other ecosystem componentswithin Y NP. As
currently practiced, natural regulation means simply “free of direct human
manipulation.” Theintent isto alow the biological and physical processes
within the park to function without human influence. |mplementation of the
policy includeslettingwildfiresburnfreely and prohibiting hunting withinthe
park. However, NPShasother policy mandateswithinY NPthat might not be
consistent with natural regulation. For example, the National Park Organic
Act of 1916 prescribes that “[t]he fundamental purposes of said parksisto
conserve the scenery and the natural and historic objects and the wildlife
therein and to providefor the enjoyment of the samein such amanner and by
suchmeansaswill leavethem unimpaired for theenjoyment of futuregenera-
tions.” Itisof course not possible to construct and maintain aroad system
withinthepark, with associated publicfacilitiesand services, “to providefor
theenjoyment” of thethreemillionvisitorswho currently visit the park annu-
aly, without affecting the scenery, vegetation, and animal life.

A morerealistic definition of natural regulation as practiced by NPSin
YNPisthat it attempts to minimize human effects on the natural systems of
thepark. TheNational Park Service 1988 Management Policiesdescribesthe
management strategy as “natural environments evolving through natural
processes minimally influenced by human actions.” Under thispolicy, some
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interventions have been allowed. For example, to restore natural predation
processes, wolves were reintroduced. To gain a better understanding of
ungulate ecol ogy inthe park, there hasbeen some manipul ation of animalsand
vegetation through live capture, the equipping of animal swith radio transmit-
ters, and the use of fenced enclosures to assess plant growth in the absence
of grazing and browsing. Research is aso undertaken to satisfy NPS man-
datesto better facilitate management of visitorsto the park, to minimizetheir
impact onwildlifeand vegetation, and to enhance public enjoyment by provid-
ing interpretive information about the ecology of the park. Where these
mandates conflict with preservation of natural environments and processes,
conservation is considered the park’ s primary responsibility (NPS 2001).

NPSa soinfluencesthe behavior and movement patternsof ungulatesand
their predatorsthrough control and routing of park visitorsinboth summer and
winter. Y NPbiologistsand managersparticipateintheNorthern Y ellowstone
Cooperative Wildlife Working Group, which includes NPS; Montana Fish,
Wildlife and Parks; Gallatin National Forest; and the Biological Resources
Division of theU.S. Geological Survey. They also provide advice and make
recommendationsin the devel opment of management policy for Y NP ungu-
lateswhen they are outside of the park, where human interventions are more
pervasive.

Although Y NP s natural regulation policy attempts to minimize human
interventionwithinthe park, thisdoesnot characterizethepoliciesthat affect
ungul ateswhen they are outsidethepark. Inother words, Y NPisan ecologi-
cal island whose processes areinfluenced by human activitiesinthesurround-
ing area. These activities, which strongly influence YNP wildlife, include
agriculture, ranching, and hunting. Thus, evenif therewere no humaninter-
vention within Y NP, ecological processes there would be profoundly influ-
enced by human activitiesel sewhere. Inthissense, management can, at most,
be only partly natural.

What Is Natural?

Climatedisplaysagreat deal of variability, even over theecologically short
period of 100to 200years. Other ecological processesalsofluctuatewithtime
but fluctuations may fall outside natural variability if driving factors create
extraordinary responses. Thelimitsof variability of an ecosystem processor
component can be known only if those attributes have been examined with
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appropriate tools using long-term analyses. This has not been the case for
YNP. How, then, can areasonable standard be found to indi cate what range
of conditionson' Y NP snorthernrangeisnatural? Thehistorical sequenceof
interacting biotic, environmental, and anthropogenic factorsisunrepeatabl e,
which makesit difficult toidentify “ natural baseline conditions’ (Anderson
1991, Patten 1991). It follows, therefore, that if the natural regul ation policy
assumesthat al processesunder the policy arefunctioninginanatural fashion,
any outcome of the policy would also have to be termed natural. However,
our lack of understanding about previous conditions and current dynamics
makesit difficult toreject either the hypothesisthat ungulate popul ationswill
be naturally regulated without causing long-term damage to the GY E or the
notion that naturally regulated ungulate populations will cause long-term
damagetothe GY E. Outcomes may indeed be natural, but their desirability
isaquestion of values beyond this committee’ s scientifically circumscribed
task.

Some Implications of a Natural Regulation Policy

Thenational park system comprisesmany diverse parks, ranging from vast
expanses of near-wilderness, like YNP, to small urban gardens, such as
Kenilworth Aquatic Gardens in Washington, D.C. No single management
policy is appropriate for this diverse array of parks.

A natural-regulation policy ismotivatedin part by thebelief that national
parks should contain natural ecosystems. However, eventhelargest of them
is only a fragment of the predevelopment ecosystem, and none has been
unaffected by human activity. So the “natural” in “natural regulation” can
never be absol ute, and debates about what interventions are appropriate will
inevitably accompany all management decisions. Pritchard (1999) described
theissuewsdll: “ A rock-solid definition of what isnatural will e udeus, because
that questioniswrapped upin our cultural attitudesabout our placein nature.
I'n an age when science recognizesthe role of change and disturbancein the
landscape, discussionwill shift from‘ how dowerestore nature’ sbalance? to
consideration of how much changewearewillingtoalow inour parks. Given
the shrinking size of naturally forested areas and continually growing human
disturbancesintheregion, however, landscape changesmay bumpinto other
conservation goals, namely the preservation of threatened species.”

The belief that national parks should harbor natural ecosystems has
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fostered extensive debates about whether observed changesin the parks are
caused by humans. If they are, natural management would requireinterven-
tiontoreduce, if possible, human-caused changes. If they arenat, intervention
would beinappropriate. The problemisaggravated by changesinthe percep-
tion of therole of humansin nature, from acceptance that Native Americans
were part of the GY Einthe past totoday’ sviewpoint in our highly urbanized
society that humans exist outside of nature. The problem, as described by
Pritchard, is to distinguish between natural and human-caused changes.
Disagreementsabout thisissueareat the heart of controversiesover manage-
ment of YNP. For example, criticsof Y NP maintain that human influences
on elk populations, and on their predators, have led to overgrazing. Thus,
overgrazing represents a human impairment and should be managed. In
contrast, Y NP maintains that changed climate isamajor driver and that the
ecological changesarenatural. AsSchullery (1997) putit, “[W]ehaveimag-
ined oursel veswise enoughto control [ Y ellowstone National Park] and have
rushedtojudgewhat iswrongwithit. And every timewelooked hard enough,
wediscovered that there wasmorewrong with our judgment thanwith'Y ellow-
stone.”

Although such debatesin part may be stimul ated by thevalue-ladenword
“natural regulation,” describing management strategiesby different wordswill
not cause the debates to disappear. Controversy will continue, because,
fundamentally, the debates are not about thewords but rather about theroles
people want the parks to play.

Policy Versus Practice

The distinction between policy and practice is subtle and ill defined;
however, an understanding of thedistinctionasappliedin Y NPisimportant for
understanding the controversy about ungulate management in Y NP and for
eval uating management options. A policy is“adefinite course or method of
action selected fromamong aternativesand inlight of given conditionstoguide
and determine present and future decisions,” whereasapracticeismuch less
formal or rigid, being “actual performance or application, arepeated or cus-
tomary action, [or] the usual way of doing something” (Merriam-Webster
1993).

Natural regulation as a policy for YNP (Schullery 1997, YNP 1997,
Pritchard 1999) implies that if a change in the ecosystem is natural, then
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management interventionisinappropriate. Onthe other hand, if achangeis
dueto amanagement policy implemented by the park, thenthereisjustification
for repair or restoration of that change or impairment. Thishasledtodistract-
ing and ultimately unproductive arguments about whether high elk popul ations
and low aspen recruitment in the northern range are the effects of natural
changes (e.g., climate) or human actions(e.g., removal of predators). Under
apolicy of natural regulation, such an argument is important, because the
appropriateness of the park’ smanagement actions (or lack of them) depends
onwhether they are consistent with thepolicy. If natural regulationwereonly
a practice, the debates could focus on the actions and their outcomes. In
addition, adaptive management might be easier to undertake.

The committee believes that a better way to approach these issuesisto
focus on objectively measured processes, numbers, and events and how
intervention might alter them rather than to debate what is or is not natural.
Thus, thiscommittee hastried to assesswhether current ecosystem conditions
are outside the range of what might be expected in similar ecosystems else-
where or might have been expected in this ecosystem over the past few
millennia. Thecommittee hasalso tried to assesswhether current conditions
arelikely to lead to a substantial and rapid change in any major ecosystem
component or process.

HISTORICAL CONTEXT

The current policy for management of Y NP has been influenced by the
history of theregion, the park’ sestablishment, previous park management, and
thepublic’ sgoalsfor the park (Schullery 1997, Pritchard 1999). Oneongoing
debatefocusesonwhether the* natural” innatural regulationincludeshumans
aspart of nature. Most writing on the subject relative to North Americahas
included aboriginal peopleand their activitiesbefore contact with Europeans
(Cdlicott 1982). But historical and archeological evidence suggests that
Native American cultures and their effects on the environment have beenin
adynamic state of flux marked by periods of change and intervals of stasis
sincethefirst humans arrived from Asia (Guthrie 1971). In the Great Basin
and adjacent Rocky M ountain region, human cultureswere based on hunting
and gathering, but during the century before direct contact with Europeans,
major changesinaboriginal peoples’ distribution, numbers, and cultural rela-
tionships to the environment followed acquisition of the horse (an indirect
product of European contact). Thus, whether we view humans as part of
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nature, westill must acknowledgethat humans have, sincetheir arrival inthe
area, been agents of change.

In addition to human-caused changes, the ecology of YNP has been
profoundly influenced by changes in the physical environment. Of these,
climate change has been the most important driving factor during the past
10,000 years. Climate models devel oped by scientists project major climate
changesfor thefuture, some of them caused by human activity (NRC 2001).
Climate changes complicate management strategies because they make it
especialy difficultto predict thelikely consequencesof any humaninterven-
tions as well as the consequences of not intervening.

Biodiversity Context

Y ellowstone’ swildlife, including itsungulates, is part of adiverse biota.
Y NPisestimated to have 1,700 species of native vascular plants, 170 exotic
plant species, 186 speciesof lichens, 59 mammal species, 311 speciesof hirds,
18 fish species, 6 species of reptile, 4 amphibian species, and an unknown
number of organisms associated with hot springs, to say nothing of insects,
invertebrates, fungi, and bacteria(Y NP2001). TheGY E containsevenmore
species. Inaddition, Y NPishometo several threatened (grizzly bear, Canada
lynx, and bald eagle) and endangered (peregrine falcon, timber wolf, and
whooping crane) species.

Biodiversity is a dynamic ecosystem characteristic that may fluctuate
naturally or in response to human activity (Noss and Cooperrider 1994).
Altered community structures, and processesincluding thoseresulting from
human activities and management practices (Weins and Rotenberry 1981,
Rothstein 1994, Hansen and Rotella1999), may change speciescomposition
and preval ence (Hansen and Urban 1992), but how they have done so in the
GY Eispoorly understood. Changescaused by changesin popul ation dynam-
ics of ungulates may affect not only dominant landscape features, such as
aspen or sagebrush, but also vast numbers of associated organisms.

A Brief History of Park Management
Atleast 28federd, state, andlocal entitiesmanagevariousactivitiesinthe

GY E, sometimeswith conflicting goals. Within'Y NP, management policies
generally have been based on the prevailing understanding of wildlifebiology
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and ecology. Whenthe park wasestablishedin 1872, ungulateswerefed and
given protection from hunting and predators becausethey were considered the
species visitors desired to view. Most predators were reduced, and wolves
wereextirpated from thearea. Wolveswererestoredin 1995; about 160 are
present in the GY E, 50 of which are on the northern range. From the 1930s
through the late 1960s, NPS shot and trapped elk to reduce the popul ation to
what was considered a sustainable level for the northern range (Houston
1982). By thelate 1960s, the elk population on the northern range had been
reduced from some 10,000 animalsto fewer than 5,000. Unfavorable reac-
tionsto NPS control measuresfrom avariety of publicinterestsled to Senate
hearings. Y NPthen adopted natural regul ation practicesbecausethey had no
other management alternative (Pritchard 1999). The most recent northern
rangee k count observed 13,400individuals(T. Lemke, MontanaFish, Wildlife
and Parks, personal communication, June 13, 2001). Some 120,000 elk are
present in the GYE. Roughly 2,500 free-ranging bison also are present in
YNP.

Aldo Leopold (1933), in his classic Game Management, which laid the
foundation for modern wildlife management, acknowledged that wildlife
management was essentially management of human behavior toward theland
that harbored wildlifeand toward thewildlifethrough harvest by huntingand
trapping. To quote Leopold,”. . . game management produces a crop by con-
trolling the environmental factorswhich hold down natural increase, or produc-
tivity, of the seed stock” (Leopold 1933). Management of wildlifewithin Y NP,
or morecorrectly management of human behavior that affectswildlifewithin
Y NP, has been driven by the view that national parks exist for public enjoy-
ment and appreciation. Thus, wildlife within YNP has been managed to
achievecertain objectivesfor humaninteractionswithwildlife, although recent
management philosophy tendstoward ecosystem management. To enhance
human contact withwildlife, roads, trails, campgrounds, and other park facili-
ties have been constructed. Those actions have altered habitats upon which
wildlifedependsand haveinfluenced the movement, location, and concentra-
tion of people, which further aters the distribution of wildlife.

Y NP was established in 1872, more than 60 years before Leopold pro-
vided the conceptual basisfor modern wildlifemanagement. Effortsto man-
agewildlifeinY ellowstonein the past and present must therefore be viewed
withinthecontext of thosetimes(Table 1-1). Market hunting of ungulatesand
killing of carnivoreswere common inthe areabefore and continued after the
park wasestablished. In 1883, public hunting withinthe park was prohibited,
but no effective enforcement occurred until the U.S. Calvary wasassignedin
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TABLE 1-1 Chronology of Significant Eventsin Y ellowstone National
Park’s History

Year/Period  Event

1860s Period of extensive fires (Romme and Despain 1989)
Before 1870  Evidence of substantial elk use of the northern range, at least in
summer (Houston 1982)

1872 Y ellowstone National Park declared first national park (organic act)

1869-1883 Extensive market hunting; ungulates and carnivores greatly
reduced (YNP1997)

1883 Public hunting within Y NP prohibited (Y NP 1997)

1886 U.S. Calvary assigned to protect the park; beginning of effective
control of hunting (Houston 1982, YNP 1997)

1894 Lacey Act enacted, prohibiting all hunting and killing of wildlife

except dangerous animal's (Schullery 1997)
1900-1935 Intensive control of predators; wolves extirpated (Y NP 1997)

1902 Few bison remained in YNP; population supplemented from
domestic bison herds (Meagher 1973)
1917 Brucellosis detected in YNP bison (Mohler 1917)

1918 U.S. National Park Service assumed control of YNP (YNP 1997)
1920s “Too many elk in park”; active management to control population.
Increasing concern about overgrazing (Y NP 1997)
1920s Reported decline in white-tailed deer population from about 100 to

few or none (Skinner 1929)

1920-1960 Commercia definition of over-grazing applied to YNP; intensive
population control of elk and bison (YNP 1997)

1923-1929 Elk removed primarily by hunting outside park; probably 10-15,000
elk on northern range (Houston 1982)

1930s-present  Very little recruitment of aspen on the northern range

1960s Period of most intensive elk population control and population
reduction (YNP 1997)

1963 Leopold report published (Leopold et a. 1963)

1968 Y NP adopts policy of “natural regulation”; intensive regulation of
elk and bison ends (Cole 1971)

1969-1981 Period of rapid increase in elk population from -4,000 to —16,000
(Houston 1982)
1969-1995 Bison population expands from —400 to —4,000 (Y NP 1997)

1986 Congress funds study of “overgrazing” in the northern range
1988 Extensivefiresin YNP

1988-1989 Severe winter reduces elk and bison populations

1995 Reintroduction of wolves

1996-1997 Severe winter; slaughter of >1,000 bison asthey left YNP
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1886 to protect the park. Public attitudes toward wildlife at the time were
mixed (Magoc 1999). With the rapid expansion of domestic livestock onto
western range lands, many viewed wild ungul ates as competitorsfor forage.
Others appreciated them for their meat and hides. The decline of wild ungu-
latesin the Y ellowstone area by the end of the nineteenth century resulted
largely from market hunting (Krech 1999). Construction of the Northern
Pacific Railroad into the region north of the park in 1883 expanded accessto
markets for meat and hides. Concern about the decline of wild ungulates
developed among residents in the area as well asin eastern states where an
embryonic national conservation movement wasemerging. Atthat timelarge
carnivores were viewed as undesirable by most of the public, because they
killed both domestic livestock and wild ungulates and were feared to pose a
threat to humans. As areflection of this public sentiment, although other
wildlife species were protected within the park, control of predators by park
managersbegan inthe nineteenth century and becameintensive between 1900
and 1935, resulting in the extirpation of wolvesand probably mountainlions.

Few bisonremainedin Y ellowstone by the end of the nineteenth century,
and the popul ation was supplemented from domestic herdsin 1902 (M eagher
1973). TheY ellowstonebison herd had becometheonly free-ranging herdin
theUnited States, and thus, the Y NP played akey roleinrestoring bisoninthe
wild and removingthethreat of their extinction that existed by thelate 1800s.
Intensive management of bison withinthe park wasthe practiceuntil the NPS
announced in 1968 a policy of natural regulation of wildlife populations.
Management included an early period of annua roundups with selective
slaughter, maintaining an irrigated hay field in the Lamar Valley for winter
feeding, capturing and shipping animals outside of the park, and, from the
1920sintothelate 1960s, harveststo prevent overgrazing onthewinter range
(Pritchard 1999). Concern about the spread of brucellosis, carried by bison,
to domestic livestock outside of the park led to the slaughter of more than
1,000 bison as they left the park during the extreme winter of 1996-1997
(Peacock 1997).

Inthetwentieth century, although not asintensively managed ashison, elk
inY ellowstonewere periodically fedinwinter and were subjected to popul a-
tion reductionsthrough shooting, corralling, and transl ocation until thewinter
of 1968-1969, ayear after theadoption of natural regulation (Pritchard 1999).
Hunting of Yellowstone elk that leave the park in winter has continued
throughout the history of the park. Other ungulates present in the northern
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portions of Y NP—mule and white-tailed deer, moose, bighorn sheep, and
mountai n goats—have not been thefocus of restoration effortsor population
reduction efforts in response to concerns about overgrazing.

Intheearly history of the park, the public and park managersthought that
wolves, mountain lions, and coyotes threatened the well-being of the park
ungulates. Theungulates, because of their attractivenessto park visitorsand
the opportunities that existed to observe them, were considered a primary
justification for the park’ s existence and thus were the focus of management
efforts. Interestingly, bears, which were considered athreat to human inter-
estsoutside of the park, were appreciated by park visitors, who wereallowed
to view them at garbage feeding sites until the practice was discontinued in
1943 (Pritchard 1999).

By themiddl e of thetwentieth century, there was abroadening apprecia-
tionfor wildlifeamongthe public a ongwith anincreased understanding of the
interrelationshipsof wildlifeinnature. Thisincreasedinterestinwildlifeledto
recognition of theimportance of natural environmentsfor wildlifeaswell as
theirimportancein providing ecol ogically rich environmentsfor Americansto
appreciate nature through leisure travel and other outdoor activities.

Changesinmanagement of wildlifein Y NPsinceitsestablishment reflect
the changes in attitudes toward wildlife that have taken place among the
Americanpublic. Several research effortsaimed at increasing understanding
of theecology of ungulatesand carnivoreswithinthe park wereinitiatedinthe
post-World War 11 years, although many studiesoccurred earlier and arecited
in several sections of thisreport. Two studies worthy of note were by the
Muries. Inthe1930s Adolph Murie (1940) completed adetailed study of the
dietsof coyotesin the park, and hisbrother, OlausMurie (1951), studied elk
foraging ecology in the Jackson Hole area south of the park. Research
findings by the Muries and other researchers who followed them, although
preliminary and often controversial (Leopold et al. 1963, Schullery 1997),
disclosed someof the complexity of the ecological relationshipsof bearsand
coyotes aswell as of the ungulatesin the park. Large predators had finally
gained appreciation in the eyes of both the public and the park managers.
They were protected with theintent to restore them as val ued components of
thepark wildlife. However, theNPSdid littleto encourage continued research
toward understanding the complexity of predator-prey relationships or the
details of the functioning of park ecosystems (Pritchard 1999). Asaconse-
guence of carnivore protection in the park, NPS came under increased pres-
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surefrom ranchers outside of the park who werelosing livestock to coyotes,
bears, and mountain lions that were leaving the park as their populations
increased.

IN1967, NPSDirector Hartzog, along with Secretary of the Interior Udall
and Senator M cGee of Wyoming madeadecisionto stopkillingelk in YNP.
Hartzog announced that the most desirable means of controllingtheelk num-
berswasthrough public hunting outsidethepark. Accordingto Sellars(1997),
this policy decision to use “natural regulation” for management of wildlife
“camenot astheresult of scientificfindings, but because of political pressure.”
Whereas Col€e's account (1969) represents natural regulation as simply a
research hypothesis. Thiswasessentially a“handsoff” policy that abolished
direct manipulation of wildlife or their habitats except to repair or reduce
damage caused by human activities (Schullery 1997), although early elk
management practicesunder thispolicy still allowed trapping and transport of
elk (Sellars1997). Recently, someintervention hasbeen considered appropri-
ate, including reintroducing wolvesto the park to reestablish their role as a
major predator of ungulates. Criticism of natural regulation policy and its
perceived consequences resulted in the establishment of thiscommittee and
this report.

CLIMATE VERSUSELK ASCAUSALITY OF
CHANGESIN ASPEN AND WILLOW

The controversy over the status of aspen and willow within the northern
range (often considered indi cators of ecosystem condition) and natural regula-
tion practice often revolvesaround conflicting statements about what factors
most strongly influence the conditions currently found in the northern range.
Supportersof natural regulation policy believethat current rangeconditionsare
determined primarily by biophysical factors, climate in particular, and that
ungulate populations are having a small effect on range condition. Others
believe that ungulate populations play a central role in determining range
condition and that those popul ations are now so large that damageto vegeta-
tion on Yellowstone' s northern range has occurred. As an example, the
impact of elk on streamside willows is a central issue in the controversy.
However, willow communities are inextricably linked to climate, geology,
surrounding vegetation, and fire history aswell asto shorter-term and local
impacts from ungul ates and beavers, which makestheissue hard to resolve.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10328.html

Introduction 31

Several people who made presentations to the committee compared the
condition of thenorthernrange unfavorably with that on nearby ranches. Such
comparison, however, reflects a confusion of values. Ranching seeks to
maximize production for human use, whereas' Y NP seeksto preserve natural
ecological processes. For example, within' Y NP, aspenisanimportant land-
scapeelement—itisan aesthetically pleasing treethat growsin grovesonthe
hillsides and shows spectacul ar fall colors. It alsoisimportant as habitat for
adiversity of bird species(Mueggler 1988, Pojar 1995). Willow, by compari-
son, isarather plain plant that most lay visitorsto Y NP do not notice or might
consider an ordinary “bush” if they did. Nevertheless, willow communities
may prevent stream-bank erosion and subsequent changesin stream-channel
morphology and are afood source for browsers and habitat for many other
riparian species. Critics of the park’ s natural regulation policy particularly
emphasize the adverse effects of elk on streamside willows, which they
maintain are excessive and are leading to erosion of northern range streams
(Kay 1990, Chadde and Kay 1991).

ORGANIZATION OF THISREPORT

To present a perspective for understanding current conditionsin YNP,
Chapter 2 describeshistorical conditionsinthe GY E, including climate, geo-
logical, and landscape conditions. Chapters 3 and 4 give an ecol ogical context
in which park management strategies are conducted, including a review of
vegetation, possibledriving factors, and processesrel ated to ungul ate popul a-
tion dynamics. Chapter 5 is a synthesis chapter that reviews overarching
questions related to the problem at hand, and it presents the committee's
conclusions and recommendations.
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Historical Perspective:
Yellowstone’s Changing
Environment

EVALUATING THE CONSEQUENCES of anatural regulation policy requiresthat
thelong-term dynamicsof the'Y ellowstonelandscape be understoodinterms
of variationin climate, disturbance regimes, vegetation patterns, animal popula
tions, and human occupancy or use of the landscape. Y ellowstoneis ady-
namiclandscape, and we cannot determinewhether management actionshave
forced components of the system beyond their historical range of variability
unless we place recent dynamics in a longer time frame. Knowledge of
prehistoric and historical environmentsisessential for creating acontext for
this evaluation. This chapter points out how dynamic the landscape of the
GYE has been over time.

SCALESOF CHANGE
On ageological time scale, earth’ s history is one of continuous change
driven primarily by plate tectonics, with periodic extraplanetary influences,
suchasasteroidimpactsand solar cycles. Onthisscale, theearthisfractured;
subducted; uplifted; built up by vol canism and sedimentation; and worn away
by ice, water, wind, heat, and gravity. Y ellowstone National Park (YNP) is

32
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centered on ageol ogical mantle plume, or hotspot, wherethe molten magma
comes close to the surface (Anders et a. 1989, Pierce and Morgan 1992,
Pritchard 1999). The North American plate isthought to have moved to the
southwest, |eaving aseriesof vol canic tracesfrom southwestern Idaho along
the SnakeRiver tothecurrently active Y ellowstoneregion. Geomorphological
changes have not stopped, for upliftingiscontinuing (Reilinger 1985). YNP
ischaracterized by boiling mud pots, thermal pools, geysers, avolcanic caldera,
ancient lavaflows, and erodingriversand waterfalls, which weretheoriginal
reason for its protection as a park—wildlife and other life forms were an
afterthought. Geomorphological changesmay proceed gradually or may occur
abruptly. Yellowstone witnessed a major earthquake as recently as 1959,
whereas the Grand Canyon of Y ellowstone is a prime example of wearing
away by water on agrand scale.

Over thelast 70 millionyears, climateshave changed virtualy continuously
(Miller et a. 1987). The Pleistocene saw at least four major changes in
climatedueto alternating glacial andinterglacial periods, although theremay
have been many important events on a shorter time scale. Over thelast one
millionyears, the earth oscillated between 90,000-year-long cold periodswith
ice accumulation and 10,000-year-long warm periods of icemelting (Muller
and MacDonald 1997, Petit et a. 1999).

Pl ei stocene environments shaped the current Y ellowstonelandscape, flora,
andfauna. Changesinthedistribution of plantsand animalsand extinction of
species were prevalent. Horses, camels, mammoths, and many other large
mammal s became extinct, whereas caribou, lemmings, musk ox, and other
mammals retreated to the north at the end of the Wisconsin glaciation about
10,000 yearsbeforepresent (Y BP). Inaddition, the abiotic changesmust have
caused adaptive responses—through both genetic evolution and behavioral or
other plastic responses—in Y ellowstone’ s biota. However, information to
evaluate these changes is sparse or completely lacking.

PALEOBIOLOGY OF THE
GREATER YELLOWSTONE AREA

A paleobiological perspectiveisuseful inidentifying prehistoric processes
that have shaped the Greater Y ellowstone ecosystem (GY E), determining
whether they continueto operate, and describing reasonable boundariesthat
may be placed on future variation.
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The combination of speciesthat simultaneously inhabit agiven geographic
location may betermed acommunity. However, communitiestend not to be
conserved in response to environmental change. Instead, individual species
adapt and remain where they have been, or disperse at rates, times, and in
directions in response to their individual tolerances to changing climatic,
geological, anthropogenic, or other environmental conditions (Gleason 1926;
Curtis1955; Whittaker 1956, 1970; Davis1976; Graham 1986). Thus, within
the GY E, community compositionisnot stableover timescalesof hundredsto
thousands of years.

Many of the climate changesthat occurredinthe GY E region throughout
the late Holocene (the past 4,000 years) were relatively small. |If future
climatesdo not have Holocene analogs (Bartlein et al. 1997), thentheranges
of individual speciesmay shiftto areasthat can support themoutsidethe GY E.
Although the current paleobiological record cannot document all the biotic
changes associated with climate fluctuations, it does show various rates of
change in climate and vegetation, some of which were extremely abrupt.
Changes characteristic of the Pleistocene could happen within a human
lifetimeor lessinthefuture (Alley 2000). Becausethe GY Eisan“ecosystem
idand” withinalarger human-dominated landscape, itistoo small to accommo-
dateenvironmental changesof themagnitude and frequency that were charac-
teristic of themiddle Holocene and | ate Pl ei stocene without changesin com-
munity composition, includinglocal extinctions, greater than those seen during
the past 4,000 years.

Changesinthelate Quaternary (from about 14,000 Y BP) vegetation and
climate have been summarized by Barnosky et a. (1987) and are paraphrased
here. With the initiation of deglaciation, 13,000 to 14,000 Y BP, sagebrush
(Artemisia spp.) dominated the vegetation of the subalpine forest zone. By
about 11,500 Y BP spruce began to colonize the area, followed by lodgepole
pine, Douglasfir, and whitebark/limber pine during aperiod of warmer, wetter,
and more stable climate (Taylor et al. 1997). By 4,500 Y BP lodgepole pine
became dominant with trace amounts of Douglasfir, both of which are com-
mon at lower elevations today.

Y ellowstone' s pre-Holocene history includes a series of diverse faunal
communities, many of which have no modern-day analog. Recordsfromthe
late Pleistoceneareincompletebut sufficient toillustratethe degreetowhich
animal populations can respond to changing environmental conditions; they
illustrate the types of change likely to occur in the future. Because these
changesare not directly relevant to conditions over the past few millennia, a
more complete description is given in Appendix A.
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UNGULATE USE OVER TIME AS
ESTIMATES OF POPULATION DENSITIES

Prehistoric Native Americansexpl oited ungul ates (pronghorn, deer, moose,
sheep, elk, and bison) from the time they first entered the new world in the
Late Pleistocene (Frison and Stanford 1982, Kay 1990, Cannon 1992). Bison
remained a stable resource for Native Americans throughout the Holocene
(Frisonand Bradley 1991). At someearly Holocene sites, hundreds of bison
have been found in association with Paleo-Indian proj ectile pointsand stone
tools (Wheat 1972, Frison 1974). At sites within the GY E, however, most
bone beds associated with human hunting contain fewer than fiveindividual
animals (Cannon 1992).

Unlikebison, no massive bonebedsof elk have been found associated with
cultural materials, and thereisno evidenceof artificial elk trapsor communal
procurement practices like those used for bison (Frison and Bradley 1991).
Argumentsfor low population densities of elk inthe past have been based on
bone frequencies from archaeol ogical and paleontological sites, journal ac-
countsof early travelers, and historical photographs (Kay 1990, 1994, 1995;
Schullery and Whittlesey 1992; Kay and Wagner 1994). Elk bones are not
numerically ascommon at archaeol ogical sitesas pronghorn, deer, and sheep
bones (Kay 1990).

The use of bone frequencies from archaeological sites as a proxy for
popul ation level sdepends on the assumption that peopl ekill and eat ungulates
in proportion to their actual abundance. This assumption probably is not
alwaysvalid. Anthropological studiesof modern hunters show that humans,
like other predators, have preferencesin prey selection that are independent
of abundance. Therefore, that none of the archaeological sitesin the GYE
yields abundant elk remains does not necessarily indicate that elk were not
abundant. Problems with the relationship between bone frequencies from
anthropological and paleontological sites and local ungulate abundance are
further detailed in Appendix A.

PHYSICAL CHANGES FROM
PREHISTORY TO THE PRESENT
To assessthe extent and nature of changesresulting from the adoption of

natural regulation by the park, it is necessary to distinguish changes due to
biological interactions during the past several decades from changes due to
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abiotic factors. We review possible abiotic factors first and then turn to
biological interactions.

Climate

The climate of YNP has fluctuated for the entire period for which we
have records, sometimes quite rapidly (Dansgaard et al. 1993, Alley et al.
1996). Climatehistoriescanbedevelopedfor periodsfarintothe past, but we
focusontheperiod that hasmost directly led to the current environmentsinthe
GYE.

Glaciation: 18,000 YBP

At thepeak of thelast major glacial period about 14,000 Y BP, largeareas
of North Americawere covered by glacial icethat had built up to athickness
of about 1.6 km over the previous 100,000 years. The continental glaciers
penetrated only to the Canada-Montana border, but glaciers formed in the
mountains of the GY E and spread to lower elevations and coal esced into the
Y ellowstone Ice Cap. Glaciers redistributed soils and sediments, widened
valley bottoms, and blocked streams to form large lakes. These actions
created some of thedominant landformsstill presentin’Y NPand theinfluence
of glacial processes continuesto thepresent. Streamsdrainingfrom glaciers
deposited sheets of gravel and sand in valleys below the glaciers. Some of
these were later cut down to form terraces.

Holocene Climate: 10,000 YBP

Climateismuch moreimportant than geol ogical eventsinshapingthebiota
of the northern range at the scale of thousands of years. Seasonal extremes
intemperature or moisture, rather than mean annual val ues, are probably the
more important limiting factors for organismal distribution. Areas with the
sameaveragetemperature and precipitation but highly different variation and
seasonal patterns support very different biotas. Several important climate
shifts strongly influenced Y ellowstone during the Holocene. The warmest
climatesoccurredintheearly Holocene(7,000t09,000 Y BP). TheMedieval
Warm Period datesto 1100t0 1300 AD (900to 700 Y BP) and it wasmanifest
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in droughts in the northern plains of the United States (Laird et al. 1996,
Woodhouse and Overpeck 1998).

Of particular interest for Y ellowstonearetheeffectsof theLittlelce Age,
which lasted from 1450 to 1890 AD in two main pulses and appearsto have
been global (Crowley and North 1991). Temperatures averaged 1t0 1.5°C
cooler (Crowley and North 1991) and the climate tended to be moister thaniit
istoday. DuringtheLittlelce Age, glaciersadvanced worldwide. Withinthis
period, there were periods of warm and dry and cool and wet (second pulse
of theLittlelce Age, 1860t0 1910) conditions, which affected thegrowth and
distribution of plant species(Whitlock et al. 1995). Inthe GY E, thisrecordis
best documented by tree rings.

Thestability of the present climate appearsto beabnormal compared with
recent millennia, although the climatesof the past 200 yearshaveincluded the
warmest and coldest periods of the past 4,000 years (Bradley 2000).

Onadecadal timescale, Y ellowstone’ sclimateismeasurably influenced
by El Nifio-Southern Oscillation (ENSO) patterns, primarily throughthecre-
ation of extremesin precipitation and temperature. These extremesthemselves
probably play a major role in shaping the GYE's environment and biota.
However, although climate variability issubject to ENSO periodicity, overall
annual precipitation showsno statistically significant trend over the past 100
years (Balling et a. 1992a).

Firein Yellowstone and the Northern Range

Recurrent wildfireprofoundly influencesfauna, flora, and ecol ogical proc-
esses in the northern Rocky Mountains (Habeck and Mutch 1973; Houston
1973; Loope and Gruell 1973; Taylor 1973; Wright and Heinselman 1973;
Wright 1974; Arno 1980; Romme and Knight 1981, 1982; Romme 1982;
Knight 1987, 1996; Romme and Despain 1989; Despain 1990; Turner et al.
1997). Althoughsmall firesoccur frequently, total areaburned isdominated
by afew, very extensivefires (Johnson and Fryer 1987, Rommeand Despain
1989, Johnson 1992). Meyer et a. (1995) found weak evidenceof fireaslong
ago as 7,500 and 5,500 Y BP and strong evidence for substantial episodes
4,600, 4,000, 2,500, 2,100, 1,800, 1,200, and 850 YBP. Between 9 and 12
maxima can be identified in the record between 2,000 Y BP and the present,
includingthe1988fire. Mgjor fire eventsappear to have occurred recently at
100- to 300-year intervals (Romme 1982, Romme and Despain 1989) and at
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variousfrequenciesthroughout the Holocene (Millspaugh and Whitlock 1995).
Withintheungulates' summer range, large, infrequent fires create vegetation
mosaics that dominate the landscape until the next extensive fire.

On the northern range, tree-ring evidence and fire scar dataindicate that
810 10 extensive fires occurred in the area during the last 300 to 400 years,
whichsuggeststhat firesburned thewinter rangeat intervalsof 20to 30 years
before European settlement (Houston 1973, Barrett 1994).

Climate playsanimportant rolein fire frequency and extent. Most large
North American twentieth century fires have been associated with persistent
high-pressure ridges or dry La Nia phases of ENSO (Bessie and Johnson
1995, Swetnam and Betancourt 1998). WithinY ellowstone, the areaburned
correlateswith atrend towardincreasing late-winter aridity since 1895 (Balling
etal. 19923, 1992b). However, the potential for climate-induced changesin
fire frequency and extent in the Northern Rocky Mountains (Flannigan and
VanWagner 1991, Rommeand Turner 1991, Bartleinet al. 1997) underscores
theimportance of understanding the effects of extreme eventsand of consid-
eringlong-term disturbance dynamicswhen considering alternative manage-
ment strategies.

Lower elevation communities, such asthosefound onthenorthernrange
where fires were formerly frequent, have been atered by long-term fire
suppression. Firesuppressionwasdiscontinuedin1972in'Y ellowstone, after
whichlightning-caused fireswereagain allowed to burn. Aswith many other
crownfire-dominated ecosystems, Y NPisusually considered anonequilibrium
landscape (Romme 1982, Sprugel 1991, Turner and Romme 1994).

No largefires occurred during the twentieth century until those of 1988,
the largest since the park’ s establishment, affected more than 321,000 hain
Y NP and the surrounding area and burned approximately 36% of the park
(Schullery 1997). Thesefireswereprimarily theresult of unusually prolonged
drought and high winds (Renkinand Despain 1992, Bessieand Johnson 1995)
and were consistent withthe earlier pattern of punctuated episodesof extreme
firesfollowed by long periodsof small fires(Millspaugh and Whitlock 1995).
Reconstructions suggest that thelast timeafire of thismagnitude occurredin
Y ellowstonewasintheearly 1700s(Rommeand Despain 1989), which makes
the 1988 firesunusual insize(Christensenetal. 1989, Turner etal. 1994a,b,c).
However, fire suppression probably had only minimal influence on the extent
and pattern of the 1988 fires (Romme and Despain 1989, Barrett 1994).

Theeffectsof fireonwintering ungul ates changethrough timefollowing
thefire. Initially, fireconsumesaboveground plant biomassand reduceswinter
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forage supply, which is not regenerated until the following summer. This
reductioninforage canincreaseungulate mortality during thefirst winter after
amajor fire (Singer et a. 1989, Wu et al. 1996), an effect that is magnified
during more severewinters. In subsequent years, primary productivity may
bestimulated, resulting inimproved forage quantity and pal atability (Harniss
and Murray 1973, Gruell 1980, Hobbs and Spowart 1984, West and Hassan
1985, Coppock and Detling 1986). Some plant communitiesonthenorthern
range showed substantial increasesin forage abundance and nutrient content
in responseto burning (Wallace et al. 1995, Tracy and McNaughton 1997).
Ungulates on the northern range preferentially used herbaceous plants in
burned areas of thelandscape (Pearson et a. 1995). Boyceand Merrill (1991)
hypothesized that this fire-enhanced forage base in burned forests (i.e., in-
creased herbaceous ground cover) might enhance ungulate recruitment and
populationsizefor several yearsfollowingthe 1988 fires. However, enhance-
ment of forage productionin grassland areaswasno longer detectabl e approxi-
mately 5 years after those fires (Singer and Harter 1996).

ENSO isnot directly correlated with Y NP fires because the quantity and
ignitability of herbaceousfuelsare strongly influenced by local weather and
time since the most recent catastrophic burns. Nevertheless, if the GYE's
climateiswarming, and ENSO eventsare becoming morefrequent, thenfire
can be expected to beamore dominant processin thefuture (Millspaugh and
Whitlock 1995).

Fire also has geomorphological consequences, because vegetation is
removed by burning, and storm runoff occurs as overland flow. Charcoal
layersthat commonly accompany or follow firesappear in expanded alluvial
sediments (Meyer et al. 1992). Erosion continuesin subsequent years, even
after revegetation, because deep incision contributesto slumping of firebasins
into channels. The clearest demonstration of theimpact of fireon erosionis
the aftermath of the 1988 conflagration (Meyer et al. 1992, 1995). Meyer et
al. documented major erosional debris flows that extended over several
hundred meters in the Slough Creek and Soda Butte Creek drainages of
northeastern YNP. Meyer et a. (1992) proposed an idealized scenario to
explain how wet periods during the Holocene created widened and sinuous
stream beds, and dry periods with burnsled to erosion of steeper slopesand
aggradation of alluvia fans and incised stream courses. Whether the pro-
cessesare captured correctly by thisscenario, clearly eventsof thismagnitude
reshapethe character of streams, bothlargeand small, and constituteagreater
influencethan elk browsing onwillowsand other riparian woody vegetation.
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Such magjor forces affect not only stream morphol ogy and seasonal flow but
alsothelikelihood of persistence of beaverswiththeir modification of stream
flow, water-table height, and extent of riparian vegetation.

This evidence suggeststhat relatively minor climatic changesin thelate
Holocene could have caused major shiftsinfireregimes, alluvial processes,
and resulting morphology and vegetation of valley floors.

Stream Flow and Channel M or phology

Although many factorsinfluencerunoff, typically thereisastrong positive
correlation between precipitation and stream flow. No long-term trend in
stream flow at the Corwin Springs gage onthe Y ellowstone River just north
of the park is apparent through the 91-year record from 1908 to 1999 (p =
0.259). Although other studieshave shownadeclinein precipitation over the
sameperiod, thisistrueonly for latewinter measurements, which accountsfor
aminority of annual precipitation (Balling et al. 1992a). The proportion of
snowmelt that contributes to stream flow is high relative to that of rainfall,
much of which is absorbed in the soil and transpired. Like stream flow,
snowpack showed no significant downward trend (p = 0.40) but was highly
subject to ENSO events (p=0.001). Duringan ENSO, precipitationat Y NP
ismuch greater than normal, which causes major changesin stream courses.

It isusually presumed that fire increases surface runoff and stream flow
by destroying vegetation, thereby increasing thelikelihood of erosion and bank
instability. After the 1988 fires, however, no significant increase in stream
flow was observed in the Y ellowstone River.

Stream-course changesduring theflood yearsof 1996 and 1997 werethe
greatest observed since 1954, primarily the result of flood flows (Mowry
1998). From 1954 until 1987, a period of relatively constant stream flow,
stream channels narrowed, especially in areas where elk wintered, aprocess
described by Lyons et a. (2000). From 1988 to 1997 there was increased
channel instability, and most of the changes occurred in the exceptional flow
years of 1996 and 1997. Most stream-bank erosion during these extreme
runoff yearsoccurred higher inthe drainage—wheretherewerefew wintering
elk and the streamsidewillowswererobust—suggesting that increased erosion
wasprimarily dueto hydrological variablesacting on high-roughnessriparian
vegetation that stabilized the stream bank during high-flow, nonflood yearsand
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not to ungulate activity. Thisconclusion doesnot explainthelong-term devel -
opment of low-roughnessvegetation (i.e., vegetation with littleresistanceto
stream flow power) in areas with heavy winter elk use. However, these
differencesdo explain Mowry’ s(1998) finding that therewas agreater change
in stream reaches with willow-covered banksthan in those with grass-domi-
nated banks. Shiftsin stream morphology associated with increased stream
flow are expected because the stream slopeisnear thetransition of meander-
ing and brai ded stream coursesbased on the established rel ationshi p between
channel slope and bankfull discharge (Leopold and Wolman 1957).

Climate, vegetation, and stream-courserel ationshipsinteractinmultiple
ways, but it is difficult to assess the role of extreme events because they
happen soinfrequently. Nevertheless, itisapparent that both physical forces
and browsing and streambank trampling by ungulates contributeto changesin
streams, but the data are not sufficient to sort out their relativeimportancein
causality.

Upslope Soil Erosion

Stream-bank erosionisonly oneof theissuesrai sed about management of
the northern range. Ciritics of the natural regulation policy in the northern
rangeclaim that degradation of upland slopesby overgrazing resultsinaccel er-
ated soil erosion (YNP 1997). Oneindication of the level of erosion off the
slopesisthe accumul ation of sedimentsin depressionsor lakes. Engstrom et
al. (1991) studied several lakes on the northern range, looking at pollen
changesand abnormal sediment deposition patterns. They concluded that their
“investigation of the sedimentary record does not support the hypothesisthat
ungulate grazing hashad astrong direct or indirect effect onthe vegetationand
soil stability in the lake catchments or on the water quality of thelakes.” A
review of their data, however, showsmany, but not al, lakeswithincreasing
sediment accumul ation starting after the beginning of the twentieth century.
Most of the study |akes near the confluence area of the Y ellowstone River,
Lamar River, and Slough Creek showed sediment increases. One study lake
inthisareadid not. Interpretation of these datamight vary by investigator, and
themagnitude of theincreasesmay be“normal,” athough sediment accumula-
tion in the nineteenth century seems to be comparatively stable when com-
pared to the twentieth century.
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Changing Land Usein the Greater Yellowstone Area

TheGY Eincludesnot only Y NP but al so most of the adjacent landsat an
elevation above 1,524 m (5,000 ft). These surrounding lands are used for
ranching, agriculture, and recreation. The population of Park County, north of
and adjacent tothenorthernrangeof Y NP, isgrowing faster than the popul a
tions in most Montana counties.

In 1880, the population of Park County was 200, but after thearrival of the
Northern Pacific Railroadin 1881, it grew to 6,900in 1890. Population growth
has continued and today the county (population about 16,000) is dotted with
many new devel opmentsand small rancheswith increased fencing, aswell as
many semi-urban areas (Park County 2001).

Thisareawasreported to bethe ancestral wintering range of the northern
range elk herd before Y NP was established (Graves and Nelson 1919). The
influence of devel opment and farming was noted by Wylie (1882, 19267) as
early asthelate 1800s and early 1900s. Hesaid, “ The buffalo, deer, and elk
were accustomed to living on this plateau during the summer. Inwinter they
migrated to lower and warmer regionsoutside the park areauntil settlements
of farmersinthe country surrounding the park madeitimpossiblefor themto
use their long used winter homes.” All these factors fragment habitat and
impede ungulate movements and accessto foraging areas. Thisalteration of
thelandscapeoutsideof Y NPmay haveasgreat apotential to affect ungulate
popul ations, their behavior, and the use of vegetation asdo changing climatic
conditionsand reintroduction of wolves. Littleisknown, however, about the
relative importance of each of these factors or their interrelationships.

"Wylie, W.W. 1882. Y ellowstone National Park the Great American Wonderland:
A Complete Hand or Guide Book for Tourists (unpublished material).

AWylie, W.W. 1926. History of Yellowstone Park and the Wylie Way Camping
Company (unpublished material).
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Present Conditions: Vegetation

V EGETATION OF Y ELLOWSTONE' S northern range, amosaic of different for-
est and nonforest communities, istheresult of interactionsamong many envi-
ronmental factors. To understand how management decisionsmay affect veg-
etation of the northern range, the committee reviewed the present conditions
of the major vegetation types. In this chapter, the current state of atype of
vegetation—for exampl e, sagebrush or aspen communities—isdescribed, fol -
lowed by adiscussion of how thedriving variablesmay affect theseconditions.
Inseveral cases, wherechangesindriving variablesmay alter ecosystem com-
ponents, the nature of these changes and their consequences is discussed.
Recent modification of environmental driversisdiscussedtohelp explainthe
significance of recent changes of the ecosystem components. Although this
chapter emphasi zesthe dominant plants, such as sagebrush or aspen, the con-
cern over loss or degradation of these systemsis not only for the dominant
species, but also for thebiodiversity—plants, animal's, fungi, and microbes—
that they support.

UPLAND SHRUBLANDS AND GRASSLANDS
OF THE NORTHERN RANGE
Shrublands

Big sagebrush-ldaho fescue is the most abundant sagebrush-grassiand
type. It occursonsiteswith thin cobble soilsto well-devel oped |oams, gener-
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ally at elevationsof 1,800to 2,400 mwithinthe40- to 75-cm precipitation zone.
It isdistributed throughout the park but is most common in the Gardner and
Lamar River drainages (Despain 1990). The habitat type is dominated by
mountain big sagebrush (Artemisiatridentatassp. vaseyana), although Wyo-
ming big sage (A. tridentata ssp. wyomingensis) may also be present. Identi-
fication of big sagebrush subspeciesisparticularly important because of differ-
ences in paatability and preference to ungulates. ldaho fescue (Festuca
idahoensis) dominates the understory with Agropyron spicatum and
Koeleria macrantha also present. Forbs (broad-leaved herbaceous plants),
such as Geum triflorum, are abundant.

Primary production (theamount of carbonfixed by photosynthesis) varies
widely in big sagebrush-1daho fescue habitat depending onrainfall and temper-
ature (Mueggler and Stewart 1980). A 50% difference in production may
occur on any given site over a 3-year period. Production varied across the
typefrom 560 kg/ha(Mueggler and Stewart 1980) to 1,610 kg/hawith grasses
contributing 21%to 42% of the production, forbs 38% to 56%, and shrubs 10%
to 41%. Between 88% and 98% of the shrub production is from big sage-
brush.

Big sagebrush-1daho fescue habitat, whichisheavily grazed in winter by
ungulates, and the grassland habitat type (1daho fescue-bearded wheatgrass)
account for dightly morethan half of all the nonforested vegetationinthe park
and onthenorthernrange (Houston 1982). Thesetwo typesprobably furnish
most of the forage for the large number of grazing animals in the park
(Despain 1990).

Wyoming big sagebrush-bluebunch wheatgrass (A. spicatum, now
Pseudoroegneria spicatum) habitat type occursinthe Gardner River canyon
in small areas on southern and western slopes, often between big sagebrush-
|dahofescueand other grasslands on ridgetopsand upper slopes. It occurson
shallow to moderately deep soils formed over several parent materials.

M ountain big sagebrush isthe dominant shrub, although basin big sage-
brush (Artemisia tridentata ssp. tridentata) may occur on deeper soilsin
drainages. Low shrubs, such as A. frigida and Gutierrezia sarothrae, are
usually present. In addition to bluebunch wheatgrass, other conspicuous
grassesinclude K. macrantha, Poa secunda, and Stipa comata. Production
variesbetween 670 and 1,120 kg/hawith highvariability between sitesbut not
between years (Mueggler and Stewart 1980). Thistypeisheavily grazedin
winter by ungulates in the Gardiner area. Big sagebrush receives enough
browsing to reduce the size of its canopies.
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Inthe Gardiner area, Wambolt and Sherwood (1999) al so describeaWyo-
ming big sagebrush-bluebunch wheatgrass (A. spicatum) habitat type, asdid
Mueggler and Stewart (1980) and Houston (1982). Associated speciesinclude
sprouting shrubslike rubber rabbitbrush (Chrysothamnus nauseosus), green
rabbitbrush (Chrysothamnusviscidiflorus), and gray horsebrush (Tetradymia
canescens). Prairie junegrass (K. macrantha) and Sandberg bluegrass (P.
secunda) are also common.

Grasdands

|daho fescue-bearded wheatgrass (Agropyron caninum) habitat typeis
ahighly productive mesic grassland with high speciesdiversity. It occurson
gentlesopesat e evationsof 2,000to 2,600 m, withinthe46- to 76-cmrainfall
zone. Itisdominated by grasses but contains a higher proportion of forbs
(30% to 70%) than other western Montanahabitat types. It hasashort grow-
ing season and is used by native ungulates in winter (Houston 1982).

| daho fescue-Richardson’ sneedlegrass (Stiparichardsonii) habitat type
generally occursat elevations of 1,100 to 2,100 m on gentle slopes and deep
soils. Itisamoderately mesic and productive grassland type dominated by
Festuca idahoensis, S. richardsonii, Danthonia intermedia, Stipa occiden-
talis, and G. viscosissimum. This grassland is summer range for sheep or
cattle, and it receives substantial winter grazing by native ungulates.

| daho fescue-bluebunch wheatgrassisthe most common xeric (Houston
1982) or moderately mesic (35to 50 cmof precipitation) grassland typeinthe
Greater Y ellowstone Ecosystem (GY E) (Mueggler and Stewart 1980). Itis
found on intermediate mountain slopesat el evations of 1,400t0 2,300 mand
occurs on awide variety of parent materials.

Other grassesinclude K. macrantha, P. sanbergii, and either S. comata
or S occidentalis. Forbs cover from 10% to 60% of the area and include
Achillea millefolium, Antennaria rosea, Arenaria congesta, and possibly
Phlox hoodii. Medium shrubs such as A. tridentata and C. viscidiflorus are
occasionally present. Annual primary productionishighly variabledepending
ontheweather. Thegrassesare used by elk and deer at the lower elevations
for winter range and by pronghornyear-round. At the highest elevation, this
type is summer range for elk and deer. At middle elevations, it is used as
springand fall rangeby all ungulatesand aswinter range by bighorn sheep and
mountain goats.
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Bluebunch wheatgrass-Sandberg bluegrass, or A. spicatum-P. sanber gii,
isusually found between 900 and 1,800 m, especially ongravelly soilson steep
southern slopes. Itisamoderately arid typein the 35- to 50-cm precipitation
zone. Shrub and forb cover is low, and rhizomatous grasses are generally
absent.

Needle-and-thread-blue grama (S. comata-Bouteloua gracilis) habitat
typeisusually found on broad alluvial benches and valley floors. Houston
foundthisgrasstypeinY ellowstoneNational Park (Y NP) intheboundary line
area, upstream on the Y ellowstone River to the Black Canyon. It generally
occurs below 1,500 m and is the driest grassland habitat type (20 to 35 cm
precipitation). Thetypeisfloristically simple, containing grasses and alow
cover of forbs and shrubs. Needle-and-thread grass is a bunchgrass that
dominateslateseral stagesof thecommunity but decreasesunder heavy graz-
ing pressure. Blue grama, the other dominant sod-forming grassin the com-
munity, increases under heavy grazing.

Thetermsdecreaser, increaser, and invader refer to aplant’ sresponseto
grazing (Dyksterhuis 1949). Decreaser plantsare most preferred by grazing
animal sand with continued heavy grazingarethefirst kindsof plantstodecline
incover inacommunity. Increaser plantsinitially increasein cover inacom-
munity under ungul ate grazing pressure because the preferred decreaser plants
are declining and opening up space for increasers to grow. Eventually, as
heavy grazing pressure continues, theincreaser plantsal so decline, opening up
sitesfor invader speciesof low palatability and generally low nutritional value.
Common shrubs that increase with overgrazing include A. frigida, G.
sarothrae, and Opuntia polycantha.

Factor s I nfluencing Present Conditions of
Sagebrush and Grasslands

Sagebrush: Ungulate Use

Big sagebrush isaparticularly important food plant for several Y ellow-
stoneungulates, especially inwinter. Consequently, lower siteswherethere
islittle snow or where snow doesnot deeply cover shrubsare heavily grazed.
During other seasonsuseisless, although big sagebrush may beanimportant
source of protein for elk during the gestation period and in summer because
grasses alone do not meet their protein needs (Wambolt et al. 1997).

Not all ungulates in the northern range use big sagebrush to the same
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extent and not all subspecies of big sagebrush are equally used by the ungu-
latesthat feed onit. Big sagebrush isan important component of elk, mule
deer, and pronghorn diets but not of bighorn sheep, bison, and mountain goats
(Houston 1982). Muledeer and ek strongly prefer mountain big sagebrushto
Wyoming big sagebrush and basin big sagebrush (Wambolt 1996). Wyoming
and basin bhig sagebrush are much preferred over black sagebrush (A. nova),
but during severe winters, all subspecies of sagebrush are browsed.

Ungulatebrowsinginlow-el evation sagebrush sitesnear the park boundary
hasresultedinsignificant negative effects on big sagebrush (Wambolt 1996).
In some cases, up to 91% of the leaderswere removed and unbrowsed plants
had higher productivity (45 g per plant) and seed-head production (60.3 seed
heads per plant) than browsed plants (10 g per plant and 0.08 seed heads per
plant) (Hoffman and Wambolt 1996). Up to 35% of plants were killed be-
tween 1982 and 1992, and many plantsthat survived had high percentages of
dead crown (Wambolt 1996). Wambolt’ sexclosurework (1998) demonstrates
elk-induced decreases of sagebrush even in areas where there were no other
ungulates. Wambolt and Sherwood (1999) cameto similar conclusions. How-
ever, according to the National Park Service (YNP 1997), on 97% of the
northernY ellowstonewinter range sagebrushisstableor increasing and only
3% of the land shows sagebrush decline. In general, less browsing damage
isobserved at higher elevations(Singer and Renkin 1995, Y NP 1997). Thus,
elk appear to affect sagebrush at lower €l evations—including the 3% of the
winter range described by NPS as having declining sagebrush—but not at
higher elevations.

Grasslands. Ungulate Use

Grasses are important components of the diet of most Y NP ungulates
except pronghornsand moose (Singer and Norland 1994). Theimportance of
grasses in the diets of most ungulates on the northern range of YNP was
shown by Singer and Norland (1994) through microhistological analyseson
feces, comparison with earlier published work based on rumen analyses, and,
for bighorn sheep, examination of feeding sites. M ean percentage diet compo-
sitions assessed by these methodswere, asfollows: elk, 75% to 79%; bison,
53% to 54%; mule deer, 19% to 32%, pronghorn, 10% to 4%; and bighorn
sheep, 65% to 58%. Bison alsoincluded ahigh proportion of sedgesintheir
diets (32% to 56%).

Asinmany other grasslands, ungulatesin Y NP move nonrandomly over
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thelandscape, feeding preferentially on grassesthat areat particul ar stages of
development (Frank et al. 1998). Y ellowstone elk migrate elevationally as
grasses produce new growth in spring (Houston 1982, Frank and M cNaughton
1992). Some areas are intensively grazed but they recover as animals move
to other patches. Timing of feedingiscritical because feeding on vegetative
material can havelessimpact than removal of growing pointsor reproductive
structures. Despain (1996) compared one exclosure with the surrounding
area. Hefound that elk fed heavily on the highly pal atable bluebunch wheat-
grass but moved off before the grass flowered so that there waslittle differ-
ence between exclosures and the surrounding areas in the total amount of
green biomass of all species at the end of the growing season.

The grazing and migration pattern in the northern winter rangeresultsin
modest spring and summer grazing on the lower ranges that receive heavy
winter pressureand moreintensegrazing at higher elevationsassnow recedes
and green-up occurs (Singer and Harter 1996).

There are visually apparent effects of grazing on YNP grasslands. The
guestion is whether those effects are signs of damage induced by feeding
populationsthat exceed the carrying capacity of those rangelands. NPS per-
spective at YNP (YNP 1997) is that there is a perceptional prob-
lem—observerswho see Y NPrangel ands make compari sonswith commercial
livestock rangeland and interpret the differences to indicate overgrazing
(Coughenour and Singer 1991, 1996a).

Grassesaregenerally adapted to grazing and may even respond positively
to appropriate grazing levels (Huff and Varley 1999). GrazinginY NP may
cause enhanced plant protein (Singer 1996) and nitrogen content (Coughenour
1991, Mack and Singer 1993), and grazed plants may producetaller leaf and
seed stalks (Singer and Harter 1996). Also, itis possible that animal move-
ments, deposition of urineand feces, and the physical effectsof hoovescom-
bined with plant responsesto grazing could result in dense, short grass stands
of enhanced above-ground growth (Frank and McNaughton 1992). Plant
diversity on grazed sites is often higher than on ungrazed or heavily grazed
sites (Wallace et al. 1995). Some authors have suggested that there are
aarmingdecreasesinplant diversity on 'Y ellowston€e snorthernrange, implying
that overgrazing is occurring on some sites (Wagner et al. 1995).

Grazing in the northern range does not appear to reduce root biomass
(Coughenour 1991) or soil moisture content, eventhoughthereisanincrease
insoil bulk density (Laneand Montagne 1996). Changeshave been reported
inforb biomass (Singer 1995) and soil nutrients (Lane and Montagne 1996).
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Threeother factorsaffect shrublandsand grass andsinthenorthernrange,
but they have received little study.

Usually, fireisnot commonin grassor big sagebrush communitiesinthe
northern range (Despain 1990), but unusual increasesin sagebrush sincethe
1870s (Houston 1982) may have caused sufficient fuel buildup to carry fires
inthisfire-sensitivevegetationtype. After fire, numerousseedlingsmay estab-
lish, althoughthereislittle evidence that these plants survive and reproduce,
especially for mountain big sagebrush (Wambolt et al . 1999). Possibly, thelush,
young greenery draws ungulatesto the site, increasing herbivory and further
decreasing sagebrush population recruitment (Wambolt et al. 1999). Firehas
fewer negative eff ects on grasslands and may stimulate community renewal .

Pocket gophers (Thomomys talpoides) are common, active, fossorial
rodents that move masses of soil wherever there is sufficient bel ow-ground
consumabl e biomass to support them. Their digging activities, and those of
bears, create patches in YNP grasslands with high densities of forbs that
replace grasses and add to community diversity (Despain 1990). Pocket go-
pherscan alter thestructure of acommunity significantly and changethetime-
courseof succession (Chaseet al. 1982). Activitiesof elk and other ungulates
might affect Thomomys popul ations by altering vegetation cover and soil com-
pactionand consequently indirectly influence vegetation characteristics. If this
had occurred, it would complicate the assessment of ungulates effects on
vegetation, but we are not aware of relevant data for the northern range.

Nonnative plantsareabundant in'Y ellowstone'snorthern range, especially
in big sagebrush and grassland habitats. Threegrassspecies, timothy (Phleum
pratense), crested wheatgrass (Agropyron cristatum), and cheat grass
(Bromustectorum), occur in the areaand might alter, to an unknown degree,
ecosystem productivity, susceptibility tofires, and ecosystem nutrient dynamics
aswell as other integrated measures of ecosystem processes (Huff and Var-
ley 1999).

Conclusions
Not enough dataareavailablefor the committeeto eval uatethe claimthat
abioticfactorsinthenorthern rangeare currently moreinfluential than biotic

factorsonvegetation (YNP 1997, Frank et al. 1998), or thereverse. Certainly,
many processes, especially thoseinthesoil, are strongly mediated by animals
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in YNP (Frank and Groffman 1998). The available data indicate that over
short periods (decades), browsing and, in some areas, grazing have caused
declines in plant populations and productivity.

Sagebrush

Big sagebrush at higher elevationsin the northern range appearsto be at
relatively high abundanceandvigor. Theseareasareimportant for ungul ates
during the nonwinter portionsof theyear. Because snow isusually deep and
plants are relatively protected from elk browsing, these areas do not show
sagebrush decline and may even show increases. They are not obviously of
immediate management concern.

L ower-elevation big sagebrush stands, which have been very heavily used
by elk, aredecreasingindensity and productivity, especialy near the northern
park boundary. Those sites are acritical winter range for avariety of other
ungulates, especially pronghorn. It appearsthat, without extensiveand inten-
sive management to of f set the damage done by elk browsing and grazing, the
siteswill continueto be degraded asresourcesfor pronghornsand other ungu-
lates(Wambolt and Sherwood 1999), especialy near the northern boundary of
the park.

Grasslands

Grasslandsdo not appear to have been altered asmuch by grazing aslow-
elevation shrublands have been by browsing. However, thefew comprehen-
sivereviewsof theliterature do not factor in the amount of biomass or other
integrated measures of ecosystem characteristics contributed by nonnative
species. Thefew studiesavailabledo not indicatethat biodiversity isdeclining
or that these systems are near a threshold value for some characteristic that
iscritical toany ecosystem processthat currently appearsto bewithin normal,
long-term variationsof the system. However, the committeewould have more
confidence if there were more data and analyses available.

FOREST TYPESASSOCIATED WITH THE NORTHERN RANGE

Y NPforestsrangefromlower el evation woodlandsthrough denseforest
to timberline woodlands of whitebark pine and spruce and fir krummholz.
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Knight (1994) describes seven forest and woodland typesin Wyoming, six of
whicharefoundin Y NP. Thesevenincludelimber-pinewoodland, ponderosa-
pineforest, Douglas-fir forest, aspenforest, lodgepol e-pineforest, spruce-fir
forest, and whitebark-pine woodland. There are many associations within
these forest types, based on the composition of dominant and subordinate
understory plants. Despain (1990) uses these associ ations to describe many
forest habitat types. Of the seven typesdescribed by Knight, only ponderosa-
pineforests are not found in Y NP, and limber-pine woodlands are not com-
mon. Thelack of ponderosapineisconsidered to be caused by the predomi-
nance of rhyolitic soils on the Y ellowstone Plateau, soils that create water
stressconditionstoo extremefor ponderosapineintheelevational zonewhere
ponderosa pine might have established. The area may also lack the higher
summer precipitation and warmer and longer growing season temperatures
required by ponderosa pine. Of the six YNP forest or woodland types de-
scribed by Knight (1994), aspenforestsarediscussed separately inthischapter
because of theimportance of their growth and reproductiveresponseto chang-
ing environmental conditions in the northern range.

The forests of northern YNP and adjacent areas exist in a mosaic of
forests and meadows (or parks). The causesfor this mosaic mostly relateto
moi stureavailability, whether influenced by soils, topography, or other factors
(Patten 1963). Theforestsof Y NP are continuously changing as stands ma-
tureand external factors, such aslong-term climatic changes (Whitlock 1993),
cause decline or loss of existing stands. Additionally, because of natural or
anthropogenic environmental changes, such asclimatechangeor firesuppres-
sion, many nonforest areas have beeninvaded by trees (Patten 1969, Jakubas
and Romme 1993). Historical photograph comparisonsshow that many slopes
throughout the northern range have more conifer forests now than in the past
(Meagher and Houston 1998). These photographic comparisonsalso show a
decline of aspen stands throughout the area, a phenomenon also seenin re-
motely sensed datathat show aspen changesinside and outsidenorthern Y NP
(Ripple and Larsen 2000a). Invasion by conifers of sagebrush and other
nonforested areas continues to occur throughout the GY E. Sagebrush areas
are becoming forest (Patten 1969), and forests areinvading subal pine mead-
ows (Jakubas and Romme 1993).

Themost commonforest typeinthelower elevationsof thenorthernrange
is dominated by Douglas fir (Pseudotsuga menzesii). It occurs below the
lodgepole pine zone (1,800 to 2,300 m) in dense stands on cooler sites and
sparse stands often mixed with Rocky Mountain juniper on drier or warmer
sites. Douglasfir developsathick bark, which makes maturetreesrelatively
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firetolerant. IntheY ellowstoneand Lamar River valleys(amajor portion of
the northern range), Douglas fir isthe most common tree, with snowberry a
common understory shrub in warmer sites and pine grass common in cooler
sites. Aspenandlodgepolepineareoften associated with Douglasfirinthese
areas. Douglas-fir forest with shiny-leaf spireaand other short woody shrubs
as understory is common in the northern range on upper slopes and ridges
(Despain 1990).

Theextensivezoneabove Douglas-fir forestinthenorthern rangeisdomi-
nated by lodgepole pine. Although Despain (1990) described a few pure
lodgepol e-pine habitat typesin Y NP, nonewerein the northern range. How-
ever, using a cover classification, he described many cover types based on
different successional stages of lodgepole forests with different understory
recovery phases of climax species(e.g., subapinefir). Knight (1994), how-
ever, described the lodgepol e-pine forest as the most common forest typein
Wyoming, occurringin northern Wyoming from 1,800to 3,200 m. Hepointed
out that, although lodgepol e pineisprimarily afiresuccessional species, climax
lodgepol e pine can occur on cool, nutrient-poor siteswhere other Rocky Moun-
tain conifers cannot survive.

Theforest zone abovethe Douglas-fir zoneincludesother subal pine spe-
cies such as subalpine fir, Engelmann spruce, and, at higher elevations,
whitebark-pinewoodlands. Spruce, fir, and sometimes whitebark pineform
stunted krummhol z “forest” stands on the ecotone between forest and al pine
communities. In most cases, the krummholz is on exposed ridges or rocky
outcrops. Theelevation of thesewoody communitiesiswell abovethenorth-
ern range especialy the northern winter range.

Factor s I nfluencing Present Conditions of
Northern Range Forests

The present condition of forests on the northern range has been deter-
mined primarily by changes in management of fire and ungul ates
Fire

Fire management policy has changed over the past several decades in

YNP aswell asin surrounding national forest wilderness areas. Beforethe
1970s, all fires were extinguished regardless of their location or intensity.
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During the 1970s, the benefits of fire were recognized, and fires that were
unlikely to damage human activitiesor structureswereleft toburn. Thiswas
very successful asmost firesinthepark during the decadesleading upto 1988
burned afew to several hundredsof hectaresin'Y ellowstone’ sconifer forests,
and theforest mosaic normally formed by disturbance processeswasgradual ly
returning to a more “natural” landscape. Fires did not occur in the sage-
brush-grasslands during thistime. (Thefires of 1988 would have occurred
even if decades of controlled burns had preceded them.)

Forestsof the northern range areamosai c of burned and unburned stands,
most of which burnedin 1988 (Despain et al. 1989). Before 1988 theforests
were pure lodgepole-pine or mixed lodgepole-Douglas-fir and lodgepole-
spruce-fir forests(Keigley 1997a). Most of theburned forestsarerecovering
as nearly pure stands of young lodgepole pine.

Ungulate Use

Many forest standsin the northern winter range and in the upper Gallatin
River drainageareheavily browsed and highlined (i.e., abrowsing patternon
trees caused by ungulatesremoving foliage and livetwigsas high asthey can
reach, thus creating ahigh line usually afew meters above the ground) (Kay
1990). Stunted conifers may not be browsed during mild winters and thus
grow into branched trees (see following paragraph for analysis of tree archi-
tecture). All conifer species are browsed. Spruce, fir, and Douglas-fir trees
are highlined, and adventitious branches, which grow on tree stems, are also
browsed. Intheupper Gallatin River drainage near the Y NP boundary, trees
are highlined throughout most of the area, but highlining decreases or disap-
pearsseveral milessouth of the park boundary at higher el evationsor several
miles north of the boundary, where ungulates migrate but few overwinter
(committee observations). Theforest-ungulateinteractionfound onthe Galatin
may represent a microcosm of the northern winter range. This interaction
demonstratestheinfluence of ungulateson theforest under winter conditions
whereungulatesnow stay at higher elevationsin areasthat oncewere primar-
ily summer range (Patten 1963).

Branch architectureand growth form have been used for determining the
intensity of browsing of shrubsandtrees(Keigley 1997a). Y oungtreesbranch
after theterminal shootsare browsed and then may grow into branched rather
thansingle-stemtall treesif browsing pressureisreduced. Dating of theorigin
of branching and other tree-architectural anomalies have beentied to periods
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of elevated ungulate numbers, while periodsof “release’ of terminal branches
to formtall trees appear to correspond with periods when ungul ate numbers
were low (Keigley 1998).

Weather and Hydrology

Changesin forest patterns may be caused by altered hydrological condi-
tions. Certainly, some years in the decade of the 1980s had warmer, drier
weather than the decades preceding it, and apparently than the decade suc-
ceedingit. Consequently, when temperatures were warmer and windswere
greater than normal, small fires became big fires and the extensive fires of
1988 occurred. Such cyclical changes in climate cause short, sporadic
changes in many variables that affect forest ecosystems and therefore may
temporarily establish external conditionsfor change. Thesecyclesaretypical;
thus, disturbances and changesin forests of the northern range asinfluenced
by hydrological fluctuationsarenormal. How hydrological cyclesinfluence
other factors such as ungulate behavior may be an important compounding
effect in determining causesfor aterationsof theforestsand individual trees
within the forests and woodlands of the northern range.

Diseases and | nfestations

Disease and infestations of insects and parasites are major factors that
modify theforestsof the Y NPand thesurrounding area. Several infestations
of native species such as spruce budworm and pine-bark beetle have killed
many hectaresof forest, sometimes producing barren slopes, whereasat other
locationsonly individual treesdie. Reduction of tree health by theseinfesta-
tions, especially pine-bark beetle onlodgepol e pine, makestrees susceptibleto
other pathogenic epiphytes such as dwarf mistletoe.

Recently, invasion of nonnative white-pine blister rust into the Rocky
M ountains has caused mortality inwhitebark pineand limber pine (Kendall and
Schirokauer 1997, Kendall and Asebrook 1998). Proximity of Ribesspp., the
secondary host for thefungus, aswell asappropriate environmental conditions
arenecessary for blister rust toinvadepine stands. Inareaswhereblister rust
infectionisvery high, suchasGlacier Nationa Park, conditionsaremoist; in
YNP, drier conditions tend to retard the spread of the rust (Kendall 1998,
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Kendall and Keane 2001). Elevationalso playsaroleinamount of infection,
aswhitebark-pine stands at higher elevations, and perhaps greater distances
from Ribescommunities, show lessinfection and mortality thanlower-eleva-
tion stands. White-pineblister rust infection continuesto expandintheGYE;
if whitebark pineislostinthat area, their seeds, amajor food sourcefor grizzly
bears, will also be lost (Kendall 1983, Mattson et al. 2001).

Conclusions

Forestsassociated with the northernrange form amosaic with nonforested
areas. Over the past century, probably because of fire suppression, many
non-forested areas have been invaded by trees, converting many hectares of
the northern range into savanna-type forests or closed-canopy forest stands.
These forests have been browsed by ungulates to a limited extent, mostly
whereungulatesare short of winter food. Thisuse doesnot appear to signifi-
cantly affect forest advance or the present distribution of the forests in the
northern range.

ASPEN COMMUNITIESOF THE NORTHERN RANGE

Aspen (Populustremul oi des) isthemost widely distributed native North
American tree species (Fowells 1965) and an important component of land-
scapesintheintermountain west. Aspenistheonly native upland deciduous
treethat occursin Y NP. Aspen standssupport high numbersand diversity of
breeding birds (DeByleand Winokur 1985) and provide habitat for other wild-
life. They areanimportant sourceof foragefor browsing ungulates, especially
duringwinter (Olmstead 1979). Aspenstandsalso areconsidered primeareas
for livestock grazing and can be extensive enough to provide aquality water-
shed and attractive scenery (DeByle and Winokur 1985). However, many
aspen stands throughout the west, including Y NP, appear to have declined
during thetwentieth century asold treesdied and littlerecruitment took place.
The causes and consequences of this decline have received considerable
discussion (Krebill 1972, Loope and Gruell 1973, Schier 1975, Hinds and
Wengert 1977, Olmstead 1979, Bartosand Mueggler 1981, Hinds 1985, Boyce
1989, Kay 1990, Bartos et al. 1994, Romme et a. 1995, Baker et a. 1997).

Like other species of the genus Populus (poplars), aspen are single-
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trunked, deciduoustreesthat spread clonally by means of root-borne sucker
shoots (Eckenwalder 1996). They are among the fastest-growing temperate
trees, and their shoots continueto grow after bud-burst by initiating, expanding,
and maturingleavesthroughout the growing season. Aspenisdioecious, having
separate male and female trees that flower before leaf emergence in the
spring. Theseedsareborn on catkinsand arewind dispersed, often over long
distances. Seedsremainviablefor only afew weeksafter their releasein late
spring (Moss1938). Aspenusually regeneratesviavegetative suckeringfrom
theresidual root system after adisturbancethat killsthe maturetrees. These
adventitious shootsgrow rapidly and are supported by the parental root system
for growth for at least thefirst 25 years (Zahner and DeByle 1965). Thenew
suckers develop new rootswithin thefirst few years, but the parent root sys-
tem remains alive and functioning for 40 to 50 years (Pregitzer and Friend
1996). Individual stemsarerelatively short lived. For example, most stemsin
the Colorado Front Range are less than 75 years old. Few stems reach 200
yearsof age. Thewood of poplarslacksterpenoidsand other compoundsthat
resist decay, so the centersof large mature trees often are much rotted before
they fall (Eckenwalder 1996).

Aspen has abroader range of environmental tolerances than most of its
associated species and can grow in most mountain vegetation zones
(Daubenmire 1943, Fowel s 1965). In theintermountai n region, however, aspen
isconfinedto siteswith moist soilswith at | east 38 cm of annual precipitation
and cold winters with deep snows (Jones and DeByle 1985). Subsurface
moisture from seeps, or other factors that concentrate water, characterize
aspensites. Inwestern Wyoming, themodal el evation of aspen standsisabout
2,000 m. The upper elevation limits may be determined by growing season
length and thelower limitsby evapotranspirational demands (Mueggler 1988).
Aspeninthenorthernrangeof Y NP occursin small- to medium-sized stands
growing on moist areas of thelandscape. However, aspen standsin Y NPare
not asrobust as standsin the mid-intermountain regions of Utah and Colorado
(Mueggler 1988). IntheRocky Mountains, aspenisprimarily aclonal species
that reproducesa most exclusively by root sprouting and produceslarge stands
composed of stems from one or a few genetic individuals (Barnes 1966,
McDonough 1985, Tuskan et al. 1996). Theindividual clonesrespond differ-
ently to environmental conditionsacrossthelandscape. Thisisobviousinthe
fall when stands changecolor at different timesand to different shades; differ-
ences may also be evident in responses to moisture stress and other environ-
mental factors.
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Reestablishment of aspen by seed is believed to have occurred infre-
guently in the Rocky Mountains since the last glaciation because climatic
conditions have not been suitable for widespread germination and seedling
establishment (Einspahr and Winston 1977, Cook 1983). However, rareepi-
sodes of seedling recruitment have occurred (Jelinski and Cheliak 1992),
among them thewidespread establishment of aspen seedlingsin Y NP after the
1988 fires(Kay 1993, Rommeet a. 1997, Stevenset al. 1999). Itisdifficult
to age aspen clones, as they are long-lived and may be much older than the
oldest live canopy tree (Grant 1993). Existing large treesin an aspen clone
represent “recruitment events’ for tree-sized stems—that is, periods when
conditionsweresuitablefor seedlingsor root sproutsto developintotall trees.

Aspen occurs both as successional and asclimax vegetation. Aspenroot
sprouts readily after disturbances such as fires that kill the overstory trees
(Mueggler 1988, Rommeet a. 2001). Fireenhancesthisrecruitment, but any
event, including aging, senescence, and death (e.g., by girdling) of the over-
story trees, that reduces the apical dominance that typically suppresses root
sprout development and growth may trigger extensive root sprouting. The
extensive aspen standsthroughout the central Rockiesarebelievedto be partly
aresult of wildfires, and someinvestigators have suggested that theelimination
of firereduced regeneration of aspen (Loopeand Gruell 1973, Houston 1982).
Root sprouts tend to grow faster than seedlings, and thus aspen sprouts can
easily outcompete other species, such as conifers, that must regenerate
through seeds (Despain 1990). Aspenisnot shade-tolerant, soif conifersstart
to grow under aspen stands, they may eventually shade out theaspen. Inother
locations, aspen can remain asthe climax vegetation, continuing to regenerate
through root sprouts when the individual s that compose the canopy become
senescent (Despain 1990).

Aspen, likemost Populusspecies, ispreferentially browsed by ungul ates
when in leaf and during winter (Olmstead 1979). Elk eat the tips of aspen
sproutsand the bark of maturetrees, except wherethe smooth white bark has
been replaced by thick, black, corky bark in responseto prior injury. Aspen
root sprouts and seedlings may be severely browsed by elk during winter or
during spring and fall migrations between the summer and winter ranges. In
many partsof Y NPandthe GY E, elk commonly browsenearly all root sprouts
inaspen stands(Rommeet al. 1995, Rippleand Larsen 2000a). Several inves-
tigatorshave suggested that excessiveelk browsingisthemajor reasonfor the
lack of regeneration of aspen stands (Krebill 1972; Beetle 1974, 1979; Kay
1990; Bartoset al. 1994). Indeed, ungulate browsing can increase mortality
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of aspen saplings and suckers reduce or eliminate root suckers (which pre-
vents regeneration of large stems), and contribute to increased disease in
larger trees (DeByle and Winokur 1985, Hinds 1985).

Aspen standsare scattered throughout the northern range where moisture
conditions are suitable. Historical photographs suggest that aspen thickets
occurred on the northern range during the early twentieth century (Houston
1982, Kay 1990, M eagher and Houston 1998). Kay (1990) and Keigley and
Wagner (1998) show photographs of aspen standsin the 1800swith no browse
line, whereas Houston (1982) describes abrowselinefor thisperiod. Inthe
late 1800s, therewere approximately 6,000 haof aspen onthenorthernwinter
range, whereastoday aspen cover only about 2,000 ha, and many of themare
in ashrub form (Renkin and Despain 1996). Because much of the northern
winter rangeis sagebrush-grass and or wet bottomlands, | ocationswhere aspen
candeveloparelimited. Thisscarcity of sitesiscommoninsemi-arid environ-
ments such as the lower elevations of the northern winter range. In thefor-
ested areasof the northern range, aspen representsalocalized vegetation type,
possibly relicts of past fire regimes (Houston 1982).

Except for aspen clonesin exclosures, most aspen stands on the northern
range contain aging or senescent treeswith arelatively dense understory of
root sprouts mixed with a herbaceous ground cover. About 85% of thelarge
aspen alivetoday onthenorthern rangeoriginated before 1920 (Rommeet al.
1995, Ripple and Larsen 2000b). Romme et al. (1995) obtained increment
coresfrom 15 aspen stands, which revealed aperiod of aspenregenerationin
the 1870sand 1880s. Rippleand Larsen (2000b) devel oped amore compre-
hensiveage structurefor northern range aspen by obtaining 98 readableincre-
ment coresfrom 57 different stands. Results of this study revealed that 85%
of the sampled aspen stems originated between 1871 and 1920, with 10%
originating before 1871 and only 5%from 192110 1998. Therelativepaucity
of older aspen (Romme et a. 1995, Kay 1997, Ripple and Larsen 2000b) is
consistent with the relatively short lifespan of individual aspen stems. Itis
clear that very few of the stems became established in the twentieth century.
However, quantifying the establishment of tree-sized aspen earlierinthenine-
teenth century is difficult because many trees have already died and some
older trees are not sound enough for aging.

A historical data set in which the diameter at breast height (DBH) was
recorded for aspentreesin 20 separateriparian standsin 1921 and 1922 (War-
ren 1926) hasprovided avaluableinsight on northern-range aspenintheeigh-
teenth and nineteenth centuries. Ripple and Larsen (2000b) used these data
to infer historical age distribution. New increment cores were collected in
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1998 from 30 northern range aspen and 19 aspen from the Gallatin National
Forest to determinetherel ationship between aspen ageand DBH. Theresult-
ing regression wasthen applied to thelargest diameter aspenin each of War-
ren’ s(1926) stands. Thisanalysisreveal ed that theaspen presentin 1921 and
1922 had originated between 1750 and 1920.

Northern range aspen have produced root sproutsduring recent decades,
but root spouts have not been ableto grow higher than the herbaceous layer.
Sproutsareregularly browsed back by ungulatesto the approximate depth of
winter snowpack (Rommeet al. 1995). Browsingintensity ishigh. For exam-
ple, between 50% and 70% of aspen root sproutsin both burned and unburned
stands on the northern range were browsed in 1990 and 1991 (Rommeet al.
1995), and Ripple and Larsen (2000b) found that 89% of aspen stemsin the
northern range showed evidence of browsing in 1997. Asthe large, older
aspen stemsdie, they are not replaced by new recruitment into the canopy, and
shrubby aspen, grasses, and forbs may cometo dominate (Kay 1990). How-
ever, root sproutsthat have been protected from browsingwithinan exclosure
have grown several meters, which suggeststhat climatic conditionsare suitable
for such growth. Removal of the exclosure exposesthemto stem girdling by
ungulates. Thesetaller individuasthendie, returning the cloneto aged trees
and herb-height root sprouts.

Multiaged or multiheight aspen clones are scarcein Y ellowstone, espe-
cially inthe northern parts of the park. In contrast, multiheight aspen clones
existat mid-elevationsinareaswithinthe GY E but outside Y NP (e.g., Centen-
nial Valley and Grand Teton Nationa Park). Someareasof transitional range
outside Y NP may receive less browsing because migrating elk may not be
present long enough or densitiesof ungulatesintheseareasmay belower than
in YNP. Studiesfrom Y ellowstone and elsewhere in the Rocky Mountains
provideinsightintotheregiona variationinthefactorsthat explainthesediffer-
ences, including fire, elk browsing, and other environmental drivers (e.g.,
DeByleand Winokur 1985, Rommeet al. 1995, Baker et al. 1997, Kay 1997,
White et al. 1998).

Factor s I nfluencing Present Conditions of Aspen Communities
Precipitation

Rain and snow, by recharging subsurface soil moisture and protecting
woody plants, affect the availability of winter forage and hence migration of
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ungulates. Together or separately, these may influence ungul ate utilization of
aspen root sprouts, shrub-aspen, and aspenbark. For example, in somereports
onthenorthern winter range, long-term sprout height appeared to beafunction
of snow depth (Kittams 1952, Barmore 1980). Annual preci pitation hasfluctu-
ated over the past century but without drying or wetting trends. During this
time there has been no reduction in stream flowsin general in YNP or in the
Lamar River, asmeasured at agage within the northern winter range. How-
ever, the 1930s and 1980s were drier decades than others in this century.
Data from the 1980s have been used to infer adrying trend (Y NP northern
range report), but if there was atrend, it ended in the 1990s. Snow-water
equivalent depthin April for two snow coursesinthe northern range showsa
decline in the 1980s, a period that also was below normal for annual peak
flows. The 1990s, however, had peak flows above normal, and heavy snow-
packsin 1996 and 1997 produced back-to-back 100-year floodsontheY elow-
stone River.

Theconclusionsthat can bedrawn fromthehydrological informationare
that there have been periods of above or below normal precipitation and snow
cover during the past century, but there is no consistent pattern of declining
precipitation or snow cover inthenorthernrange. Consequently, snow through
itsinfluenceonelk migration or protection of aspens, cannot bethe onefactor
that produced changesin aspen stand conditions on the northern range. Pre-
cipitation as a source of subsurface moisture al so has probably not changed
sufficiently to affect aspen condition. Thefact that aspen clonescontinueto
produce prolific root sprouts and maintain shrub-aspen standsindicates that
thereprobably islittle moisture stressfor these communities, although seedlings
may experience greater moisture stress.

Ballingetal. (1992b) examined theclimaterecordfor Y NP (1890t0 1990)
with regard to therel ationship between climateand wil dfire. Althoughthey did
not focus on snowpack, their analyses demonstrated asignificant increasein
summer temperatures during the century-long record along with adeclinein
January to June precipitation levels. Taken together, these changes suggest
an increase in summer drought conditionsin Y NP during the past century.
Theperiod beforethehistorical record coincideswiththeend of theLittlelce
Age, an extended period of cooler global climate conditions, whereasthe pe-
riod of the Balling et al. (1992a) study ended before the wetter 1990s. Al-
though these differences are not sufficient to explain the decline of aspen
standsin Y NP during the twentieth century, the climatic changes suggest the
possibility of increased moisture stress as a contributing factor, although the
twentieth century fluctuationsin annual indices of drought stressfall within
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normal fluctuationsover the past several centuries. However, inY elowstone
and throughout the Rocky M ountains, climatic change does not appear to be
closely associated with aspen regeneration. I|nRocky Mountain National Park,
Baker et al. (1997) found little evidence for a relationship between aspen
regeneration and climate, and aspen have not regenerated in Y ellowstone
duringtheclimatically favorable conditionsthat have occurred sincethe 1920s
(Rippleand Larsen 2000b). Moreimportant, their dendrochronol ogical data
show that aspen regeneration occurred during both favorabl e and unfavorable
climatic conditionsbetween 1871 and 1920 (Rippleand Larsen 2000b). More-
over, many aspen clonesinthe GY E wherethereislittlewinter use by ungu-
lates show normal recruitment and expansion of clonal boundaries (committee
member observations).

Fire

Fireisamajor factor that enhances aspen recruitment (Loope and Gruell
1973, Brownand DeByle 1987). Typically, fireremovescompeting overstory
conifers, triggering profuse aspen root sprouting and potentially producing
extensiveclonal stands. Reductioninfirefrequency consequently may reduce
the number and extent of aspen clones. Clones that do not have extensive
successiona understory development of conifers may continue to exist for
many “generations’ through root sprouting as the older trees senesce.

On the northern range, fire frequency has been reduced since the 1800s
through fire suppressionin Y NP and adjacent national forests. Firerecurred
every 20to 25yearsinnorthern Y NP beforetheinitiation of firecontrol inthe
|ate 1800s; from 1900 to 1988, there were aimost no firesin Y ellowstone’ s
northern range (Houston 1973). Consequently, some of the aspen clonesare
becoming mixed aspen-conifer stands (Mueggler 1988). Others, however,
remain as relatively pure aspen clones, especially in locations either some
distance from conifer seed dispersal or on locations that may not be suitable
for conifer recruitment. Examplesof both pure aspen clones, some contained
within exclosures, and aspen-conifer successional stands are found on the
northern range. In both situations, thereis often extensive aspen clonal root
sproutingif the conifer canopy isnot too dense. Thus, areductioninfirefre-
guency may reduce the expansion of existing aspen clonesand also may pre-
vent devel opment of new clonesthrough sexual recruitment. Firesuppression
could beonefactor contributing to thelack of recent recruitment of tree-sized
stems. However, Hesd (2000) found no significant differencein aspen-sucker
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density inresponsetofireinthe GrosVentrewatershed south of Y ellowstone,
and, even after the 1988 fires, aspen shoots have not grown enoughto escape
being eaten by elk in northern Y ellowstone.

The 1988 Y ellowstone fires burned approximately 22% of the northern
range. Mature aspen stands that were burned in 1988 produced hundreds of
thousandsof root sprouts per hectare, but the 1988 firesresultedinareduction
inthe number of aspen within shrub-aspen communitiesonthenorthernrange
(Kay and Wagner 1996). Thedensity of shrub-aspen beforefire (1986) was
about 18,000 stemsper ha, and shortly after thefire (1989) it wasabout 19,000
stems per ha, but by 1992 the number had dropped to about 10,000 stems per
hectare. Extensive seeding of aspen in burned areas also occurred after the
1988 fires (Kay 1993, Rommeet al. 1997). These seedling aspen are geneti-
cally diverse but are not elongating rapidly in YNP (Stevens et al. 1999).
Browsingintensity on seedling aspen remainshigh, and even unbrowsed indi-
vidual sattained maximum heightsof only about 1.5mby 1999 (M.G. Turner,
personal observation). Thus, despite extensive root sprouting and seedling
establishment after the 1988 fires, regeneration of large aspenisnot yet occur-
ring.

The accumulation of postfire coarse woody debris may, however, favor
aspen regeneration. Asconiferskilled by firefall, extremely dense piles of
coarse woody debris may accumulate and provide refugia from ungulate
browsing. After the 1988 fires, seedling aspen growingin areaswith alot of
fallen conifers had not been browsed by ungulates since 1993 (Turner and
Romme 1994). In burned areas on the northern range, Ripple and Larsen
(2001) found that aspen suckers protected by fallen conifer barrierswere, on
average, twice the height of unprotected suckers.

Ungulate Use

Dendrochronological studies in the GY E and elsewhere in the Rocky
Mountain region suggest astrong rel ationship between elk density and regener-
ation of aspen cohorts—stands containing apredominant sizeclassor distinct
patches of different size classes that are spatially segregated within a clone
(Baker et al. 1997). In Rocky Mountain National Park, Baker et al. (1997)
found only aweak correspondence between regeneration of aspen cohorts
since 1875 and climatic and hydrol ogic fluctuations; aspen regenerated in both
cool and warm periodsand during periodswith |essthan average precipitation.
However, aspenregeneration seemedto berelated to fluctuationsin elk den-
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sity, with cohortsregenerating when e k density was probably low and exhibit-
ing no regeneration when elk density was high (Baker et al. 1997). Notably,
aspen regeneration appeared to have been sporadic when elk density was
lower thantoday (e.g., late 1800sto early 1900s), although ol der cohortsmay
have already senesced. The complete absence of recruitment of aspen trees
sincethelate 1970sisanomalousintheir record. Based onmortality |evel sof
suckers and established trees, sucker density, and the reduced height and
extensive branching of browsed suckers, Baker et a. (1997) concluded that
theaspen populationintheelk winter rangein Rocky M ountain National Park
isdeclining, largely in response to elk browsing. Inthe Gros Ventre water-
shed, located south of Y ellowstone and managed by the Bridger-Teton Na-
tional Forest, Hesdl (2000) examined aspen regeneration since 1850 inrelation
tofire, ek browsing, climatic variation, andland management regimes. Regen-
eration of aspen cohorts in the Gros Ventre has been episodic and largely
correspondsto periodswhen elk density waslower (e.g., late 1800sand 1940s
and 1950s) or browsing pressure on native vegetation was reduced (19705)
because of artificial winter feeding in the National Elk Refuge located near
Jackson, Wyoming. Current patterns of aspen regeneration appear to be
related to human-induced gradientsof elk use, with browsingintensity highest
near thewinter feeding groundsand declining with distancefromthefeeding
grounds.

Ripple and Larsen (2000a) compared the percentage of aspen stems
browsed in stands located in the northern range and in two locationsin the
nearby Gallatin National Forest: the Sunlight Basin, closetothenorthernrange,
and Clarks Fork Basin, which does not receive heavy ungulate use in the
winter. Theirinitial datareveal ed that the highest browsingintensity occurred
on the northern range (89.6% of 1,100 observed ramets were browsed), but
browsing intensity was also high in the Sunlight (85.6% of 611 ramets) and
Clarks Fork (76.7% of 322 ramets) Basins. However, the Clarks Fork site
contained a more even distribution of aspen in awide range of size classes
compared with thenorthern range, inwhich all aspen standscontained individ-
ualsof >20 cm DBH and none of <11 cm DBH. Inthe Sunlight Basin, 90%
of the stands contained aspen of >11 cm DBH, but 11.5% of the stands con-
tainedindividualsof 1to 5cm DBH, and 27.8% of the standshad individuals
of 6to 10cmDBH. Rippleand Larsen arealso using aerial photosto examine
changesthrough timeinaspen standsin northern Y ellowstoneand the Gallatin
and ShoshoneNational Forests, but theresultsof theseanalysesarenot avail-
able.

Thereisindisputableevidencethat ungulates, primarily elk, arebrowsing
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aspenintensively onthenorthern rangeand likely have done so throughout the
twentieth century. Ungulates are a major factor contributing to the current
absence of recruitment of tree-sized aspenin YNP (Kay 1993, Rommeet al.
1995, Rippleand Larsen 2000b) and in other locationsinthe Rocky Mountains
(Bakeretal. 1997, Hesdl 2000). What isnot known, however, ishow ungulate
numbers and patterns of habitat use before park establishment might have
influenced the spatial and temporal dynamics of herbivory on aspen. This
perspectiveisimportant because an understanding of thedynamicinteraction
between elk and aspen would help us interpret the current condition.

There is controversy about the numbers, or even the presence, of ungu-
latesinthenorthernrangeinthe pre-Columbian period. Evidence supportsthe
presence of ungulates (primarily elk) in the northern range when YNP was
established (Schullery and Whittlesey 1992). However, available evidence
doesnot suggest that extensive herds of ungul ateswintered inwhat isnow the
northernwinter rangein the period immediately bef ore establishment of Y NP
(seeAppendix A). Certainly, photographic evidence presented by Kay (1990)
and Keigley and Wagner (1998) suggests that there was little woody plant
utilization by ungulatesinthemid- tolate 1800s. Thiscould meanthat (1) no
or few ungulates were there any time of year (Kay’ s position), or (2) that no
or few ungulates used the northern range when forage was scarce and woody
plantswere one of thefew food sourcesavail able because herdshad migrated
to lower elevations, conditions expected during severewinters (Keigley and
Wagner’s position).

Itisunlikely that woody plants, including aspen standswithlittlehighlining
and extensivetall willow communities, could haveexistedif large numbersof
ungulates used the northern range in winter inthelate 1800s. Datacollected
by Barmore (1965, presented by Renkin and Despain 1996) whentheelk herd
was reduced in the late 1950s and early 1960s show that levels of elk use as
low as 10 elk-usedaysper acreresulted in over 75% utilization of aspen sprout
leaders, and elk-use days no greater than 25 per acre resulted in 100% utili-
zation. Consequently, thereappearsto beachangeintheungulate use pattern
of the northern range over the past century and a half, with more animals
stayinginthe park’ snorthern rangeinthewinter. Thischangemay bedueto
several factors, none of which has been thoroughly tested. These include
increased human activitiesand devel opment within the original winter range
and winter migration routesaswel | asdevel opment of aregular hunting season
that created hunting pressuresonthe’Y NP northernborder. Cole(1969) used
these factors to account for altered migration patterns and forage use of elk
in southern YNP-Grand Teton National Park elk herds.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10328.html

Present Conditions. Vegetation 65

Chemical composition, especially secondary compounds, may influence
herbivory and the survival of aspen. Some authors have suggested that wil-
lows and aspen in Y NP have inadequate secondary compounds to defend
against elk browsing (e.g., Singer et a. 1994), but the chemical composition of
aspen and itsrel ationship to browsing have not been studied in Y ellowstone.
The dominant secondary metabolites of aspen are phenolic products of the
shikimic acid pathway. Theseinclude condensed tannins, phenolic glycosides
(thesalicylatessalicin, salicortin, tremuloidin, and tremulacin), and coniferyl
benzoate (Palo 1984, Lindroth and Hwang 1996). Tanninsand phenolic glyco-
sidesoccur inleaf, stem, and root tissues, whereas coniferyl benzoate occurs
only inflower buds. Theinfluenceof tanninsand phenolic glycosidesonfeed-
ing by insect herbivores, particularly Lepidoptera, hasreceived considerable
investigation. Tanninsareineffective defenses, whereas phenolic glycosides
are effective at moderate to high concentrations against many aspen-feeding
insects(Bryant et al. 1987, Hemming and Lindroth 1995, Lindroth and Hwang
1996, Hwang and Lindroth 1998). Coniferyl benzoate provides protection
against herbivorousbirdssuch asgrouse (Jakubaset al. 1989). However, little
isknown about theinfluence of aspen secondary metabolitesontheforaging
behavior of mammals, particularly ungulates. Phenolic glycosidesand their
derivatives, but not tannins, deter feeding by hares (Tahvanainen et al. 1985,
Reichardt et al. 1990). Aspen tannins may be similarly ineffective against
browsing ungulates, a prediction consistent with the production of tannin-
binding salivary proteinsin such animals (Austin et al. 1989, Hagerman and
Robbins1993). Jdinski and Fisher (1991) found significant variationin second-
ary compounds among aspen clones but concluded that these concentrations
did not appear to inhibit palatability or digestibility for members of the deer
family. Erwinet al. (2001) concluded that for aspen seedlings and clonesin
Y ellowstone, foliar phenolic glycosidesand tanninswere not active defenses
induced in response to browsing by large mammals.

Severa exclosuresin the northern range and the Gallatin range (north-
western Y NP) demonstratethat, with protection from ungul ates, aspen can till
grow tall and root sprouts can produce multiple age classes of above-ground
stems. Intensive ungulate browsing on aspen may result from factors that
concentratetheanimalsnear the aspen clones, and/or from theungulate herds
being sufficiently largethat nearly al aspenisutilized. If ungulatesare* pre-
vented” from migrating to portionsof their historical winter range, the density
of ungulateson theremaining avail ablewinter rangewill beunnaturally high.
Hunting and human devel opments(e.g., throughout Paradise Valley, north of
Y NP) can prevent long-distance migration. Truncation of migration routesmay
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al so hasten the spring return of ungulatesto the summer range at timeswhen
herbaceous plant biomassis still low and woody forage must be consumed.

Interrelated Changes

Aspen communitiesno longer produceroot sproutsthat grow intotall trees
inthenorthernrange. Root sprouting continues, whichindicates adequatel ocal
abiotic conditionsfor thisform of recruitment and suggeststhat other factors
must be contributing to prevent the development of tall aspen clones. Fire
suppression hasprevented reduction of competition and enhancement of condi-
tionsfor tall growth. However, this cannot explain thelack of regeneration,
particularly giventhat the 1988 firesresultedin profuseroot sprouting that was
intensively browsed. Ungulate browsing clearly contributes to the lack of
regeneration, although thelong-term dynamics of aspeninnorthern Y NPare
not well understood. Romme et al. (1995) hypothesized that during the late
1800s, when they thought the last recruitment of tree-sized aspen occurred,
might havebeen characterized by several co-occurringfactors, includinginten-
sivemarket hunting for elk, morefrequent fires, generally moist growing condi-
tions, and reduction in beaver populations, which all contributed to reduced
browsing pressure. However, recent work by Ripple and Larsen (2000b)
indicatesthat aspen regeneration did occur asrecently as1921. Ininterpreting
these patterns, Rippleand Larsen (2000b) hypothesi zed that the di sruption of
natural predator-prey relationships may have contributed to the observed dif-
ferences in aspen regeneration. Furthermore, they suggest that the reestab-
lishment of wolvesin 1995 may benefit aspeninthelongterm. Inadditionto
reducing elk population size, wolves may al so influence ungul ate movement
and browsing patterns. In Jasper National Park, White et al. (1998) reported
that a new cohort of aspen sprouts regenerated into trees ranging from 3 to
5 m tall after wolves were reintroduced. Top-down control on ungulate
herbivory hasal so been suggestedinlsleRoya eNational Park, asystemwith
no long-range ungulate migration (McLaren and Peterson 1994).

Postfire coarse woody debris (i.e., fallen trees) also can protect aspen
from ungulate browsing and has contributed to greater elongation of aspen
suckers in burned stands on the northern range (Ripple and Larsen 2001).
Rippleand Larsen (2001) have al so suggested that park managers might cre-
ate experimental “jackstraw piles’ of dead conifers to create barriers to
browsing and hence facilitate aspen regeneration.
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Conclusion

All data sources indicate that the abundance of large aspen in northern
Y ellowstone has declined during the twentieth century, and most indi cate that
thisdeclineisdueprimarily to ungulate browsing. Although climateandfire
may influence aspen dynamics, these factors have not been the main drivers
for the changes in aspen observed during the recent century. Rather, the
ungulate population, both in size and behavior, appears to be most strongly
correlated with aspen regenerationinthe GYE. Large aspentreesarelikely
to regenerate on the northern range under current conditionsonly if they are
protected from ungul ates, either through physical barriers (which may develop
naturally with postfire coarse woody debris or which may be provided artifi-
cially) or through behavioral changes, asmight beinduced by the presence of
predatorssuch aswolves, unlessmuch more extensivelower-el evation winter
range becomes available.

RIPARIAN COMMUNITIES OF THE NORTHERN RANGE

Riparian ecosystems are the transition from stream to upland. They oc-
cupy avery small part of the landscape, often less than 1%, yet they play an
important role in stream dynamics, wildlife ecology, and biodiversity of the
region (Naiman et al. 1993, Naiman and Decamps 1997, Patten 1998). In
most cases i parian ecosystemsoccur on alluvial sediment depositswhereriver
and alluvial groundwater supplements water available from precipitation
(Gregory et a. 1991). Riparian ecosystems may also be found near springs
and seeps where the groundwater surfaces to create wet areas or surface
flows. Riparian ecosystemsarefrequently disturbed by periodicfloodingand
thus are in a continual process of succession (Malanson 1993). They also
exhibitahighlevel of resiliency after termination or removal of disturbances
or stressors—for example, after floods, after the return of normal stream
flows, or after removal of grazing (Stromberg et al. 1997; Kaufmann et al.
2000; Patten 1998, 2000).

Most western North American riparian vegetation communities are a
result of recruitment and survival in responseto seasonal hydrol ogical events,
variationingroundwater depth, and flood-generated gravel bars. For example,
most western cottonwood species recruit along streams on bare, moist sur-
facesduring thedeclineof springhighflows(Friedmanetal. 1995, Scottetal.
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1997, Stromberget al. 1997). Survival of thesetreesdependson maintenance
of ahighwater tableinthefloodplain and avoi dance of scouring by floodsand
iceflows. Mortality, or inability to surviveafter recruitment may result if the
water tabledrops bel ow that tol erated by young or maturing plants (Rood and
Mahoney 1995).

Willowsareacommon woody component of many western riparian com-
munities. Although their recruitment may also coincide with spring floods,
availability of damp soilsmay besufficient for them to establish and survive.
Factorsthat hel p maintain an el evated water table enhance willow community
growth and expansion. For example, beaver activity may elevate the water
table and create suitable sites for willow community expansion, whereas
stream incising may lower the water table and cause stress to willows.

Inthe Rockies, valley geomorphol ogy directly influencesthe extent and
typeof riparian communities(Patten 1998). Streamsthat flow through broad
valleyswith low gradientsmay belined by both woody and herbaceousriparian
vegetation. If the water table is shallow, wetland herbaceous plants (e.g.,
sedges and wetland grasses) may extend for some distance from the river.
Theseareasoften aredevoid of woody speciesbecausethe herbaceousplants
may prevent establishment of willows or cottonwoods. Willows and some-
times cottonwoods may occur near the stream, where floods enhance their
recruitment. Once established, these species may spread asexually and ex-
pand withinthefloodplain, often occurring away fromthestreamasit migrates
across the floodplain.

Riparian communitiesinthe northern range have developedinresponseto
many of the conditions discussed above. Both low-gradient and relatively
steep valleysexistinthe northernrange. Inthelower reachesof the northern
range, the Y ellowstone and Gardner Rivers cut through canyons, providing
only narrow areas for cottonwood stands and shrub-willow communities.
Twenty-four species of willow are found in the northern range, and species
composition changes, in part, with elevation as well as geomorphic setting
(YNP1997). For example, false mountain willow (Salix pseudomonticola)
ismore common at lower elevations; Drummond, Farr, and Barclay willows
(S drummondiana, S. farrii, S. barcleyi) are more common at higher eleva-
tions; wolf willow (S. walfii) is common on broad floodplains; and sandbar
willow (S exigua) is common on sandy, exposed-stream meander |obes.
Other woody species, such as shrubby cinquefoil (Potentilla fruticosa) and
water birch (Betula glandulosa), are also found in the riparian zone (Singer
1996).
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Reaches of the Lamar River and Soda Butte and Cache Creeks at
mid-elevation in the northern range extend across low-gradient floodplains
wherewillow and wetland herbaceous communitiesarecommon. Narrow |eaf
cottonwood (Populusaugustifolia) occursin limited stands near the channel
on present and past river meander lobes (point bars) (Keigley 1997b). At
higher elevations these rivers flow through both narrow- and steep-gradient
valleysand shallow low-gradient floodplains. Cottonwoodsdrop out andwil-
low and herbaceous communitiesdominate on low-gradient reaches. Conifers
become co-dominants along the streams as the range changes from winter/
summer to only summer ungul ate range (the upper elevations of the northern
range). Throughout thenorthern rangeare several seepsand springsthat also
support deep-rooted communities, primarily willow. Thesearenot truly ripar-
ian communitiesbecausethey do not occur along theedge of streamsor | akes,
but the shallow water tablethat createsthe spring or seep al so createssuitable
habitat for riparian and wetland species. Also, insomeareasaspenisaripar-
ian species. Warren (1926) found aspen along streamsand ponds, especially
wherethere was extensive beaver activity, but most of those standsare gone.
Aspencan still befoundinriparian conditionsbut inlimited situations, espe-
cially along smaller streams. Most aspen standsin the northern rangearein
moist upland areas.

Riparian communitiesinthenorthern rangeexist, or have existed, because
conditionsweresuitable (1) for recruitment of the characteristic riparian spe-
cies, (2) for maintenance of established species because the aluvia water
tablewas sufficiently shallow to maintain plant growth and survival, and (3)
becausefactors, such aslossof adequate groundwater availability, changesin
surface hydrology, plant community modification through browsingand grazing
activities, and other human modificationsof thelandscapeexerted only moder-
ate pressures. If any of these conditions—which helped create the riparian
communities—changethrough natural or anthropogenic actions, theriparian
community isstressed and may degrade or belost from placesonthenorthern
range where they formerly occurred.

Theriparian ecosystemsalong the northern bordersof Y NP and adjacent
areas of ungulate winter use, including the northern range and the Gallatin
River valley inthe northwestern corner of the park, show evidence of degrada-
tionin responseto stressors (Patten 1968, Singer et al. 1994, Keigley 1997b,
YNP 1997). In these areas, woody riparian vegetation has many dead
branches, often with new growth emanating from low on the plant. Inthe
upper Gallatin River drainage there are no cottonwoods, and so evidence of
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stressexistsonly inwillows, whereasin the lower and mid-elevations of the
northern range both willows and cottonwoods show signs of stress. Insome
cases, where factors that maintain riparian communities have changed sub-
stantially during the past 100 yearsor more, riparian communitiesare absent.
In other situations, woody riparian vegetation appearsto be stunted or main-
tained in a short-stature growth form. Thisistrue of both cottonwoods and
willows. Evidence of periodically successful recruitment of young cotton-
woodsand of theexistence of cottonwood canopy layersrepresenting several
ageclassesor recruitment eventsisamost lacking along most of the streams
inthe northernrange. Mature and overmature cottonwoods occur in several
locations, and hedged cottonwoodswith large stems, which clearly areold, are
sometimesfoundinthesemature cottonwood galleries (Keigley 1997b). Cot-
tonwood seedlingsare found on good recruitment sites someyears, but these
seedlings currently are not surviving to become maturetrees. Although nar-
row-leaf cottonwood can root-sprout and thisis occurring along the streams
inthe northern range, root sprouts a so do not appear to be reaching maturity
or growingtall enough to contribute to amid-height or tall canopy withinthe
cottonwood galleries.

Onbroad, low-gradient floodplains, extensivewillow communitiesstill exist,
but they are generally overtopped by the associated herbaceous vegetation.
In other placeswherewillow occurs, such as at seeps or along steeper gradi-
ent streams, willows also appear to be prevented from growing to normal
stature for the species. Willow speciesdiffer in their normal height growth.
For example, wolf willow generally is of low stature (1 to 1.5 m), whereas
Geyer, Booth, and Bebb willow generally attain heights of several meters.
Many willow species can reproduce asexually, and spread along the streams
where moisture conditions are favorable. Recruitment of shrubby willow
speciesis not tied as closely to hydrological events as that of cottonwood.
Seed dispersal may not depend strongly on spring floods, and recruitment may
occur onany availablemoist substratethat isaccessibletothe seeds. Willows
normally requireand aremoretol erant of wetter soilsthan cottonwood. Con-
sequently, their establishment in near-wetland conditions close to streams,
instead of on more elevated locations (0.5 to 1.5 m above baseflow) where
cottonwoods grow, shows they could grow along ariver or on any wet soil
with persistent alluvial groundwater regardless of surface events such as
springfloods. Willowsarealsolesstolerant of drought conditionsand lower
water tables than cottonwoods (Stromberg et a. 1996).
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Factor s Influencing Present Conditions of Riparian Communities
Hydrology

Several hydrological factors influence riparian vegetation recruitment,
growth, and maintenance. Wediscussthesefactorsseparately, aschangesin
any one may significantly influence riparian communities.

Precipitation

Precipitationinfluencesriparian ecosystemsthroughitsinfluence on runoff,
stream flow, and groundwater recharge. Variability in precipitation for the
past several decadesfallswithin normal variation over the period of record,
including expected periodsof drought and above-normal precipitation. If pre-
cipitation were the cause of changes in riparian vegetation in the northern
range, stream flow magnitudes should be outsidethenormal range. Ananaly-
sisof peak and annual flowsin the Y ellowstone River near Corwin Springs
shows that both peak flows and annual discharge volumes were generally
below averageinthe earlier part of the twentieth century (Figures 3-1 and 3-
2). Peak flowsareanayzed in additionto annua discharge becausethey often
closely represent snowpack conditions, the conditionsthat rechargeand main-
tain elevated water tables in the watershed. Corwin Springs was used be-
causeitisthefirst U.S. Geologica Survey (USGS) gageoutside Y NPonthe
Y ellowstone River. TheY ellowstone River drains most of the watershed of
the northernrangein addition to southern watershedsin Y ellowstone, and data
from the Corwin gage integrate most of the watershed output. Discharge
patterns at Corwin Springs also correlate well with discharge patterns of the
Lamar River, which primarily drainsthe northernrange (Mowry 1998). Pre-
Cipitation gagesand snow measurementsare spotty, and precipitationin moun-
tainousterrain tendsto bequite heterogeneous. Thus, anintegrating measure-
ment is more useful.

Y NP used Y ellowstone’ s northern range data to argue that there was a
declinein precipitation and stream flowsfrom 1982 to 1994 caused by drying
conditions that stressed the range, forest, and riparian ecosystems (Y NP
1997). However, thisistoo short a period to demonstrate unusual variation.
Peak flowsand annual dischargeaveraged bel ow normal during the 1980s, but
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FIGURE 3-1 Annual pesak stream flow in cubic meters per second (cms) at Corwin
Springs on the Y ellowstone River afew miles downstream from Gardiner, MT. USGS
gage 06191500.

willowsdeclined (i.e., reduced stature and | oss) during the earlier decades of
thetwentieth century (Smithetal. 1915, Warren 1926). Therefore, itisneces-
sary to use hydrological datafrom most of the century to detect whether hy-
drological changes have caused willow decline.

Increased precipitation at high elevations has been used to explain the
vigor of higher-elevation willow communities (Y NP 1997); however, willows
occur along stream courseswhere they have accessto groundwater and soils
wetted from the stream or from capillary rise of water from the water table
(Dawsonand Ehleringer 1991, Buschetal. 1992, Flanaganet a. 1992). Con-
sequently, theamount of local precipitation hasvery littleinfluence onwillow
growth and survival, except when it isin the form of a snow cover (see be-
low).

Show Accumulation

Annual snow accumulation during thetwentieth century waswithinnormal
variability for theperiod of record based on spring runoff data (Farnes 1998).
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FIGURE 3-2 Annual discharge volumes (thousands of acre-feet per year) at Corwin
Springs on the Y ellowstone River afew miles downstream from Gardiner, MT. USGS
gage 06191500.

There has been considerable variation in the past few years, with 1996 and
1997 having high accumul ations, and 1998, 2000, and 2001 having accumula-
tionswell bel ow themean. Some evidence showsthat runoff from snow melt
peaked earlier, by three days on average, after the 1988 fires (Farnes 1998)
and that peak flows may have been higher, but peak discharge data do not
support thelatter conclusion. Also, runoff appearsto havereturnedto normal
for the snowfall amountswithin adecade after thefires. Snow accumulation
may play amoreimportant rolein riparian vegetation structurethrough protec-
tion of riparian shrubs as pointed out by Singer (1996). Not only does deep
snow accumul ation around ri parian woody plantsreduce browsing use, it also
may prevent use of higher-elevation riparian vegetation by ungulates. Con-
versely deep snow can cause greater use of riparian vegetation by browsers
if herbaceousplantsare buried and woody stemsarethe only forage exposed.
Thisisespecially true when athaw-freeze cycle creates an impenetrableice
layer over herbaceousvegetation. The present condition of riparian vegetation
inthenorthern range may be caused by heavy utilization whenitisoneof the
few sources of forage in deep snow years or years with significant thaw-
freeze events.
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Sream Discharge (Hydrographs)

Streams often recharge adjacent groundwater, although in some cases
groundwater movement may be toward the stream rather than away fromit.
Consequently, reductionin stream flows combined with reduced groundwater
movement from uplandswhen the precipitation is bel ow normal may reduce
groundwater availability to riparian vegetation. However, the USGS daily
historical hydrological datafor riversflowing from the northern range (e.g.,
Y ellowstone at Corwin Springs) do not indicate any unusual reduction or in-
creasein stream flowsover the past century beyond normal variation. Conse-
guently, surface hydrological changes do not appear to be sufficient to have
directly affected riparian availability of groundwater, althoughif somestreams
incisedtheir channel sduring the past several decades, that could havelowered
the surface flow enough to lower the aluvial water tableto levelsthat could
stress riparian vegetation.

Spring floods can scour channel margins and, through overbank flows,
scour and flood the adjacent floodplain to produce suitable sites for recruit-
ment. High spring flowsthat could enhancerecruitment of riparian plantsmay
occur only every 5 or 10 years, resulting in spaced age-classes of the woody
riparian species, which is especially evident in large woody species such as
cottonwood. Thelack of evidenceof regular recruitment eventsinthe north-
ern range indicates that perhaps there have been fewer spring flood events
during the past few decades. However, USGS peak flow data for rivers
coming fromthenorthern rangewatershed show periodic high or flood flows,
sufficiently highto produce arecruitment event and probably high enoughto
have seedling establishment above either ice scour or smaller scouring flood
events. Therefore, the lack of periodic recruitment by riparian plantsin the
northern range cannot be attributed to absence of flood events.

Groundwater (Alluvial Water Table): Streams, Seeps, and Beavers

Groundwater monitoring dataobtained by the committee show that ground-
water inthefloodplains, wheremost of theriparianvegetationinthenorthern
range occurs, hasnot changed sufficiently inthe past several decadesto cause
stress on riparian vegetation. Datafrom one well north of Gardiner showed
water tabledeclineinthe 1980s (Y NP 1997), but the 1980swereadry decade
and domestic useof groundwater inthe areaof thewell probably increased as
well. Groundwater monitoring wellswithin the northern range are needed if
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seasonal and annual fluctuationsin groundwater level sareto be determined.

Theexistenceof riparian vegetation, especially willow, along most of the
riversand onthefloodplainsinthenorthernrangeindicatesthat thewater table
isstill high enough to maintain these communities. The occurrence of seeps
and springs is additional evidence that the water table is near enough to the
surfaceto maintain riparian vegetation. Groundwater change appearsto have
been an important factor in those few areas where riparian vegetation once
occurred but isno longer present because the beaver pondswere abandoned.

Stem xylem water potential can indicate water stress in woody plants.
M easurements of xylem water potential of short (browsing suppressed) and
tall staturewillowsnear exclosuresshowed water potential averagesof 1.17
+0.68and 2.4+ 0.85 bars, respectively. Comparisons between short and
intermediate stature willowswere 1.71+ 0.68and 2.86 + 1.35 bars, re-
spectively (Singer etdl. 1994). Thus, tall andintermediate willowswith greater
canopies had greater water stress than short willows, but these values are
much lessthan wilting-point values(i.e., 15bars) for mesic plants. Lossof
willowsduring the 1988 drought period may be partly explained by water stress
(Singer et a. 1994) but may be better explained by possible water table de-
clines and warm, dry winds that occurred during that period.

Beavers, whoseactivity currently hel psmaintain riparian vegetation along
many streams in the GYE, are currently rare or absent in most of Y ellow-
stone’ snorthernrange. Thereasonsfor beaver declineand the consequences
for willows have recently been controversial (YNP 1997; Singer et al. 1998,
2000; Keigley 2000). Anearly theory attributed beaver declineto reductions
dueto ungul ate browsing of woody plants (willow and aspen), which arebea
ver food and building materid (Bailey 1930, Wright and Thompson 1935, Jonas
1955). In the absence of beavers, water tables in areas elevated by beaver
dams may decline so that riparian vegetation cannot survive. Singer et al.
(1998, 2000) argued that this processis exemplified by the healthy stands of
willow at Willow Meadows (alocation in the transition zone from winter to
summer northern range use) that occur on abroad floodplain wherethewater
table is less than a meter deep are maintained by beavers.

Geomorphology: Stream Banksand Channels
Many of thestreamsin the northern range on the broader floodplainsnow

produce braided channels where formerly they produced single or multiple
meandering channels(Meyer et al. 1995). Thebraided channelsaredynamic
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and have moved considerably over the past several decades (Mowry 1998).
Changesin the width of Soda Butte Creek measured when it wasfull to the
banks near the upper edge of the winter range were related to hydrol ogical
history and perhapsvegetation cover (Mowry 1998). Locationswithtall wil-
lowsandlittlewinter ungulate useremained stable (i.e., no statistically signifi-
cant changes) during arelatively constant hydrological period from 1954 to
1987, whereas channels with grass-covered banks and reaches with little
willow bank stability narrowed over that time. That demonstrates, for these
sectionsof SodaButte Creek upstream of most wintering ungul ates, that vigor-
ous woody riparian vegetation tends to maintain bank stability under most
hydrological conditionswhereasnon-woody bankstend to aggrade, aprocess
explained by Lyons et a. (2000) from research on Great Plainsrivers.

However, the floods of spring 1996 (one of two back-to-back hun-
dred-year floodsontheY ellowstoneRiver anditstributaries) altered thewil -
low-stabilized banks more than banks stabilized by grassor low willows. That
happened becausewoody riparian species(e.g., willows) stabilizebanksonly
toaflood-dischargethreshold, beyond which shear stress scoursand uproots
the plants, sothat bankscollapse (e.g., Stromberg et al. 1997). Stream banks
that are stabilized only by vegetation that offer |ow resistanceto flowing water
(e.g., grassesandlow willows), may withstand high-vel ocity floodsbetter than
bankswithwoody plants. Also, if onehigh-flood year isfollowed by another,
aswasthecasein 1996 and 1997inY ellowstone, theinstability created by the
first year may allow the subsequent flood to alter the channel morphology more
than it would if it had occurred alone. For example, the 1997 hundred-year
flood on the main stem of the upper Y ellowstone River downstream from
Y NPremoved many hectaresof mature cottonwood treesthat had been made
unstable by the 1996 flood (committee observation).

Thesandy depositsinseveral of theriversof thenorthernrange, primarily
the Lamar River, are thought by some observersto be aproduct of increased
erosion along theriver channels (R. Beschta, Oregon State University, com-
mentsto committee, 1999) and high sediment supply from steep erodibleter-
rainandtributary streams(Rosgen 1993). Rosgen suggested that poor riparian
conditions due to excess browsing cause unstable channel conditions and
increased sedimentsinthe Lamar River valley. Inaddition, Chadde and Kay
(1991) claimedthat theLamar River valley channelshaveincised, perhapsas
much as several meters, because of heavy ungulate use. If incision has oc-
curred, the shallow riparian water tabl e needed to sustain riparian communities
and vigorousgrowth responseto browsing will not bemaintained. For exam-
ple, willows growing along an apparent water table gradient away from the
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Gallatinriver have decreased growth and recovery to browsing with distance
from the river (Patten 1968).

Floodplainswith shallower aluvia deposits, or steeper low-elevationval -
leys, tend to have bedrock conditions nearer the surface that prevent decline
of the water table even if stream flows are reduced. In such places, willow
vigor is maintained even when browsing occurs.

Ungulate Use

Several studieshave assessed the response of willowsto protectionfrom
browsing (Kay 1990, 1994; Chadde and Kay 1991, Singer et al. 1994, 1998).
Some of these studies have used measurementsthat show that frequency and
occurrenceof willowsinsideand outsideexclosuresdo not differ significantly
(YNP1997). These measurements count the number of individual s present,
regardlessof their sizeor vigor. Thereforethey cannot detect changesinsize,
cover, or productivity—key vegetation components. Other studieshavemea
suredwillow cover (Kay 1990, 1994; Singer et al. 1994; Singer 1996), which
isabetter metricfor determining shrub vigor becauseit measuresactual areal
cover of the canopy. Singer (1996) showed that, during the three decades
after construction of upland exclosures, total canopy areasfor several species
of willow insidethe exclosurewere 200% to 600% greater than those outside.
Also, annual biomass productionwas5to 10timesgreater insidetheexclosure
than outside (Kay 1994, Kay and Chadde 1992). During the period between
measurements of willow canopy cover in the 1950s and 1960s and measure-
ments in the 1980s, cover increased many fold inside and hardly changed
outside exclosures (Kay 1994). Datafrom exclosures showed that only wil-
lows protected from browsing reproduced (Kay 1994). No seed-producing
catkins were found outside, but they averaged over 300,000 per m? inside.
Ungulate browsing also removespol len-producing catkins. Near Geode Creek,
no catkins were found on willows below the browse height, but many were
found abovethebrowseheight (Kay 1994). Thisreductioninreproduction of
willowsinthe northern range may account for thereductioninwillow pollen
in recent lake sediments (Barnosky et al. 1988).

Although exclosure studies show that browsing has adramatic effect on
willows, exclosuresrepresent the extreme of no browsing—rarein ecosystems
that have browsers, as YNP does. Thus, the best way to determine how
ungulate populationswithin and outside Y NP cause changesinwillow commu-
nitiesisto comparenatural willow communitiesinsdeand outside Y NP but till
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withinthenorthernrange. Unfortunately, thistype of study hasonly beendone
for aspen (Kay 1990), although several recent publications comparing early
and recent park photos show that tall-willow communitieshavedeclinedinthe
northern range (Kay 1990, Y NP 1997, Keigley and Wagner 1998, Meagher
and Houston 1998). Explanationsfor thedifferencesbetween early and recent
photosinclude excessivebrowsing by ungulates (Kay 1990, Keigley and Wag-
ner 1998) and climate change, especially during the 1930sdrought (Y NP 1997,
M eagher and Houston 1998). Groundwater conditions, which have not been
measured inany of the studiesof ungulate utilizati on of riparian shrubs, should
be measured at all sites.

The lack of cottonwood recruitment may be due to ungulate browsing.
When ungulate numberswerereduced in the northern rangein the 1950sand
1960s, cottonwoodsweretemporarily “released,” put on new shoots, and grew
taller than during the preceding or following decades (Keigley 1998).

Concentrationsof defensive or secondary chemicalsinriparian vegetation
may influence the magnitude of ungulate use. Several studiesweredesigned
to determinewhether low-staturewillowshavelower concentrationsof defen-
sive chemicals and thus are more pal atabl e and more heavily used by herbi-
voresthantaller willows(Singer et al. 1994). Extremely short statureisnot a
natural conditionfor most willows. Consequently, very short shrubsmust be
aresult of browsing. A controversy has devel oped about whether the level
and composition of certain secondary chemicalsisaresult of short stature or
aresponseto browsing. Thiscontroversy hasresultedinaseriesof commen-
tary papersfollowing Singer et al. (1994) (Singer and Cates 1995, Wagner et
al. 1995).

Studieson secondary chemica sinwillowsgenerally show that low-eeva-
tion, short willowstend not to producethe concentrations of defensive second-
ary chemicals(e.g., tannins) foundin higher-elevationandtall willows. This
supports the argument that the tall willows have greater defenses against
ungulate browsing and thus remain tall because ungul atesavoid them. How-
ever, many of thetall willow communitiesareat higher elevationswhere snow
cover or other conditionsprevent heavy winter ungulateuse. Thus, tall willows
occur in areaswith few wintering elk. Also short willows might not produce
ashighaconcentration of secondary chemical sastall willowsbecausegrowth
after browsing, the only type of shoot these short willows produce, tends not
to produce as many of these chemicals. One question that isnot answeredin
the many studies dealing with secondary chemical defense is whether the
concentrationsof secondary chemicalsfoundintall-staturewillowsare suffi-
cient to prevent browsing even by ungulatesthat arestarving. Starvingungu-
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lates will eat almost any woody plant that is available if other food such as
grassand forbsare buried and unavailable. Browsed highlines onlodgepole
pine, alow-quality food, are an example of this type of ungulate use. The
evidencethat lower level sof defensive chemical sincreases utilization of wil-
lowsor other riparian shrubsby browsersisinsufficient to explainthedecline
instatureor lossof willowsandriparian vegetationinthenorthernrangeduring
this century.

Conclusions

During the first six decades of the twentieth century the NPS was con-
cerned that ungul ateswerereducing theriparian communities; however, since
then, factorsother than ungulate browsing, such asclimate change, have been
hypothesized to explainthelossor reductionin stature of theriparian communi-
ties of the northern range (Houston 1982, Y NP 1997). The committee con-
cludesthat someriparian lossesmay be dueto changed hydrol ogical conditions
in addition to responses of vegetation to ungulate use. Flooding events and
water tablesarestill suitablefor recruitment of the dominant riparian vegeta-
tion. However, channel incision might havelowered thewater table, reducing
the ability of willows to recover from browsing. The increase in ungulate
browsing over the past century, as evidenced by hedged willows and lost
willow stands throughout lower elevations of the northern range, has caused
most of thereduced willow cover and lowered willow reproductionthisarea.
Ungulate use also appears to be the primary factor preventing cottonwoods
fromrecruiting, because seedlingsdo appear on good seedbed sitesalongthe
riversof thenorthern rangeafter appropriate hydrol ogical events, but they fail
to survive.

WETLAND VEGETATION OF THE NORTHERN RANGE

Wetlands are a prime source of biodiversity in Y NP (Elliot and Hektner
2000). Several types of wetlands, such as natural depressions, beaver dam
wetlands, thermal wetlands, and wetlandsal ong riversand creeks(i.e., riparian
wetlands), are found on the northern range. Chadde et al. (1988) defined 62
wetland communitiesin the northern range. Theseincluded wetlands domi-
nated by trees(e.g., spruce[Picea] and aspen), willows, shrubs(e.g., cinque-
foil [ Potentilla fruticosa] and silver sagebrush [ Artemisia canal), and gram-
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inoids (e.g., grasses and sedges). Most wetlandsin' Y NP have been mapped
under theU.S. Fishand Wildlife Service sNational Wetlands | nventory map-
ping program. Although wetlandsareimportant acrossY NP, they arehardly
mentioned inthe park’ sdocumentson the northernrange (YNP 1997) orina
vegetation description of YNP (Despain 1990).

Therehavebeen limited studies of wetlandsinthenorthernrange. Hous-
ton (1982) sampled fivehighly productivewetland meadow siteswith humic
soil typesdominated by sedges. Relatively few speciesweresampled (1t0 13
species on the five sampled sites). The siteswere dominated by sedges and
rushes and graded to species characteristic of mesic grasslands.

Onewetland typewasidentified astufted hairgrass-sedgetype, described
by Mueggler and Stewart (1980). Thishabitat typedominated by Deschamp-
sia caespitosa, isfound on high-elevation vall ey bottomsbetween 2,000 and
3,000 m (Mueggler and Stewart 1980). Thesoilsaredeep and poorly drained,
with water standing onthe soil surfaceat least part of thegrowing season. D.
caespitosaisthe dominant grass but sedges (Carex spp.) are always present.
Other grassesinclude Danthoniaintermedia, Phleumal pinum, and Agrostis
and Juncusspp. Forb speciespresent include Potentillagracilis, Polygonum
bistortoides, and Antennaria corymbosa. Thisisahighly productive habitat
type with annual production reaching 2,900 kg/ha

Other wetlandswere on alkaline soilsformerly dominated by alkali grass
and meadows cut for hay, now dominated by introduced timothy grass. All
wetland communitiesreceive substantial winter grazing by elk and especially
bison, a species that may consume large quantities of sedges.

Brichta (1987) studied 21 of the 62 northern-range wetland community
typesdefined by Chadde et al. (1988). He also measured soil types, surface-
soil saturation status, and groundwater depth and chemistry. Of the 180 plots
studied, 24 mostly were aspen or willow stands in exclosures that excluded
herbivores. Depth of soil organic horizonwashighly variable, ranging from
lessthan 5 cm for about half of the study plotsto more than 60 cm for many
sedge-dominated sites.

Community types with abundant sedges had saturated soilsall summer.
Typeswith aspen, aswell assomegraminoid communities, were saturated for
part of the summer; community typeswith spruce, and cinquefoil, aswell as
other graminoid-dominated communities, were dry most of the summer.

Water tableswere variableamong study sites. For example, mean depth
of water below soil surfacewasmorethan 100 cmfor sprucewetlandsaround
100 cm for aspen wetlands, about 20to 40 cmfor willow wetlandsand aslow
as100cm, from40to 100 cmfor cinquefoil wetlands, and for graminoid wet-
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landsfrom near surfacetobelow 100 cm. Many water tablesremained steady
throughout the summer; others dropped from near surface to below 100 cm.
Several sites with declining water tables were near glacial ponds. Water
chemistry was aso variable with most pHs near or slightly below neutral.
Water chemistry differences did not appear to influence plant diversity, but
availability of shallow water through thegrowing season did. Wetland commu-
nity types typically changed across moisture gradients.

All of the aspen wetlandsand somewillow sitesstudied by Brichta(1987)
werewithin exclosures. At the Junction Butte exclosure, a Salix geyeriana/
Deschampsia cespitosa community wasinsidetheexclosure, but aPotentilla
fruticosa/Deschampsia cespitosa community was immediately outside it.
Brichtaconcluded that “theinfluences of grazing and succession uponwetland
community typedistribution should befurther studied. Water regimesand soils
weresimilar for paired plotson either side of theexclosures, thereforediffer-
encesin soilsand water level scould not account for themarked differencein
vegetationthat existed insideand adjacent to exclosures.” Brichta sstudy was
during adry period that eventually resulted in the 1988 fires. Perhapswater
tableswould have been higher and more siteswould have had saturated soils
throughout the summer had the study been done during wet years.

Only four speciesof amphibiansareknownwith certainty tooccurin Y NP
now: boreal toad (Bufo boreas), tiger salamander (Ambystoma tigrinum),
boreal chorusfrog (Pseudacris maculata), and Columbiaspotted frog (Rana
luteiventris). Two other specieshave been reported but not verifiedinrecent
times. The population sizesof the boreal toad have declined significantly,
those of the spotted frog less so, and the chorus frog and tiger salamander
appear tovary withinnormal limits. Wetlandsarecritical habitat for amphibi-
ans, which areoften consideredindicator speciesof environmental hedth (e.g.,
EPA 1998 Star Grant: Environmental Factors That I nfluence Amphibian Com-
munity Structure and Health as Indicators of Ecosystems). Habitat changes
resulting from the interplay between vegetation, hydrology, elk, and beaver
couldinfluenceavail ablewetland habitat for amphibians, but none of thede-
creasesisclearly related to theknown direct or indirect effects of elk popula-
tion size or feeding.

Conclusions

Hydrological changesin the northern range are the most likely cause of
changesinwetland communities, athough evidencefrom exclosuresindicates
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that hydrological factors do not account for the differences between plant
communitiesinside and outside of exclosures. Lowering water tablesfrom
streamincision and loss of beaver ponds may reduce wetland habitat. There
may be drying of wetland depressions but there are no long-term data on
shallow groundwater level sin northern rangelocationswheredrying may be
occurring to explain changesin these depressions. Some of the depressions
may also befillingin, reducing the amount of areaavailablefor wetland spe-
cies(committeeobservation, Y ellowstoneNational Park northernrange, June
1999). Wetlandsinthenorthern rangethat support herbaceous vegetation may
be grazed, but use of these areas probably is not as detrimental to their long-
term sustainability aspotential changesingroundwater availability. However,
wetlands dominated by woody plants appear to be significantly degraded by
browsing.
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POPULATION DYNAMICS OF
NORTHERN RANGE UNGULATES

Y ELLOWSTONE’ S NORTHERN RANGE SUppOrts a rich community of native
ungulates. Ungulates in the park were subject to market hunting until the
1880s, and thepark’ swildlifewasnot seriously protected until theU.S. Army
was assigned administration of the park in 1886 (Y NP 1997). By thistime,
most ungulate populations had been greatly reduced. The Army (and later
NPS) managed and protected theresident ungul atesand diligently controlled
predators, whichresultedin greatly reduced popul ations of coyotes, bears, and
mountainlions, and the extirpation of wolvesfrom Y ellowstone Nationa Park
(YNP). YNP adopted apolicy of “natural regulation” in 1968, which led to
increased populations of elk and bison. Throughout the twentieth century,
management of ungulates hasbeen controversial and great concern hasbeen
expressed by the public and park officials about the “correct” management
objectives and the actions needed to achieve them.

Density Dependence and Natural Regulation

Theconcept of density-dependent regul ation of popul ation sizeshasfig-
ured prominently inthecontroversy over management of elk andbisonin Y NP

83
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(Houston 1982, Y NP 1997). For apopulation to beregulated by density-de-
pendent factors, some combination of thefollowing processes must operate.
Aspopulation density increases, mortality and emigration ratesincrease and
the rate of reproduction decreases. Increases in mortality can result from
depletion of food suppliesbecauseindividualsfinditincreasingly difficultto
obtain adequate nutrition. Diseases, whosetransmissionisfacilitated by high
population densities, and predatorsal so canincreasemortality (Sinclair 1989,
Royama 1992, Begon et al. 1996). Rates of reproduction may decrease be-
cause femal es cannot obtain enough food to support high rates of pregnancy
and because offspring may be born at lower weightsand lessappropriatetimes
than when food supplies are good. These rates may change gradually with
population density, or there may bethresholds at which major changesoccur
(Fowler 1987; McCullough 1990, 1992).

Thecombination of these processestendsto cause popul ation densitiesto
declinewhen they are high and toincreasewhenthey arelow. However, this
doesnot guaranteethat popul ation densitieswill stabilize or reach someequilib-
rium because changesinrainfall, snow accumulation, fires, and other abiotic
eventsmay causelargefluctuationsinthe capacity of thelandscapeto support
thepopul ation (Soether et al. 1997). In other words, because the environmen-
tal conditionsinthelandscape may vary considerably, the magnitudeof varia-
tioninthedensity of apopulation by itself cannot be used to assesstheimpor-
tance of density-dependent factorsinregulating the size of apopulation. Most
populationsof larger herbivoresare subject to acombination of stochastic and
density-dependent processes that lead to large variation in rates of juvenile
survival and subsequent changesin popul ation growth rates (M cCullough 1990,
Sinclair and Arcese 1995, Soether 1997, Gaillard et al. 1998).

The conceptual basisof density-dependent populationregulationissimple,
and there are many examples of ungulate popul ationsin which fecundity de-
clines or mortality increases as population density increases. However, no
singlestatistical method i dentifying density dependence hasemerged, despite
vigorousdiscussion (Strong 1986, Pollard et a 1987, Turchin 1990, Dennisand
Taper 1994, Soether 1997, White and Bartmann 1997, Shenk et al. 1998,
Bjornstad et al. 1999). Many unharvested ungulates are regulated, at some
point, by density dependence (McCullough 1979, Sinclair 1979, Fowler 1981,
Gaillardet a. 1998), but popul ationsare al ways subj ect toamultitude of fac-
torsand it can be difficult to distinguish the effects of density from those of
other influences. Thebest evidencefor density dependence comesfrom direct
measuresof changesin popul ation processessuch asmortality, fecundity, and
migration (Shenk et a. 1998).
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Elk

Theintense public debate sincethe 1920s over management of thenorth-
ernrangeelk population has stimulated numerous studiesof the Y ellowstone
elk population (Barmore 1980; Houston 1982; Chase 1986; Merrill and Boyce
1991; Coughenour and Singer 1996a; Singer et al. 1997, 1998). Nevertheless,
reliabledataon population sizeand distribution exist for only the past several
decades, and popul ation size estimatesin published reportsdiffer (e.g., com-
pareHouston[1982] with Lemkeet al. [1998]). Elk arehighly mobile. Inmild
winters, they arewidely dispersed and make extensive use of forested habi-
tatswherethey are difficult to count; aerial countsduring harshwinters, when
elk moveto lower elevations, are therefore morereliable than counts during
mildwinters. Hunting also atersdistribution and the number of animalsinthe
population. Aerial surveysof elk initiated in 1956 marked the beginning of
reasonably reliableestimatesof ek in Y NP (Houston 1982). Comparisonsof
population estimates are confounded by changesin survey technique, differ-
ences in the time of survey (e.g., before or after harvest), and vagaries of
weather that influence animal movements and visibility.

Harvest and M ovement

Historical recordsof northernrangeelk illustrate the dominant influence
of intense management before 1968 and the effects of management and natu-
ral processessince 1968 (Figure4-1). Public concernsabout overgrazing of
the northern rangeresulted in herd reduction by the park at ratesthat kept the
elk population relatively low and stable from the 1920s until 1968 (Houston
1982). After 1967, when elk harvest stopped, the elk population increased
(Figure4-1). From 1968 through 1975, hunter harvestsoutsidethepark from
the northern herd dropped from about 1,500 elk per year to fewer than 200
(Houston 1982).

Thewinter late hunt north of Y NP resumed in 1967 amid concerns that
disturbancesdueto hunting wouldinhibit movementsof elk from Y NPtothe
historical winter range north of park boundaries. Until the severe winter of
1988, relatively few elk were observed north of Dome Mountain (approxi-
mately 16 km north of YNP) (Lemke et a. 1998). The northern range elk
popul ation, which had expanded to about 20,000 animal's, responded to heavy
snowsinthewinter of 1988-1989 by movingto alower-elevationwinter range
enmasse. Morethan 3,000 elk wereobserved intheareaof DomeMountain,
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FIGURE 4-1 Elk population counts and harvest of northern range elk. Vertical bars
show the number of elk harvested. Filled circles are counts from aeria surveys; cross-
esare ground counts. Sources. YNP 1997, Lemke et al. 1998, Lemke 1999.

asubstantial proportion of the 7,000 to 8,000 elk that migrated north out of
Y NPthat year (Figure4-2) (Lemkeet al. 1998). Thisevent marked amajor
change, or restoration, in behavior of northernrangeelk. A significant propor-
tion of the population has consistently migrated to theareaof DomeMountain
insubsequent years. From 1975t0 1988, an average of about 200 elk per year
wintered north of Dome Mountain; the average increased to about 2,800 per
year from 198910 2001 (Lemkeet al. 1998; Lemke 1999; T. Lemke, Montana
Fish, Wildlifeand Parks, personal communication, 2001). From 1989to 1999,
an average of 5,600 elk (range, 1,533 t0 8,626) wintered outside the northern
border of the park, including the areaof DomeMountain (Lemkeet al. 1998;
Lemke, personal communication, 2001). Themany elk winteringoutside Y NP
boundaries are using an expanded winter range. Houston (1982) estimated
that during the 1970s the elk winter range consisted of 109,000 ha (as mea-
sured by Lemke et al. [1998]), whereas current winter distribution typically
includesaround 153,000 haof winter range, anincreaseof 41% (Lemkeet al.
1998). Most of theincrease in winter range is outside Y NP, where the area
utilizedincreased from 22,000 t0 53,000 ha, including 9,200 hanorth of Dome
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FIGURE 4-2 Number of elk counted north of Dome Mountain, Montana. Sources:
Lemke et al. 1998, Lemke 1999.

Mountain. In response to the apparent need for a lower-elevation winter
range, MontanaFish, Wildlifeand Parksand the Rocky M ountain Elk Founda-
tion collaboratively acquired 3,500 haof key winter rangeon DomeMountain
(Lemkeetal. 1998). Grazing by domesticlivestock wasdiscontinued onthis
land to providean enhanced supply of winter foragefor wildlife(Lemkeet al .
1998).

Regulation of Elk Populations

Thenorthernrangeelk herdisstrongly influenced by both density-depend-
ent and density-independent factors. Mortality of juvenilesvarieswidely from
year toyear andispositively correlated with popul ation density (Barmore 1980,
Houston 1982, Merrill and Boyce 1991, Coughenour and Singer 1996a, Singer
eta. 1997, Taper and Gogan 2002). Increased juvenilemortality ratesat high
elk densitiesare caused by grizzly bears, black bears, and coyotes (Singer et
al. 1997), and, recently, wolves (Smithetal. 1999a). Aselk density increases,
pregnancy rates (Houston 1982) decline, and alarger proportion of elk calves
are born later and at a lower birth weight. These calves survive less well
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(Singer et a. 1993), which reduces the rate of population growth (Houston
1982, Merrill and Boyce 1991, Coughenour and Singer 1996a, Singer et al.
1997, NRC 1998). Together, these factors produce a negative correlation
between popul ation growth and popul ation size (NRC 1998, Taper and Gogan
2002), a clear indication of density dependence.

Weather has also had amajor influence on the current migratory pattern
of northern range elk. Deep snow restricts the area available for feeding by
ungulates, and their response is to seek better foraging conditions at lower
elevations(Coughenour and Singer 1996b). Oneresult of thelargemigration
of elk inresponseto the severe winter of 1988 wasthat some elk |earned the
landscape and continued to leave the park with greater frequency after 1989
(Figure4-2). Elk migrationsout of Y NPwereclearly influenced by weather.
Thesizeof themigration out of Y NPiscorrel ated with snow water equival ent
(SWE),* arough measure of snow depth (NRC 1998). Withmorerecent data
(198910 1999), the correl ation between the number of elk migratingfromthe
northernrangeand SWE remainssignificant (Y = 2579.1+380.8;r>=0.41,
p=0.03). Similarly, the number of elk killed in thelate Gardiner hunt from
1976 to 1999 is correlated with SWE (Y = 333.3+ 71.5; r2=0.54, p =
0.012). Neither thenumber of elk leaving Y NP nor thetakefromthe Gardiner
hunt was correl ated with popul ation size (p> 0.3). Although regression equa-
tions suggest that no elk will leave the park when SWE islessthan 5 or 7
inches(12.7to 17.8cm), thelowest SWE recorded since 1949 was 10inches
(25.4cm). Therefore, elk arelikely tomigratefrom Y NPin even the mildest
of winters.

Thepostul ated effects of severe winter weather on elk have been corrob-
orated by simulationmodeling. Landscape-scalesimulationsof northernrange
elk identified winter severity asthe primary cause of major mortality events
(Turner et al. 1994b, Coughenour and Singer 1996b, Wu et a. 1996). Thus,
oneof themost important factorsdetermining variationin elk population size
is one over which managers have no control.

The current pattern of winter use of Dome Mountain may be influenced
by artificial feeding. 1n 1989, MontanaFish, Wildlifeand Parksleased agricul -
tural property on DomeM ountainthat wasused to producealfafa. Thelease
stipulated that only thefirst cutting of hay would be removed; all subsequent

'SWE is the sum of snow water equivalent (inches) measured at Lupine Creek,
Y NP (elevation 2,249 m) and Crevice Mountain, YNP (elevation 2,560 m). SWE data
from Farnes (1996) and Farnes et al. (1999).
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growthwould beleft aswinter foragefor wildlife. From 1992 through 1996,
an estimated 209 tons of hay per year was produced on thisproperty (Montana
Fish, Wildlifeand Parks 1997 |ease?), adesirabl e resource within easy reach
of northernrangeelk. Although severeweather may haveinitially motivated
elk movementsout of Y NP, theexistenceof high-quality and abundant forage
haslikely encouragedthemtoreturntothearea. A changeintherelationship
between SWE and elk north of Dome Mountain in winter is apparent from a
comparison of data before and after 1989 (Figure 4-3).

A key issue surrounding the natural regulation policy isthe size around
whichthepopulationwill fluctuate and theimpact of those popul ationsonthe
northern range. In the absence of wolves, recent estimates of the largest elk
popul ationsthewinter range can support rangefrom 16,000 to 22,000 animals
(Coughenour and Singer 1996a, NRC 1998, Taper and Gogan 2002), alarge
increasefrom the early estimates of 5,000t0 11,000 elk (Grimm 1938, 1939;
Cooper 1963; Cole 1969). Theincreasesresulted from abetter understanding
of elk dynamicsand from alargeincreaseintheareaof availablewinter range
(Lemkeeta. 1998). Becauseonly afraction of thetotal maximum population
isactually observed, these estimatestranslateto atotal popul ation of 20,000
t0 22,000 elk that could be supported under the environmental conditionsof the
past few decades.

Natural Variation in Elk Population Size

Wildlifemanagerstypically prescribeactionsthat reducevariationin popu-
lation size or resources. Management of northern range elk has been no dif-
ferent, and observed popul ation fluctuationswoul d likely havebeen greater in
theabsence of annual herd reductions, acquisition of winter range, and provi-
sion of supplemental forage. Annual harvests prevented elk from attaining
high densities that could have exacerbated intraspecific competition, led to
more severe nutritional deprivation and adversely affected the range.
DelGiudiceeta. (1991) foundthat, during therel atively mild winter of 1987,
elk on the northern range showed signs of hunger by midwinter. Nutritional
deprivationwassignificantly associated with declinesin cow/calf ratios. Dur-
ing the harsh winter of 1988, winter mortality of elk was severe, and NPS

2 ease for area designated as Dome Mountain Wildlife Management Area, 1997.
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FIGURE 4-3 Number of elk counted north of Dome Mountain, Montana, asafunction
of SWE. Open circles are datafrom 1969 to 1988; filled circles are data from 1989 to
1999. Sources. Farneset al. 1999, Lemke et a. 1998, Lemke 1999.

estimated that morethan 4,000 elk died (Singer et al. 1989). Mortality during
the 1988-1989 winter may have been increased by the previous summer’s
drought combined with the large elk popul ation, although asimilarly severe
winter die-off was reported in 1919 (reviewed by Houston 1982) and less
severe die-offsoccurred in 1974 and 1996 (Y NP 1997; T. Lemke, Montana
Fish, Wildlifeand Parks, personal communication, January 18, 2000). Large
mortdity eventsmay berelatively common among mammals, andtheir periodic
occurrence is expected for Y ellowstone’ s ungulates (Y oung 1994, Erb and
Boyce 1999).

Potential Impact of Wolveson Elk

Reintroduction of wolvesto Y NP in 1995 marked the restoration of the
primary predator inthe system. Wolvesare probably akeystone species(i.e.,
aspeciesthat influencescommunity structureout of proportion to their num-
bers) (Paine 1966) inthenorthernrange and their activitiescould touch virtu-
ally every aspect of northern rangeecology. Wolvesregulate herbivore popu-
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lationsin other systems, with consequent effectson landscape and ecosystem
processes (McLaren and Peterson 1994, Messier 1994, NRC 1997).

Theability of wolvestoregulateY ellowstone selk popul ation dependson
how wolves' consumption of prey changeswith prey availability and whether
the elk killed by wolves would have died from other causes anyway. Most
predatorsincreasetheir consumption of prey asfood becomesmoreavailable,
thereby reducing the population growth rate of the prey and stabilizing popul a-
tion fluctuations. However, al predators exhibit satiation at some point, and
if wolvesbecome satiated when elk are highly abundant, thenwolvesarelikely
to haveadestabilizing effect, exacerbating popul ation fluctuations caused by
severewintersor other factors. Anadditional, critical considerationiswhether
wolveskill animal sthat otherwisewould not havedied. If wolveskill animals
that otherwisewould have died from old age or starvation, they add littletothe
rate of mortality.

Datanecessary to devel op detailed models of wolf-elk dynamicsareun-
available, but simple model shave been constructed to evaluatethelikely range
of effects of wolveson elk, and to alesser extent, on the northern range eco-
system. Based on early models of wolf-elk dynamics, we could reasonably
expect wolves to reduce the elk population by 5-20% (Boyce and Gaillard
1992, Mack and Singer 1993). So far, only Boyce and Anderson’s (1999)
model includes stochastic variation due to predator behavior and vegetation
dynamics. Boyceand Anderson’ s(1999) model wasintentionally simplisticin
an effort to maketheresultsinterpretable, so their results are most useful for
identifying qualitativetrendsin system responses. Boyce and Anderson com-
pared effectsof variationintroduced at the bottom (vegetation) or top (preda-
tor functional response) of the system. When stochasticity wasintroduced by
varying vegetation production, 95% of thevariancein herbivorenumberswas
explained by vegetation alone. For thismodel, only 28% of the variancein
population dynamicswas explained by the number of predators. Whenvaria-
tion entered the system at the top, viavariation in the functional response of
wolves, vegetation and predators alone accounted for 21% and 75% of the
variation in herbivore numbers, respectively. These results identify a key
problem for future research on interaction of wolves and herbivores. the
source of variation in the system can have aprofound effect on eval uation of
the relative role of regulating factors.

Weather hashad avery largeimpact on dynamicsof elk in Y ellowstone,
and wolvesare unlikely to changethis. Onthe other hand, abad year for elk
islikely tobeagood year for wolves; therefore, variationinelk-wolf dynamics
will almost certainly result from variation dueto both changesinforage pro-
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ductionandin predation by wolves. Severeweather per seisunlikely tohave
any direct effect onwolves, but severe weather may makeit easier for wolves
to kill elk, thereby driving greater variation in prey populations (Post et al.
1999).

Bison

Management of bisoninandaround Y NPal so hasbeen controversial, but
for different reasons. BisoninY NP areinfected with the bacterium Brucella
abortus, the causative agent of brucellosis (Meagher and Meyer 1994), a
diseasethat causesabortionin cattleandisof significant economic and politi-
cal interest tothelivestock industry. Effortsto prevent transmissionof brucel-
losisfrom free-ranging bisonto nearby cattle haveresulted in the slaughter of
more than 2,000 bison on the boundaries of Y NP, which hascreated apublic
outcry. TheY elowstoneherdistheonly free-ranging bison herd that avoided
exterminationinthelate 1800s, and for many people, bison areasymbol of the
American West. Americanscontinueto care passionately about management
of Y ellowstone' shison. A recent draft management plan (NPS1998) evoked
more than 60,000 written comments from the public.

Bisonwerewidely distributedin North Americabefore Y NPwas created
in 1872, but by 1900, only about two dozen free-roaming bison survived in
Y NP (Meagher 1973). Bisontaxonomy remainscontroversial, but according
to Reynolds et al. (1982) and Meagher (1973) plains bison (Bison bison
bison) inhabited North America east of the Rocky Mountains; the wood or
mountain bison (Bison bison athabascae) lived in grasslands in mountain
valleys, parks, and northern boreal woodlands and tundra (Reynolds et al.
1982). Y ellowstone’ sremnant bison herd consisted of mountain bison. Park
management of wildlifein the early 1900sinvolved supplemental feedingin
winter, protection of bisonwithin enclosures, and culling of weak individuals
(Meagher 1973). Bison from domestic herds were transported to YNP to
supplement thesize of thetiny herd of wild bison, but many of thosedomestic
animalswereplainshison. Thetotal number of bisonin Y NPin 1902 was44
(Figure 4-4) (YNP 1997). With protection and intensive management, the
bison population increased to more than 1,000 animals by the mid-1920s.
Harvests were initiated then and conducted most years to keep the bison
population at about 1,500 animal suntil the 1960s. By 1968 the popul ationwas
400 (Figure 4-4), after which harvest was stopped (Meagher 1973). In the
absence of harvest after 1968, the bison population rapidly and consistently
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FIGURE 4-4 Tota bison count (filled circles) and removals (vertica bars) in Y ellow-
stoneNational Park. Sources. Dobson and Meagher 1996, Y NP 1997, Taper et al. 2000.

increased until the severewinter of 1988, by whichtimeabout 3,000 bisonlived
in YNP. Concerns over transmission of brucellosis from bison to domestic
cattle had heightened by 1988, and more than 500 bison were slaughtered as
they migrated out of Y NP seeking suitable winter range. In the winter of
1996-1997, which had deep snows, more than 1,000 bison were slaughtered
when they migrated outside the park.

Bison are gregarious and naturally live in nomadic herds. Asthe bison
populationin’Y NP expanded, bison eventually formed more or less discrete
herds. Through 1968, when therewereabout 400 bisonin’Y NP, bisonformed
three winter herd subunits and two summer breeding popul ations (M eagher
1973). Mg or wintering areaswerethenorthernrange, central Y NP (Hayden
Valey/Mary Mountain), and the Madison/Firehole areain western Y NP.

Natural Regulation of YNP Bison
Doesthe Y NP bison popul ation exhibit density dependence, and if so, how

many bisonisthepark likely to support? Relevant dataare availablefor only
two periodsof protracted growth of the Y NP bison population. Thefirstwas
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from 1902 to 1931, when the population grew from fewer than 100 to more
than 1,000 animals (Figure 4-4). Analyses of this period are complicated by
management actions, whichincluded fencing, artificial feeding, and castration
of male calves (Meagher 1973). From 1931 to 1967 the size of the bison
popul ationwas controlled by intense culling. Thesecond period of protracted
growthwasfrom 1968 to 1994, which ended with thekilling of morethan 2,000
bison between 1994 and 1998. BisoninY NPwerenever allowed to achieve
a population that appears to be in equilibrium, dynamic or otherwise. The
analysisof bison population dynamicsisfurther complicated by thenomadic
and migratory habits of bison. Given the opportunity, bison travel long dis-
tances, and movementsof up to 240 km werereported inanorthern population
(Soper 1941). Hornaday (1889, inReynoldset al. 1982) documented migratory
bison movementsof several hundred miles. In'Y NP, bison clearly responded
toincreased popul ation density by movingto new areas, bothinsideand outside
park boundaries (Meagher 1989, NRC 1998, Taper et al. 2000). Thesetraits
complicate predictions of bison behavior intheY ellowstone ecosystem and
suggest that management to restrict bisonto park landswill needto beintense.

Giventhetendency for bisonto expandinto new areasas popul ation den-
Sity increases, identifying density-dependent processesisdifficult. Neverthe-
less, if the bison popul ation exhibited density dependence, itsper capitagrowth
ratewould diminishasdensity increases. From 1969 to 1981, the population
grew at amore consistent and higher rate than after 1981 (Figure 4-5). Was
thediminished growth rateafter 1981 solely theresult of park herd reductions,
or isit anindication of density dependence?

TheNRC (1998) examined thisquestion, first focusingongrowth of Y NP
bisonfrom1972t0 1995, aperiodwithfew artificial removalsof bison. Over
thisperiod, theaverageannual increment to the populationwas 145individuas
(NRC 1998), which suggestsacontinuous declinein per capitareproduction
throughout therange of population sizes. Thiswould bearather unusual pat-
tern of density dependence for an ungulate population (M cCullough 1990).
The NRC (1998) suggested that this pattern was most likely to arise where
female dominance strongly influenced calf survival or wheretherewerefew
good habitats in which females successfully raised calves.

An alternative interpretation is that since 1968 the bison population has
experienced two distinct growth phases. Thefirst phase, from 1968 to 1981,
was characterized by rapid and consistent growth rates. The second phase,
from 1982 to 1999, has been characterized by high variancein growth rates,
density-dependent effects on dispersion and movement, and a much more
prominent effect of weather. Most data support this interpretation.
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FIGURE 4-5 Growth rate (corrected for removals) of Y ellowstone bison. Sources:
Y NP 1997; Taper et a. 2000; P. Gogan, Montana State University, personal communica-
tion, May 12, 1999.

If suitablehabitat for bisoninY ellowstonewasrel atively abundant before
1982 and limited thereafter, annual per capita recruitment and growth rates
should differ between theseperiods. Per capitagrowthratescan be estimated
from theannual increment to the population, corrected for harvest. The cor-
rected annual increment to the popul ation isthe differencein population size
between years, with harvest added back (N,,; N, + H,). The average cor-
rected increment doesnot differ between thetwo periods (160 vs. 162 bison),
but thereisahuge differencein variance between the two periods (Figure 4-
6). Mean SWE was similar during 1982 to 1999 and 1969 to 1981 (19.9 vs.
22.3inches[50.55 vs. 56.64 cm)), aswasthe number of above-average snow
years(SWE > 21inches[53.34cm]; 8vs. 7 years). Althoughthissingleindex
of winter severity failstoincorporate many important factors, SWE hasthus
far been the best predictor of bison movements. It revealsno differencesin
weather between the two periods, but growth rates were different. Overall,
corrected annual growth ratewaslower from 1982 to 1999 than from 1968to
1981 (6% vs. 16%; p < 0.01), and the coefficient of variation was greater
(0.20 vs. 0.47).

These analyses are subject to the usual uncertainties about population
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FIGURE 4-6 Annual increment in the YNP bison population corrected for harvest
(corrected increment) as a function of population size. Sources: YNP 1997; Taper et
al. 2000; P. Gogan, Montana State University, personal communication, May 12, 1999.

estimates, but the trends are too strong to beignored. They suggest that the
Y ellowstone bison growsat aconstant per capitarecruitment until athreshold
sizeisreached, at which point density-dependent factors become important
and growthrate, onaverage, declines (Stubbs 1977, Fowler 1987, McCullough
1990). Suchamodel suggeststhat competition haslittleinfluenceon popul a-
tion processes until resources are largely depleted. For bison this makes
sense. Intakerateisan asymptotic function of forageavailability (Hudsonand
Frank 1987, Grosset al. 1993), thuscompetitionisunlikely toinfluencesurvival
until forageavailability isreduced below athresholdlevel. Reduced survival
of calvesismost likely to bethefirst indication of intraspecific competition
(Soether 1997, Gaillard et a. 1998), and thereisgood evidencethat thisoccurs
at higher population levels (reviewed by NRC [1998]).

Becauseweather ishighly variablein Y ellowstoneand influencessurvival
and recruitment, growth of the bison herd issubject to both density-dependent
and density-independent influences. At low densities, bison have accessto
adequate forage in al but the most extreme winters, and their growth rateis
stableand high. At highdensities, overwinter mortality may be high because
good habitat isfully occupied and some proportion of the popul ationisforced
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into poor habitat, significantly reducing growthrates. Asdensity increases, the
importanceof both density-dependent (e.g., competition) and density-independ-
ent factors(i.e., weather) increases. Bothfactorscontributeto stabilizingthe
population, but weather tendsto add noiseto the system and prevent thebison
population from stabilizing.

Itfollowsthat Y ellowstone bison wererel atively unconstrained by habitat
quality beforeabout 1980. Thedensity of bisoninY NPduringthat periodwas
relatively low, and bison had high and consi stent rates of growth (Figure 4-4).
Similarly, duringthesameperiod theY ellowstoneek population had rapid and
consistent growth (Figure4-1). By about 1980, bison appear to havereached
adensity wheremost habitat wasfully occupied and, inatypical year, winter
habitat waslimiting. Bison responded by seeking better habitat, and mortality
becamedensity dependent. Dataon bison movementsareconsistent withthis
hypothesis. Meagher (1989) noted that year-round use of the Blacktail area
beganin 1980 and that thewinter of 1982 marked the beginning of annual use
by bison of the area from Mammoth to Gardiner.

Other investigators have also concluded that Y ellowstone bison have
shown signs of density-dependencelimitation. Taper et a. (2000) evaluated
the most extensive set of bison observations made by Meagher from spring
1970 to fall 1997. The data came from surveys from more than 160 flights
during which the location and size of more than 20,000 bison groups were
recorded. Bison used the smallest areaduring rut and thelargest areaduring
winter. Aspopulation size and density increased, therewasalargeincrease
in the areaused by bison during winter, from about 200 km?in 1970 to more
than 600 km? in the 1990s. If intraspecific competition were an important
factor regulating the size of the bison population, growth rate would be ex-
pected to declineaspopul ation sizeincreased, after accounting for theeffects
of area. Taper et a. (2000) thus examined changesin growth rate asafunc-
tion of density by adjusting for the area actually used by bisoninwinter. As
density increased, growth rate declined (p < 0.05), although the predictive
value of theregression wasvery low (r? = 0.29) and much of thevariationin
growthrateisnot explained by density alone. Thissuggeststhat density-inde-
pendent factors, such as severe weather, were strongly influencing rates of
recruitment or mortality.

Taper etal. (2000) estimated the number of bisonthat Y NP might support
onasustained basis. Todo so, they determined theareaused by bisonduring
winter within'Y NP (the season when bison aremost di spersed) and thedensity
of bison at which the annual growth rate was zero (recruitment = mortality).
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Thesecal culationsled to an estimated popul ation of about 3,200 bison. Taper
etal. (2000) carefully stated that thisestimate wasacrude approximation and
should beused only with great caution. The estimate assumed bisonwould not
leave YNP (i.e., would not migrate as a response to increased density), and
itimplicitly included the eff ects of recent management actionsthat may have
maodified bison behavior, such aswinter grooming of roadsand control of bison
movements at park borders.

Thefirst responseof bisontoincreased density isto expand theareaused,
especialy during winter. Therefore, one would expect bison to frequently
migrateto other areasoutside park boundaries. Taper et al. (2000) accounted
for thisbehavior by estimating the density at which bison areunlikely to expand
their range beyond park boundaries. That density was approximated by the
population of bisonin 1984, when management actionsbeganto removesignifi-
cant numbers of bison at park borders. Bison used about 675 km? of winter
rangeat apopul ation size of about 2,800, which may bethepopul ation sizeat
which bison might remain inside Y NP without management intervention.

Taper et a. (2000) invoked arather complicated processto arrive at the
estimate of 2,800 bison, but other lines of evidence yield estimates that are
nearly thesame. TheNRC (1998) examined the number of bison removed by
harvest at park boundaries asafunction of populationsize. Ingeneral, bison
begin regularly leaving park boundaries when the popul ation exceeds about
2,500 animal's; when the popul ation was more than 3,000, the number of bison
leaving Y NPwashighly related to SWE (NRC 1998). Finally, the bison popu-
lation numbered about 2,400 animal sin 1981, which seemsto beapivotal year
in terms of its growth and movement. Taken independently, each of these
linesof evidenceisweak, but takentogether, they provideaconsistent picture
of the response of bison to increasing density within YNP.

Brucellosis

Because of theimportance of brucellosis, much attention and controversy
hasbeen directed at thedisease (NRC 1998). Brucellosisisendemicinbison
and elk herdsin YNP. Inelk (Thorneet al. 1997) and bison (Williamset al.
1997) brucell osistypically causesabortion of thefirst pregnancy after infection
inmost infected females. Epididymitisand orchitismay occur in bison bulls
(Williams et a. 1993, Rhyan et al. 1997).

Popul ation consequences of brucellosison ek and bison onthenorthern
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range are not specifically known. Loss of 7% to 12% of the calf crop has
been estimated for elk in the Jackson elk herd, where brucellosisisendemic
(Herrigeset al. 1989, Smith and Robbins 1994). Nevertheless, elk and bison
herds infected by B. abortusincrease at about the same rates as herds with-
out thedisease (Peterson et al. 1991, Dobson and Meagher 1996, Williamset
al. 1997, NRC 1998), because the effects of brucellosis have been overshad-
owed by density-dependent factors and climatic effects such as severe win-
ters. Althoughitisunlikely to beimportant onthenorthernrange, transmission
of brucellosisfrom elk to bison is suspected to have occurred on the National
Elk Refuge (NER) in Jackson Hole, Wyoming (Petersenet al. 1991, Williams
et al. 1993, NRC 1998).

Elk on nativewinter rangesdo not appear to maintain brucellosis (Morton
et al. 1981, Thorneand Herriges 1992, Toman et al. 1997). Brucellosiswas
probably present intransplant stock moved fromthe NER to historical ranges,
but with one possible exception (Robbins et a. 1982; E.T. Thorne, personal
communication, 2001), it was not maintained.

Population density isimportant for understanding thedynamicsof brucello-
sisinelk and bison andthelikelihood that it will be maintained. Atoneend of
thedensity spectrumisthesituation onthe NER and various statefeedgrounds
where elk are concentrated over artificial feed during the winter and early
spring (Boyce 1989, Smitheta. 1997, Tomanetal. 1997), when abortionsdue
tobrucellosisoccur. Insevereand evenduring normal winters, elk are essen-
tially confined to feedgrounds because of limited native winter range or be-
cause deep snows precludethemfromleaving. Becauseanimalsstand body-
to-body while eating, abirthing or abortion event of aninfected elk could ex-
pose large numbers of animals to B. abortus. The threshold density of elk
requiredfor brucellosisto be maintai ned within thenorthern rangeel k popul a-
tion is not known.

Management of brucellosiswill remain a contentious issue, because no
management alternative can simultaneously meet Y NP’ sgoal of minimizing
interference by humansand thelivestock industry’ sgoal of brucellosiseradica-
tion. Management actions that might eventually eradicate brucellosis are
limited to test and slaughter programs and vaccination, but the absence of a
highly efficacious vaccine and away to easily administer avaccineto free-
roamingwildlifearemajor difficulties. Risk management includestemporal
and spatial separation of wild ungulatesand livestock and vaccination of near-
by cattle (M ontanaDepartment of Livestock and MontanaFish, Wildlifeand
Parks 2000).
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Current management of brucellosisin Y NP bison relies on the establish-
ment of three management zones and a combination of hazing, test, and
slaughter; vaccination when a safe vaccine has been approved for use; and
acceptance of some free-ranging seronegative bison outside the park (Mon-
tana Department of Livestock and Montana Fish, Wildlife and Parks 2000).
Theprimary purposeof thismanagement planisto reducetherisk of transmis-
sion of brucellosisto nearby cattle by removing the source of infection. The
second purposeisto providenegativereinforcement to bison that leave Y NP,
thereby reducing futurerisk by diminishingthelikelihood that bisonwill con-
tinuetoleave Y NP. Simulation resultsconsi stently show that test and slaugh-
ter procedures alone will not reduce the prevalence of brucellosisin bison
(Grosset al. 1998).

Other Ungulates

Populations of mule deer, white-tailed deer, pronghorn, bighorn sheep,
mountain goats, and mooseinhabit the northern range. Becauseall these spe-
ciesarepresentinthepark in small numbers, thenatural regulation policy has
not affected them directly. However, the status of pronghorn is sufficiently
tenuousthat they deserve special attention, regardless of the management of
other species.

Mule Deer

Mule deer (Odocoil eus hemionus hemionus) are the third most abundant
ungulateonthenorthernrange. Muledeer popul ationsappear to havefluctu-
ated on the northern range from perhaps fewer than 200 to more than 2,500
individualsinthepast 95 years(Barmore 1980). Different countingtechniques
throughout thisperiod makeit difficult to track the population fluctuationswith
much accuracy. However, it appearsthat the popul ation both inside and out-
sidethe park boundary onthenorthernrangemay havegrownto 1,000individ-
ualsby 1911 and oscillated near that number until 1987, when the population
increased to more than 2,000.

Singer and Renkin (1995) report that minimum muledeer density inlower
€levations during the period 1965 to 1968 averaged 4 deer per km?. By the
late 1980s, minimum deer density averaged 2 per kn??. Interestingly, Singer
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and Renkin’ sdata(1995) do not indi cate acorrel ation between minimummule
deer population density and minimumelk population density. Minimum average
elk density increased from 6 per km?to 16 to 19 per km? during the sametime
period. Incontrast, Y NP (1997) indicatesthat muledeer increased duringthe
1980ssimultaneously withincreasesintheelk population. Singer and Norland
(1994) report that mule deer popul ationsincreased from approximately 1,000
t0 2,200individual sbetween 1979 and 1988. Northernrange datasuggest that
the population fluctuated between 1,600 and 2,500 individualsfrom 1987 to
1999 (Goganet al. 1999). Thepopulationiscurrently decliningandwill con-
tinueto decline aslong asadult female survival islessthan 85%, winter sur-
vival of fawnsislessthan 45%, and early winter fawn/100 doeratiosareless
than 66. Lemke (1999) reports, however, that segments of the population
(e.0., Region 3, east of the Y ellowstoneRiver) haveincreasedinthe past year.

Approximately 70% of themule deer inthe Gardner Basin migrate out of
thepark during thewinter. Theremaining 30% moveto winter rangeswithin
thepark boundariesat lower devations(YNP1997). Someindividuasmigrate
80 km to their winter range (Wallmo 1978).

Muledeer overlapin habitat usewith bisonand elk, but they overlaplittle
intheir diets(Hudson et al. 1976, McCullough 1980, Singer and Norland 1994).
Estimates of percent shrub, determined by microhistologica analysesof feces
collected on the northern range during the mid-1980s, show that almost 50%
of themuledeer diet iscomposed of shrubs. Elk and bison diets, in contrast,
are only 4.1% and 1.6% shrubs, respectively (Singer and Renkin 1995).

Park policy and harvest decisionsmadein southern Montanaarelikely to
affect mule deer if their population beginsto expand. The current levels of
harvest and lack of growth suggest that either the harvest isadditive (i.e., the
animal s harvested would not have died otherwise) or that density-dependent
factorsarebecoming strong enough to limit their popul ation growth. Fawn/doe
ratiosdid not declinewhen popul ationsincreased, but ratioshave not increased
while the population has decreased. This suggests that density-dependent
factorsarenot currently influencing thispopulation. Aswith other muledeer
populationsinthe Rockies, winter severity, adensity-independent factor, prob-
ably plays the most important role in determining population fluctuations.

White-Tailed Deer

White-tailed deer have never been abundantin Y NPeventhoughthey are
native to the northern Rocky Mountains. They were apparently abundant in
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the 1800sintheregion around the park, but popul ationsdeclined until theearly
1900s because of overexploitation and habitat change dueto forest fires, se-
verewinters(Pengelly 1961, Allen 1971), and heavy browsing of their winter
habitat by elk (Murie 1951). Population fluctuationsoccur, but historical ac-
countsinthe Greater Y ellowstoneecosystem (GY E) suggest that white-tailed
deer have alwaysoccurred in low numbersexcept in the presence of agricul-
ture, and are an “occasiona inhabitant” of the northern range (Y NP 1997).

White-tailed deer have long been known to exhibit density-dependent
populationregulation (McCullough 1979). IntheY NPregion, adult females
produce 1.8 to 2.0 fetuses per year, whereas yearling does are less fecund,
producing 1.2to 1.33fetuses per year. Survivorship of fawnsislessthan 60%
but may be slightly higher in lower elevations and riparian areas. Adult fe-
malesgenerally haveasurvival rate of 65% and amean life expectancy of 4.2
years. The small population on the northern range suggeststhat park policy
will have little to no effect on white-tailed deer.

Pronghorn

If historical records are accurate, the current population of about 250
pronghorn in the northern range is less than 15% of that in the early 1900s
(YNP1997) (Figure4-7). Regardlessof early population estimates, Y ellow-
stone’ spronghorn populationissmall, isolated, and at severerisk of extirpation
(Goodman 1996, YNP 1997, Lemke 1999). Furthermore, northern range
pronghorn areof special interest becausetheir popul ation may containaunique
genetic heritage (Lee et a. 1994).

Pronghorninthenorthernrangeoccur inlower elevations, primarily along
the Y ellowstone River from Devil’ s Slide, north of the park border, to areas
east of Tower Junction and uptheLamar Valley. Pronghornareintol erant of
deep snow and their distributioninthenorthern rangeisrestricted inwinter to
lower windswept areaswherefood isexposed throughout thewinter, particu-
larly sagebrush grassland (Barmore 1980). The area of pronghorn summer
range is considerably greater than suitable winter range, but about 75% of
northern range pronghorn arethought to residein the sameareathroughout the
year, and only about 25% migrate seasonally to a higher-elevation summer
range (Caslick 1998).

Estimates of the number of pronghorn in the northern range were up to
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FIGURE 4-7 Pronghorn counts in the northern range. Open circles are estimated
population sizes and crosses are actual counts. Sources. Y NP 1997, Lemke 1999.

“thousands’ during early European settlement, althoughit appearslikely that
nomorethan 1,000to 1,500 pronghorn actually occupied theareanear Gardi-
ner (YNP1997) (Figure4-7). Thepopulation probably remained at that |evel
until about 1910, after which estimates declined to as few as 200 in 1916
(YNP1997). By the mid-1920sthe pronghorn popul ation recovered and re-
mained relatively stable at 600 to 1,000 animalsuntil 1950. Harvest of 258
animalsin 1951 reduced the popul ation to 300 to 400, and it remained at that
level until 94 animalswere harvested in 1966 (Chase 1986, Y NP 1997). Sur-
veysthefollowingyear observed only 188 pronghorn (Y NP 1997). Theharsh
winter of 1967 killed about 42% of the herd (Barmore 1980). With the adop-
tion of thepolicy of natural regulation, harvest of pronghornwithin Y NPwas
abolished in 1968. However, the population did not recover from the 1966
harvest and, infact, declined to 100 to 200 until theearly 1980s. Apparently
favorableconditionsduring the 1980s, perhapsrel ated to aseriesof mildwin-
ters, permitted the population to increase to the maximum recent count of
nearly 600in 1991. Over the past decade, the population has again declined,
and since 1995 agrial surveyshave counted no morethan 235 pronghorn (Y NP
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1997, Lemke 1999). Inspiteof thesmall population, permitsto hunt northern
Y ellowstone pronghornwhen outsidethe park have beenissued continuously
since 1985.

Predation and winter nutrition arethefactorsmost likely torestrict growth
of the Y ellowstone pronghorn population. PronghorninNorth Americagener-
ally occupy open prairie grasslands, which may contain a high proportion of
sagebrush (Artemisia spp.), often amajor component of the pronghorn diet
(e.g., 78% by rumen analysis, 93% by “utilization”) (Bayless 1969). InYel-
lowstone, thediet of pronghorn ontheir winter rangeissimilar to the diets of
elk, bison, and deer, so these speciesmay comeinto direct competition during
winter (Wambolt 1996). Overlapislessintheother seasons (Schwartz et al.
1977, Schwartzand Ellis1981). Innortheastern Californiaand northwestern
Nevada, more than 90% of the winter diets of both deer and pronghorn con-
sisted of woody browse, including sagebrush species (Bayless 1969, Hanley
and Hanley 1982).

Pronghorn may be particularly sensitive to severe winter conditions or
competition because of their exceptionally high reproductiveeffort (Byersand
Moodie 1990). Pronghorn at the National Bison Range in Montana aways
produced twins, and thetotal massof offspring averaged 17% of themother’s
body mass (Byers and Moodie 1990). Therate of twinning by Y ellowstone
pronghorn is unknown, but pregnancy rates have been high (O’ Gara 1968).
Nutritional deprivation duringwinter can cause resorption of one or both fe-
tuses (Barrett 1982) and |lead to high overwinter mortality of fawns. Barrett
(1982) estimated fawn winter mortality at 53.3% during a severe winter in
Alberta. Similarly, severe winters resulted in adult mortality rates of 38%,
50%, and 62% in Saskatchewan, Alberta, and M ontana, respectively (Pepper
and Quinn 1965, citedin Martinka1967; Barrett 1982). Duringaseverewin-
ter in Glasgow, Montana, ratiosdropped from 90 to 110 per 100 doesto 39to
55 per 100 does at asagebrush-poor site, whereas at anearby site with abun-
dant sagebrush there was no such depression (Martinka 1967). Access to
primewinter feeding grounds cantherefore be particularly critical for prong-
horn. InY ellowstone, thiswasformally recognizedin 1932 with theaddition
of 7,600 acres (3,077 ha) of winter range on the northern edge of the park “as
an antelope preserve’ (Caslick 1998). The large decline in the pronghorn
population before 1961 “woul d probably have occurred without artificial reduc-
tions due to the decline of big sagebrush (Artemisia tridentata) in the park
and, possibly, cessation of predator control inthepark” (Barmore1980). Big
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sagebrushisthedominant food iteminthewinter diet of northern range prong-
horn (Singer and Norland 1994).

Pronghorn are the smallest ungulate in Y NP and thus they may be espe-
cially susceptible to smaller predators, such as coyotes and bobcats, which
havedifficulty capturing larger ungulates (Byers 1997). Recordsfromthepast
40yearsindicatethat fawn survival ratesin Y ellowstone are only about 25%
(Barmore 1980, Caslick 1998). Cadlick attributed most of the mortality to
predation, with coyotes, bobcats, and golden eaglesaccounting for 12%t0 90%
of fawn mortalities (Caslick 1998). Of the 10 fawns radiocollared in 1991,
eight wereapparently killed by coyoteswithin 35 days(Scott 1991). Coyotes
areclearly important predatorsonfawns, and Bruns(1970) specifically noted
that coyotesdid not appear to prey selectively on wounded or aged animal sbut
fedonall ageclasses. Byers(1997) documented the extermination of prong-
horn on the National Bison Range as aresult of predation by coyotes.

Several factors may have increased the density of predatorsin critical
pronghorn breeding areas. By 1998, reintroduced wolves were reported to
havekilled 6 pronghorn (1 adult and 5 fawns) (Cadlick 1998), and wolvesmay
haveindirectly increased predation by coyote by displacing coyotesfrom areas
farther from human devel opment to areaswhere pronghornlive. Inaddition,
late hunts for elk leaving Y NP have created a source of abundant food for
predatorsduring winter because successful huntersleave animal wasteinthe
field. Predatorsthat consume hunters' waste may switchto pronghorninthe
spring.

Bison management may also affect pronghorn because the Stephen’s
Creek bisonfacility, where bison aretested for brucellosis and then released
or saughtered, wasbuiltinkey winter pronghornrangeto hold bisonthat |leave
thepark. Caslick and Caslick (annual reports 1995 to 1999) conducted weekly
surveys for pronghorn during winter, recording locations where pronghorn
wereobserved and factorsthat might influence pronghorn behavior or distribu-
tion. They recorded the status of gates (open or closed), observations of
predators (coyotes, wolves, and domestic dogs), and disturbances such as
operation of the Stephen’ s Creek bison facility or the presence of visitorsin
pronghorn habitat. Pronghornwerenever present in counting blocks contain-
ingthebisonfacility whenit wasin operation but werecommonly observedin
thoseareaswhenthefacility wasunused. Visitorsal soinfluenced pronghorn
distributions, and pronghornweremuch morelikely to crossafencelineviaa
gate (50% of Scott’s 1992 observations) than they wereto go under thewire
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or through buck and polefences. Scott (1992) also noted that pronghornwere
turned away by 28% of fence encounters, whereas pronghorn were detained
within the structure of the fence 6% of thetime. Because bison movements
out of YNParerelated to winter snow (NRC 1998), the bison facility ismore
likely to be used during winterswith deep snow, aperiod when pronghornare
also more likely to be stressed.

Human harvesting of Y NP pronghorn has affected this population for
morethan 50 years, generally correl ating with declining popul ation numbers.
Morethan 1,200 pronghorn wereremoved from the popul ation between 1947
and 1968, a period when the herd declined from 625 to 200 animals. The
population continued to declineafter hunting ceased and aminimum count of
103 occurredin1974. By 1985, 365 pronghorn were observed during popul a-
tion surveys, and repeated complaintsfromlocal ranchersledtotheestablish-
ment of agame damage hunt for pronghornin 1985 (Lemke 1998). The hunt
wasestablished by issuing permitsto harvest 25 pronghorn annual ly to control
perceived game damageto agricultural crops, but theareawasal so openedto
hunterswith amultidistrict bow hunting permit. Althoughthe exact number of
pronghorn killed isunknown, estimates are that up to 51 pronghorn per year
were harvested fromthisarea(Lemke1999). I1n 1995, the number of damage
hunt licensesissued each year was reduced to 5, but 12 animals were taken
thefollowing year (bow hunterstook the balance). The population hasagain
declinedto about 200 animals. Effectiveinfall 2000, MontanaFish, Wildlife
and Parksrestricted hunting of thispronghorn popul ationto fiveannual damage
permits for an early season. Because few pronghorn use this area during
hunting season, the projected harvest is one to three animals per year (T.
Lemke, MontanaFish, Wildlifeand Parks, personal communication, June14,
2001).

The ability of the herd to recover from removals and hunting depends
largely onfactorsthat affect the production and survivorship of fawns. Fawn
production dependsontheability of femal e pronghornto maintain good condi-
tion, particularly during the winter, and this depends on the severity of the
winter and theavailability of food. Anincreasingelk populationisreducingthe
availability of sagebrush, akey winter foragefor pronghorn. Inaddition, win-
ter use of Y NP by people has dramatically increased, first because of snow-
mobilers and more recently because of wildlife watching, especially for
wolves. Thispronghorn herd facesaseriousrisk of extinction. Therisk could
bereduced by eliminating harvest, by increasing harvest of coyotesand bob-
cats, by restricting recreational access to critical winter range, by reducing
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disturbanceswithin the winter range, and by management actionsthat result
in enhanced growth and vigor of sagebrush within winter range. Survival of
fawnsbeginswith the condition of their damsbut ismost critically determined
by predation pressure. Predatorscurrently appear to bemajor contributorsto
fawn mortality.

M oose

Mooseinhabit riparian and forested areasfrom northern Col orado through
Alaska, wherethey typically feed on shrubby plants, especially willows. Many
of the preferred foods of moose are early-successiona plants; thus, distur-
bances such as fire and floods may be important for maintaining a suitable
habitat. In general, moose are not migratory, although summer and winter
ranges may differ in elevation. Moose are reputed to bethe only ungulatein
Y NP whose winter range is higher than its summer range. Moose tend to
spend most of the year as solitary animals or as female-offspring pairs
(Miquelle et al. 1992).

Althoughrelatively littleisknown about the ecol ogy of moosethat inhabit
thenorthernrange, the population clearly issmall. Recent surveysresultedin
estimates of about 200 animal's, but the accuracy of the estimatesisuncertain
(YNP1997). Thereare currently no surveys for moose because of the diffi-
culty and expense associ ated with attempting to estimate the size of awidely
dispersed population that inhabits heavily forested and rugged terrain.

Y ellowstone’ snorthern range probably containsrel atively little suitable
habitat for moose. Tyers(1981) found that about half the forage consumed
by northern range moose consisted of subal pinefir and lodgepol e pine, their
preferred winter forage. Hefound that most browsing took place in old for-
ests. Althoughmoosearelarge, they are selectivefeedersthat choose higher-
quality forage during summer and they prefer deciduous to conifer browse
(Belovsky 1981, Renecker and Hudson 1988, Shipley et a. 1998). In the
absence of predators, moose prefer summer riparian habitats with abundant
willow. These observations suggest that moose in the northern range are
survivingin marginal habitat and that the northernrangeisunlikely to support
asubstantial moose population. The abundance of moose has probably de-
clined with the loss of willows.

Reintroduction of wolvesislikely to affect moose, but becausesolittleis
known about northern range moose, weare unlikely to be abletotell whether
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wolveshaveany effect onthem. Inother areas, moose popul ations have been
regul ated by the combined effectsof predation by wolvesand bears(reviewed
by NRC 1997). Elk arelikely to remain the primary prey of wolves, but the
existence of a high-density wolf population presents a high risk to moose,
especially calves.

Mountain Goats

Mountain goatswereintroduced by MontanaFish, Wildlifeand Parksto
the AbsarokaM ountains northeast of Y NP; they areexoticto Y NP (Laundre
1990). Astheintroduced population increased, it expanded and colonized
habitats on the border of YNP and, to alimited extent, within the park. Al-
though dietsof mountaingoat and bighorn sheep overlap substantialy (Laundre
1994), these species tend to live in very different habitatsin YNP (Varley
1994, 1996). Outside park boundaries, mountain goat popul ations are con-
trolled by hunting. The area of suitable habitat within the park is limited
(Laundre1990). M ountain goats areamanagement concern becausein some
habitats, especially in the absence of large predators, they have the potential
toincreasevery rapidly (Hayden 1989) and achieve densitiesthat may result
inhabitat degradation (Pfitsch et al. 1983), but thisdoesnot yet appear to have
occurred in YNP.

Bighorn Sheep

Historical accountssuggest that the bighorn sheep popul ation on the north-
ern range was formerly much larger than in recent times (Schullery and
Whittlesey 1992). The causesof the declinebefore 1981 areunknown but may
includediseasetransmission fromdomesticlivestock or competitionwith other
ungulates. Althoughthereissubstantial diet overlap between elk and bighorn
sheep (Houston 1982, Singer and Norland 1994), the speciestend to usediffer-
ent habitats, and the extent of competition that might occur is unknown.

Small bighorn sheep popul ations can be highly susceptibleto avariety of
diseasesthat canresultin catastrophic population crashes(Bunch et al . 1999);
an epidemic of keratoconjunctivitis (pinkeye) occurred inthe northern range
bighorn populationin1981. Thisevent wasassociated withamajor population
decline: bighorn counts declined from about 500 to fewer than 200 animals
(Figure 4-8). Small bighorn sheep populations may be highly susceptibleto
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FIGURE 4-8 Bighorn sheep counts in the northern range. Filled circles are aerial
counts and crosses are ground counts. Note that estimates from the methods differ,
and the apparent large changes in population size are partly due to different survey
methods and area surveyed. Sources. YNP (1997) for details of surveys; data from
YNP (1997) and Lemke (1999).

regulation by predation (Wehausen 1996, Rosset d. 1997), and ongoing studies
of mountainlionsmay provide abetter indication of therel ativeimportance of
factors that may control the bighorn sheep population.

MAJOR PREDATORSIN THE YELLOWSTONE ECOSYSTEM

Four largeterrestrial carnivoresprey on'Y ellowstone’ sungulates: grizzly
and black bears (Ursus arctos and U. americanus), mountain lions (Puma
concolor), and wolves (Canis lupus). Coyotes (Canis latrans), medium-
sized carnivores (Buskirk 1999), also prey on ungulates. Humans also kill
substantial numbersof ungulatesand may be considered asixth maj or predator
inthe GYE.

Largeterrestrial carnivores have large home ranges and move long dis-
tances, oftenignoring political boundaries. For example, therangeof Y ellow-
stone’ sgrizzly bears*linksmost of the habitats, and associated speciesof the
GYE” (Clark et al. 1999), and mountain lions radiocollared in the northern
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GYE have dispersed to distant areas in Idaho, Wyoming, and Montana
(Murphy 1998). As with most other mammals (Greenwood 1980), young
males of these terrestrial carnivorestypically disperse farther than females
(Craighead et al. 1999).

Largecarnivorestypically utilizeavariety of habitat types, and although
they may specialize on particular species or sizes of prey, they consume a
variety of prey and other foodsasthe opportunity or need arises (Johnson and
Crabtree 1999). Bears eat primarily plant material, although Y ellowstone's
grizzliesconsumere atively more ungul atesthan most other grizzly popul ations
(Jonkel 1987, Mattson et al. 1991, Knight et al. 1999). Large carnivoresand
their prey are intelligent and adaptable animals (Berger et a. 2001), which
makes their interactions complex.

Among theinfluences on popul ations of large carnivores are changesin
theabundanceand rel ative abundance of different prey species, natural forces
such as fire and weather, which influence the abundance, distribution, and
availability of prey; human activitiessuch ashabitat alteration and hunting of
prey populations; and changesin the abundance and behavior of other prey and
predators.

Large carnivoresinhabited Y ellowstone long before the first European
explorersarrived. Bonesof wolves, coyotes, and grizzly bearswerefoundin
various strata during excavations at Lamar Cave, whose strata extend back
about 3,000 years. Multiple Euro-American observersreported wolves, coy-
otes, grizzly and black bears, and mountain lions in the GY E before 1882
(Schullery and Whittlesey 1999).

Historical Human I mpacts on Car nivor e Populations

Predator eradication was a mgjor goal in late nineteenth- and early
twentieth-century America. Predatorswereeasily poisoned with strychnine-
laced carcasses, and by 1880, wolf, coyote, and mountain lion popul ationsin
the GY E were greatly reduced (Schullery and Whittlesey 1999). When the
U.S. Cavalry arrivedin 1886, predatorswereat first protected al ong with other
animals. However, to protect game species, poisoning of coyotes was re-
sumed in 1898, and in 1907 army personnel were directed to kill coyotes,
wolves, and mountain lions (Schullery and Whittlesey 1999). From 1904 to
1935, predator control in'Y ellowstoneresulted inthekilling of at least 4,352
coyotes, 136 wolves, and 121 mountainlions(Schullery and Whittlesey 1999).
However, by the 1930s, there was mounting opposition among ecol ogistsand
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conservationiststo predator control in national parks. 1n 1936, official park
policy changed to protect native predators, including coyotes, although park
managerscould still kill individual predatorsdeemed  harmful” (Schullery and
Whittlesey 1999). However, wolveswereeffectively extinctinY ellowstone
by then (Smith et a. 1999b) and predator control probably had eradicated
mountain lions aswell (Craighead et al. 1999).

Bearsfared better than wolvesand mountainlions. Bear populationswere
probably reduced by widespread poisoning of ungulate carcasses and by re-
ductions in ungulate popul ations due to uncontrolled market hunting in the
1870s (Schullery and Whittlesey 1992). However, oncethey received army
protection in 1886, bears began to feed at garbage dumps near hotels, where
they soon became a popular tourist attraction (Schullery 1992, Knight et al.
1999).

Y NP personnel supported and expanded the bear feeding program and
bearsultimately werefed at numerous garbage dumpsaswell as along road-
sides. Grizzliesdominated the dumps, although male black bears used them
when grizzlies were not present; female and subadult black bears tended to
beg for food from tourists on park roads (Knight et al. 1999). Large numbers
of bearsbecame habituated to humans, and they injured people and damaged
property. These “problem” bears were then removed from the park. From
1930 to 1969, 46 people were injured by black bears, and an average of 24
black bearswereremoved fromthepark per year (Schullery 1992). Although
theviewing of bearsfeeding at dumpswasimmensely popular with tourists,
opposition to the practice grew and the park responded by closing the last
public-viewingareaat adump during World War 11, althoughit did not actualy
close the dumps until the late 1960s and early 1970s (Knight et al. 1999).
Closing the dumpsled to very high grizzly bear mortality; 229 grizzly bears
wereremoved fromthe GY E between 1967 and 1972 asbearsthat previously
fedin dumpsbegan to seek food in campgroundsand threatened human saf ety
(Knightetal. 1999). Black bearsbegging for food remained acommon sight
along roads until the late 1960s. By 1975, park managers had effectively
eliminated thissight by improving sanitation, enforcingano-feeding policy, and
removing begging bears (Knight et al. 1999).

Thestatessurrounding Y ellowstone gradual ly reduced or prohibited hunt-
ing of grizzly bears, beginning with aprohibition by Idahoin 1946. However,
acompletemoratorium on hunting grizzly bearsanywhereinthe GY Ewasnot
imposed until 1974. The GY E grizzly bear waslisted asthreatened under the
Endangered Species Act in 1975 (Knight et al. 1999).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10328.html

112 Ecological Dynamics on Yellowstone's Northern Range
Current Population Dynamics of Large Carnivores
Grizzly Bears

Y ellowstone's grizzly bears are the best-studied bears in the world, yet
their status and future prospects continue to be subjects of vigorous contro-
versy. Obtaining accurate estimatesof the sizeand dynamicsof agrizzly bear
populationisinherently difficult. Grizzliesarelong-lived and femalesdo not
reproduce until they are about 6 years old. Grizzly bears are not easily ob-
served asthey aremostly solitary and travel over largehomerangesinremote,
mountainous, and largely forested country. There are additional logistical
difficultiesin reachingmany partsof the study area, recapturinganimals, and
mai ntai ning operativeradiocollarsonindividual femalesto obtainlong-term
reproductive data.

Grizzly bear research beganin Y NPin 1959. Aninteragency Grizzly Bear
Team was established inthe early 1970s. At first, park authorities added to
natural logistical difficultiesby prohibiting radiocollaring of bearsuntil 1975;
then they allowed only one or two bears per year to be collared (Knight et al.
1999). By 1982 therewere enough datafor researchersto concludethat adult
femalemortality washigh and that thereproductive rateswere solow that the
popul ation was declining at about 2% per year (Knight and Eberhardt 1985).
In 1983, an I nteragency Grizzly Bear Committeewasformed and charged with
devising management strategiesto reversethe population decline. Agencies
began to manage habitat for grizzlies by eliminating sheep allotmentswithin
grizzly aress, increasing effortsto preventillegal killing of bears, and changing
policiessuch asfood storage, garbage disposal, and removal of problem bears
to minimize the need to legally kill bears (Knight et a. 1999).

Population analyses suggest that the Y el lowstonegrizzly bear popul ation
was relatively stablefromabout 1959 to 1993, with periodsof slightincrease
or decrease (Eberhardt et al. 1994, Pease and Mattson 1999, Boyce et al.
2001). Peaseand Mattson (1999) predicted alarge (~15%) declineinthesize
of thegrizzly bear population from 1993 to 1996 because of widespread failure
of whitebark pine, akey food resource. Other modelswere less sensitive to
thisfactor and suggested adlight increaseinthesize of thegrizzly bear popula-
tionover thesameperiod. Countsof individual femal eswithyoungcubsand
surviva ratesalsoindicated apositivetrendingrizzly bear numbers (Knight et
al. 1999).

All recent estimates of thesize of the Y ellowstonegrizzly bear population
areinthelow hundreds(Craighead et al. 1999). Theseincludean estimate of
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390 based on marked femal es; an estimate of 339 based on known familiesof
bears, a statistical (bootstrapped) estimate of 344 with a 90% confidence
interval of 280 to 610 bears (Eberhardt 1995); and an interagency review
committee estimate of at least 245 bears, of which 67 were adult females
(Eberhardt and Knight 1996).

TheY ellowstonegrizzly bear populationiscurrently isolated from other
grizzly populationsandisnot largeenoughto avoidlossof genetic variationin
the short term (Harris and Allendorf 1989). The current genetic effective
populationsizeisonly 13to 65 bears (Paetkau et al. 1998). Thegeneticeffec-
tivepopulation size of awild population, whichisgenerally much lessthanthe
censussizeof thewild population, isdefined asthe size of ahypothetical popu-
lationthat would havethe samerate of decreasein genetic diversity by genetic
drift (or increasein inbreeding) asthefocal wild population (Hedrick 1983).
Lossof genetic diversity reducespopul ation fitnessand the probability of long-
termsurvival; thusY NP sgrizzly bearsprobably need more protected habitat
and dispersal corridorsto preserve genetic diversity (Craighead et al. 1999).
The best habitat for possible future population expansion appears to be in
Wyoming. Thegreatest singlethreat tothe populationisincreasing devel op-
ment of private lands, which not only decreases habitat but also grestly in-
creases the potential for human-bear conflicts and consequent death of the
bearsinvolved (Knight et al. 1999).

Grizzly bearsrequireadiverse habitat with minimal human disturbanceto
copewith climatic changes, alterationsin the availability of different foods,
human impacts, and changesin the abundance of other wildlife populations.
Grizzliescan exploit marginal habitat to some degreebut they requiretimeto
learn new habitat-use patterns when conditions change (Jonkel 1987).

InY ellowstone, grizzliesfeed on weakened and winter-killed elk and bison
from March through May, and they kill newborn elk calves during May and
June(Singer eta. 1997, Knight etal. 1999). A few individua bearskill healthy
elk during thesummer, and bull elk becomemore susceptibleduringthefall rut.
Seedsof whitebark pine(Pinusalbicaulis), currently threatened by white-pine
blister rust (Cronartium rubicola) in the GYE, are an important food for
Y ellowstone'sgrizzly bears. About 30% of themost productivewhitebark pine
areas burned during the 1988 fires (Knight et al. 1999).

Black Bears

Very littleisknown about the numbers and popul ation dynamicsof Yel-
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lowstone' sblack bears;, research hasbeen directed disproportionately at grizzly
bears. The population has probably decreased since dumpswere closed and
feeding bears along roadsideswas stopped. However, theonly study of Y el-
lowstone' s black bears was conducted more than 30 yearsago. Barnesand
Bray (1967) estimated aminimum density of 0.07 bear per km?intheir Gallatin
Mountainstudy area. Estimatesof black bear densitiesin other areasof North
Americarangefrom0.1to 1.3 bearsper km? however, densitiesaregenerally
lower at higher altitudes (i.e., YNP) because of the shorter foraging season
and poorer soils(Kolenosky and Strathearn 1987). Cole(1976) estimated that
therewere 650 black bearswithin Y NP by extrapolating the Barnesand Bray
estimate over alarger area. Craighead et al. (1999) estimated that there are
currently fewer than 2,000 black bearsinthe GY E. Thestatusof the popula
tionisuncertain because of thelack of data, althoughthe populationisgener-
aly presumedtobestable. About 1,000 black bearsarelegally killedinMon-
tana each year (Craighead et a. 1999).

The ecology of black bears is known from many studies in other areas
(Kolenosky and Strathearn 1987). Black bearsare habitat and feeding gener-
alists(Johnsonand Crabtree 1999). They areusually forest dwellers, andthe
best black bear habitat ismixedforeststhat contain avariety of treeand shrub
species of different ages (Kolenosky and Strathearn 1987). Black bearsin
Y ellowstone typically prefer spruce-fir habitats and adjacent meadows but
were often observed inlodgepol e-pineforests along roadsidesduring the era
of roadsidefeeding (Barnesand Bray 1967). Black bearsarebasically vege-
tariansandtheir diet appearsto belargely determined by local food avail ability.
Bears adapt to new sources of food and change their foraging habits accord-
ingly. Black bearscankill youngungulates, whicharevulnerablefora2to4-
week period after birth (Kolenosky and Strathearn 1987), and al so eat carrion
and insects. Killing young ungulates appears to be alearned behavior, and
once learned, may continue to be part of an individual’s foraging routine
(Kolenosky and Strathearn 1987). Carrion provided by cougars and other
predators may be a significant food source for black bearsin Y ellowstone
(Crabtree and Sheldon 1999a, Murphy et a. 1999).

Ecological conflicts exist between black and grizzly bears and may be
depressing populationsof both species(Jonkel 1987). However, interactions
between Y ellowstone' sblack and grizzly bear popul ations have not been stud-
ied. Whereboth speciescoexistin Alaska, grizzly bearsdominateblack bears
(Millereta. 1997). Ininterior Alaska, grizzliesaremost commonly associated
with apinetundra habitats, whereas black bearsfrequent forest and lowland
areas(Kleineta. 1998). Intheabsence of grizzly bearsin northern Quebec,
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black bears have moved into tundra habitats normally occupied by barren
ground grizzlieswest of Hudson Bay (J. Huot, Faculty of Science and Genet-
ics, University of Laval, personal communication, January 18, 2001).

Mountain Lions

Mountainlionshave excellent long-distance dispersal abilities(Murphy et
al. 1999). Y oung maeshavedispersed asfar as480 kmfromtheir natal home
range (Craighead et al. 1999). Presumably, these dispersal abilities enabled
mountainlionstorecolonize Y NPafter they werelocally eradicated by preda-
tor control programs. The GY E mountain lion popul ation ranges over some
2,200 haof relatively contiguous habitat (Murphy et al. 1999). Craighead et
al. (1999) estimated that there are fewer than 500 adult mountain lionsin the
GYE, but they gave no basisfor thisestimate. Because of their high female
survivorship and fecundity (littersof upto six kittens), mountainlion populations
are more resilient than those of some other large predators, such as bears
(Weaver et a. 1996).

Human-caused mortality isanimportant i nfluence on most mountainlion
populations, including those in the GY E outside the boundaries of YNP
(Murphy etal. 1999). Most of thismortality isdueto legal hunting: 48% of
mortality among adult and subadult radiocollared mountainlionsinthenorthern
Y ellowstone ecosystem was due to hunting; another 48% was attributed to
natural causes(Murphy et al. 1999). Approximately 500 mountainlionswere
killed by huntersin Montanain 1998 (Craighead et a . 1999). However, moun-
tain lion popul ationsappear to have stabilized or evenincreased in many areas
of thenorthern Rockies, includinginthenorthernrangearea(Craighead et al.
1999), despite hunting pressure (Murphy et a. 1999).

Mountainlionsoccupy awiderangeof habitats, althoughthey prefer areas
of steep and rugged topography (Lindzey 1987). Abundant cover isimportant
to them asit provides security from enemies, including other predators and
humans, and increases hunting success as mountain lionstypically hide and
ambushtheir prey. Thus, thestructural characteristicsof thelocal vegetation
appear to bemoreimportant than the dominant plant species(Lindzey 1987).

Mountain lions are almost totally carnivorous and can kill all the YNP
ungulatesexcept adult bison. Thediet of mountainlionsvarieswith theabun-
danceand availability of prey seasonally and geographically. Deer compose
amajor portion of their diet in most areas, although mountain lions also kill
large numbers of small prey, such as snowshoe hares (Lepus americanus)
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whenthey areabundant (Lindzey 1987). Inthenorthern GYE, elk calvesare
amajor source of food for mountainlions(Murphy 1998). However, because
therearerelatively few mountainlionsand they kill far fewer ungulatesthan
human hunters, Murphy (1998) concluded that they havelittledirect effect on
the size of the elk and deer populations. Mountain lions are responsible for
about 3% of the elk and 4% of the mule deer deaths in the northern GYE
(Murphy 1998). Mountain lionskill about 12% of the buck muledeer, 9% of
the elk calves, and 1% of the bull elk, but less than 5% of the other age-sex
classes of elk and deer.

Wolves

Wolvesinthenorthern Rocky Mountainswerelisted asendangered under
thefederal Endangered SpeciesActin 1974. Many scientistsfavoredreintro-
duction over natural recolonization asameansof restoringwolvestothe GYE.
However, because of extensive controversy, wolveswerenot reintroduced to
Y NP until morethan 20 years after they werelisted as endangered (Bangs et
al. 1998). In 1995, 14 wolves in three packs captured in Alberta, Canada,
wereintroduced to YNP. In 1996, another 17 wolvesin four packs captured
in British Columbia, Canada, wereintroducedto Y NP. 1n 1997, 10 pupsand
3 adultsfrom a pack captured in northwestern M ontana (because they were
chasing livestock) were released in the park (Bangs et al. 1998).

Thewolveshavethrived and arebeing extensively monitored. Tenpacks
in 1997 and seven packsin 1998 produced pups; by fall 1998, the population
estimatewas 116 wolves (Bangset a. 1998). AccordingtotheY ellowstone
wolf project report for 1998 (Smith 1998), litter sizein 1998 averaged 5.5 pups
and 81% of the44 pupsborn survived totheend of 1998. Fifteenwolvesdied
in1998: five pups, four yearlings, and six adults. About half thismortality was
duetonatural causes, includingwolveskilled by other wolves, avalanches, and
elk. Theremaining mortality was due to human activities, including wolves
killed by control actions, illegal shooting, and vehicles. Some assumptions
made beforetheinitiation of thewolf reintroduction program have been vali-
dated (Smith et al. 1999Db): no preexisting wolveswerefoundinthe GY Eand
itwasnecessary toimposeland-userestrictionsaround wolf dens. However,
wolveshavekilled morethan the predicted 120 ungul ates per year and fewer
than the predicted 19 cattle and 15 sheep per year. Many more visitors than
expected have seen wolves.

It was predicted that wol veswoul d travel outsidethe experimental areaof
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Y NP and immediately adjacent neighboring GY E lands, but thishad not oc-
curred throughtheend of 1998 (Smith et al. 1999b). Wolvesregularly disperse
long distances: malewolvesdisperseamean of 85 km and amaximum of 917
km from their natal home ranges (Craighead et a. 1999). Some wolves had
dispersed out of the park asfar south as the Jackson area (which is still part
of the primary wolf recovery area) (Smith 1998), but none had dispersed from
theareadesignated asthe*Y ellowstone Nonessential Experimental Population
Area,” whichincludesall of Wyoming, Montanaasfar north asthe Missouri
River, and part of Idaho (Bangs et a. 1998).

Wolves in different geographical locations rely on different species of
prey. Wolvesin North Americaprey largely on ungulates and beavers, but
alsotakeother typesof prey (Carbyn 1987). Elk havebeenthewolves major
prey inthe GY E to date, which is not surprising given the abundance of elk.
However, thewolvesareknownto havekilled every ungul ate speciespresent
except for bighorn sheep (Smithetal. 1999b). 1n 1998, wolf researchersfound
109 definiteand 121 probablewolf kills(Smith 1998). Eighty-six percent of
thesekillswere elk (198), followed by 3% each of mule deer (7), pronghorn
(6), and coyotes(7); 2% of bison (5); and 1% each of moose (3), wolves, and
unidentified prey. The age composition of the elk kill was43% calves, 21%
cows, 19% bulls, and 16% unknown. Packs on the northern winter range
killed an average of one ungulate every two to three days during March and
one every three to four days during November and December.

Wolvescan adjust to changing prey abundance and vulnerability (Messier
1995), although in multiple prey systems they may be slow to change their
favored prey species (Dae et al. 1995). In some instances, wolves have
switched to different age classes as their proportion in the prey population
changed as aconsequence of previouspredation (Dekker et al. 1995) or win-
terswith deepsnow (Mech et a. 1995). Wolveshavea solearnedtokill new
types of prey (Klein 1995). However, it isdifficult to predict how or when
theremay be substantial changesin the prey taken by Y ellowstone swolves.

TheY dlowstonewolveshave been returned to an ecosystemthat existed
without them for much of the past century. Adjustment of the system to the
presence of wolvesislikely to take many years, as the wolves and the other
componentsof the ecosystem adjust to oneanother (Klein 1995, Berger et al.
2001). Wolveswill probably alter their patternsof prey sel ection, pack struc-
ture, movements, and popul ation dynamicsasthe density, distribution, predation
avoidancebehavior, and population structure of their prey specieschange. A
similar adjustment can be expected between wolvesand other carnivores. A
returntorelative stability of predator-prey relationshipswithintheY ellowstone
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ecosystem may takelonger than the period that wol vesweremissing fromthe
system. Long-term monitoring of the predatorsand ungulateswithinthe'Y el -
lowstone ecosystem providesaunique opportunity to greatly expand know!-
edge about interspecies relationships among upper trophic levels.

Coyotes

Coyotes are the smallest and most numerous of Y ellowstone' s major
predators. Although they were the first of the park’s predators to be inten-
sively studied (Schullery and Whittlesey 1999), therewasalong gap between
thepublication of Adolph Muri€'s classic monograph on coyotes(1940) andthe
modern era of coyote research. The latter began in 1989, six years before
wolves were reintroduced to the ecosystem (Crabtree and Sheldon 1999a).
Reintroduction of wolveswas expected to have anegative effect on Y ellow-
stone' s coyote populations, as larger species of canids tend to compete for
prey with, kill, and physically displace their smaller competitors.

Crabtree and Sheldon (1999a, 1999b) recently summarized datacollected
during these new studies of the coyote on Y ellowstone' s northern range.
Coyotesliveinall GY E habitats below about 2,400 m except for very steep,
rocky areas and areas with deep snow. Crabtree and Sheldon (1999b) esti-
mated an average pre-wolf density of 0.45 adult coyote per km? onthe north-
ernrangeand densitiesfrom 0.1t0 0.4 coyote per km? over much of theforest
habitatinthe GY E. Higher densities, sometimesexceeding 1 coyote per km?,
occur insome of themoreopen grassland and shrub habitats. Craighead et al.
(1999) estimated that there are fewer than 3,000 adult coyotesin the GYE.

Y ellowstone’ scoyotesare protected from hunting and trapping and inhabit
an environment with good food resources. Crabtree and Sheldon (1999,
1999b) argued that these factors explain many of the differences between
Y ellowstone coyotes and those studied in other areas, including larger pack
Size, greater social stability, higher adult survival rates(91% per year), higher
mean age of adults, and lower dispersal rates of juveniles.

Coyotes on the northern range have a socia system similar to that of
wolves, livinginterritoria packswith anaveragesizeof six adults. However,
unlikewolves, membersof coyotepacksoftentravel alone. Coyoteterritories
are contiguous (no intervening spaces between them), nonoverlapping, and
average10.1km?. Territory boundariesintheLamar Valley and the Blacktail
Plateauwerevery stablefrom 1990 through 1995, changinglittlefromyear to
year.
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Even though femal e coyotes become sexually mature around 10 months
of age, Y ellowstone females do not breed until they are2to 5yearsold. An
average of 5.4 pups are born per territory but an average of only 1.5 pups
survive to 1 year of age. Principa causes of pup mortality are disease and
starvation.

Coyotes feed primarily on voles and elk carcasses and the diet varies
seasonally (Murie 1940, Crabtree and Sheldon 1999b). Ungulates provide
about 45% of the coyotes' annual biomass consumption, most of whichis
consumed as carrion during the five winter months.

Thereintroduction of wolvesin 1995 had dramatic effects on the coyote
popul ation (Crabtreeand Sheldon 1999b). Wolveskilled from 25%to 33% of
the coyote population during each of the 1996-1997 and 1997-1998 winters,
especialy in the core areas used by wolves. Almost all these coyotes were
killed near the carcasses of elk killed by wolves. Thecoyotepopulationinthe
Lamar Valley dropped from 80 coyotesin 12 packsin 1995 to 36 coyotesin
9 packsin 1998 (Crabtree and Sheldon 1999b), and coyotesfailed torecolonize
their traditional territoriesin core wolf areas.

However, coyotes are flexible and adaptable animals and have already
beguntotravel inlarger groups (Crabtree and Sheldon 1999b). Some of the
surviving coyote packs are smaller and are producing larger, healthier pups
with higher survival rates. Coyote packsonthefringesof wolf territorieshave
experienced littlemortality and are ableto benefit from elk carcasseskilled by
neighboring wolves.
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Conclusions and
Recommendations

NATURE ISDYNAMIC

A PERVASIVE THEME in this report is the dynamic nature of the northern
Y ellowstoneecosystem. Over long periods, achanging climateand major geo-
logical processes have resulted in dramatic restructuring of thelandscape and
associated plant and animal communities. The Greater Y ellowstone Ecosys-
tem (GY E) has experienced large-scal e disturbances including fire, floods,
blow downs, ungulate and predator popul ation fluctuations, and outbreaks of
diseasesandinsectsthat affect plantsand animals. Inaddition, duringthelate
1800s, intensereduction of carnivoresand ungulatesdiminished or eliminated
populationsof key species. Furthermore, thenorthernrangeispart of alarger
system where human activities are steadily increasing. Thus, we probably
cannot ever manage Y ellowstone National Park (YNP) to maintain some
agreed-upon stablecondition, if that wereto becomeamanagement objective.
Welack sufficient knowledge, resources, and capability to sustain any environ-
mental state through active management.

Giventheever-changing nature of the northern range on both temporal and
spatial scal es, can we determinewhich of the changeswe observeinungulate
numbers and range, forest conditions, and riparian conditions are within the
boundsof natural variationandwhich, if any, are caused by human activities?

120
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To answer the question we must assess ecosystem resilience, resistance, and
stability. Isthe system easily modified? Doesit readily recover from pertur-
bation? Are there thresholds that result in major or irreversible changesin
processes, ecosystem conditions, or popul ation numbers?

Theory andfield studieshave shown that someecol ogical systemschange
abruptly from onerel atively stable stateto another. Inthesesituations, simply
removing the factor or factorsthat caused change may not return the system
toitspreviousstate. For example, sustained, heavy livestock grazinginarid
grasslands of the western United States, in the absence of fire, has led to
invasion and establishment of shrubs and trees (Archer 1994). Once trees
gained sufficient statureto capture much of themoisture supply, elimination of
grazingdid not resultin reestablishment of grassand (Glendening 1952). Such
aprocessisconsistent with “ state and transition” models and with the exis-
tenceof multiplestablestates (Allen-Diaz and Bartolome 1998). These con-
ceptual modelshelp usto appreci ate the compl exity of ecosystem relationships
and processes and should be used to evaluate management of the northern
range. How do these concepts help us to evaluate changes in the GYE?
Many aspects of the northern range have been intensively studied, but it has
not been experimentally shown, for example, how large a reduction in the
consumption of aspen by ungulateswould berequiredto permit their “ recov-
ery.” Consequently we do not know whether changesin plant communities
duringthe 1900sindicatethat anew state, characterized by fewer communities
dominated by willows and aspen, islikely to persist. Research outside the
park, however, does not support the hypothesis that a new state has become
established (Kay 1990). To evaluatewhether the northern rangeisapproach-
ing athreshold, beyond whichwillow and aspen communitieswill beunableto
reestablish themsel ves, wemust have someideaof therange of natural varia-
tion(Landreset a. 1999). Arechangesonthenorthern rangewithinlimitsto
be expected since Europeans arrived? How important arerare events? The
“natural” interval between large firesis thought to be on the order of 200to
300 years—can we redlistically expect to manage such events? Despite
claims to the contrary, we found no evidence that the northern range is ap-
proaching athreshold after which wewould observeirreversible changes, such
aslossof local reproductive potential of key plant species(e.g., sagebrush or
aspen), that would not have occurred if the park actively controlled ungul ates.
Thisfinding results, in part, because much of theevidence of dramatic changes
comes from communities that are successional or the result of disturbance
(e.g., aspenand riparian communities) (Houston 1982). However, changesin
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sagebrush cover and grassland composition, vegetation typesthat are neither
successiona nor the result of disturbance, have also occurred.

Inview of the profound changesthat have occurred around the GYE, itis
no longer possible to have an ecosystem that isidentical to the natural state
that existed there before European settlement—that is, containing about the
samenumbersand distributionsof all the speciesof plantsandanimals. Y NP
still has all the species present there 150 years ago, but many of the large
mammal scan nolonger respond to change asthey used to—through migration
or dispersal (Wambolt and Sherwood 1999). No aspect of the ecosystem can
beconsidered“ natural” inthat sense. The questioniswhether theecosystem
appearsto be headed for some state that is very different from any previous
state that we know about in the past few thousand years. We do not think it
is. Vegetation changes observed in the past 130 years or so appear to have
been influenced more by ungulate browsing than by climate change.

MANAGEMENT FOR ECOSYSTEM STATE
OR ECOSYSTEM PROCESS?

Natural resource managerstypically try to reduce variation around some
desirable ecosystem state. For wildlife managers, adesirablestateusualyis
defined by aconsistent harvest of thetarget species, stable vegetation commu-
nities, and asmall loss of the target animalsto severe weather. Restoration
ecologists, on the other hand, try to achieve desired ecosystem dynamics by
reducing or eliminating human perturbationsand restoring natural ecosystem
processes and the ecosystem components that drive these processes. Given
the inherently dynamic state of most ecosystems, Boyce (1991, 1998) and
others have suggested that a more appropriate management goal for YNPis
to follow the “restoration” approach and maintain or restore ecological pro-
cesses rather than try to maintain a particular ecological state. Management
for processeswouldinclude maintai ning or restoring the spatial and temporal
variationthat characterizesthe natural ecosystem. Hollingand Meffe (1996)
persuasively argued that maintenance of natural variation is critical to the
functioning of ecosystems and runs counter to most traditional management
prescriptions. Because Y ellowstoneisinfluenced by periodic major events,
both natural and human caused, itis probably impossibleto maintain aparticu-
lar state by active intervention. For example, the fires of 1988 resulted in
substantial changesinthemosaic of vegetation communities, but these changes
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appear to be an integral component of the system and within the bounds of
disturbancesthat periodically occurredin Y NP (Rommeand Despain 1989).
Also, 1996 and 1997 floodsthroughout the GY E altered riparian communities
and triggered new riparian recruitment, asexpected from | ow-frequency, high-
magnitude hydrological events (Skidmore et al. 1999).

If natural processes in YNP are to be managed or restored, we must
change our focus from an emphasis on specific outcomes (the presence or
absence of aspeciesor state) to an emphasison ratesand variation. Ecologi-
cal processesinclude production of crowd-pleasing cohorts of elk and bison
calvesin spring, but they alsoincludetheinterrel ationshipsbetween all species,
including competition, predation, winter starvation, and changesin vegetation
communities. Becauseecol ogical processesare dynamic, ecological communi-
ties change in time and space, with or without human intervention.

Theneed to understand and permit thefull range of ecological processes
is emphasized by interactions between disparate elements of the northern
range. Frank et al. (1998) compared the grassy rangeland of the northern
range to the Serengeti ecosystem in Kenya and Tanzania, an area that sup-
portsahigher diversity of large herbivoresthanthenorthernrange. Nonethe-
less, herbivores have akey rolein altering the transformation of materialsin
thefunctioning of both systems. Nutrient turnover ratesarehighin herbivore-
dominated systems(including Y ellowstone), and these grass and systemshave
rapid cycling of nutrientsdriven by high harvesting rates by herbivores. Re-
moval of herbivores would transform the system into one dominated by
detritivores, with slower cycling of nutrients.

Hobbs (1996) identified two major challengestofully integratingtherole
of ungulates into ecosystem science. First, we need to better integrate the
behavior of animalsinto ecosystemmodels. Many of thelinksbetween ungu-
lates and ecosystem processes are the result of choices made by individual
animals, such assel ection of feeding sites, choiceof forageitems, and migra-
tioninresponseto climate, food avail ability, and other external pressures(e.g.,
hunting). Decisions about selection of habitats, feeding patches, and diets
occur at a variety of scales (Senft et al. 1987, Bailey et al. 1996) and they
have a profound influence on patterns of interaction between herbivoresand
ecosystems. Second, we need to better understand the interactions between
population dynamics of animals and plants and ecosystem processes. Few
studies have examined large-scale responses of ecosystems, including the
response of animal and plant populations, to changes in herbivore density.
Y ellowstone’ s northern range may offer us an unusual opportunity for such
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studies. If the recent past isan indication of the future, we can expect large
fluctuationsin herbivoredensity and thusintheir influence on ecosystem pro-
cesses such as recycling and redistribution of materials, and successional
dynamics.

Management for ecosystem processesremainsachallengefor thefuture,
and currently is more a conceptual guide than a prescription for immediate
action. In their plea for more enlightened management of large systems,
Holling and Meffe (1996) noted the following:

Our adviceto ‘retain critical types and ranges of natural variation’
must remainfor the present asamanagement goal towhichtoaspire,
asaconceptual underpinning for management, rather than an opera-
tional dictum. In practice thistranslates to adopting a conservative
approach to changing parameters of systems we understand poorly
but that we wish to manage. It meansthat the default condition, un-
lessclearly proven otherwise, should beretention of the natural state
rather than manipulation of system components or dynamics. It ar-
gues for humility when managing large systems (Stanley 1995).

The northern range’s natural state is a dynamic one. Retention of natural
processes is as close as we can come to this recommendation.

Despite our inability to manage natural processes, general guidelinesare
emerging for designing programsto monitor and detect environmental trends,
and thisremains an area of intensive research and evaluation (e.g., Dixon et
al. 1998 and accompanying papers). Itwill beachallengefor YNPtolook to
opportunities of the future, without forgetting lessons from the past.

Public education also is important. The National Park Service (NPS)
should explaintheimportance of ecosystem processes, trophiclevel relation-
shipsamong speci es, primary production, and nutrient cycling. Althoughem-
phasis on biodiversity is certainly justified, the role of the area’ slandscape,
climate, and history inmaintaining thebiodiversity of theareaanditsdynamic
nature should be explained. That implies afocus on the web of life and its
complexity inthe lands under NPSjurisdiction and the change over timethat
characterizes natural systems, rather than on preconceptions about “the bal -
anceof nature” or thedesirability of havingmany large, “ charismatic” animals
visible. NPSwould do well to consider Y NP anatural laboratory for public
education, increasing public appreciation with an enhanced understanding
gained through a park visit.
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LARGE-SCALE INTERACTIONSAND PATTERNS

A second recurrent themein our report hasbeentheimportance of spatial
scale. The northern range is an incompl ete ecosystem for large herbivores
that rely on heterogeneity in the distribution of foodsthat vary seasonally in
abundance, quality, and availability. A large spatial extent providesreserve
areas that may not be preferred during normal years but can be used during
timesof shortage. Theimportanceof the heterogeneity that normally accom-
panies a large spatial extent was emphasized by Walker et al. (1987), who
examined drought-caused mortality of ungulatesin Africanreservesthat varied
insizefrom 442 to 19,000 km?. Mortality wasrelatively low inthelargere-
serves because animal s expanded their normal range and used reserve areas
that werefar from normal water sourcesduring droughts. Walker et al. (1987)
concluded that culling wasunnecessary if therewas sufficient spatial hetero-
geneity to providereserveforage. Similarly, during severewintersungul ates
in the northern range use areas outside park boundaries. However, many of
thesekey areasarenolonger accessi bl e because of human activity and habitat
fragmentation.

A large spatial extent is also important to preserve key ecosystem pro-
cesses in the face of disturbances that recur over periods of centuries and
affect areas of tens to thousands of sguare kilometers. The large fires that
burned much of Y NP in 1988 are the most obvious example of such a phe-
nomenon; other examplesincludetheeruption of Mount St. Helensin Wash-
ington and major floods. Thesemajor eventscreate patchinessintheenviron-
ment, and they may provide for the simultaneous occurrence of acritical set
of characteristicsthat permit, for example, the establishment of, or changein,
plant communities(Coughenour 1991, Turner et al. 1997, Foster et al. 1998).

Inadditionto providing foragereservesfor ungulates, alarge spatial extent
allowsanimalsto spread out the effects of their consumption. In'Y NP, ungu-
latesuse someareas heavily but othersonly lightly. Inspring and early sum-
mer, the ungul atesfollow the emergence and greening-up of actively growing,
nutritiousplants, grazingintensively inalimited areafor aperiod, thenmoving
on, allowing the plantsto recover. Thus, spatiotemporal heterogeneity iskey
to maintaining nutritiousforages over an extended period, and the sequential
greening of vegetation provides the impetus for herbivores to move on and
allow the plantstimeto recover. Theseinteractions should permit long-term
sustainability of the system; however, intensivelong-term use during extreme
winter conditionsmay not permit some communitiesof woody plantsto persist.
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WEATHER, WOLVES, AND ASPEN IN YELLOWSTONE

Major controversy focuseson the causes of thevirtual absence of recruit-
ment of tree-sized aspen onthenorthernrange since 1920 (Rommeet al . 1995,
Rippleand Larsen 2000b). Not all the circumstancesthat permitted aspen to
recruit before 1920 are known, but the most important factor currently pre-
venting recruitment of tree-sized aspenisheavy browsingby elk. If browsing
by elk were greatly reduced or eliminated for along enough time, as seemsto
have happened during the market hunting period of the 1880s (Rommeet al.
1995), recruitment of tree-sized aspen would be likely under the current cli-
mate. What circumstancesthat previously existed, but arenolonger present,
might have permitted recruitment? The most obviousisthat elk did not use
aspenfor winter survival becausethey migratedtolower areaswith alternative
winter food sources. Another possibility isthat acombination of severewin-
ters and a healthy predator population greatly reduced elk numbers or their
distribution.

Weather during the 1800s—the end of the Little Ice Age—was consis-
tently cooler and wetter than that of the 1900s (Chapter 2). Thisfactor alone
could account for smaller elk populationswintering onthenorthernrange. In
addition, wolveswere present during the 1800sand they likely influenced the
density and distribution of elk. Ripple and Larsen (2000b) suggested that
wolvesplayed akey roleintherecruitment of aspen. They reviewed evidence
showingthat wolvescan limit herbivore population size, but moreimportantly,
wolves modify the location and feeding behaviors of ungulates that feed on
aspen, thereby |eading tolocali zed recruitment of tree-sized aspen. Rippleand
Larsen’s hypothesis can account for small-scale recruitment of aspen, and
with theaddition of severeweather it can al so account for synchronized, large-
scal e episodes of aspen recruitment. For thisto occur may requirethesimulta
neous effects of weather, and predation.

Severeweather during thewinter following the 1988 firesresulted inthe
death of about 25% of the northern range elk population (Singer et al. 1989).
Similar eventsoccurred throughout the 1900s, most recently in 1996-1997. Elk
popul ations have been subjected to annual harvest outside Y NPever sinceits
establishment, and late-season hunting wasinitiatedin 1968. Thus, thecondi-
tion of theanimalsand thewinter rangeislikely to have been better since 1968
thanif the population size had beenregul ated solely by natural factors, includ-
ing competitionfor forageand starvation. When subjected to aseverewinter,
apopulation strongly regul ated by food supply and with limited ability to mi-
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grateout of theareaislikely to experience high ratesof mortality, resultingin
apopulation considerably smaller thanitsprewinter size. If theelk population
declined to asmall fraction of what the northern range could support, then
predation by wolves, whose numbers appear to belargely independent of elk
popul ation density, could prevent rapid recovery. A low enough density of elk
would allow some aspen to grow tall, and sustai ned predation by wolvesand
other predators could maintain the elk population at alow density for long
enough to permit recruitment of tree-sized aspen. Inthisscenario, establish-
ment of tree-sized aspenrequires(a) theelk popul ationto declinerapidly after
it has achieved a size too large to be maintained by the food available, (b)
migration to be restricted, (¢) asevere winter that causes starvation, and (d)
avigorous predator population that can keep the elk popul ation from rapidly
recovering. Theseconditionshavebeen absent fromthenorthernrangesince
at least thelate 1800s, when most (but not all) of the present tree-sized aspen
standswereformed. Such ascenarioisnot greatly different from that which
explainsrecruitment of fir on IsleRoyale (Post et a. 1999), anisland where
long-range moose migration is prevented. Wolves hunted moose more effi-
ciently during winterswith heavy snowfall, thereby depressing moose popula
tions and releasing fir from heavy browsing.

Several typesof interactionshave been proposed to account for predator-
prey systemsinwhich predation can maintain low densities of prey, but food
limitationsprevail at high densities(e.g., Walker and Noy-Meir 1982, Sinclair
1989, Boutin 1992). Ingeneral, theory suggeststhat prey popul ationsarekept
atlower level sonly until predator popul ationsdecline or food sourcesincrease.
If thissituation wereto occur onthe northern range, aspen recruitment would
be episodic and occur at unpredictable and infrequent intervals.

INDICATORS OF UNACCEPTABLE CHANGE

If Y NP continuestofollow apolicy that permitsthe natural rangeof varia-
tion, it will need to monitor ecosystem attributesthat might indicate unaccept-
ablechange. Researchinthepark isonly decadesold, but someinsightsinto
past conditions are provided by analyses of |ake sediments, treerings, pollen
profiles, and floodpl ain sediment profiles. Theseanaysesof long-termtrends
identify the dynamic processes that led to current conditions of the Y ellow-
stone ecosystem, but the linkages between past and present processesin the
northernrange have not been clearly demonstrated by research. Modification
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of the'Y ellowstone ecosystem through reintroduction of wolves, expansion of
wintering areasfor ungulatesnorth of the park, and continued implementation
of external hunting of ungulates, inthe context of achanging climate, creates
adegree of complexity that makes projection of long-term conditionsin the
park and northernrangedifficult. The committee consequently recommends
that acomprehensive, integrated program of research and monitoring be estab-
lished to measure the consequences of current and future changesintheexter-
nal andinterna driving variables. Thisprogram shouldinclude continued stud-
iesof animal and plant populationsand their interactions, studies of predator-
prey relationships, and studies of changes in the behavior of ungulates and
predators asthe system adjuststo thereestablishment of wolves. Concurrent
studies of riparian and aspen recruitment; sagebrush communities; stream
fluvial geomorphic processesinrelation to riparian vegetation dynamics; rain,
snow, surface flows, and groundwater levels; and other ecosystem compo-
nents are also needed.

UNDERSTANDING THE CONSEQUENCES OF
ALTERNATIVE MANAGEMENT APPROACHES

Resource managers at Y NP use natural regulation as the management
approachfor thebiotaof the northernrangefor scientific reasonsand to meet
public expectations. Inany natural resource management context, the selec-
tion of an approachisinevitably in part avaluejudgment. Whatisour intent?
What dowe, asasociety, or other decision-makinglevel, want fromor for the
resource? Although managersgenerally striveto design multiple-use manage-
ment approaches, infact there oftenisan underlying policy purpose. InYel-
lowstone, managers could manage the system primarily to facilitate visitor
interaction with animals, for ecosystem diversity, for scenic values, or for a
combination of thosevalues. Thecurrent decisionto usenatural regulationas
opposed to management that actively reduces ungul ate popul ations and thus
decreasesgrazing and browsing pressure onthe northern rangeisbased in part
onscience(i.e., thedetermination that ungul ate popul ationsare at sustainable
levelsgiventheproductivity of therange’ svegetation), andinpartitisavalue
judgment (based on the goals humans have set for the system).

The committee was asked to evaluate NPS' s natural regul ation manage-
ment approach. It wasnot asked or appropriately constituted to ook in depth
at alternative management approaches. But in studying the dynamics of
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ungul ate-ecosystem interactions in the northern range of the Y ellowstone
region and researching theimpacts of natural regul ation ontheecosystem, the
committee gained insights about other approaches and | earned | essons about
associ ated scientific advantagesand disadvantages. Theseinsightsmay help
Y NPresource managers plan future actionsfor the northern range, use adap-
tivemanagement principles, learnfromtheinformation generated, and change
management approaches asneeded, asmoreinformation becomesavailable.
Adaptive management requiresclearly defined goals, and it is predicated on
useof ascientifically sound, comprehensive, integrated research program and
long-term monitoring to determine the successes and/or consequences of
management decisions.

The following text explores the scientific lessons that might be learned
fromvarious management approaches, including natural regulation. Thecom-
mittee recognizes that NPS managers must balance many factors beyond
science in its decision making, but we can assist that process by projecting
some of the possible ecological consequences of those decisions.

Reduction of Elk and Bison Populations Within the Park

Although the committee concludes that the number of ungulatesin the
northern range is less than the number at which density-dependent factors
would causeit to decline (Chapter 4), experiencefrom popul ation reductions
conducted in the 1950s and 1960s and from elk density/vegetation response
studies el sewherein the Rockies supports the view that asmaller population
might allow recovery of some plant communities now degraded or unableto
establish new recruits(e.g., woody riparian speciesincluding willows, aspen,
and sagebrush communities). Thelikelihood that ungul ate popul ationswill be
less than they have been recently is greater now that wolves are present

Experimental management to reduce ungul ate popul ations, especialy ek,
and perhapsbison, could test the hypothesisthat lower densities of theseani-
mals would allow increased recruitment of tree-sized aspen, expansion of
willow communities, and growth of sagebrushtolargesizes. Themost effec-
tiveway to reduce elk numbersin Y NPwould be to shoot them, but doing so
might be contrary to the desiresand values of the public. Visitorswould see
fewer of them, and shootingislikely to arousestrong publicreaction. Inaddi-
tion, reducing ungulate numbers at this time would confound our ability to
understand the effects of wolf reintroduction on ungulates. Finally, thereis
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concernthat areduced ungulate popul ation might disrupt food availability for
the several wolf packs(and other predators) that now have asatisfactory food
basewithinthe park and |ead thewolvesto seek adomestic food base outside
the park.

Reduction of Elk and Bison Populations Outside the Park

Totest the hypothesisthat reduced ungul ate popul ations might allow re-
covery of woody plant communities, resource managersmight experimentally
reduce popul ationsoutsidethe park by working with themultiagency Northern
Range Coordinating Committee to increase hunter harvest. This approach
might partially test the concept that reduced elk numbers can enhance condi-
tions of several northern range ecosystems (e.g., aspen, riparian, and sage-
brush communities). Anindirect social effect might be benefitsto thelocal
economy through increased outfitter clientele. However, this management
approach also might confound our ability to understand the effects of wolf
reintroduction, and the key disadvantage of the approach isthat hunting suc-
cess cannot be assured because elk might remainwithinthe park, even during
severe weather.

Improve Opportunities for Increased Out-Migration

Because lower elevation winter range outside the park has been greatly
reduced, Y NP resource managers could work with other state and federal
agencies and land owners adjacent to the park to add more lands at lower
elevations for winter use by ungulates. Elk herds throughout the northern
Rockiestendto migratefrom hightolower el evationsaswinter devel ops; the
intensity of winter conditionsusually influencesthe distancethey move. Al-
though hunting pressureat the park boundary may reduce migration seasonally,
lack of open migration routesand land availablefor foraging at lower eleva-
tionsalso may influence migration. Lack of low-elevation winter range may
eventually create an elk popul ation that does not migrate outside the park but
uses only the in-park northern range and higher elevation summer ranges.
Already therearenon-migratory elk populationswithininner basinsof Y NP.

Continued efforts to increase land available for elk winter range might
reduce ungul ate effects on ecosystems within Y NP during harsh winters or
permit alarge ungulate herd to be sustained within the northern range area
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withlessdamageto woody vegetation. |ncreasing theamount of winter habi-
tat available also might prevent the transition of some of the northern range
herd from migratory to nonmigratory, aphenomenon that over time could have
long-term effects on the conditions of the northern range. Thisapproach has
numerous socia and economicimplicationsbeyond the scopeof thisscientific
assessment. For example, lands north of Y NP in the Paradise Valley of the
Y ellowstone River have been used for ranching for decades, and many areas
arefenced. At the same time, the human population of the Paradise Valley
isincreasing rapidly, giving rise to increased boundary controls and diverse
opinionsabout wildlifeuseof privateproperty. Finaly, national forest landsin
themountainsbordering thevalley aready haveelk, and theseanimalsusually
move to lower elevationsin limited areas in the valley in winter.

Natural Regulation

Y NP resource managers consider the northern range to bein acceptable
conditionandtheroleand numbersof ungulatesand other wildlifeappropriate
for anational park, and the best avail able scientific evidencedoesnot indicate
that ungulate populationsareirreversibly damaging the northern range (Chap-
ter 4). Inaddition, several significant changeshave been madeinthenorthern
rangeinrecent years, including the reintroduction of wolvesand expansion of
the winter range outside the park; the long-term influence of these changes
cannot yet be determined. Thus, Y NP resource managers could continue to
manage the northern range asthey are now. That is, Y NP managers would
continueto et the popul ationsof elk, bison, and other ungulatesfluctuate with-
out any direct (inside Y ellowstone) controls, | etting acombination of wegther,
wolves, range conditions, and external controls(e.g., outside-the-park hunting,
land uses, and popul ation reduction by state agencies, such asthe Montana
Department of Livestock’ sprogramfor bison) influencethe population num-
bers.

Experimentation with continued use of natural regulation within Y NP,
recognizing themany externa influences, would test whether theelk population
has reached a dynamic equilibrium since the low numbers of the 1950s and
1960s. Itwould also alow timeto observetheinfluencesof the addition of a
top predator and moreavailablewinter range. It will requirecareful monitor-
ing to obtain full value from the experiment and to detect potentially serious
changes in the ecosystem before they become severe or even irreversible.
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CONCLUSIONS
Animal Populations

Density-dependent and density-independent factorsinteract toregulatethe
elk and bison populationsin the northern range. Responses of elk and bison
to potential regulatory factorsare different: bison tend to expand their range
whentheir populationsexceed roughly 2,500, whereasreproductiveratesinelk
declinewhen their popul ations exceed roughly 15,000. Despitethe density-
dependent factorsthat affect elk and bison, their popul ations have fluctuated
for avariety of reasons, including variationinweather and because ungul ates
and their food do not always vary in asynchronized way. Without rigorous
management intervention, and perhapsevenwithit, ungul ate popul ationswill
continue to fluctuate.

The pronghorn population has fluctuated widely and has been declining
recently. Adversefactorsinclude coyote predation and hunting on privateland
outside the park. Pronghorn may be affected by competition with elk, mule
deer, and bison during severewinters. Bighorn sheep also may beresponding
adversely to many of these same factors.

Wolveswill affect the population dynamics of ungulatesaswell asthose
of other predatorsin Y NP, asthey do elsewhere. The nature and magnitude
of theeffectsarenot predictableat present, althoughitislikely that wolveswill
reduce elk numbers. They might increase the magnitude or frequency of elk
popul ation fluctuationsand might cause changesin the behavior of ungul ates,
especialy elk, including changesin areaswhere they forage and spend time.
The effect of wolveson bisonislikely to be less variable and dramatic than
their effect on elk, their primary prey in YNP.

Ungulates and Vegetation

Tree-sized aspen have not been added to the population in the northern
rangesinceabout 1920. Currently, herbivory by elk ishigh enoughto prevent
any such recruitment, and apparently it has been since 1920. Althoughthere
have been fluctuations in climate since then, none has been large enough or
persistent enough to account for the failure of aspen recruitment. Two un-
tested hypotheses, workingindependently or in conjunction, could explain past
recruitment. Oneisthat enough elk migrated out of the park in severewinters
to greatly reduce browsing pressure on aspen. The other isthat wolves, be-
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foretheir extirpation, affected thedi stribution and abundance of elk sothat at
least some recruitment of tree-sized aspen and willows occurred even when
elk were moderately abundant. If the latter were the case, then the wolves
recently reintroduced into Y ellowstone, including thoseinthenorthernrange,
could promote the recruitment of adult aspen and willows.

All tree-sized aspeninthenorthern range are morethan 80 yearsold, and
inthe absence of recruitment, they will dieout. Speciesassociated withaspen
will likely declineaswell. Elk also are reducing the size and areal coverage
of willows. Not enough isknown about groundwater fluctuationsor therole
of secondary chemicalsin herbivory to determinewhether they areal so affect-
ing willow abundance.

Plant architecture and areal coverage of sagebrush has decreased during
recent decadesthrough browsing by elk, pronghorn, bison, and muledeer. In
addition, herbivory hasaltered community composition, size, and recruitment.
Theeffectsare moresignificant at lower than at higher elevationsinthenorth-
ern range.

The composition and productivity of grassand communitiesinthenorthern
range show little changewithincreasing grazingintensity. Humans, however,
have changed the grasslands substantial ly by introducing exotic grassesand by
other actions, many of which began beforethoroughinventorieswereinitiated.
Although conifer forestsare used by ungul ates, ungul ateshavelittleeffect on
conifer distribution and recruitment except for localized hedging of young
conifers invading shrub and grassland aress.

The summer range does not seem to be limiting to the ungul ate popula-
tions. Densitiesarerelatively low on the summer range because the animal's
are spread out over larger areas than during winter-range use. Ungulates
apparently havelittleeffect on summer range communities, with theexception
of young aspen, which are severely browsed.

The Northern Range

The condition of the northern range is different today than when Euro-
peansfirst arrivedinthearea. Thecommitteejudgesthat the changesarethe
result of thelarger numbersof elk and bisoninthearea, combined with human
devel opment and possibly climatic variability. Thecommittee concludes, based
onthebest avail able evidence, that no major ecosystem componentislikely to
be eliminated from the northern rangein the near or intermediateterm. Fur-
ther, although we recognize that the current balance between ungulates and
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vegetation doesnot satisfy everyone—therearefewer aspen and willowsthan
in some similar ecosystems el sewhere—the committee concludes that the
northern rangeis not on the verge of crossing some ecological threshold be-
yondwhich conditionsmight beirreversible. Thesameistrueof theregion’s
sagebrush ecosystems, despite reductionsin the number and size of plantsin
some lower-elevation areas.

Natural Regulation

Truenatural regulation (i.e., letting nature takeits course with no human
intervention) has not been possible for morethan acentury, norisit likely to
become possiblein Y ellowstone’ s foreseeabl e future. Because of devel op-
ment onthe park’ sborders, ungul ates do not havefreeaccessto areasoutside
Y NPthat they formerly used during timesof environmentally imposed stress.
Because ungulate popul ationsareinfluenced by activitiesboth insideand out-
sidethe park, the conclusionsin thisreport should not beinterpreted aseither
vindication or criticism of YNP' s natural regulation policy.

Y NP spracticeof intervening aslittleaspossibleisaslikely tolead to the
mai ntenance of the northern range ecosystem and itsmaj or componentsasany
other practice. If thepark decidesthat it needstointerveneto enhancedeclin-
ing species like aspen, the smaller the intervention, thelesslikely itisto do
unintended damage. For example, if YNP decided to maintain tree-sized
aspeninthe park, putting excl osuresaround some standswould beaninterven-
tion much less likely to trigger unanticipated processes than an attempt to
eliminate or greatly reduce populations of ungulates.

Large ecosystemsin general and Y NP snorthern rangein particular are
dynamic. They changein sometimesunpredictableways. Therecentreintro-
duction of wolves, which hasrestored animportant component of thisecosys-
tem, addsto thedynamism, complexity, and uncertainty, especially intheshort
term. Thenear future promisesto bemost instructive about how elk and other
ungulates interact with a complete community of predators.

RECOMMENDATIONS
Giventhecomplexitiesinvolvedinmanaging Y el lowstone’ sdynamic eco-

systems, thereisacontinuing need for rigorousresearch and public education.
The committee offers the following recommendations designed to enhance
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understanding of key processesaffecting Y ellowstone sungulate populations,
vegetation, and ecological processes.

Park Management and I nter pretation

* Tothe degree possible, all management at Y NP should be done as
adaptive management. Thismeansthat actionsshould be designed to maximize
their ability to generate useful, scientifically defensibleinformation, including
quantitativemodels, and that the results of actions must be adequately moni-
tored and interpreted to provideinformati on about their consequencesto guide
subsequent actions.

* Thereisinsufficient scientific knowledge available to enable us to
predict the conseguences of different management approaches. Thus, long-
term scientific investigations and experiments are needed to provide solid
scientific evidence for evaluating management options.

» TheNPSeducational and outreach program can play animportant role
infostering public understanding of the complex and dynamic nature of ungu-
lateecology inthe GY E, whichisan essentia adjunct to effective management
of northern Y ellowstone ungulates. Therefore, we encourage the NPS to
increaseitsfocuson entire ecosystem rel ationshi ps, processes, and dynamics
of the GY E, especially emphasizing theimportance of primary productionand
trophic-level relationships.

Vegetation

» Arigorousstudy focusing on aspen popul ationsthroughout the GY E
should beundertaken to quantify therelativeimportance of thefactorsknown
or hypothesized to influence aspen stand structure. 1t shouldincludeestablish-
ing anincreased number of large exclosureswith along-term commitment to
monitoring the effects of restricting herbivory by ungulates. The study sites
should be discussed in the NPS ecosystem interpretive program.

* A careful examination of thevariablesthat aremost strongly affecting
the riparian ecosystems on the northern range is needed, especially therela-
tionship between herbivory and groundwater availability. Thisshouldinclude
anunderstanding of fluvial processes, surface and groundwater hydrology, and
biotic processes.
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* Research should continue on northern range sagebrush/grassland
communities.

* Researchisneeded to determinewhether itispossibletodifferentiate
ungulate useof tall and short willowsbased on both thefood-deprivationlevels
of theungulates(i.e., winter starvation) and thelevel sof secondary chemicals
in the plants.

Animal Populations

» Thebehaviora adaptationsof elk and other ungul ates, and the changes
in patterns of habitat use as a consequence of the presence of the wolf asa
large predator newly restored to the system, should be closely monitored asa
basi sfor understanding the dynamic changesthat are taking place within the
system.

» Thechangestaking placeintheinteractionsamongthelarge predators
of YNPandtheir effects on the trophic dynamicsof the ecosystem should be
closely monitored aswol ves become an establi shed component of the system.

» Athoroughstudy of current and likely futuretraj ectoriesof the prong-
horn population and the role of human effects on this population is needed,
includingtheinfluence of disturbance by visitorsand the Stevens Creek bison
facility. Thestudy should evaluatethelikely consequences of afull range of
potentia management options, from doing nothingto actively controlling preda-
tors and providing artificial winter feed.

» Periodic surveillance for pathogens (including brucellosis) in wild
ruminants in the northern range should be continued, and a more thorough
understanding of population-level threshold dynamicsgained. Samplescould
routinely be obtained from animalsimmobilized for research, found dead, or
killed by hunters.

Biodiversity

» A periodic (every 10-15years) and comprehensivebiodiversity assess-
ment isneeded on the northern rangeto eval uate potential direct and indirect
impacts of ungulate grazing, both of terrestrial and aquatic environments.
Initialy, speciesshould beidentified asconsistent indicators of habitat change.
These species should then be monitored intensively during periods between
comprehensive assessments.
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Human Influences

» A comprehensiveresearch effort is needed to assesstheinfluence of
seasona densities, distribution, movements, and activitiesof peoplewithin Y NP
and adjacent areas on wildlife species, their habitat use patterns, behavior,
foraging efficiency, vegetationimpacts, and other aspectsof their ecosystem
relationships.

» Theeffectsof changingland-use patternsinthelandscape surrounding
Y ellowstone on the park’ s biota and natural processes, such asfire, need to
be investigated.

EPILOGUE

GY Eisdynamic, and changeisanormal part of the system asfar back as
we have records or can determine from physical evidence. Based on that
record of change, itiscertain that sooner or later theenvironment of the GY E
will changein waysthat cause theloss of some species and changesin com-
munity structure. Human-induced changes, bothwithinthe GY Eand globally,
are likely to accelerate these changes.

Although dramatic ecol ogical change doesnot appear to beimminent, itis
not too soon for the managers of Y NP and othersto start thinking about how
todeal with potential changes. Before humansmodified thelandscape of the
GY E—limitingaccessto much of it andinterrupting migration routes—animals
could respond to environmental changesby movingtodternativelocations. To
alesser degree, and over longer timeframes, plantscoul d adapt aswell, espe-
cially inplaceswith significant topographicrelief. But many optionsthat or-
ganismsformerly had for dealing with environmental changeshavebeenfore-
closed because of human devel opment of theregion. Human-induced climate
change is expected to be yet another long-term influence on the ecosystem.
Reconciling thelaudabl e goal sof preserving ecosystem processesand associ-
ated ecosystern componentswith humaninterestsand influencesonwildlands
will beagrowing challengeinthefuture, not only inthe GY E. That reconcilia-
tionwill involveconflicting policy goals, incompletescientificinformation, and
management challenges. Resolvingtheseconflictswill requireall thevision,
intellectual capacity, financial resources, and goodwill that can be brought to
bear on them.
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Appendix A

Understanding the Past

LATE QUATERNARY MAMMAL HISTORY OF
THE GREATER YELLOWSTONE ECOSYSTEM

Mammal recordsfromthelate Pleistoceneare sparse, but siteshave been
studied in several caves surrounding Y ellowstone National Park (YNP).
Usually only one speciesis found within one site, but these sites place the
Greater Y ellowstone ecosystem (GY E) in aregional perspectivefor thelate
Quaternary, especially for taxathat occur throughout the surrounding area.

Mammal faunasfromthesesitesdatefromthelatest Pleistocene (20,000
to 10,000 years before present [ Y BP]) through the Hol ocene (10,000 to 500
Y BP). Because speciesrespondedindividualistically to climatewarming at the
end of the Pleistocene, many of these communities do not have modern ana-
logs. For example, most of thesitescontaintheremainsof tundraspecies(pika
[Ochotona princeps], collared lemming [ Dicrostonyx spp.], caribou [ Rangi-
fer tarandus]) in association with forest mammals (porcupine [Erethizon
dorsatum], marten [Martesamericana], deer [ Odocoileus spp.]) and plains-
dwellingforms(bison, ground squirrels, pronghorn). A heterogeneous park-
land/savannais suggested asthe best environment for supporting thesetypes
of diverse faunas (Faunmap Working Group 1996).

Extinct ungulatesthat appear to haveinhabited the GY E include the Co-
[umbian mammoth (Mammuthus columbi), horse (probably several speciesof
Equus), camel (Camelops hesternus), woodland muskox (Bootheerium
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bombifrons = Symbos cavifrons), and mountain deer (Navahoceros fricki)
(Faunmap Working Group 1996). In addition, several large extinct carni-
vores—the short-faced bear (Arctodus simus), American lion (Panthera
atrox), and American cheetah (Miracinonyx trumani)—werecommonto this
area(Martinand Gilbert 1978, Chomko and Gilbert 1987, Walker 1987). Other
ungulates (e.g., flat-headed peccary [Platygonus compressus|) and carni-
vores (e.g., saber-tooth cat [ Smilodon floridanus]) may also have been pres-
ent, but their remains are sparse and not easily extrapolated to the GYE.

Theselarge mammalsaswell as at |east 24 other genera became extinct
in North Americaat the end of the Pleistocene (11,000 YBP). Thetwomain
hypothesesabout thisextinction involve overexploitation by human huntersand
climatically driven environmenta changes(Martinand Klein 1984). Whatever
the cause of the extinction, it must have had broad ramifications, including
aterationsin biological interactions such aspredation and competition; vegeta-
tional structure and composition created by seed dispersal, browsing, and
grazing; and nutrient recycling. Thedisappearance of speciesassemblagesfor
whichthereisno present-day representativeiscoincident with theextinction
event (Graham and Lundelius 1984).

As the climate began to warm about 14,000 years ago and glaciers re-
ceded northward and higher, so did someof theboreal mammalianfauna. The
collaredlemmingthat today livesonthetundrain Alaskaand Canadawasone
of thefirst mammal sto be extirpated from the surrounding areasand probably
the GY E, having vacated the contiguous northwestern United States by at | east
10,000 Y BP (Faunmap Working Group 1994). Other boreal specieslikethe
pika(O. princeps) and the heather vol e (Phenacomysinter medius) remained
at elevationslower thantheir current distribution until themiddle Holocene, a
timeof maximum warmth and dryness(Grayson 1977, 1981; Mead et al. 1982;
Mead 1987). Asthese speciesdispersedto higher elevations, specieslikethe
pygmy rabbit (Oryctolagus idahoensis) decreased in abundance and others,
which were adapted to drier habitats (e.g., Lepus spp.), first appeared or
increased in abundance (Grayson 1987). Little is known of the Holocene
history of the Great Basin ungulates (Grayson 1982, 1993).

Similar changestook placein Wyoming east of Y ellowstone as summa-
rized by Walker (1987). At 10,300t0 9,300 Y BP, someboreal mammal spe-
cieswerestill present inthe basin areas, but steppe formswere starting to be
found in association with boreal habitat types. However, by 5,060 to 2,760
Y BP, modern mammalian distributions are believed to have been established.

Lamar Cave has yielded an extensive fossil mammal record from the
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Lamar Valley for thepast 3,200 years (Hadly 1996). ThelateHolocenefauna
of the Lamar Caveisnearly identical to the modern faunaof thearea. Only
one species, the prairie vole (Microtus ochrogaster), does not occur in the
modern faunabut it isfound today in environments 100 km north of that site
(Barnosky 1994, Hadly 1996). The sporadic presence of this speciesin the
cave record may indicate the occurrence of more tall grass habitat in the
vicinity of the cave at certain periods in the past.

Although general faunal composition hasbeen relatively stable, relative
frequenciesof environmentally sensitive speciesfluctuated throughtimeand
appeared to correspond with climatic eventsinthelate Holocene. Highratios
of voles (Microtus spp.) and ground squirrels (Spermophilus spp.) indicate
moi ster environments. Based on such analyses, Hadly (1996) reconstructed the
environmental sequenceasfollows. from2,860to 1,370 'Y BPthe environment
wasmoister thanitistoday; from 1,500to0 560 Y BPthe environment became
drier; cooler and moister conditions have prevailed for the last 700 years,
including the Little Ice Age.

Pocket gophers (Thomomys talpoides) were most abundant at Lamar
Caveduringtimeswith moister climates (Hadly-Barnosky 1994, Hadly 1996).
Pocket gopher-body size also appears to have responded to climate change
(Hadly 1997).

In other areas of the United States, similar body-size changes have been
demonstrated (Purdue 1989) for ungulates such as white-tailed deer (Odo-
coileus virginianus) where body size decreased during the warmest and
driest climates of the middle Holocene. Bison also became steadily smaller
from the Pleistocene through the Holocene (Kurten and Anderson 1980).
Although similar studieshavenot been conducted for the GY E, GY E ungulates
probably responded similarly to middie Holocene climates.

Hadly (1996) concluded that the bonesaccumulated in Lamar Cavewere
the result of the activities of owls, small to medium-sized carnivores, and
woodrats. Therefore, the faunal record from Lamar Cave is dominated by
small mammals (Hadly-Barnosky 1994). Largeungulateremains (elk, deer,
bison, and bighorn sheep) occur in the cave deposits but their frequencies
probably do not reflect theactual abundance of thoseanimals. Other archaeo-
logical sitesin Y NP (Cannon 1997) haveyielded the remains of large ungu-
lates. They document the occurrence of elk, deer, bighorn sheep, and bison
inthepark by about 1,200 yearsago; however, they cannot beused to estimate
population sizes.

Some scholars have proposed that the environments of the middle Hol o-
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cene caused reductionsinthesizeof Bison herds(Dillehay 1974, Frison 1978).
Theseassumptionswere based on thereduced number of Bison sitesand their
apparent absencein areasthat supported Bisoninthelateand early Holocene.
However, thishypothesishasnot been quantitatively assessed. Thevariables
involved must be eval uated before estimates of relative abundance over time
(e.g., Cannon [1992]) can be evaluated quantitatively.

INTERPRETING BONE DEPOSITS

Factorsthat influencewhich speciesarelikely to be preservedin particular
sitesarelistedin Table A-1. For example, caves are frequently used as dens
by predators, and consequently, the remains of predators and their prey are
often preserved. Atopensites, likeawater hole, theremainsof ungulatesare
far more common than the remains of predators. Also, an assemblage of
bonesfrom apit cave, which actsasanatural trap, isquite different from that
of acavewith ahorizontal entrance, which permits both entrance and egress
(Brain 1981).

Thebehavior of animalsisa soimportant intheformation of boneaccumu-
lations. Some animalsmay be preferentially attracted to different sitetypes.
Batsuse cavesas hibernacul a; their remains often are very abundant in cave
deposits. Predator-prey relationshipsmay a so beacritical factor in determin-
ing the composition of a bone assemblage. Owl roosts may have massive
accumulations of small mammal bonesbut do not contain any large mammal
remains. Conversely, awolf denwould primarily consist of ungulateremains.

The location of a site and its catchment area also are important. The
catchment is the area from which fossils can be derived. For rodents and
insectivoresfallingintoapit cave, the catchment may beonly afew metersup
to perhaps afew hundred meters across. However, the catchment of alarge
river system can be hundreds of square kilometers. Siteslocated in upland
(plateaus, interfluves, etc.) and bottom land (floodplains) environmentswill
frequently havedifferent typesof faunal assemblages. Owlsmay forageover
afew kilometers, whereaslarge mammal carnivoresmay bring prey fromtens
tomorethan 100 kilometers. Also, distancebetweenthesiteof accumulation
and the site of thekill can influence what types of bones, if any, are brought
tothesite. Thissituation, whichisespecially important in archaeol ogical bone
assembl ages, hasbeenreferredto asthe” schlep effect.” If ananimal iskilled
near the site, the predator may bring the entire carcass back to the site of
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TABLE A-1 Factors That Can Bias Quantitative Analysesof BoneRemains
As Indices for Animal Abundancein aBiologica Community

Site type®

Site function

Predator and prey behavior

Site location®

Catchment area

Schlep effect

Season of accumulation

Time averaging

Preservation of bones® (bone density, sediment chemistry, and depositional
systems)

Methods of excavation and bone recovery® ability to identify skeletal elements

Amount of site excavated®

#Factors discussed by Kay (1990).

accumulation. On the other hand, if thekill is made some distance from the
siteof accumulation, the predator may strip the carcass of meat and not return
any bonesto the site of accumulation or may selectively pick bonesof different
nutritional value (i.e., marrow content).

Time averaging can inflate bone counts. Bones may accumulate on a
surface over an extended period of time. If bones accumulate at the same
rate but with greater rates of sedimentation, then bone density will belower.
Theonly way to correct for time averaging isto have a series of radiocarbon
dates that allow sedimentation rates to be cal culated.

Differential preservation of bone can aso ater counts. In sediments
depositedinfast currents, small and light bones can be swept away, leavingthe
larger and denser bones. Also, insitesinwhichbonesaretrampled or crushed
by other means, foot bones are preferentially preserved, and more fragile
boneslikeskullsand scapulasare destroyed. Inanarchaeol ogical sitewhere
marrow was processed, limb bones can be reduced to small unidentifiable
splinters. Kay (1990) describes these types of assemblagesin his samples.
Finally, bonesdeposited in alkaline environmentslike cave sediments may be
preserved, but bonesin acid soils (e.g., somefloodplains) may dissolve over
time.

Theability toidentify skeletal elementsto speciesor even generic levels
varies with the taxon and the experience of the faunal analyst. Most of the
skeletal elementsof theungulatesshould bereadily identifiable, but thereisa
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great deal of variability inthe amount of bonethat isidentified from various
sites. Also, theamount of bone from asite varieswith the amount of the site
excavated. Excavationsto determinethe potential of asitegenerally arelim-
itedtoarelatively small volume. On other occasions, hundreds of cubic me-
ters of asite may be removed.

M ethods of collection can also biasbone samples. Semken and Graham
(1996) used ordination techniquesto show how speciescomposition of archae-
ological sites can vary on the basis of whether the site was screened or the
size of the mesh used in the screening. Sitesthat are not screened generally
lack the bones of smaller animals and smaller bone fragments of larger spe-
cies.

In most cases, bone accumulationsresult from multiple pathways. Also,
asinglesitemay havedifferent stratigraphiclevel sthat accumulated bonesby
different pathways. Therefore, if theselevelsare combined, thedifferent path-
waysaremixed. To havemeaningful comparisons, itisessential tocompare
assemblages(sitesor levelswithin sites) with similar historiesof accumulation.

A series of late Quaternary sites from the Pryor Mountains of Montana
clearly illustratethe problems of variousaccumulation historiesand how they
caninfluencefaunal samplesand bone counts. The Pryor Mountainsare com-
posed of two fault-lifted blocks (East Pryor and Big Pryor) of Paleozoic sedi-
mentary rocks. Cavesaredeveloped inthe Madison Limestone on both East
and Big Pryor. Two cave sites have been excavated on East Pryor that are
only 300 m apart. Therefore, the caves have sampl ed the same environment.
Also, both cavescontainrelatively compl ete sequences of Holocenedeposits
so they have both sampled the same time interval. The primary differences
between the caves are site type and agents of bone accumulation.

OnesiteisFalse Cougar Cave, whichislocated on East Pryor Mountain
at about 8,600ft (2,621 m). Thisisasmall cave developedinasmall outcrop
of Madison Limestone. It hasahorizontal entranceand containsmultiple sedi-
mentary layersthat date from the late Holocene to the late Pleistocene. The
cave was also used by humans, as evidenced by stone artifacts and hearths
foundinthe cavesediments. V egetation around the caveisamixture of open
meadow and coniferous forest.

The other cave, Shield Trap, isabout 300 m west of False Cougar Cave.
Itisapit cavewith avertical shaft of about 10 m. The opening to the caveis
about 3mindiameter. Thecaveissituated onarelatively flat ridge surrounded
by open vegetation, primarily grasses. Itisdeveloped inthe same limestone
as False Cougar Cave.
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Both caves have been excavated by the same method of 10-cm levels
within natural stratigraphic units. Large specimenswere piece-plotted with
respect totheir horizontal and vertical coordinates. Inaddition, theorientation
and plunge of boneswith long axeswere measured with aBrunton compass.
All sedimentswere collected and water screened through fine mesh (1/16-inch
[0.16-cm] mesh) screens. Also, both caves contain a relatively complete
seguence of Hol ocene sediments. Depositional environmentsaresimilar, but
Shield Trap generally has more breakdown.

Therefore, the primary difference betweenthetwo sitesishow each cave
sampledthelivingfauna. Shield Trap wasapit into which animalsrandomly
fell and were trapped. On the other hand, the horizontal entrance of False
Cougar Cave did not serve as atrap. Instead, faunal remains were brought
into the cave by agents, primarily predators (owls, carnivores, and humans).
In some cases, bonesmay have accumulated astheresult of ananimal’ sdying
in the cave as it was used for shelter, but these remains are an extremely
minor component of the fauna.

The main difference between the bone assemblages from the two caves
isin the abundance of large mammal remains. The assemblage from Shield
Trapisprimarily composed of bison bones, whereas Fal se Cougar Cave con-
tainssmall mammal remains(rabbit to marmot sizeand smaller). Shield Trap
also contains small mammal remains, but they are not nearly as abundant as
thosefrom False Cougar Cave. Theremainsof large mammalsare sparsein
False Cougar Cave. Therefore, if thebonefrequenciesaretakenat facevalue,
Shield Trap suggests that bison were abundant throughout the Holocene.
However, False Cougar Cave, which has sampled the sameenvironment at the
sametime, suggeststhat bison, specifically, and ungulatesin genera wererare.
Typical of most pit caves, Shield Trap al so hasamore compl ete complement
of carnivores than does False Cougar Cave.

Big Lipisarockshelter located at alower elevation of 6,000 to 7,000 ft
(1,829t0 2,134 m) on East Pryor Mountain. It contains sedimentssimilar to
those of both Shield Trap and Fal se Cougar Cave, anditislocated lessthan 10
miles (16 km) from these other two sites. The vegetation around the cave
consistsof Douglas-fir andlodgepole-pineforest. BigLipalsocontainshuman
artifacts of middle Holocene age. The primary difference between Big Lip
and the other two sitesisits lower elevation and vegetational surroundings.
However, thefaunafrom BigLipisquitedifferent fromeither Shield Trapor
False Cougar Cave. Big Lip rockshelter does not contain abundant micro-
fauna, and the dominant ungulate is Ovis canadensis. Based on the artifact
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assemblage and bone breakage patterns, it appears that Big Lip served asa
hunting and butchering sitefor bighorn sheep. Again, BigLipwould provide
avery different picture of ungulate abundanceif faunal remains wereinter-
preted at face value without considering accumulation pathways.

These problemsapply tothesitesanalyzed andinterpreted by Kay (1990).
For the Myers-Hindman site, Kay (1990) lumped faunal remainsfrom seven
cultural levelsand eight settlement units dating from 9,000 to 800 Y BP and
calculated total Minimum Number of Individuals(MNI) for thesite. Hethen
comparedtaxa. Thistechniqueaveragesand smearsany fluctuationsinabun-
dancedueto environmental fluctuationsthroughout theentire Holocene. Also,
the percentage comparisons between taxa are not independent. Kay (1990)
concluded that the proportions of ungulates did not correspond to today’s
relative abundance of ungulate species in the vicinity of the site.

For Mummy Cave, Kay (1990) again lumped M NI and Number of Individ-
ual Specimens (NISP) values for 38 distinct layers that date between 9,000
and 300 Y BP. Also, henoted that thefaunal remainsfromthesitehavenever
been completely identified. Asindicated by Kay (1990), the material sreported
by Harris(1978) represent only asampl e of theentiresite. Again, by compar-
ing the lumped MNI valuesfor the entire site for the various ungulates, Kay
(1990) concluded that these proportionswerequitedifferent from the propor-
tions of the ungulate speciesin modern populations.

For the Dead Indian Creek site, Kay did not explicitly explain how he
treated the sample, but again it appearsthat he calculated MNIsfor the vari-
ousungul ate speciesfor theentiresite and then compared proportions. These
proportions of ungulates did not match those of modern populations.

TheBugas-Holding siteisasingle-component and probably single-occupa:
tion site, whichisanideal sample. However, again the proportions of ungu-
lates in the faunal sample did not match those of the modern populations.
However, Kay (1990) did not consider factors other than actual abundances
that could have caused this difference. The sample is dominated by bison.
Onepossihility for thisbiasisinthe methodsof procurement of bisonand elk.
Frison (1974) notesthat therearemany close parall el sbetween handling bison
and domestic cattle. Hefurther suggeststhat there may be acritical sizefor
a manageable herd that would then result in the slaughter of more animals
(Frison 1974). In comparison, there is no known evidence for artificial elk
trapsor communal procurement aswith bison (Frison 1978). However, if the
mature femal e leader iskilled the remainder of the elk herd often mill incir-
cles, and the entire herd, or agood portion of it, can be killed. On the other
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hand, the herd can dispersefor several milesand behardto find (Frison 1978).
Thesedifferences, aswell asothers, could easily account for thefaunal differ-
ences at Bugas-Holding and hence the abundance of remainsat the siteisnot
necessarily related to the abundance of the animals.

The Joe Miller site (48AB18) is the only archaeological excavation in
Wyoming where elk are the most common ungulate (Kay 1990). Creasman
eta. (1982) concluded that the upper component of the Joe Miller siterepre-
sents an area for processing elk.

Kay has shown that elk bones are generally not as abundant asthe bones
of other ungulates such as bison, deer, sheep, and pronghorn. The paucity of
elk bonescouldreflect low popul ation level saspostul ated by Kay (1990) and
others (Keigley and Wagner 1998), but it isjust aslikely, and perhaps more
probable, that differencesin the abundances of bones are an artifact of pro-
cessesby which boneswereaccumulated. Also, lumping of quantitativedata
fromdifferent stratigraphiclevels, asdoneby Kay (1990), hascreated samples
time-averaged over as much as 10,000 years, virtually the span of the entire
Holocene. Also, grouping of data, asdone by Kay (1990) by combining differ-
ent stratigraphi c unitswithin sites, probably mixesvariousaccumulation path-
waysfor these stratigraphic levels, which again would significantly biasthe
frequency distributions.
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Biographical Information on
The Committee on Ungulate
Management in
Yellowstone National Park

David R.Klein (Chair) isEmeritus Professor, I nstitute of Arctic Biology and
Department of Biology and Wildlifeat theUniversity of AlaskaFairbanks. He
earned hisB.S. in zoology/wildlife a the University of Connecticut, M.S.in
wildlife management from the University of Alaska, and Ph.D. in zool-
ogy/ecology at the University of British Columbia. Dr. Klein’ sresearchinter-
estsincludeungul ate ecol ogy, with emphasison foragerel ationships, and land-
use policy and resource management in the north. He was a member of the
NRC Committee on Management of Wolf and Bear Populationsin Alaska.

DaleR. McCullough (Vice Chair) is Professor of Wildlife Biology in the
Ecosystem Sciences Division of the Department of Environmental Science,
Policy, and M anagement and Resource Conservationinthe Museum of Ver-
tebrate Zoology at the University of California, Berkeley, whereheholdsthe
A. Starker Leopold endowed chair. Hereceived hisB.S. inwildlife manage-
ment from South Dakota State University, M.S. inwildlifemanagement from
Oregon State University, and Ph.D. inzoology fromtheUniversity of Califor-
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nia, Berkeley. Hisresearchinterests concernthebehavior, ecology, conserva-
tion, and management of largemammals. Dr. M cCullough has served onfour
NAS/NRC committeesreviewing wildlifeissues, most recently as Principal
Investigator on the study Brucellosisin the Greater Y ellowstone Area.

BarbaraH. Allen-Diaz is Professor of Environmental Science, Policy, and
Management at theUniversity of California, Berkeley. Shereceived her A.B.
inanthropology, M.S. inrange management, and Ph.D. inwildland resource
science from the University of California, Berkeley. Her research interests
include plant community succession and classification, meadow, hardwood
rangeland ecology, forest grazing, hydrology, and range management.

Norman F. Chevilleis Dean of the College of Veterinary Medicineat lowa
StateUniversity. HereceivedaD.V .M. fromlowaStateUniversity andM.S.
and Ph.D. fromthe University of Wisconsin. In 1968, he served asabbatical
year at the National Institute for Medical Research, London, studying under
Anthony Allison. The honorary degree Doctor Honoris Causa was con-
ferred by the University of Liégein 1986 for outstanding work in veterinary
pathology. Dr. Cheville served as Principal Investigator on the NRC study
Brucellosis in the Greater Y ellowstone Area.

Russell W. Graham is Chief Curator at the Denver Museum of Nature and
Science. Hereceived hisPh.D. fromthe University of Texasat Austin. His
researchinterestsincludethe evol ution and biogeography of Quaternary mam-
mal communities. Hecurrently servesontheNRC’ sU.S. National Commit-
tee for the International Union for Quaternary Research and the National
Committee for DIVERSITAS.

John E. Grossis Senior Research Scientist with the Division of Sustainable
Ecosystems, Commonwealth Scientific and Industrial Research Organisation,
Australia, and Research Associatewith the Natural Resource Ecology Labo-
ratory, Colorado State University. Heearned hisB.A. fromthe University of
Colorado in biology, M.S. in zoology from Colorado State University, and
Ph.D. in ecology from the University of California, Davis. Dr. Grosssre-
search interests include conservation biology, ecological modeling, and the
population and nutritional ecology of herbivores.

JamesA. MacM ahon is Trustee Professor of Biology at Utah State Univer-
sity. Heearned hisB.S. inzoology at Michigan StateUniversity and Ph.D. in
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biology at theUniversity of Notre Dame. Hisresearchinterestsincludetheory
of community organization, community ecology of deserts, biology of desert
perennials, energy exchangein plant and animal populations, biology of reptiles
and amphibians, and biology of arachnids. Dr. MacMahoniscurrently amem-
ber of the Board on Environmental Studiesand Toxicology and the Committee
on Future Roles, Challenges, and Opportunitiesfor theU.S. Geological Survey.

Nancy E. M athewsisAssistant Professor, Department of Wildlife Ecology
at the University of Wisconsin, Madison. Her research interestsinclude be-
havioral ecology, conservation biology, and large-scale assessments of
biodiversity. Dr. Mathews received her B.S. in biology from Pennsylvania
State University, M.S. in forest biology (wildlife management) and Ph.D. in
forest biology (ecology) from the State University of New Y ork, College of
Environmental Science and Forestry (SUNY -CESF).

Duncan T. Patten isResearch Professor inthe Big Sky Institute at Montana
State University, Bozeman, Montana. Heisalso Professor Emeritusof Plant
Biology and past director of the Center for Environmental Studiesat Arizona
State University. Dr. Patten received an A.B. from Amherst College, M.S.
from the University of Massachusetts at Amherst, and Ph.D. from Duke
University. His research interests include arid and mountain ecosystems,
especially theunderstanding of ecol ogical processesand restoration of western
riparian and wetland ecosystems. He hasbeen amember of theNRC’sCom-
mi ssion on Geoscience, Environment and Resources, the Board on Environ-
mental Studies, and numerous NAS/NRC committees.

KatherineRallsisaresearch zool ogist at the Smithsonian Institution, Wash-
ington, DC. ShehasaB.A.from Stanford University,anM.A. from Radcliffe
College, andaPh.D. inbiology fromHarvard University. Her areasof exper-
tisearethebiology of mammals, mammalian behavior, conservation biology,
the genetic problems of small captive and wild populations, field studies of
threatened and endangered species, and the development and testing of
decision-makingtoolstoimprove management of threatened and endangered
species. Dr. Rallsserved previously onthe NRC’'s Committee on Scientific
Issues in the Endangered Species Act.

MonicaG. Turner isProfessor of Terrestrial Ecology inthe Department of
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Zoology at the University of Wisconsin, Madison. Shereceivedher Ph.D.in
ecology fromthe University of Georgia. Her researchinterestsincludeland-
scape ecology, ecol ogical modeling, and natural disturbancedynamics. Cur-
rently, sheservesontheNRC’ sEcosystemsPanel. Previously, sheserved on
theNRC’sCommittee on Scientificand Technical Criteriafor Federal Acqui-
sition of Lands for Conservation.

Elizabeth S. Williams is Professor, Department of Veterinary Sciences,
University of Wyoming, and a veterinary pathologist at the Wyoming State
Veterinary Laboratory. Shereceived aBSinzoology fromthe University of
Maryland at College Park, D.V.M. in veterinary medicinefrom Purdue Uni-
versity, and Ph.D. in veterinary pathology from Colorado State University.
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