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Workshop Flow Overview

The flow of the workshop, as shown in the
four objectives.
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GYA Sciencé/orkshop MSU Bozeman, MT 4¢5 Nov 09 www.greateryellowstonescience.@/gyascienceworkshop 1



Workshop Purpose

Climate change, led-use change, and invas®ofnonnative species are external drivers that
threaten to dramatically altére Greater Yellowstone Area (GYAWUnderstandindhow thesedrivers
influence wildlandsand their consequenchs ecosystem managemeéntthe GYA ae important
challengsfor scienists andnanagersThisworkshop brings togethertopical experts, agen@and NGO
scientists, and managers to identifgh-priority scienceneeded in the GYA over the nextiRD years.
Output from the workshop will suppdtie formulation of science agendas (a foHopvexercise) for land
management agencies in the GYA. Thiesce agendaare intended to identify critical information gaps,
steer the researdommunitytoward the most importastience needsf managers, ahguide future
funding and permitting decisiobhy the agencies.

Workshop Objectives

The objectives of the workshop are to:

1) Review current understanding of how climate change;ledchange, and invasive species act
as drivers of ecological change imetGYA over a 1050 year time period, using expertise of
participants as well as using analysend summaries of past science;

2) Identify the critical knowledge gaps and science needed by managers over tha Rextekds
to adaptively address expected apesand challenges associated with the drivers;

3) Prioritize the needed science for each driver, and make recommendations on how science agendas
can be strategically implemented based on existing institutional capacities, and identify needs for
new capacityas appropriate; and

4) Il dentify the next steps (Aiwhoo, Awhato, and Aw
developing science agendas.

Background

A review of past and current research (annotated bibliographies) and monitoring that addresses
the three drivers is available to workshop participants on the workshop website at
www.greateryellowstonescience.org/gyascienceworkshop

Workshop Methods

The workshop will include plenary talks followed by concurrent breakout sessions for each
driver. Each breadut will be attended by roughly seven individuals with science expertise on the topic
and three agency managers and/or scientists. Workshop participants have been selected based on their
research experience and familiarity with a particular driver atianmaly national, or international level,
and/or their experience as scientists or managers of GYA wildlands-f€rtikzation, integration, and
interchange between groups will occur during several combined sessions.

The geographic scope of inquiry (g.geview of past, existing, and ongoing science) by
workshop participants will be unconstrained by jurisdictional or ecosystem boundaries. However, the list
of priority science projects for each driver will emphasize applications to GYA wildlands.
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Workshop Final Products

Four products, as shown in the table below, will result from this workshop, all in support of the
November 201@reater Yellowstone Ecosystem Biennial Scientific Conference, "Questioning Greater
Yellowstone's FutureClimate, Land Use,ral Invasive Speeis . 0

Lead and

GYA Science Agenda workshop final product completion date

Yellowstone National
Park, Glenn Plumb lead;
completion by end of
workshop

Planning input for creation of the final GYA Science Agenda (commi
1 | named, including leadership, first meeting set) to be written based o
framework ceated in this conference (deliverable 1).

Creation of a technical report (including annotated bibliography) on t

workshop with publication on four websites: Greater Yellowstone

Science Learning Center, Greater Yellowstone Coordinating Commi

Rocky Mountain CESU, and the Big Sky Institute. The report will Big Sky Institute, Todd

2 | describe a framework for identifying high priority science needs for tl Kipfer lead; completion 1
GYA over a 1620 year time horizon. The framevkawill identify February 2010

critical information gaps, steer the research community toward the n

important science needs of managers, and guide future funding and

permitting decisions by the agencies.

Yellowstone National
Park, Tom Olliff lead;
completion by May 2010

Publication of the GYA Science Agenda in an appropriate ecological
science journal (e.gBioscienceFrontiers in Ecology.

Yellowstone National
Publication of the GYA Science Agenda in a summer 20ti€leaim Park, Tami Blackford
Yellowstone Science lead; completion by

summer 2010.
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Workshop Agenda

Tuesday November 3, 2009
Optional Field Trip for Workshop Paneliststo YellowstoneNational Park (Pre-registration required)

A field trip will be led by topic experts on the Greater Yellowstdnea Theitinerary includes stops in Paradise
Valley, near Gardiner, Blacktail Ponds, and the Lamar Valley. A microphone will allow for science and
management presentations durihgdrive time. Stops will be made along the way for more in depth discussion of
the three workshop drivers: climate change, invasive species, and land use changes. Ample opportunity will be
provided for walks, stretching, and wildlife viewing. Lunch willfp®vided. Consider bringing cameras,

binoculars, and gear for inclement weather.

8:00 AM Bus departs frorroliday Inn, Bozeman

6:00 PM Bus returns tddoliday Inn, Bozeman

WednesdayNovember 4, 2009

Day 1 Objectives:

1) Review current understamdj of how climate change, lafude change, and invasive species adriaersof
ecological change in thHeYA over a 1850 year time periodjsing expertise of participants as well as using
analyses and summaries of past science.

2) Identify thecritical knowledge gapandscience needeay managers over the next-20 yeardo adaptively
addres®&xpected changes and challenges associated with the drivers.

8:0071 8:30 Sign in/Registration
8:307 8:40 Logistics and orientation Scott Bischke Workshop Faeilitator
e o, Suzanne Lewis Superintendent Yellowstone
8:407 8:50 Welcome National Park
Keynote Address
8507 9:20 Responding with new science to pervasive Dave Schime] CEO National Ecological
: : threats and challenges to wildland Observatory Netork
ecosystems
Workshop Overview . .
9:2071 9:40 Background, prpose, objectives, and Tom Olliif , Chief Yellowstpne Center for
) Resources, ¥llowstoneNationalPark
deliverables
9:40i 10-10 Plenary 1: Implications of climate change Kit Batten, Science Advisor to the Deputy
' ' for the GYA wildlands Secretary of the Interior
10:1010:30 Break

GYA Sciencé/orkshop
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Plenary 2: Why land use changes on priva

Andrew Hansen Professor of Ecology,

10:307 11:00 lands matter to GYA wildlands Montana State University
11-007 11:30 Plenary 3: Implications of exotic species Jack Williams, Senior ScientisfTrout
: : invasions for GYA wildlands Unlimited
11:30-12:45 Lunch For all attendees
12:457 1:00 Breakout sessios: objectives, methods, an Scott Bischke
expected outcomes
1°' Breakout Session N
1) Brainstorm ecological changes (past, Driver T\Iactl “t?t(lzr/
present, future) ote taker
2) Identify the key science questions that Climate Bob Gresswell /
1:007 2:30 address the expected management challer ___Change Stacey OstermanrKelm
resulting from these changes Invasive Todd Kipfer /
T ided th | h species Cass Bromley
I) odoorr113| €o are h‘?“f* P a;?io ?ri we Land Use Dave Mcwethy /
already have enough informatido take Change John Treanor
management action n@w
2:30712:50 Break Prep time for spokespersgnesentations
Return to main conference room fardge Spokesperson selected by each arou
2:5071 3:20 group sessionprogress reports by each POKESPETS! y group
breakougroup (facilitator will not serve as spokespergon
Outcome of this session should be a list of
e st oy cach drver oo st
3:207 5:00 1) Further reine science questions riorities for each driver
' : 2) Develop andeginapplying criteria to P
identify science priorities for each driver .
(same teams and locations
as T breakout session)
5:00 Adjourn
o . (theupstairs of MSU Foundation building
5:0071 6:00 Frge_nme, 10 min w_alk to new USGS needs to be fully vacated &dlow for social
building for a tour withleff Kerschner X
hour anddinner set up)
Socialhour (wine,beer mineral watey,
6:007 7:00 limited attendance, tickets provided for soc Hosted by therellowstone Park Foundation
hour and dinner
¢ Yellowstone Park Foundation mission,
PO Dinner (catered by Nina Jaegerof YPF
7:007 8:00 )
Tabled ownerDoug Hert) e Welcome fromJohn Varley, Executive
Director, Big Sky Institute, MSU
) : Paul Schullery
8:007 8:30 Talk: Greater vellowstone Scierc@ast, (introduced bySue ConsoleMurphy , Grand

Present, and Future

Teton National Park)

GYA Sciencé/orkshop
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Thursday, November 5, 2009
Day 2 Objectives:

1) Prioritize the needed science for each driver, make recommendations on how science agendas can be
strategically implemented based on existing institutional capacities, and idexgtifg for new capacity as
appropriate.

2) ldentify the next steps (Awhoo, Awhat 6, and fAwheno)
developing science agendas.

Main conference roomgports by each
8:0071 8:45 breakoutgrouponresults from day 1 Spokesperson selected by each group
bredout #2

3 Breakout Session Outcome of this session should be a final list
Finalize priority science questions and science quetions for each driver and a set of

8:45-10:30 research approachésame teams and  researclpriorities to andapproaches address
locations as previous breakout sess)on these science questions
10:307 11:00 Break Prep time for spokesperson presentations

Return to main conference area.
Presentation of finalesults fron3™
11:007 12:00 breakout Conclusions (dissent allowed Spokesperson selected by each group
onfinal list of science questions for eac
driver and a set of research approache

12:007 1:15 Lunch For all attendees

Panel discussion with audience input
focused on workshop objectivesd

integrative approaches Paneldiscussiorwith audience Q&A
1. Obj 10 Review current
understanding of how climate Moderator: Tom Olliff , YNP

change, landise change, and

invasive species act as drivers of
ecological change in the GYover Panelists:
a 1050 year time period.

2. Obj 29 Identify the critial
knowledge gaps and science need

Land managei®
e Mary Erickson, USFS(climate

) by managers over the next-20 change)
1:157 2:30 years to adaptively address expect « Steve Kallin, USFWS (invasives)
changes and challgas associated ’
with the drivers. e Chris Lehnertz, NPS (and use
3. Obj 38 Prioritize the needed change)

science for each driver, and make
recommendations on how science
agemlas can be strategically To be named by breakout grodps

implemented based on existing ¢ Climatechange spokesperson
institutional capacities, and identify

. e |nvasive species spokesperson
needs for new capacity as P P P

appropriate e Land use change spokesperson
4. Obj 48 Identify the next steps
(Awhoo, #Awhat o,

GYA Sciencé/orkshop MSU Bozeman, MT 4¢5 Nov 09 www.greateryellowstonescience.@/gyascienceworkshop 6



generating written workshop
products and developing science
agendas.

5. How can wecombine research and
management opportunities across
drivers?

6. How can we foster communication
crossover between agencies,
academia, independent researchet
andland managers®hat role does
each group play?

7. How do science needs devebop
duringtheworkshop become
integrated into management decisi
making?

2:307 2:50 Break

Summary of workshop accomplishmen Dave Schimel CEONational Ecological

2:501 3:20 and science agenda challenges Observatory Network

Glenn Plumb, Chief, Branch of Aquatic and
3:107 3:20 Workshop closing commengnd thanks Wildlife Resources, Yellowstone Center for
Resources, YNP

3:20 Adjourn Have a safe journey home!

Organizing commitee

Sue ConsoleMurphy (NPS), Yvette Converse (USFWS), Molly Cross (WCS), Steve Gray (UWY), Andrew
Hansen (MSU), Cathie Jean (NPSGRYN), Virginia Kelly (GYCC), Jeff Kershner (USGS), Todd Kipfer
(MSU), Tom Olliff (NPS), Glenn Plumb (NPS), Dan Tinker (UWY), Kathy Tonnessen NPS,RMCESU), Dan
Tyers (USFS), John Varley (MSU), Leigh Welling (NPS), Cathy Whitlock (MSU)

alsoproviding support Scott Bischke (MountainWorks), Laurie Trautman, Emily Yost (NPS, USU)
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Breakout Group Deliverables

The following tablefilled out, essentially describes the deliverable requested from each breakout
group. Tletableheadingseflect the workshop objectives. Each gravifp develop their own table like
the one below, but with flexibility as to how they design organimatiithin such a tabléor even toss the
table out and generate a different method of outfgDitje potential example is showNote that these
tables can be used to help the group spokesperson organize their thoughts when they come back to the
overall graup to present results from each breakout.

Example ofSummary from Climate Change Breakout Group

Key science questions that QUL
Ecological changes identify science priorities| Research priorities and
(past, present, future) CRlIEES s Spesis) for the driver that is the approaches to address
. : management challenges : :
impacting GYA resulting from these changes focus of the breakout these science questions
group (i.e., CC, IS, LUC
1 | Earlier spring/ | a) How is cutthroat spawning|1) Are there areas where | 1) Improved climate
earlier snowmelt| impacted? we already have modeling with 010 year
b) How are large ungulate enough information for| predictability
migrations impacted? mgmt actior? 2) Improved watershed
c)How is grizzly bear 2) Ecological relevance data collection
hibernation impacted? 3) Managerial relevance | 3) Improvedmodeing
2 |etc etc 4) Cost focused on spring
3 |etc etc 5) Timeliness hydrographs
etc 6) Feasibility 4)etc
4 7) etc 5)etc
5 8) etc
6
7
8 Capture all the research
9 priorities the group
10 identifies perhaps grouped
11 as high, medium, low;
12 perhaps wih the 110
13 prioritized in that order.
14 Each breakout group may
15 handle this deliverable in
16 any way they want. The
17 planning committee does
18 not wantto be prescriptive
19 but does want the groups
20 to focus on content, not
process.

Breakout session 1
Breakout session 2
Breakout session 3

GYA Sciencé/orkshop MSU Bozeman, MT 4¢5 Nov 09 www.greateryellowstonescience.@/gyascienceworkshop 8



Managerial Issues

The workshop focuses on creating a G8éience Agenda for the next-20 years, but
recognizes that agenda must be realistic from a m
needs of managers. Thus in a-prerkshop exercise managers were asked to provide the top three issues
they foresee with the three GYA drivers that are the focus of the workshop: climate change, invasive
species, and land use chang®llowing are the responses received, which will serve as a starting point
for breakout group facilitators during the workshplus help assure that the workshop retains a desired
partial focus on management aspects of the GYA Science Agenda.

Climate Change

Mgr A
1. Maintaining long term viability of at risk species, particularly cold water species
2. Water users adapting to surfdtev changes

3. Potential increase in storage reservoirs and their associated ecological impacts

1. Linkage to otler areas to increase resilience
2. Changes in distribution of key plant foods in response to teatye and precipitation change
3. Changes in sngpack and resulting eimges on species and water flow

1. Urban/wildland inteface will change; more conflict
2. Snowl/rain, or lack thereof, or changing seasons will drive recreation chargels,also impact the
ecosystem

1. Need for improved, easilycaessible ecological forecasting of climate change impacts

2. Need for improved understanding of climate change impact on fundamental ecological processes (e.g.,
predator prey relations, wildlife migration, wildfire, drought impacts, species movement dexag®a
gradients)

1. Effect on precipitation, streamflow, and stream temperature; to guide decisions on how to manage water
with infrastructure in place

2. Define resilience for each species of concern; to guide decisions on habitat management ¢ diefps
adapt to climate change

3. Arctic Grayling are at southern end of their range; need guide for decisions on enhancements to improve
species ability to survive/thrive

1. Loss of natural and cultural resources that define the parks of the Rockydif@unt
2. Exacerbation of other stresses on those resources, e.g. pest, invasive species and wildlife disease
3. Extreme weather events that damagéeural and cultural resourgesd affect visitor experience

1. The need for local models of predicted changaeingerature and precipitatioand subsequent
community changest a local scaleMost current models are based on continental projections.

2. Baseline monitoring of vegetation communities (e.g., sagebrush distribution and abundance) to determine
model pedictions abouthanges to these communities, and subsequent predicted changes to wildlife
distribution and abundance

3. Need to focus conservation efforts where models predict the greatest conservation benefit/needs

4. Inappropriate use of Endangered Speciesté influence climate change drivers and land uses.

5. Funding needs to be allocated and then focused on real solutather than building agency
infrastructure.

GYA Sciencé/orkshop MSU Bozeman, MT 4¢5 Nov 09 www.greateryellowstonescience.@/gyascienceworkshop 9



Mgr H

1. Smalkscale, validated model predictions for changes in precipitation and tempedadthr average and
variability) are lacking.

2. We need smalbcale predictions (and then associated monitoring programs) for wildlife habitat and
vegetation community response to possible changes in precipitation and temperature.

3.  We then need predictionsrfwildlife population responses (and then associated monitoring programs) to
either changes in terepaturéprecigtation if there are direct ties (e,dish or moose), or to changes in
habitat, indirectly linked to climate change (eak).

4. We need toeluate changes in wildlife habitat and populations resulting from climate change relative to
our social and biological management objectives. Can our current management programs deal with the
scope of change, or will some of our programs need to adapt?

1. Need to reduce our level of water consumption.

2. Need for more localized information about the ability of aquatic and terrestrial and plant communities to
adapt.

3. Need to place greater emphasisaglaptingto climate change.

1. If climate change and selting changes in biotic communities are inevitable, there needs to be proactive
vegetation management to establish competitive native or competitiveative yet norinvasive plant
species that are favorabl e a nedwith madive exbtiaspecies Ae negat
change in mindset to accept Apative plant communities might be necessary to effectively ward off full
invasion of nordesirable invasive species.
2. Wise use ofill water sources is paramount. For example, the benéf@8NG production via
groundwater extraction are shéerm benefits at the cost of the loss of a potentially critical future water
source. In a warming climatic environment, untapped water sources could be the difference between
survival and not.

1. Models need to be developed or modified to address anticipated changes at a regional or local level.

2. Changes in ecosystem function, snow, water, nutrient, and carbon cycles areifigygts across all
biotic communities need to be examined.

3. Vegetationchange may be rapid and will accelerate changes in ecosystem function.

1. Monitoring and managing for changegtacial and snowpack inputs into surface and groundwater,
competition for water rights

2. Changes in habitat aradsociated wildlife ranges, nmagion corridors, and other ecosystem services e.g.,
soil-moisture retention

3. Adapting to changinguman use patterns (e.g., winter use, hunting seasons, road and facility opening
dates)

Invasive Species
Mgr A
1. The maintenance of native species populataves time.
2. The expense of maintaining industrial, agricultural, and recreational water use over time.
3. Sustaining physical habitat that fish and wildlife species depend upon.
Mgr B
1. Increase in distribution of invasive plants.
2. New native North Americanpecies in the area as they expand their range in response to climate change.
Mgr D
Need to increase our understanding of biodiversity impacts of invasive species
Need to increase our understanding of methods of invasive spread
Need for better understandinfaquatic and terrestrial pathogens (e.g., whirling disease, blister rust)
Need for improved functional cover type maps to help assess invasive species impact.

el N
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Mgr E
1. Effect of brook trout on Arctic grayling; to guide decisions on how to reduce impdated to competition
2. Terrestrial invasive plants in native landscape; need a remote detection method to identify new invaders so
management can address
3. Aquatic invasive plants; need comprehensive surveys of the GYA to know where they are so we can
address

1. Loss of native habitats, and the species associated with them
2. Increased risk of fire as a result of invasions by-native plants
3. Loss of native aquatic specieschlas native trout and mollusks

1. Feral Pigs

2. Cheat grassoutcompetes native gsses, has greatly reduced forage value, alters fire regime

3. Recognition that native species ranges will change as climate change impactsanccneed to
differentiate between changes in native species distribution vs. invasion {maties species.

1. Several invasive plant species have the ability to change ecosystem processes. For example, cheat grass can
change fire regimes. How will this affect the ecosystem as a whole?

2. There are several nemative pathogens and diseases carried by dorrlegstock that can infect native
ungulates or vicerersa. If these diseases become established in wildlife populations (wevsed, how
will those populations, as well as local economies and government programs, be affected?

1. Spread of new ahbroader spectrum of invasive species into GYE (e.g., aquatic, terrestrial, plants, viruses).
2. Little monitoring of environmental impacts of aggressive chemical control of invasive species.
3. Cost of invasive species control.

1. If climate change ahresulting changes in biotic communities are inevitable, there needs to be proactive
vegetation management to establish competitive native or competitiveativa yet norinvasive plant
species that are favorabl e aiated with mvadive exbtia species. e negat
change in mindset to accept Apative plant communities might be necessary to effectively ward off full
invasion of nordesirable invasive species.

2. Work towards finatural i zat i onthenatfiral farctioss loflthe schsgstemi nv a s i
(i.e. biological control insects, pathogens, predators, etc.) operate in such a manner that the established
invasive species are unable to reach and maintain undesirable densities. If achieved, this would reduce the
economic and environmental burdens of widespread chemical (herbicide) application and other
environmentally damaging management methods. To achieve this, a mixed native -aativehiotic
community would have to be accepted.

3. Nontraditional funding sorces for invasive species management. It is for the benefit of all state and US
citizens to prevent and manage the spread of invasive species. Funding must be more widely supported
through state and national legislation and citizen taxes/fees (orfatidéng mechanism). Vector fees
(Shipping companies, pet stores, airlines, ATV users, horseback riders, pet owners, hikers, hunters, anglers,
bird watchers, passenger vehicle owners, and on and on.)

1. The effects of invasive plants on wildlife habitatuire further study as they are not fully understood or
recognized.

2. Effects of invasive species are underestimated, response is not adequate to protect native species,
communities, and biodiversity which would add to ecosystem resiliency in the adseaté change.

3. Funding for invasive species treatment, detection and response needs to move more efficiently to get work
done on the ground.

1. Habitat alteration angdathogensassociated effects on native fish, wildlife, and birds

2. Monitoring and pregnting or mitigating aquatic invasive threats on infrastructeug ,(lams, marinas,
culverts, etc.)

3. Challenges with defining what fpatived  v'exotic/mdnnatived

GYA Sciencé/orkshop MSU Bozeman, MT 4¢5 Nov 09 www.greateryellowstonescience.@/gyascienceworkshop 11



Land Use Change
Mgr A
1. Maintaining open spaces.
2. Sustaining economies of resource dependent rural communities as society's perspectives of resource
values change.
3. Rural subdivisions and ranchettes blocking access to public lands and increasing challenge of
wildland/urban interface fire fighting.

1. Increase exurban sprawl intoroent open space.
2. Increased conflicts with wildlife in sprawl areas.
3. Reduction in open space with resulting increasing habitat fragmentation.

1. Se e ohmyateBhangg#1; we will need to r¢hink land use raglationgincentives and locations

2. Population growth in surrounding areas will continue to apply more pressure on ecosystem, no matter how
Aiclusteredd or otherwise mitigated the doeamel opment .
even harder concept to sell to conservative landowners thamsznagulations. Global warming may or
may not accelerate growth pressures in our area; | need more information.

3. User conflicts will grow, not diminish, as more people move in. Everybody wants to play in the ecosystem
and they all, to varying degrees, adsely affect it. A flower power girl walking her six unleashed black
labs and golden retrievers up Bozeman creek can be just has harmful to the ecosystem as a crew screaming
by in snow machines. Pick your poison.

1. Need to increase our understandifidnow land use change impacts water dynamics, aquatic ecology, and
the terrestriainterface (floodplains, wetland, and riparian habitat)

2. Need to increase our understanding of how disturbance impacts invasives and biodiversity

3. Need for better understandinf§ socicecological impacts from land use change

1. Human developments displace some species and stress others yet they survive; what species specific
information can we develop to mitigate land use change

2. County governments guide development mora tiiay other government; knowledge to decide how to
help not hinder county government planning within GYCC

3. Undeveloped private lands and key access points within the GYA, guide acquisition of éhghliimgs
within authorized boundaries of USFS, NPS, andSFW

1. Loss of connectivity for migrating species
2. Loss of seasonal habitat for wildlife species native to the park
3. Edge effects and increase in noative species, especially plant species

1. Warmer climate (or at least less severe cold) makes livitigel GYA more attractive, resulting in more
rural development

2. One of the best tools for adapting to climate change is to protect largentdailidscapesHabitat
fragmentation as a result of rural development and other land use changes precledésmpuodtiarge,
intact landscapes.

1. The effects of subdivision, or even subdivision str
unknown. We need some science to outline these effe
can be desloped with some degree of confidence.

2. Subdivision and amenity development negatively affect the public opportunity to enjoy wildlife resources,
which in the long term will likely negatively affect public engagement with wildlife resources in general.

This situation is not good for wildlife conservation.

3. Land use change to subdivision, agriculture, or amenity development can have serious effects on the ability
for wildlife management to be effective at keeping wildlife populations close to ledatlyed mpulation
objectives.
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Mgr |
1. Lack of effective tools for local growth management (e.g., local land use regulations are weak, covenants
are unenforceable, and zoning is politically unpopular) and wildlife management (e.g., with loss of public
access anthnd base for hunting).
2. Taming of wildlife on the one hand, and increased human/wildlife conflicts (in urban, suburban, and rural
areas) on the other.
3. Need more information about the impacts of development and development regulations (type of human
activity, location, density, and design) on fish and wildlife.
Mgr J
1. Promotion and maintenance of traditional agriculture on the landscape. Promotion oflvaaddet
rewards (much like premium costs for organically grown foods) for stewardship of imdsteand
wildlife habitats.

2. Zoning and stream sétck legislation directed at the county and city levels.
3. Promotion of and generating rewards for centirdlan development and associated benefits. Building and
expanding within existing city limits (buling up and within rather than out).
Mgr K
4. Loss of habitat connectivity seenimgvitable in the absence of a paradigm shift or strategy which favors

wildlife.
5. More inhabitants, lessative habitat.
6. Will climate changeesult in a more agricultural basetire GYE in the future?

1. Managing increased demand for water captiirersion, and storage

2. Increased demands flarcally produced power, water, food production and potential conflicts with natural
and cultural resources

3. Managing a sustainddcreasen wildland fire and the human interface
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Climate Change Table

The followingtable, created by Steve Grathe University of Wyomings provided as useful
background information for workshop attendees. The &t&s the type of climate change we expect
to see over the next decades. This table is not tuned to the GYA specifically, but should provide a basic
understanding of charactdics of change we expect to see.

Table 17 General summary of projected climatic changes for the Greater Yellowstone Area. The tat

below was adapted from regional projections for Western North America contained in the
Intergovernmental Panel on Climaeh a n chepd/eww(ipcc.chy Fourth Assessment Report (IPCC
2007). Projections are based on output from 21 climate models run under the A1B emission scenar
Ranges for temperature and precipitation represent fhar2675" percentiles from the odel runs.

SUMMARY OF PROJECTED CLIMATE CHANGES FOR GREATER YELLOWSTONE
Range of
Climate General Change Eéﬁ:ﬁteed General Patterns
. Change Expected & g of Seasonal Confidence
Variable Relative to
Expected Reference Change
h 199062010
Period*
Virtually certain that temperature
15t02.1°C Projected will increase; models consistently
Temperature | Increase (2.7t0 3.7 °F) | Moderate to increases are call for an ecologically significant
P increase by Large slightly greater in | rise in temperat@; magnitude of
2050 summer increase may be greater at higher
elevations.
1-5% increase | Small to
No change to in winter by Moderate; The majority of projections suggest
small incgease 2050;-5% most changes | Increase in winter,| small to modest increases in winter

Precipitation | : decrease to no | within the decrease in precipitation; forecasts are generall

in total annual ) ! . : A
recipitation change in bounds of the | summer inconsistent in their portrayal of
precip summer by observed summer precipitation
2050 record
Varies with Changes in evaporation are tied to
temperature Primary impacts inl ;o sing temperatures; therefore
} change Moderate to late spring, . ) .

Evaporation | Increase - is very likely that increased
(magnitude, Large summer and early evaporation will occur; impacts on
sgasonallty and fall transpiration are likely to be similar.
diurnal change)

: ’ Greatest impacts | Changes in regional drought are
Increased Vaneg with in sunmer; also primarily a function of increasing
frequency and | magnitude of . 0
o potential for temperatures, and potential increas
severity; temperature Moderate to . h S

Drought ossible change and Large hydrologic in precipitation would not offset
p . g€ a 9 drought related to | many of these impacts; therefore it
increase in evaporation ) f :

: changes in very likely that drought severity and
duration change o
snowpack frequency will increase.
) . Changes in snow cover are tied to
Increase in Could see \éaaan?lsitl\j\gl?of Greatest potential increasing temperature; therefore it
.| >50% reduction g . P very likely that snow cover will
snowfree days; | . seasonal impacts in fall, L .

Snow cover in average late - decline in spring and fall. Low to
decreased snow spring snow temperature late-winter and mid elevations (relative to current
accumulations depths by 2050 change and early spring srowline) are most susceptible to

elevation
change.
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http://www.greateryellowstonescience.org/files/docs/drivers_tables-Greater_Yellowstone_DRAFT_III.doc

Winter flows likely to increase
Some potential | Varies with Varies with W"?tef flows _because of warmer _temperatures a
for increased changes in changes in _prmected to lncre_z?\sed precipitation, but there is
mean annual winter winter increase; spring significant uncertainty as to how thi
Streamflow . L peak comes will impact mean annual flows;
flow, but trends | precipitation precipitation o . h L
vary with and summer and summer earlier; summer earlier spring peak and diminished
. ; and fall flows summer/fall flows are strongly
season evaporation evgporation L :
diminished. related to increased temperatures,
and therefore very likely.
Varies with Springlike
- temperatures
magnitude of . LS
arrive earlier; date
Length of temperature
h of last frost .
growing Increase change, but Large .. | Very likely
; becomes earlier;
season likely to be .
fall-like
several weeks temperatures and
longer by 2050 pera
frost arrive later
Increase in
frequency and
Extreme Warm Events | Varies with length of extreme
Events: Increase / Cold | magnitude of Large hot event§ Very Likely
Temperature Events temperature (summer),_
Decrease change decrease in
extreme cold
events (winter)
Potential for Model forecasts are inconsistent, b
decreased Potential for more | >UMMEr warming may lead to more
crome | frequency o mensesprng | (1 bundertoms vamer |
Events: precipitation Uncertain Uncertain floods and flash hea\eiersnowstorn)mls on windward
Precipitation | events coupled floods during | . ial f
with increased summer gwestem) slopes; Potential for
intensit increased rakon-snow flooding
y under certain circumstances.
Increased Potential for more
Extreme intensity; intense
Events: possible Uncertain Uncertain thunderstormand | Same as above
Storms decrease in stormrelated
frequency impacts
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Wednesday Evening Events

USGS our followed by (limited)social hour (tickets required)dinner (tickets required)andtalk by
Paul Schullery

Wednesday evening there will be an hour brea FBV) following tre end of the second
breakout group. Everyone is asked to leave the building during that time mth can be changed
over to dinner table and so thiae caterer can set up. The caterer will be using the great room,
conference room, kitchen, and hadlyg, so we respectfully ask that you plafulty out of the building
during that hour.

From 56 PM Jeff Kerschner has kindly offered to lead a tour of the new USGS facilities near the
Bobcat football stadium. This should be a pleasant 10 minute wdlkaegg plus a chance to see where
your USGS (and other) colleagues are now loca@itier possibilities include a short walk to the
Student Union Building (AStrand Uniondo; see map s
center of MSU.

Dueto a limited workshop budget and extensive interest, we are not able to offer dinner to all
observers. Dinner invitees were prioritized in a simple, stepwise néamkshop panelists, special
invitees, workshop organizers, and then those from out of. tGWose invited for the social hour and
dinner will find tickets behind their badge: two green tickets for wine or beer, a red ticket for the dinner
buffet. The number of red tickets circulating will match the number of table settings placed by the
cateer.

The planning committeebs goal is to have an en
have tickets and will not be joining us for dinner, please give your tickets to a friend or colleagate so th
they might enjoy the evening. Alternatiyeyou canleave the tickets on the sigmtable so that
someone else might be able to pick them up.

Finally, we are honored to have author and historian Paul Schullery giving a short presentation
titled fiYell owst one Sc iuldsthe author arfd adtdr of mahy boddsoth t | Fut u
popular and scholardy on wildlife management, national parks, and conservation inclidnmtain
Time Searching for YellowstonandThe Bears of Yellowstond he talk should begin aroundd® or 8
PM. All workshop attendees are welcome to return for-gastn ner cof fee and to i st
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Workshop Panel

Workshop panelists were selected based on their research experience and familiarity with a
particular driver at a regional, national, or inteimiadl level, and/or their experience as scientists or
managers of GYA wildlands.

Speakers
Keynote Address
David Schimel, National Ecological Observatory Network, Chief Executive Officer
Plenary Talks
Andrew Hansen, Montana State University, Profess&ucofogy
Kit Batten, U.S. Department of the Interior, Science Advisor, Office of the Deputy Secretary
Jack Williams, Trout Unlimited, Senior Scientist

Breakout Groups
Climate Change
0 Sue ConsolMurphy, National Park Service, Chief of Science and Resdaregement, Grand
Teton National Park
o Molly Cross, Wildlife Conservation Society, Climate Change Ecologist
Mary Erickson, USDA Forest Service, Acting Forest Supervisor, Gdllatgier national forests
Dan Fagre, U%eologicalSurvey, Research Ecologist,dithern Rockies Mountains Science
Center
Steve Gray, University of Wyoming, Director of Water Resources Data System
Ken McDonald, Montana Fish, Wildlife and Parks, Wildlife Division Administrator
Steve Hostetler, U.S. Geological Survey, Water Resourcegpliie
Kevin McKelvey, USDA Forest Service, Research Ecologist, Rocky Mountain Research Station
Jim Morrison, USDA Forest Service, Northern Rockies Climate Change Coordinator
Chris Servheen, U.S. Fish and Wildlife Service, University of Montana, Adjuesdd®ch
Associate, Professor of Wildlife Conservation, Grizzly Bear Recovery Coordinator
Greg Watson, U.S. Fish and Wildlife Service, Energy/Research Coordinator
o Cathy Whitlock, Montana State University, Professor of Earth Sciences

o o

O O0OO0OO0OO0Oo

o

Invasive Species

o Kit Batten, U.S. Department of the Interior, Science Advisor, Office of the Deputy Secretary
Jim Capurso, USDA Forest Service, Forest Fisheries Biologist, Cafénginee National Forest
Bob CrabtreeUniversity of Montana andfellowstoneEcologicalReseark Cerer
Paul Cross, U.S. Geological Survey, Disease Ecologist, Northern Rockies Mountains Science
Center
Steve Kallin, U.S. Fish and Wildlife Service, Refuge Manager, National Elk Refuge
Bruce Maxwell, Montana State University
Kelly McCloskey, National Park $éce, Ecologist, Grand Teton National Park
Sophie St. Hilaire, Idaho State University, Assistant Research Professor, Department of
Biological Sciences
Tom Stohlgren, U.S. Geological Survey, Research Ecologist, Fort Collins Science Center
Dan Tinker, Univesity of Wyoming, Assistant Professor of Botany
Joe Weigand, Montana Fish, Wildlife and Parks, Noxious Weed Management Coordinator
Jack Williams, Trout Unlimited, Chief Scientist

O O OO O OO

O o0oQo0o
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Land Use Change
o0 Andrew Hansen, Montana State University, Professor of ggolo
Randy Carpenter, Sonoran Institute, Land Use Planner, Northern Rockies Office
Doris Fischer Land Use Planning Specialisiontana Fish, Wildlife and Parks
Justin Gude, Montana Fish, Wildlife and Parks, Research Director
Sue Heald, USDA Forest Servidaistrict Ranger, Madison Ranger District, Beaverhead
Deerlodge National Forest
Tom Hobbs, Colorado State University, Senior Research Scientist, Natural Resource Ecology
Laboratory
Chris Lehnertz, National Park Service, Deputy Superintendent, Yellowstdiom&ld&ark
Bill Murdock, Gallatin County, Montana, County Commissioner
Ray Rasker, Headwaters Economics, Executive Director
Bill West, U.S. Fish and Wildlife Service, Refuge Manager, Red Rock Lakes National Wildlife
Refuge

o O O Oo0Oo

O 00O

Attendee List
An alphabetizedist of registeredvorkshopattendeegpanelists and observerfgjlows.

é Name é Affiliation Email

Heidi Anderson Yellowstone National Park heidi_anderson@nps.gov

Tom Armstrong US Geobgical Survey tarmstrong@usgs.gov

Bill Avey Gallatin National Forest wavey@fs.fed.us

Scott Barndt Gallatin National Forest sbarndt@fs.fed.us

Kit Batten Science Advisord the Deputy Secretary of the Interic Kit_Batten@ios.doi.gov

Scott Bischke MountainWorks scott@emountainworks.com
Tami Blackford Yellowstone National Park tami_blackford@nps.gov
Cassity Bromley Greater Yellowstonénventory & MonitoringNetwork  Cassity_Bromley@nps.gov

Jim Capurso US Forest Servic€aribouTarghee jcapurso@fs.fed.us

Randy Carpenter Sonoran Institute rcarpenter@sonoraninstitute.org
David Cherney Northern Rockies Conservation Coop David.Cherney@Colorado.edu
Soott Christiansen Greater Yellowstone Coalition schristensen@greateryellowstone.or
Mike Clarke Greater Yellowstone Coalition mclark@greateryadwstone.org

Eric Cole US Fish & Wildlife Service eric_cole@fws.gov

Chris Collett Beaver Head/Deer Lodge National Forest ccollett@fs.fed.us

Sue ConsoleMurphy Grand Teta National Park Sue_ConsolMurphy@nps.gov
Yvette Converse US Fish & Wildlife Service yvette_converse@fws.gov

Bob Crabtree U Montana & ellowstone Ecological Research Cent¢ crabtree@yellowstoneresearch.org
Molly Cross Wildlife Conservation Society mcross@wcs.org

Paul Cross USGSNorthern Rocky Mountain Science Center pcros@usgs.gov
Marna Daley Custer/Gallatin National Forest mdaley@fs.fed.us
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