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Introduction to the Proceedings

TheForest Ecosystem Monitoring Cooperative (FEMEDJ its 28' annual conference on Decembit, 2018, at
the Davis Center at the University of Vermgfthe guiding them&oress and Chhate Change: Managing
Impacts and Planning for theufure was chosen tdelp collaboratorsbetter understandthe impacts of climate
change on key forest ecosystem processes and services

Following the plenary session, the conference inclutenl session®f concurrent talkshere 40 collaborators
from across the region psented their most recent research and monitoring efforts. The afternoon included
four working group sessions dhe topic ofclimate changehat were offered by members of the Cooperative.

These proceedings represent a combination of summaries of the plenary sessionrttiéas by FEMCstaff,
syntheses andutcomesfrom a series of afternoon working sessions, and the abstracts submitted by
researchers to the concurrent sessions. Addisibthetails, including videos and downloadable PowerPoints of
presentations can be found on the meeting home page at
www.uvm.edu/femc/cooperative/conference/2018/content
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Climate changeimpacts on Northeastern Forestvater andwildlife

What have we learned about climate change in the past
year? Two important and useful publications were released
in 2018 that improve our understanding of climate change
and its impacts. Therfit is theFourth National Climate
Assessment which provides an idepth assessment of the
US climate, including a chapter focusing on the Northeast.
This report showcases how far climate science has advanced
since the previous assessment, including ioyements in
modeling local climaterojections and attribution of
observed changes. Second, the US Forest Service and
Northern Institute of Applied Climate Science published
Climate Change Reonse Frameworkhat outlines the
implications of climate chaye for forested ecosystems and
provides strategies for adaption.

Temperature anomalies

Antsi Lipponen gsntiip)

Figurel. July 2017 temperature anomalié€) by country 10 date, there have been observed changes in the global,
(Antti Lipponen, 2017). national, and local climate. While there may be high
variability in climate from yeato-year and locatiofio-

location, overwhelmingl the trend $iows an increase in temperatur&hese changes are happening quicker
than in our historical past, trends are robust and confirmed by multiple lines of evidence, and humans are the
primary driver. In New England and New York, the mean annogddeature has increase?l4 °Fbetween1901
through 2011 with bigger changes observed in wirftePrecipitation has also increased, but it is quite variable,
and more is falling during extreme events. Moviagvard, we will continue to see increases in temperatures
across all seasenWe can expect increases in extreme events, including heat waves, floods, droughts, and high
winds.

By 2035, under both lower and higher scenarios, the Northeast is f@wjede more than 3.6
°Fwarmeron average than during the preindustrial era. This would be the largest increase in the
contiguous United Sates and would occur as much as two decades before global average
temperatures reach a similar milestdne

Considering these changes, it is imperative that we understand the impacts climate change will have on the
NBEIA2YyQad F2NBAGSR S023a2aiGSYax Ay DuiaddRoasyhdse fopickJth® i a G 2
plenarysessiorfeaturedthree keynote speakeraddressing th@bserved and potentiampacts of climate

changeon forests, wildlife, and wateresources in the Northeast

LUSGCRP, 2018: Impacts, Risks, and Adaptation in the United StatesNadimtial Climate Assessment, Volume Il

[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (edd.)]. U.S. Globa
Change Research Program, Washington, DC, USA, 1515 pp. doi: 10.7930/NCA4.2018.aAvailable
https://nca2018.globalchange.gov/

2 Janowiak, M.K., D'Amato, A.W., Swanston, C.W., Iverson, L., Thompson, F.R., Dijak, W.D., Matthews, S., Peters, M.P.,
Prasad, A., Fraser, J.S. and Brandt, L.A., 2@t8Bxdgland and northern New York forest ecosystem vulnerability

assessment and synthesis: a report from the New England climate change response framework project. Gen. Tech. Rep.
NRSL73. Newtown Square, PA: US Department of Agriculture, Forest ServitieefidResearch Station. 234 p., 173, pp.1

234. Available atattps://www.fs.usda.gov/treesearch/pubs/download/55635.pdhd https://fore stadaptation.org
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What's atrisk? Implications oflimate changein ourregion'sforests

Maria Janaviak, Deputy Director, Northern Institute of Applied Climate Science

In examininghe effects of climate change darests Maria addressethree
important takeaways: shifting seasons, shifting specesi shifting stressors.

(1) Shifting seasonsThere are rany exampls of recent changes Iocal
weather and climate in the Northeadthile there will be somegositive
outcomes to these changebke a lengthened growing seastirat can lead to
greater forest growth and productivity, there will also be negative
consequences to these shifts. We will continue to seerter, warmer, and
more variable winters, resulting in lessened snowpack depth and duration.
These changes will besgecially probleratic for winter logging, the ski
industry, and belowground soil pcesseg all of which depend on continuousk
winter snow cover. We will also continue to experience extreme precipitation events that can cause significant
impacts to infrastructure, ecosystem services, and the economy.

‘Phob courtesy of USFS

Changes in Forest Composition 2) Shlﬁlng speues!vl.arla and he co-authors used
three climate scenarios to projettte outcomes of
Likely to decli \ ixed model I . . .
e e e Tmde et different tree speciesinder climate change They
= Black, red, & whit =P birch =S &red I i i
» Blackred, & whitesprce. » Qiii?ng'racspen e found that the species at greatest risk wexdapted
£ Entembemioek Siamarack J = Mk pine to cold climatesThese species ma&ge their ranges
< TRE—— New habitat esp.souty Y, CONtract to more northerly andligherelevation

/

i iecan e Rl eKHicKOny habitats where cold temperatures persist. Other
* American basswood = Chinkapin oak R .
» Black cherry * Common persimmon tree species may exparttieir rangeto novel
= Eastern hophombeam * Hackberry ) ) ) . A
* Gray birch * Loblolly pine habitats, but it remainsunclear wherethis will
= Northern red oak * Osage-orange . .
» Serviceberry » Shortleaf pine happen at what pace it will occur, and what the
= Silver maple = Southern red oak . . . .
| = Sweetbirch LSt . ecosystem implications will be. There wereoals
\ "~ pieonk =kpina pine / many generalist species with uncertain outcomes
wloresadapationioreneseeces - that may nonethelesgacehabitat restriction and

Figure2. Projected changes in forest composifion increased stress levels. The more the climate

changes, th morethose species will bput at risk.

(3) Shifting stressorg Forest sressors, like insectsgliseases, and weather events, gaush trees beyod their

ability to withstandchang@ ¢ KS ! { 5SLI NIYSyd 2F 5S7¥Sy afltipheré,andf | 6 St
this same concept relates to the impacif climate change on forested ecosystemBrabicstress,

disturbances, insect pests, forest diseases, invasive species, and other perturbatioctzsamge in

3 Janowiak, M.K., D'Amato, A.W., Swanston, C.W., Iverson, L., Thompson, F.R., Dijak, W.D., Matthews, S., Peters, M.P.,
Prasad, A., Fraser, J.S. and Brandt, L.A., 2018. New England and northern New York forest ecosystem vulnerability
assesment and synthesis: a report from the New England climate change response framework project. Gen. Tech. Rep.
NRS173. Newtown Square, PA: US Department of Agriculture, Forest Service, Northern Research Station. 234 p.; 173, pp.1
234.DOl:https://doi.org/10.2737/nrsqtr-173 Available athttps://www.fs.usda.gov/treesearch/pubs/5563&nd
https://forestadaptation.org
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unpredictable ways. Local information and data are important to understand hoscasystenwill change in a
specific location.

Adaptatian is the adjustmenbf systems in response
to changeNIACS developed a framewott address
forest management under climate changalled the

A Spectrum of Adaptation Options

L. . L, , < RESISTANCE TRANSITION
a hie spectrum of adaptation optiodsz & KA OK
includes resistanceesilience, andransitiornt>S.
Resistancstrategiesprotect high value systems © l k | ?\f
Resiliencaools build the immunity of the systerso :
that It can bettercope Wlth Changes and recover. * Improve defenses of = Accommodate some * |ntentionally facilitate
Transitionstrategies can batilized when forest against change degree of change change
and disturbance = Return to prior reference ® Enable ecosystem to
eCCByStemg_re Cha”enged:o SUCh a degremat = Maintain relatively condition following respond to changing
unchanged conditions disturbance and new conditions
they need to change toditer match future
conditions. <€ >

) ) Figure3. Options for adaptation to climate change in the New
Maria and her caworkers have providedeatworld  gngland foresise

examples of these three types of climate change

adaption projectsincludingmore than 50 projects in New England. Of the adaptation projects underway, most
projects focus onncreasing resiliengesuch as bolstering diversity or reducing stressors. Increasingly, there are
more projects usingransition strategies. Sharing these projects and their outcomes allows managers to figure
out what works in a particular location. Im &ra of change,\&ryaction becomes an experiment, with a need to
record and evaluate the efficacy of outcomes.

4Millar, C.1., Stephenson, N.L., Stephens, S.L., 2007. Climate Change and Forests of the Future: Managing in the Face of
Uncertainty. Ecological Applications 17, 242%51.https://doi.org/10.1890/06:1715

5 Swanston, C.W., Janowiak, M.K., Brandt, L.A., Butler, P.R., Handler, S.D., Shannon, P.D., Derby Lewis, A., Hall, K., Fahey,
R.T., Scott, L., Kerber, A., Miesbauer, J.W., Darling, L., 2016. Forest Adaptation Resources: climate cteardje tools
approaches for land managers. 2nd ed. (No.HE837-2). U.S. Department of Agriculture, Forest Service, Northern

Research Station, Newtown Square, P#ps://doi.org/10.2737/NRS5TR87-2

5Nagel,T.A., Firm, D., Pisek, R., Mihelic, T., Hladnik, D., de Groot, M., Rozenbergar, D., 2017. Evaluating the influence of
integrative forest management on cfgfowth habitat structures in a temperate forest region. Biological Conservation 216,
101¢107.https://doi.org/10.1016/j.biocon.2017.10.008
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Climatechangewulnerabilityand adaptationof forestwildlife

Toni Lyn MorellfUSGS Research Ecoladisdl Northeast Climate AdaptatidGscience Center

There have been many observed itators of climate change. TiNortheast has
beenaffected by these changesore than other region's Temperatures are
increasing Winters will continue to warm, which will reduce thember of freezing
days. Lhder both high and low emissions scenarios, themest winters we
experience nowvill be equivalent to the coldest winters we will experience in the
future. Ecologically these changes have resulted in longer growing seasons, drie
summers and fallgnd shorter winters with less snowWith decreased snowpack
there will be an increase in forest vulnerability due to soil frost.

N
Globallywe have seetocal wildlife extinctionsdue to climate changeand the \v A &
Northeast is particularly vulnerabte continued losses. Risk otténctionwill W
increase with more emissiongVe have also observed phenological shiftha
timing of eventssuch aguvenile birds being born earlier in the season becauseraptrature changes. Wie
these may be helpfuldaptatiors, it is imperative that we monitor these changesthey occur

Phob courtesy of NE CASC!

What makes species vulneraliteclimate ) O ¥
chang® To undestand how a species may €
respondto climate change and aid in
adaptation planning, each species is
assessed for its vulnerdity® (Figure4).
Thisprocessallows scientigand managers
to identify species and habitats at greatest
risk from climate changienpactsand -
assess theispecific adaptive capacity.

——= == ===

15

Vulnerability Score

10

Y
e ————
% ~

The boreal forestwhich provides habitat
to some of the most iconic speci@sour
region,is one of the most vulnerable
habitats under a changing climate
Scientists expect that with habitat deterioratiosprucefir obligate widlife specieswill also declineTo datewe
have seerblackpdl warbler populations declindy 60% across its range. In general, mamhspecies found
further north mightbe the most vulnerable to climate changgeneralist speciesn the other hand, may be
able to relocateup in latitude and elevation as needém mitigate changesSpecificallymmoosewill continue to
be vulnerable with highernumbers ofwinter ticks,greater infestation obther pestsand elevatecheat stress.

Uncertainty Score

Figure4. Predicted vulnerability of forest mammals in the Northeashpared
to the relative certainty of those predictichs

"USGCRP, 2018: Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume I
[Reidmiller, D.R., C.W. Avery, D.R. E&iaterK.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S. Global
Change Research Program, Washington, DC, USA, 150®ph0.7930/NCA4.2018. Available at
https://nca2018.globalchangeay/

8Wiens, J.J., 2016. Clima®elated Local Extinctions Are Already Widespread among Plant and Animal Species. PLOS
Biology 14, e2001104itps://doi.org/10.1371/journal.pbio.2001104

9 Toni lyn Morelli, 2018. Climate change vulnerability and adaptation of forest wildlife. 2018 FEMC Annual Conference.
Available ahttps://youtu.be/QsUjM4Dzwg
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Water andaquatic ecosystemsn achangingregionaldimate

Keith Nislow Research FisheseBiologistUSDA Forest Service Northern Research Station

Already wehaveobserved climateadriven changes in water quantity and
guality and ontinued changes are projected ftre future. The climatewill
getwarmer and wetter, and we will experienceone extreme eventsAs
the Northern Forest socioecosystem dependsatmundant and predictable
water, dhanges in pecipitation or flow regimes accompanied blganges in
thermal regimewwill impactwater quantity andquality. Thesehangewill
have profoundeffectson water, aquatic organisms, and the economy

Climateinduced tangedo the water regimewill continue to impact
aguatic ecosystems and habitats. Leegm monitoringrecords of stream
temperatures show thatwater temperature hasisen concurrery with
increases imir temperature Both observed records anfditure models indicate increasanannualstreamflows
and peak flowsModels further show that as emsgionsncreasethe frequency of larggrecipitationeventswill
increase duch that foods that used to occuevery 50 years are now occurriegery 2030years. The magnitude
of large storm events, like 16@ear floods have beeralsogetting biggerLow flows are more complicated,
however, and we have not seen a constant pattern in theeoletional recordThe ©st of increased
evapotranspiratiordue to a longer growing season and warmer temperatunay mean that wesee more
shortterm droughts.

Phob (;burtesy of USFS

These changes will have persistent impacts to water
in the region, andavill affect cold-water ecosystems
particulaty hard For example,n water temperature
above21° C brook troutshowa markedstress
responseln fact, his temperature threshold
demarksthe currenthabitat distribution of this
speciesAs stream temperaturesontinue to

increase, the amount of suitable habitat for celd
water species will decline, highlighting the
importance of land conseation in some of these
refugia We will also continue to see a decrease in
the reliability and duration of high sprirftppw pulse
that is gitically important for manyaquatic wildlifespeciesandflood plain forests. Extreme events will have a
disproportionateeffect on sediment and nutrient transpotin fact, we may already be seeingséiftin the
sediment regimefrom onedominated bychronic processeso one dominated by episodic processes

For management approachesned at addressing aquatic habitatsder climate changea combination of
existing and novel tools should be utiliz8dhere are many effectivend established approachdablat may help
aquatic wildlife such as conservation and restoratiorfafestland restoring aquatic connectivity via barrier
removal, and base cation restoration watershedsand waterbodiesln addition, we should gtablish new
approachesased orclimate resilience andssisted migrationFollowing implementation, we can then examine
how well these established and novel strategies help mitigfag¢echallenges we face
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Summary of Working Sessions

Summaries of the afternoon workingssiors werewritten by presenters and FEMC staff

Birdconservation in thgear of thebird

OrganizerJohn Lloydyermont Center for Ecostudies

Summary Prepared byKevin A. Solarik, NCASI, Jason Hill, Vermont Center for Ecostu
Tom Rogers, Vermont Fish and Wikdlifepartment, Bridget Butler, Bird Diva Consulting,
Katherine Yard, NYS Department of Environmental Conservation, Kent McFarland, V¢
Center for Ecostudies.

This workinggroup session was the culminating event in a-tag workshop
focused on the coresvation of forest birds, and was precededdightinvited
talks delivered by scientists and conservation practitioners working across the
FEMC region. Participants included representatives from academia (Universi
Vermon); non-governmental researcbrganizations (Vermont Center for Ecostudies, National Council on Air
and Stream Improvement); the foreptoducts industry (Weyerhaeuser); private, nimalustrial woodland

owners (American Forest Foundation); environmental NGOs (Audubon Vermont, MasstescAuslubon, Bird
Diva); landconservation organizations (Cold Hollow To Canada); the conserfatgote sector (National Fish
and Wildlife Foundation); and state and Federal resoumamagement agencies or departments (Vermont
Department of Fish and Wiife, New York Department of Environmental Conservation, U.S. Fish and Wildlife
Service).

We sought to address two questions during this workkggoup session, both of which emerged from the
series of invited talks:

1) What are the targets of our consetion efforts, and are they the appropriate targets?
2) Are our conservation interventions adequate in both the short and long terms?

The answer to the first of these questions was straightforward and largely unanimous: our conservation targets
are, andshould continue to be, guilds of species defined by their association with forest type and the various
seral stages (early, mid, and legeral). Guilds were preferred over single species approaches as they can better
reflect the relatively coarse naturd our interventions; that is, whereas we can use forest management to
adjust the area of different seral stages on the landscape, we rarely manage intentionally for the specific
combinations of biophysical conditions that define habitat for a particulacgs. Developing individualized
conservation strategies for the hundreds of fordstd species in the region, especially those that are not
threatened or endangered, is also impractical and perhaps undesirable. Guilds also offer greater flexibility in
tailoring outreach messages to landowners, as landowners may have different affinities for different birds.
Finally, the guild concept is often easier to crasgk with more general conservation strategies (evgrmont
Conservation Desig?.

1050renson, E., and R. Zaino. 2018. Vermont ConservatisigrD Summary Report for Landscape, Natural Communities,
Habitats, and Species. Vermont Department of Fish\&iidlife. Available online at:
https://anr.vermont.gov/sites/anr/files/maps/biofinder/Vermnt%20Conservation%20Design%20
%20Summary%20Report%2eP0February%202018.pdf
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The second gestion proved more difficult. A key problem identified by participants is that we often lack the
monitoring framework(s) to accurately evaluate our actions, and as such it is difficult to know if our

interventions are adequate. The lack of suitable moriitg is due in part to the logisatchallenges of

monitoring at the right scale eBird was proposed as a possible solutiand also to the unwillingness of

funders to commit money to lorterm monitoring. The latter is a more general problem relatech increasing

focus among funders on demonstrating sht@tm outcomes, which are often less useful in an adaptive
Y2YAG2NRAY 3T FTNIYSE2N] o0SdId:r (KSe FIZIPNAAAYOHBANNBHE (5
more meaningful measures lileOK I y3S Ay LR LA 2NB2Y GANSa2F ¢ e12\@zyIARRA
is that different monitoring schemes are not always comparable, which can hinder efforts to compare outcomes

of different projects.

Participants noted that it is also hard tadw if any particular action is effective in the broad sense because the
global impact of the action depends on what actions are being taken concurrently by other landowners or land
managers. Yet, given the lack of coordination among landowners, rareie ¢d@ow how our efforts fit in with

those of our neighbors. For example, a landowner that creates young forest by harvestingridtéorest is
contributing relatively little to overall conservation goals if adjacent landowners are already providing the
desired amount of young forest. The goal of managing fe@st populations holistically by offering a shifting
mosaic of seral stages across large spatial scales and multiple ownerships requires communication and
coordination processes not currently itape. A related concern was that we do not always implement
conservation efforts strategically, in the sense of focusing on key locations, but that we instead are forced to
implement our conservation efforts where it is convenient to do so. Ideally, weldhtegrate predictions

from climate and landuse change models when we decide where to focus our efforts, but rarely can we do so
at present. We should also consider the landscape arrangement of our conservation actions, striving to connect
areaswher&d S ¢62NJ] |yYR SYRSIF@2NAy3 G2 | @2AR ONBFiGAy3a aAraft
One possible model is that employed by Cold Hollow to Cadhaslaich seeks to engage groups of landowners
holding adjacent properties.

We closed the sessioby identifying key action items:

1) Work with scientists to develop and implement better approaches to monitoring that would allow us to
evaluate the efficacy of our actions and truly adopt the adapthanagement paradigm. Monitoring should

focus not oy on the impact of our actions on birds but also on the people affected by our conservation efforts,
which will mean increased efforts to recruit social scientists into our community of practice.

2) Work with the conservatiofinance community to increasevareness about the need for lostigrm funding

that supports both conservation actions and monitoring of the outcomes of these actions. Neither the actions
needed to implement conservation at scale nor the monitoring required to measure outcomes can be
accomplished with the timeline of most grants (i.e., several years).

3) Identify or create regular opportunities for dialogue among stakeholders involved in {oirglstonservation.
These opportunities should be designed to improve the flow of informatetwéen conservation practitioners
and scientists and to increase coordination among landowners.

1 http://www.coldhollowtocanada.org
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Byland,water, orair: Invasivespecieamanagement in @hangingforest
landscape

OrganizerJoanne Garton, Vermomtepartment ofForests, Parks and Recrieat

The objectives of this workshop werenteet professionals addressing
invasive species in the northeast forest, to learn about invasive species o
particular concern to a series of panel members invited to the workshop,
understand the componentsimeline, and inconsistencies of an invasive
species management plan at a particular site, and to share and understa
challenges that land managers experience when working with invasive
species.

Although daunting, the task of invasive species managemgssible with
partnerships and collaboration on a statewide or regional level. State
agencies, land managers, and landowners need to work together to creat
effective management plan and see that the plan is enforced. Suggested
improvements to the proesses that inform these plans include:

1 Qear and weklpublicized definitions of what determines a species as invasive;

9 Easy access to the permits and rules set forth by\eemontAgency of Agriculture

9 FRurther research on treatment methods for invasisggecies and public outreach to quell
misconceptions;

1 Atool, website, or app that allows landowners and land managers to easily learn about the
latest research and findings regarding local invasive species, and,;

9 Establishediaisons between multiple agerss who address invasive species.

Regarding the requests for increased coordination, the group acknowledges the responsibilities placed
on a network of researchers, managers, and landowners. Program managers could facilitate
communications between all ohé various groups working on similar projects and even connect with
other states who have already dealt with similar invasive species. The state that came to mind in the
discussion was New York, which is often the first place to experience invasionstte# fwrt system.
Unfortunately, there is a lack of political will to push for effective regulation to manage invasive species.
This can lead to insufficient funding and other resources.

The main takeaway from this working session was the piss J‘;?"*
management ofnvasive species should be one coordinate R \A
through partnership and collaboration instead of single
groups. This includes efforts to make this a priority for
lawmakers and landowners alike by including either
members from those groups directly in the large
management groups or making sure there are individual
focused on outreach and communication of managemen
efforts.
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Notes talen by Joanne Garton (moderator) during the session:

The session began with asking the group to generate a list of the curreatds for invasive species
management:

1 Body of management research 1 Roadside survey, forest survey,
9 A clear definition for what is an invasive knowledge of what threats each
and what is native such as the case for invasive species pose
phragmites. 1 Need to start by setting priorities
1 Management goat maintain emerald 1 Identify the source of the problemare
ash borer (EAB)r hydrology we making it worse?
9 Local or GHicture approach 1 Understand how to contain invasives
1 Network of managers at different 91 Isit aforever problem? Monitor
stages of EAB infestation indefinitely
1 Biocontrol resourcesesearch site 9 Outreach to landowners. Consider life
1 Feasibility of chemical treatments in WL cycle when choosing treatment
1 EARGOlI y Qi &aSSs a2 Y2yAl2NEthods KI T NR
trees, create task force, enforcement 1 Do cut and paint, herbicide treatment
. EWMg lake associations (stakeholders), with volunteers
municipal grants, boat wash stations, 1 Decide what resources are available
know that eradication is not realistic and whois doing the management.
1 Need money, time and people!
1 CISMAs are super important.

Based on the list of needs the group proceeded to identify what was missing in terms of invasive
species management:

1 EABg missing visible enforcement, 1 Rare species inventory
visible big signsource of funding 9 Starting monitoring plans early

1 A means to reach out of town 1 Emergent timeline
fryR2ySNE 6K2 R2Yy Qi 3FS StatewieScoordmatiénlamti funding for
and bring in foreign firewood invasive species management

1 Wants for Eurasian Water Milfoil 1 How can we work together on
(EWM) = money and political will invasives? Need greater partnerships.

1 Money and Resources

Lastly the session was opened to anyone that had a challenge question that they wanted the group to
think about and provide solutions for:

1 Develop an integrated coalition of state, regional & local invasive controllers who can collaborate to
raise the profile of the problem, need & solutions. Use this to get needed funding and support.

1 When does something Iggn to be considered invasive (i.e. whitdled deer when overpopulation

threatening hard wood regeneration)?

How do we treat knotweed, spotted lanternfly, and ailanthus?

How do resources from other regions translate to Vermont?

=a =4
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Managingdimate changeimpacts:what questionsstill remain?

OrganizerMaria Janowiak, Northern Institute of Applied Climate SciandeAmanda Mahaffey,
Forest Stewards Guild

This working session focused on forest climate
adaptation and what information we may need to help
address the problem of a changing climate. Following
full day of presentations, this session was designed to
ONBIdS I aLl oS F2NJ tAads
thoughts on their experiences and science needs. Aftel
ONRSTFE & 2dzif ASaREYAR yi KLINPYE §
organizes askedarticipants to choose a discussion
group out of five availablepics tree species,

invasives, wildlife, forest and watershed impacts, and g
wildcard group (everything else). Maria then posed fo
major questions foeach group to discuss, with a focus
on the final two questions:

w What do we know about forest climate adaptation relative to this theme?
w?2 KId R2y Qi 6S 1y26K

w What would we most like to know?

w What would move the needle on forest adaptation undesstttieme?

Within the context of the five topics available, some key themes came up repeatedly in the ensuing discussion,
including: stakeholder and community outreach/involvement, cross disciplinary communication, and how to
strategize using the complexisef ecosystems arah ecosysten® propensity for change.

Stakeholder & Community Outreach and Involvement

The participants noted the importance of a grassroots effort in order to produce a change. Participants

SELINB&a&aSR I RSaANB Q2 KINB 6%z IR Way20A32(NI SiySS N OF £ O2°
take action in order to combat climate impacts on forest ecosystems. Group discussion illuminated the
importance of analyzing this issue through different lenses at varying scaleyaRdifiy 3 I Wai2 NBE Q {2

citizens to take action. The participants found it crucial to find avenues of action that would be of low cost to the
citizen; in other words, to have low risk so that they would be motivated to take action themselves. The gap
between citizens and science is still extremely present, and to adapt to a changing climate and overcome this
challenge, it is crucial that the gap be bridged. Participants made note of the importance of success stories and
demonstraton in order to inspirehange.
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Cross Disciplinary Communication

It was stressed throughout and at the end of the working
session how important it is that scientists from all discipline
communicate in order to build a community around
education and the sharing of knowledgeall levels to help
further advance the goal of creating adaptive landscapes.
Many in the room identified as data crunchers and
manipulators, but it cannot be left at that. The knowledge
gained from studies and data synthesis must then be
communicated enong scientists of all disciplines in order ta &
come up with creative and effective strategies. Drawing o  Gwa® \
the skills and knowledgef peers can also help do this. AW '

How to Strategize Using the Complexities of Ecosystems and Their Propensity for Change

Many of the groups touched base on how ecosystem interactions are extremely complex and how a changing
climate only makes it more so. When discussing what they needed to know, participants often referred to a

better understanding of how parts of a system (irtthg invasive species) will respond to change, how

individual species will respond, and how biotic and abiotic systems interact at varying scales. Participants
mentioned numerous times the challenge of predicting future issues and the difficulty of geataptive

management plans to address them, but at the same time noting their importance. One group of participants,
GKS At REAFS (G4SIFYX YSYiA2ySR GKS AYLRNIFIYyOS 2F RSTA
understanding what makes thenasilient.

During thecourse of this working sessidsrainstorming and discussiowere held and notes were takeby

participants on flipcharts For access to the informatioimom these noteglease contact the session
organizers, Maria Janowiak and AmaadViahaffey.
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Northeasterrforest,wildlife anddimate change:understandingmpacts and
planning for thefuture

Organizes. Toni Lyn Morelli, Bill Deluca, Alexej Siren, and Mike Hallworth of the Northeast Climate
Adaptation Science Center and the Uniitgrsf Massachusetts. For questions contact Dr. Morelli at
tmorelli@usgs.gov

As global change complicates forest and wildlife managenadmgtter understanding of both impacts and
potential responsess needed. Natural resource managers, scientists, @hérscame together fotwo hours to
discuss the impact of climate change on forest wildlife conservation on local, state and federal lands. The
objectiveswere to share successes and ongoing initiatives, as well as identify needs. Most of the conversatio
centered around mammals and biraisthe northeastern U.S., but it often expanded to inclimenan use of

the land and public perceptions and engagement

Participants identified a fewxamplesvhere much
attention is focused and still more informatiomé
research is needed, such as the impacts of climate
change on moose and waterfovitotential
monitoring opportunitiessuch as looking at
parasites, evolving survey methods (e.g., game
cameras instead of hunting data), and looking at
invertebrates (vulnesble and problematic).

Much of the time was spent in groups discussing s
what information would concretely aid .
management and conservation decisions. Here aré
some examples: :

LYF2NXYIEGA2Y 6S R2V QO KIF @S odzi 6AaK S RAR

1 Identify links between habitat managemeand parasite populations, e.g., relationship between shrub
habitats, rodents and ticks

1 When and where does population limitation ocderg., what part of the annual cycle for migratory
animalg?

1 The specific mechanism by which climate affects wildlifeupatjipns: habitat, food, predation,
parasites, competition, directly, e

1 A better understanding of the regional responsibility managers might have for protecting a spécies
we are on the trailing edge of a northern species, should we care?

1 More colaboration across state lines (VT in particular) for stream crossingriafmn.
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If | had/knew...l could

=A =4 =4 =4 =4 4 4 -8 -8 -8 —n

Spatially explicit dynamic deer browse data; better model forest cover on the landscape scale
Relative importance of stressors on species of gdgerprioritize
o The relationship between precipitation and lower trophic levels like primary consumers and
other arthropods; could inform management of water resources and connections
Clearly documented connections (stories); public would be more ingeste
If we knew deer would be a big stressor; manage deer yards
Quantify the adaptive capacity for each species of concern; inform management
Where the leading edge of invasive was; we could try to stop it?
Where the leading edge of southern flying squsiis; kill them?Save them?
Where the leading edge was; could create atlas, could help facilitate
How important habitat is vs climate; could manipulate habitat
Impact of recreation on wildlife; have more backup for managing public
Which species resonatwith public; we could use them #agship species
How marten would be affected by climate change; could better inform listing decision
The historic range of variability for natural disturbance; inform habitat management
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Abstracts from Morning PlenaSpeakers

There were three speakers invited to speak during the mornieggry sessiorMaria Janowiak, Toni Lyn
Morelli, and Keith Nislowpoke on theobserved and potential impacts of climate change on forests, wildlife,
and water resources in the Nibieast

2 KFGQa G NRAATK LYLXAOFGA2ya 2F Of A

Maria Janowiak deputy director of the Northern Institute of Applied Climate Science, led by the USDA Forest
Service.

Forests are a defining landscape feature across New Engfahdorthern New York, covering more than 40

million acres from the coast of the Atlantic Ocean to the peaks of the Appalachian Mountains. The changing

Ot AYFGS Aa IfTGSNAYy3I GKS NBIA2yQa F2NBadaz kihgfjoR GKS 7F
1SSL) 6GKS NB3IA2yQa F2NBad SO2aeadsSvya KSFHftGKe FyR LINE
work. The New England Climate Change Response Framework, a collective effort among dozens of scientists and
natural resource professiofg produced a report that summarizes the best available information about climate
change and regional forests based on published research, ecosystem models, and manager expertise. New
projections of forest change from three forest impacts modeise Climae Change Tree Atlas, Linkages, and

LANDIS PROwere combined with a review of recent literature to understand the potential for forest change

during the next century under different climate scenarios. An expert panel of research scientists and forest
practitioners then worked together to consider this information, as well as their personal experience and

expertise on local ecosystems, to assess the vulnerability of eight forest communities present across the region.
Montane sprucefir, low-elevation sprucdir, and lowland mixed conifer forests were determined to be the most
vulnerable to climate change. Panelists assessed lowland hardwood and riparian forests as being moderately
vulnerable. Northern hardwood, transition hardwood, central hardwqpie, andpitch-pine scrub oak forests

were rated as having lower vulnerability to projected changes in climate. Projected changes in climate and their
associated impacts and vulnerabilities will have important implications for ecologically and economically
valuableforest types, forestdependent wildlife and plants, recreation, and letegm natural resource planning.

Climate change vulnerability and adaptation of forest wildlife

Ton Lyn Morelli research ecologist with the U.S. Geological Survey at the Departohém Interior Northeast
Climate Adaptation Science Center

No abstract provided

Water and aquatic ecosystems in a changing regional climate

Keith Nislow Research Fisheries Biologist of UStdkest Service Northern Research Station

The Northern Forest @v England and northern New York) is a mesic region blessed with abundant and reliable
water. Climateassociated changes in temperature and hydrologic regimes pose-we#ted risks to the

structure and function of ecosystems and the goods and serMiegsprovide. In this presentation, using

examples from the work of the US Department of Interior Northeast Climate Adaption Center and its
cooperators, | will 1) describe what we know about current and forecasted chdraten changes in water

guantity ard quality 2) discuss how these effects likely translate into impacts on aquatic ecosystems 2)
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demonstrate how existing and novel management and conservation approaches can help to reduce water
resource vulnerability to climate change along multiple dimensi Increasing regional air temperatures will
threaten coldwater habitats and the species that depend on them in streams, rivers, and lakes. At the same
time, portions of the region will become increasingly important as climate refugia for these spetiabitats

are lost from southern parts of their distribution. Increases in total precipitation, with a greater proportion of

rain versus snow, and a higher frequency and magnitude of extreme precipitation events will impact regional
hydrologic regimes inomplex ways. Most forecasts expect an increase in flow variability with a greater
frequency and magnitude of floods, but also a risk of increased ¢t drought associated with increasing
temperatures and high evapotranspiration rates. These combaheghges in hydrologic and temperature

regimes will have complex effects on ecosystems ranging from changes in biogeochemical cycles and nutrient
loading rates to receiving water bodies to changes in species occurrence, abundance and distribution.
Establiskd management strategies (maintaining or restoring forest cover, increasing connectivity via removal of
barriers to movement, restoring floodplain connectivity) can help to mitigate these impacts and also reduce the
YySSR FT2NJ WINBeé&Q hkofhie Nbspeit iincréadiigBydmildE Ldgeytaing An addition,
established regional monitoring networks for water quantity and quality are essential for assessing the pace and
magnitude of future change.
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Abstracts fronContributedTalks

Therewere 40talks contributed to the conference, presented between two sessions throughout the day. In the
morning there werdive concurrent sessions. Thessions wer&orests and Climatmoderated by Maria
JanowiakWildlife and Climatenoderated by Toni Lyn Melli, Water and Climatenoderated by Kacey
ClougherfForest Healtimoderated by Rebecca Stern, avidar of the Bird tnoderated by John Lloyth the
afternoon session of talks there wefige concurrent sessions. The concurrent sessions Werest Ecolog
moderated by Kacey Cloughé&igrest Monitoringnoderated by Adam NoeRlanning, Implementation and
Stakeholder Engagementoderated by Alex Neidermeigwildlife Monitoringmoderated by Brendan Case, and
Year of the Bird thoderated by John Lloy@eloware the abstracts submitted for these talks, including author
affiliation. The presenting authors name is in bold type.

Adaptivesilviculture fordimate change: Examiningrrategiesfor adapting
northernforests toglobalchange

Peter Clarkz ! y (i Kr@agb'e Chis®@Voodall

1UVM, Rubenstein School for Environment and Natural Resources
2USDA Forest Service Northern Research Station

Forests managers, scientists, and policy
makers must respond to the need for
climate-adaptive strategies in the face
global change. While strategies to mitigate
impacts from climate change and increasg
forest resilience have been broadly
proposed, there are nascent formal
empirical evaluations that indicate what
locally-calibrated adaptation measures
might be most effectivén preparing forest
ecosystems to deal with climate change. §
The Adaptive Silviculture for Climate
Change (ASCC) project is a national,
replicated, operationascale experiment
co-designed with managers to test ecosystapecific climate change adaptatioreatments across a gradient

of adaptive approaches. Here we present on the fyesar results from the New England ASCC installation at the
Second College Grant in northern New Hampshire, highlighting the Transitional approach which actively
accommodatesttange primarily by facilitating species range expansion. In this experiment, over 7,000 seedlings
from nine "futureadapted" tree species were planted across harvest intensities. We examine seedling response
to treatments as a means to promote compositibshifts in species and functional diversity.
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Vermont Agency of Natural Resounggisielines formplementingassisted
migration ofplants onagencylands

Robert Popp, Sandy Wilmdt Nancy Patch Lisa Thorntoh

Wermont Department of Fish and Wildlife
2Vermont Department of Forest, Parks, and Recreation emeritus
SVermont Department of Forests, Parks, and Recreation

In 2015, the Agency of Natural Resources Lands Team appointed a small group to review information on the
climate change adaptation stragg known as assisted migration and present recommendations for
implementation on lands owned and managed by the Agency of Natural Resources. Assisted migration is
typically defined as the human assisted movement of species beyond their historic rangeverdhese

guidelines are broader in scope and also encompass assisted migration and augmentation of populations. The
committee sought to attain two goals: maintaining functional ecosystem services and rescuing species from
extinction. The guidelines prest five tiered options from most passive to most active depending on the
resource involved and the long term goal.

Projected Climate Migrations Based on Summer Heat Inc
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Cold hardiness of American elm crosses bred for Dutch elm disease tolerance

Paul Schabery Gary Hawledy Paula Murakamyj Christopher Haser?, Christian Marks James Slavickk

1USDA Forest Service
2University of Vermont
3The Nature Conservancy

Dutch elm disease (DED) is the primary threat to
American elm{imus americana J.populations in
North America. However, shoot freezing injuryyraso
limit elm productivity and survival in the north. We
assessed shoot cold tolerance and field winter injury f
the currentyear shoots of American elm crosses bred
for DED tolerance planted in a restoration planting in
Lemington, VT. We tested foiffitrences in cold
tolerance associated with season (fall, winter and
spring), maternal DED tolerance source RXhd
Valley Forge), paternal sources from three USDA Plar
Hardiness Zones (5a, 6a and 6b), and the interactions
main effects. Cold tolerece was greatest in the winter,
followed by fall and then spring. Cold tolerance never
differed between maternal sources of DED tolerance.
However, during winter cold tolerance did differ amoni
paternal sources from different hardiness zones;
crosses wittpaternal sources from the coldest zone 5a
were significantly more cold tolerant than sources fron
zone 6b, and sources from zone 6a were intermediate
in cold tolerance. The difference between zone 5a anc
zone 6a cold tolerance means was about 7.4 C, whict
within 1 C of the average difference in winter low
temperature experienced in these zones over the last
30 years. Freezing injury in the field confirmed that
shoots were only marginally cold tolerant relative to
ambient temperature lows. Future breedimegforts
should target sources from temperature zones as low
3a (the coldest zone in the native range of American
elm) to better assure adequate local adaption for
restoration in the north.
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Examining the future forest through tree seedling experiments

Nick Fisichelli

1Schoodic Institute, Acadia National Park

Ongoing and future climate change challenges land managers to foster both current and future forest
ecosystems. The magnitude of potential forest change is matched by the uncertainties in futdigons and
how trees will respond to these conditions. @he-ground research experiments are needed to understand
which tree species will thrive and which will struggle under emerging conditions and to help guide forest
management responses to climatbange. This talk will highlight distributed networks of common garden
seedling experiments contributing to the expanding toolbox of climate adaptation approaches.
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Quantifying the relative projected impacts of climate change and urban growth
on the capallity of the northeast to support wildlife

William V. DeLuc®, Ethan B. PlunkéttBradley W. ComptdnJoanna GrarfdW. Scott SchwenrkKevin
McGarigal

tUniversity of Massaalsetts

2Northeast Climate Adaptation Science Center
SNational Audubon Sodig

4U.S. Fish and Wildlife Service

Climate change and urban growth are projected to be major drivers of environmental change over the next
century and wildlife species distributions are likely to shift to reflect these changes. Therefore, understanding
the relative importance of each of these drivers is vitally important for developing effective conservation
strategies. As part of a landscape conservation design for the northeastern U.S., Nature's Network, we
developed landscape capability models for 8presentative species and applied them to a custom built urban
growth model and climate change projections for the northeast. We then quantified the relative importance of
climate and land use change for shifts to the future distribution of each specieefoMid that, in general, the
future distribution of the 30 representative species will be substantially more sensitive to climate change than
urban growth. When considering only negative impacts of both drivers of change on species distributions,
climatechange also had a substantially greater impact than urban growth. This work will provide users with
information that identifies the primary mechanism by which future species distributions will be influenced.
Management strategies can then be customizedsiamrogate species and the systems they represent with an
understanding of whether climate or urban growth are likely to drive distribution shifts.

Landscape Capability

Habitat
Capability

Product

Climate ; A\ 0 s 1m0 a0
Suitability — wg-f Kilometers
Low High
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Distribution dynamics of mesocarnivore populations along trailing and leading
edges in the northeastelh S.

Alexej P. K. Sirért3 Jilian Kilborfy Toni Lyn MoreflP

IDOI Northeast Climate Adaptation Science Center
2University of Massachusetts

3Department of Environmental Conservation

“New Hampshire Fish and Wildlife Department
5U.S. Geological Survey

The boreaktemperate ecotone of the northeastern
U.S., ecologically important due to cool climate

and sprucePRicea spp-fir (Abies balsaméea

forests, defines distributional edges for carnivore:
such as American marteMértes americangpand
Canada lyr (Lynx canadensisHowever, predicted
declines in snowpack and loss of boreal forest
habitat due to climate change may fundamentally
alter community dynamics. We established 250 X
remote cameras, programmed to collect local :
climate data, along elevationél88-1,917m) and
latitudinal (42.845.3N) gradients to evaluate the
influence of snowpack and vegetative
characteristics on carnivore species' distributions for 5 winters. We used data to estimate occupancy for lynx,
marten, fishersPekani pennan}j baocats Lynx rufuy coyotes Canis latrang and red foxWulpes fulva Snow

depth was the best predictor of occupancy for most species, with forest type/age also acting as an important
predictor. Martens and lynx were positively associated with sites¢batained deep snow whereas fishers,
bobcats, and coyotes were primarily detected at low elevations with shallow snowpack during winter. However,
as snowpack receded during spring, these generalist carnivores were more frequently detected at high
elevatons. Our results highlight that changes in snowpack characteristics are reverberating through wildlife
communities across elevational and latitudinal gradients and that dramatic shifts can occur within a few years.
To gain a mechanistic understanding dafttas influencing range shifts, we are currently evaluating the extent at
which climate mediates biotic interactions (e.g., competition) and biotic factors ameliorate harsh climate
conditions along distributional edges.

L s
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Adowloss ofhorthernforesticors: Dynamics dforealbirds at theedge of
theirrange in theAdirondackPark

Michale Glennor?, Steve Langddn

!Adirondack Watershed Institute
% [ dzf {YAGKQa /2ftfS3S
3Shingle Shanty Preserve and Research Station

The Adirondack Park is in the southerrgef the range for several species of boreal forest birds within eastern
North America. The habitats of these boreal specialists are thought to be particularly vulnerable to climate
change. Effects may include encroachment by trees into open bog landsdapeased competition with

southern plant and animal species expanding northward, and altered timing of annual events like insect
emergence upon which these birds depend for food. Passerine and piciform birds have been monitored in low
elevation boreahabitats in the Adirondacks for more than a decade and most focal species are exhibiting a
pattern of decline. For some, like the boreal chickadee and Lincoln's sparrow, declines are modest. Fer others
such as the rusty blackbird, yelldvellied flycatche, olive-sided flycatcher, and bladkacked woodpecketthe
declines are more troubling. Of the boreal birds, only the palm warbler appears to be increasing in our
landscape. Initial analysis of these data demonstrated that boreal birds in the Adiroreddmki

metapopulation dynamics, are more likely to persist in large, connected wetlands with low human footprint, and
may be moving northward or upslope in response to climate change. More recent analyses have explored the
influence of temperature and prpitation patterns on dynamic rates in order to understand the potential role

of climate change in shaping the future for these species and in an effort to identify potential refugia. These
species appear to be influenced strongly by precipitation pateénthe breeding season and by temperature
characteristics during the nelreeding. Habitat structure appears to mediate bird response to a number of
factors, and the largest open peatland habitats in the park have lower local extinction rates for $yrreils

than boreal upland forest and swamp habitats. Examining changes in these habitats and in the broader bird
community within them is helping us to understand the future of boreal birds in the Adirondacks and the sites
which may be serving as refugia.
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Thecost ofproduction in agreeningworld

Michael T. Hallwort®, T. Scott Sillett Nick RodenhoudeSara KaisérMike Webstet

I Migratory Bird Centeg Smithsonian Conservation Biology Institute
2Wellesley College
3Cornell University

Life histay theory postulates that individuals balance current reproductive investment with future reproductive
potential. Previous work has demonstrated that reproductive investment varies between sexes, age classes and
along habitat quality gradients. Reprodudistrategies likely differ in the amount of effort required, as such

their influence on survival may differ. Furthermore, environmental conditions experienced at the start of the
breeding season contribute to the investment in reproduction. At HubbardiBithe start of the breeding

season is closely tied to spring leaft. During years with warm springs individuals are more likely to double

brood and produce more young. Therefore, reproductive investment is higher in years with warm spring
temperatures ad early leaf expansion. Here, using ldagn demographic data of breeding Blaitikoated blue
warblers we address the following questions 1) is there a cost of reproductive effort on suarid@pdoes the
environment mediate the cost of reproduction?e found that female survival was negatively associated with

the timing of leafout and length of the green
period regardless of age but positively
associated with the number of eggs laid for
experienced females. Male survival was
negatively associated thi within-pair young and
duration of the green period. Our results
support previous findings that the cost of
reproduction differs between sexes and age
classes. In addition, they suggest that
environmental change resulting in earlier spring
and an extendd green period negatively
influences survival of Bla¢kroated blue
warblers. Further research is needed to
determine where within the annuatycle the
cost of reproduction is occurring.
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Climate change effects on water quantity and quality iltNdréhern Forest

Jamie Shanley

1US Geological Survey

Through the 21st century, both air temperature and precipitation are projected to increase in the northeastern
USA. Warmer temperatures will increase the length of the growing season. A longer growingwi#lason
increase annual evapotranspiration by an amount greater than the projected increase in precipitation, thus
reducing streamflow. Lower snowpack and earlier snowmelt combined with higher evapotranspiration will cause
lower water availability in the sumer lowflow
period, increasing the incidence and severity of
drought. Water quality will also shift with the
changing climate. Reduced snow cover will
increase the incidence of frozen ground, which

has been found to liberate carbon and nitrogen
from soilsto streams. Increased organic matter
decomposition from warming may play a role in

the observed widespread increases in dissolved
organic carbon (DOC). We will explore potential
climate effects based on research at Sleepers
River in Vermont and at othensll instrumented
watersheds in the northeastern USA.
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Tracking trajectories and sensitivities in forest water use

Mark Greert 2

IPlymouth State University
2U.S. Forest Service

Forest water use via transpiration is a major way that forests contrdidiggy in the northeastern U.S.
Understanding longerm changes in transpiration is of strategic importance to predicting future floaibkg
forest regulation of climate,

and subcanopy microcimate, | Eygpotranspiration (ET) trendsil /)

just to name a few. Recently ( \

quantified trends in »| the northeastern U.S. ﬁ ﬁt‘
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Effects of extreme high flow events on macroinvertebrate communities in
Vermont strams

Jen Stamp Aaron Mooré, Steve Fiske Anna Hamiltoh

Tetra Tech for Ecological Sciences
2vermont Agency of Agriculture Food and Markets
3Vermont Department of Environmental Conservation (VTDEC)

In August 2011, parts of Vermont experienced mamoding from Tropical Storm (TS) Irene. Here we present
results from an evaluation of stream macroinvertebrate data from nine reference quality sites in Vermont
affected to varying degrees by flooding from TS Irene. Macroinvertebrate data collected thef yleaievent

were compared to samples collected two years prior and two years after. In addition, effects on substrate
composition and periphyton cover were assessed based on pebble count and rapid periphyton assessment data.
Macroinvertebrate density shwed a significant association with TS Irene, with reduced densities the year of the
event. The density reduction was most evident at small to meesizad, higher gradient streams, which, on
average, received the greatest amount of rainfall. Densitiesuated the year after TS Irene. No significant
patterns related to TS Irene were found in the pebble count and periphyton cover data, although the percent of
substrates with no moss or periphyton cover increased the year of the event, most noticeablyiatmvezied,

high gradient streams. These types of data take on added importance as extreme high flow events occur with
greater frequency and magnitude in many areas.
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A simulation modeling approach to investigate hydrologic regime
transformations followingastern hemlock mortality

Kanishka Singh James KnightdnJames P. Lasséjél. Todd Walter

!Department of Natural Resources, Cornell University
°Department of Biological and Environmental Engineering, Cornell University

Eastern hemlocKIsuga canadesig is a foundation tree
species present throughout much of eastern North
America that exerts considerable control over local
hydrologic budget by sustaining yeund transpiration
and consistent spatial patterns of throughfall, thereby
potentially modilating soil moisture, groundwater
recharge, baseflow regime, and stream discharge patter
and volumes. Forest communities dependent on Easter
hemlockregulated microclimatic conditions are
threatened by the hemlock woolly adelgifldelges
tsugad, an nvasive sagieeding insect. Asastern hemlock
serves an important function with regards to hydrologic
cycling as the preponderant contributor to leaff season
transpiration, loss of this species, or a vitiation of its
hydraulic properties, is projected tcause significant declines in the actual evapotranspiration component of the
local water budget. This research applies a simple streamflow and overland flow simulation model to investigate
the potential water balance, soil moisture, and streamflow regooesequences of hemlock woolly adelgid
invasion across 76 USG&iging stations categorized bgstern hemlock health and hemlock woolly adelgid
presence, calibrating key parameters that determine hydrologic conditions to each site with a global
optimizaton algorithm, and investigating relationships between optimal parameter value outputs and gauge
station categories.
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Forest health monitoring in northeastern National Parks

Aaron Weed, Kathryn Millef, Camilla Seirup

INational Park Service, Northeasriiperate Inventory and Monitoring Network, Woodstock, VT
2National Park Service, Northeast Temperate Inventory and Monitoring Network, Bar Harbor, ME

Vistas of colorful fall foliage hold ; F :
tremendous public and media ¢ - IY RS 5 iy Nationar P s

interest, and associated tourism is | v p ot b N e SN
Appalachian National

estimated to add billions of dollars to * Marséh-Billings-Rockefellar b bt

the regional economy each year. Thisis Naue¥inl Historical Park | =5 f ¥

natural spectacle of diverse leaf Saratoga National Y Saint-Gaudai

coloration is based on the physiology FSECIEREE ' - 4 National HistoricSite

of leaf pigments. There are three e ; Saugusfron W}(;,k.sf Parks Of the

primary pigments in tree leaves
green chlorophyll and yellow

Northeast

carotenc_)ld pgments that are in ﬁ:t?;ﬁ; o oy et 7 Temperate
all growing season, and red 1™
anthocyanins that are newly producedts \ : ~ Network

in the leaves of some species (e.g.,
maples, ash, red oak, etc.) during
autumn. The initial change in color
associated with fall color developmen 48 3 e nAriowAL

is the fading of lalorophyll to reveal : ' -

yellow carotenoids that were always B orristown National Morthaast Bagion "=

there but had been masked by green.; il US Dep armrior

This process is triggered by reductions

in day length, but is greatly hastened by exposure to environmental stresses (e.g., drought or seasonal low
temperatures) hat can speed leaf senescence. Environmental stress is also associated with the production of
anthocyanin pigments in the fall. Anthocyanins serve as protective compounds that may help leaves stay on
trees longer and allow for greater sugar and nutrierdagption prior to leaf fall. Greater resource recovery from
leaves before they abscise may benefit tree health and productivity in later growing seasons. The specific timing
and intensity of leaf color displays depends on the interplay of environmengaltrs that either speed up (e.g.,
drought and low temperatures) or slow down (e.g., ample precipitation and mild temperatures) chlorophyll
breakdown and anthocyanin production. Several examples of how these processes can play out across the
landscape wilbe provided.
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Partnering with land managers to guide the search forrEgiftant ash

Jonathan Rosenth&l Radka Wildova Allaire Diamond#l

!Ecological Research Institute
2Vermont Land Trust

The U.S. Forest Service's EAB Resistance Breeding Progra
shown that a small percentage of native ash trees have :
heritable resistance to emerald ash borer and can be used fo

propagation of resistant trees for eventual ash restoration. Th

(MaMA) progranmMonitoringAsh.org) for ash conservation and 2
EAB mitigation, developed in collaboration with Dr. Jennifer
Koch and Dr. Kathleen Knight of the USFS, includes four eitiZZ8g =
science/land manager projects that facilitate the search for s
likely EABesistant "lingring ash". These are native, chemica
untreated trees that persist in healthy condition significantly
after the overwhelming majority of nearby ash have died fro
EAB infestation such trees form the basis for EAdsistance
breeding. To ensure the wadpread restoration of native ash, it
is necessary to find locally adapted lingeristy across the
species' ranges.

One particular project of the of the Monitoring and Managing | LA N
Ash (MaMA) program, the rapidly growing MaMA Monitoring §
Plots Network, reés upon land manager participation to set
aside appropriate trees for monitoring ash mortality to Ay - .
determine when particular EABduced mortality thresholds ~ F&8 B \/ERMON1
have been met in an area. This determination is crucial, beca BB |NVASIVES
lingering ash can only be reliabtientified within particular :
time-windows after these thresholds have been reached.

MaMA Monitoring Plots Network's plot requirements and datg | | EAB Infested Area
recording and reporting protocols were designed by the B Confirmed Infested Area
Ecological Research Institute (ERI) to be-frsendly while High Risk Area

being sufficiently scientifically rigorous to enable reliable
detection of actual lingering ash. Its plots form the only such
network designed specifically to detect when crucial EAB
induced mortalitythresholds have been reached.

* VLT Ash Monitoring Plot (2018)

This talk presentan overview of the scientific basis for the MaMA Monitoring Plot Network, how it fits into
MaMA's overall ash conservation framework, and how partners can participate in it, highlighting in particular
the ongoing role of the Vermont Land Trust in estaliigrand monitoring such plots at several locations in this
state. For more information on the Monitoring and Managing Ash (MaMA) program for ash conservation and
EAB mitigation, please see MonitoringAsh.org.
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Beavefforagingpreferences ananpacts orforest structure in New York's
Adirondack Mountains

Michael J Mahone}; John C. Stelta

IState University of New York, College n¥iEonmental Science and ForgstSyracuse, NY

BeaversCastor canadengigire ecosystem engineers, causing changes at tlistape scale due to a

combination of their damming and foraging behaviors. While these behaviord the impacts they have on
riparian communities have been well studied in several forest regions, they are poorly understood within the
forests of northe@stern North America. Field surveys at 19 beaver locations throughout New York's Adirondack
State Park assessed beaver foraging preferences and the impacts of beaver activity on forest structure and
composition. Forest canopy closure decreased with prdyitoi beaver impoundments, and forest structure

and composition also varied along this gradient. Beavers preferentially harvested stems between 2 and 10 cm
diameter, with the 2 to 5 cm size class most generally preferred. Deciduous species were alsmfiadifer
harvested, with typically disfavored species such as American bEaghg grandifolipharvested at higher

rates than in studies from other regions. Logistic regression models showed clear foraging preferences for stems
closer to the impoundmendf intermediate sizes for all modeled groupings and species. Understanding the
impacts beavers will have on riparian forests in the Northeast is critical as beaver continue to recolonize their
historic range, creating new management challenges and oppiigsrin years to come.
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Managing invasive species in light of climate change

Carrie BrownLimat, Bethany Bradley Toni Lyn Moretffi

INY Invasive SpeciBesearch Institute, Cornell University
2UMass Amherst
3USGS Northeast Climate Adaptation ScienceeCen

The amendment to the Executive Order on
invasive species issued on December 5, 2016 Range of the Hemlock Wd)ky Ade|gid
2ZNRSNBR U0KFEO | 3SYOAS3
impacts of climate change when working on
issues relevant to the prevention, eradication, .
and control of invasive spes, including in Habitable range:
NBE&SENDK YR Y2yAG2NH B Higher-emissions scenario
K2g (G2 R2 GKA&a AayQi Lower-emissions scenario
species managers and policy makers. This tall B Current
will outline some of the ways that climate
change has been shown to influence invasive
species spread anchpact and will provide an
overview of the efforts of the Northeast
Regional Invasive Species and Climate Chang
(NE RISCC) Management Network to address
the gaps in knowledge and translate existing
knowledge into management and policy
actions.
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Foresimanagement on New Yowkildlife managementreas

Katherine Yard

INew York State Department of Environmental Conservation

New York State Department of Environmental
Conservation manages over 120,000 acres of fores
throughout the Wildlife Management Areastgm.
Currently, one of our top forest management
priorities is restoring young forest to improve habita
for wildlife from game species to Species of Greate
Conservation Need. To address that priority, the g
of our Young Forest Initiative is to creaenhance,
and maintain 10% of the forested acreage as youn
forest. To date, we have developed over 40 habitat
management plans and created over 600 acres of [ Qr
young forest using eveaged management and
target species Best Management Practices. We
monitor project areas to document baseline
conditions, avoid impacts to sensitive species, and
evaluate the effectiveness of habitat management. Bird surveys may include target species (woodcock, grouse,
turkey, whippoor-will, golderrwinged warbler), woodland mor surveys, and/or avian point counts.

Preliminary results indicate that whipoor-wills, golderwings, and numerous songbirds have responded to
management. Moving forward, plans are currently in place to manage an additional 2,500 acres, advancing
towards our longterm goal of creating a more diverse forested landscape in the WMA system and contributing
to a collaboration of partners working to restore young forest on public and private lands throughout the
Northeast.
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What dowoodlandowners in thenortheastthink ofbird conservation?

Elizabeth Varands

1American Forest Foundation

How do we best engage family and individual woodland owners in the Northeast in active forest management
with birds in mind? This presentation will highlight our findingew@ some of the major motivations and

challenges related to active forest management
for woodland owners and how the challenges to
A

active management may shift along levels of
engagement. We will also discuss lessons learn
from our Woods, Wildlife an@varblers project;

a partnership with American Forest Foundation,
Audubon Vermont, Vermont Tree Farm and
Vermont Woodlands Associati@which has the
32Kt 2F SldZA LAY I +SNJI
with the tools and resources they need to
manage their forestith birds and other wildlife
in mind.
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Anew paradigm forforestbird conservation: Aolistic approach to managing
for multiple species guilds

Steve Hagenbuch
*Audubon Vermont
Historically forest bird conservation has focused on single species,partycthose which have exhibited

widespread population declines and/or those that utilize a specific forest seral stage. While often successful
these efforts may not prove as broadly effective or efficient as taking a landéeegleapproach that recogres

I 6ARSNJ NIy3aS 2F O0ANR &4LISOASE 3JdAtRad ! RRAGAZYI @&

require fewer resources and serve as a form of proactive conservation. Examples from Audubon programs
throughout the northeast will be used aase studies for a holistic approach to forest bird habitat management.
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Forest bird conservation at Mass Auduldde role of sanctuaries and private
lands

Jeff Ritterson

IMass Audubon

Mass Audubon is a welkcognized leader among the conservat@mmmunity and general public of

Massachusetts, with almost 100 sanctuaries distributed evenly across the state. Currently comprising over
15,000 hectares, continued land protection and management initiatives are prioritized to maximize conservation
value.Meanwhile, approximately 65% of Massachusetts forests are in nonindustrial private ownership, and
scaling up conservation efforts requires work on these lands. A unique take on the Foresters for the Birds model
has successfully promoted forests with divekeertical structure and interspersed canopy gaps to broadly meet
nesting and posfledging habitat needs of forest birds. However, challenges and questions arise during
implementation, mostly surrounding 1) demographic and land ownership patterns ahe 2cblogical

implications of creating young forest. Ideas for potential solutions will be shared, including the introduction of
an online decision support tool for the creation and prioritization of young forest habitat projects. Overcoming
these and othe challenges will better inform management decisions on and off of Mass Audubon sanctuaries,
and improve our collective ability to shape landscapale habitat conditions.

Parcel Priorities for Whetstone Wood
Wildlife Sanctuary

Land Protection Plan Update

Parcel Priorities

I -
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2
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Mass Audubon Ecological Extension Service
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Protecting the Nature of Massachusetts
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Importance of woody debris dynamics in understanding the forest carbon cycle

Shawn Fravet, Chris WoodadE ! y (i K 2 y®Jods Fotre¥tdr (i 2

tUniversity of Maine

2U.S Forest Service, Northern Research Station
SUniversity of Vermont

“N.C. State University

Coarse woody debris (here downed trees >4
10 cm diameter) plays a crucial rofeforest £
ecosystems, where it influences biological
diversity, nutrient cycling, and soil .
development. The current amount of woodEi
debris on a site represents a balance
between additions (forest disturbance) and
depletions (wood decay). Recent interest
the forest carbon cycle, in the context of
global climate change, has highlighted the §
need to better understand woody debris &
dynamics, particularly the controls of decay
rates. One particular knowledge gap
concerns the effect of woody debris 'burial’
by colonzing mosses (a common occurrence
in our northern conifer forests), which is thought to slow decay rates. We present here a set of ongoing
experimental studies, as well as results from our recent empirical studies, that characterize woody debris
dynamics éllowing forest disturbance. Our empirical work in-gjicbwth red spruce forests demonstrates

dramatic fluctuations in woody debris mass, with amounts fluctuating between ca. 15 and 45 Mg / ha over a
100-year period, as the balance shifted between addisidrom disturbance and depletions from decay. A

related study- using uniformsized, fabricated 'decay stakeseveals higher decay rates under experimental

forest canopy gaps when compared to those under intact forest canopies, presumably the rediatext
microclimates. An additional, ongoing study using decay stakes, some of which are placed below moss cover, is
designed to test the influence of moss 'burial' on wood decay rates. Taken together, these studies are shedding
light on the woody debridynamics and clarifying an important and undgudied part of the forest carbon

cycle.
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Major species of the Northern Hardwood forEs#luating trends and
environmental drivers of growth in the state of Vermont

Rebecca L. StetnPaul G. SchaberdgShdly A. Raybadk Chris F. HansgrPaula F. MurakadiGary J. Hawléy

IRubsentein School of Environment and Natural Resources, University of Vermont
2USDA Forest Service
3Depart of Geography, University of Vermont

Vermont is known for the Northern Hardwd Forest's iconic species: sugar mag
(Acer saccharum Marshyellow birch Betula alleghaniensis Brittpnand
American beechHagus grandifolia Ehrh.With a changing climate, understandin
the future of these forests is dependent on our knowled@éaw tree species
have responded to anthropogenic factors such as climate change and pollutio
inputs in the past. Experimental evidence indicates that these factors can
significantly alter the health and productivity of some tree species. We are
examinirg the three major species of the Northern Hardwood Forest, as well a
red maple Acer rubrum L), a species whose abundance has increased in this
region over the past few decades.

43| Page
Proceedings of the December 14, 2018 Forest Ecosystem Monitoring Cooperative Conference



Longterm monitoring reveals forest community change driven by atmospheric
deposition and contemporary climate change

Brittany Verricd, Jeremy Weilant TimothyPerkins, Brian BeckadeStephen Kellér Stephen Kellér

tUniversity of Vermont

Temperature and atmospheric
pollution have been shown to influence
forest communitycomposition, as well
as the productivity and distributions of
individual tree species. Empirical
studies however, demonstrate
conflicting individualistic and
community level responses regarding
elevational range shifts and often
ascertain the importance of
environmental drivers for individual
species. In this study, we seek to
investigate patterns of biodiversity
along environmental gradients by
modelling community turnover, or the rate of change in beta diversity, which can be quantified using pairwise
changes in species composition (e.g. dissimilarity). We couple Generalized Dissimilarity Modelling (GDM) with a
long-term forest tree inventory (years 196815) on Camels Hump, VT to (1) characterize how the elevational
gradient in forest community composit has shifted over a 5@ear period, both in terms of beta diversity and

the relative distribution of individual species, and (2) determine the relative importance of atmospheric

pollution and climate change as drivers of temporal shifts in forest comtieaniThe rate of compositional

turnover along the elevational gradient was highest between-800m elevation, the area encompassing the
borealdeciduous ecotone, and decreased in lower and higher elevations. While the pattern of turnover was
consistent @er time, the total magnitude of community change was significantly reduced in the last census,
consistent with a more homogeneous forest community. Notably -ehédation forests have shifted from high
diversity with few dominant species to lower diveysitominated by red spruce, Balsam fir, and American

beech. At low elevations, red spruce first contracted then expanded its range in 2015, and sugar maple has been
in decline. We provide evidence to support realized niche expansion of red spruce inVawiosis, possibly as

a result of competitive release due to sugar maple decline. Temporal models showed S deposition and mean
annual temperature are significant drivers of temporal changes in forest communities, which corroborates
previous findings of thelimate effects on northeastern forests, as well as the role of recovery from acid
deposition.
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Ecosystem services and biodiversity as outputs of forest stand development in
the American Northeast

Dominik Thont, Marina Golivets Laur Edling, Garrett Mégs’, Jesse GourevitéhLaura Sontér Gillian
Galford, William Keetoh

tUniversity of Vermont
2Oregon State University
3The University of Queensland

The composition and structure of Study Area

forest ecosystems shift across -
successional stages. These shiftgalri| =+
changes in the provision of ecosystel
services and habitat conditions for
forest-dwelling species. Anecdotal
evidence suggests that not all
ecosystem services and species
respond similarly to forest
succession, thus creating potential
trade-offs betweenmanagement
objectives. The impacts of climate
change on these relationships are also expected to be heterogeneous, leading to emerging challenges to
manage ecosystem services and biodiversity. To address these challenges, we (i) quantify ecosystem service
and biodiversity along a stand development gradient, (ii) identify traffie and synergies related to forest
succession, and (iii) assess sensitivities of ecosystem service and biodiversity indicators to climate.

Site ecoregion
© Temperate forest
© Boreal forest

Forest density
o e

o r [ Patchy

[ Transitional

[ Dominant

I Interior

I Intact

o

We complied a dataset of 18,643 indival forest plots from forest survey databases and pestiewed

literature, and gathered additional information about site conditions from various data sources. Our dataset
comprised five carbon storage indicators, one growth indicator, and three biailiyéndicators. We used

Bayesian generalized linear models to assess the effects of environmental conditions and forest vegetation on
each of these indicators. In particular, we derived the partial effects of dominant forest age as indicator for
stand deelopment.

The combined performance of carbon storage, forest growth, and biodiversity was lowest in young and highest
in old forests. In particular, carbon storage increased over stand development while growth rate peaked at an
early mature stage, followkby a decrease and a subsequent increase of growth in old forests. Biodiversity did
not change markedly with stand age but was highest in mature forests. The response of carbon storage, growth,
and biodiversity to increasing temperature and precipitatiegre highly variable.

Indicator performance differed markedly, implying multiple traafés and synergies related to stand

development. However, the results have clear implications for sustainable forest management. The low
performance of all indicators young stands suggests that forest management should avoid resetting forest
development to early successional stages on a large scale. Conversely, the high performance of late
development stages indicates old growth forest should be prioritized in managiesnbemes to maximize
ecosystem performance. These implications are particularly important for some indicators to maintain high
performance under climate change.
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What have wéearned fronmonitoringMl A yeSodgicareserves?

Andy Cutkd, Justin Schigin?, Christian KuehrfeDon Camerof) Aaron Weiskitté] Joshua Puhliék

The Nature Conservancy in Maine
2Maine Natural Areas Program
SUniversity of Maine

Approximately 50 locations totaling 175,000 acres make up Maine's
Ecological Reserve System. Makrcological Reserves were established i
2000 as benchmarks for monitoring change over time, and they encomps
some of the most ecologically important places in Maine, extending from:
the Southern Maine coast to the boreal forest and from sea level to ove
4,000 feet in elevation. As of 2017, plots in 20 Reserves were remeasur
years after initial inventory, which allowed for the first analysis of chang
over time. Furthermore, this initial assessment of Ecological Reserve ;
Monitoring data quantified dferences in forest structure and composition
between Reserves and Maine's managed forests. '

Stand metrics analyzed at the plot level included live tree basal area, verj
large live trees per acre, standing dead trees, large standing dead trees
acre, ptal and large downed woody debris volume, and various growth aj w )
yield metrics. US Forest Service Forest Analysis and Inventory (FIA) dat:
from managed forests across Maine were used to calculate the same
metrics. Mixed effects modeling was used to evéuhe influence of <
program (i.e., Ecological Reserve Monitoring or FIA) and time (inventory
round 1 or 2 for Ecological Reserve Monitoring plots) on the studied metrics.

Multiple metrics suggested greater stand complexity on Ecological Reserves thageddogestland in Maine.

This result was most evident in two attributes: very large live trees per acre and large standing dead trees per
acre. The means of these two metrics were nearly twice as high on Ecological Reserve plots compared to FIA
plots on managed forestland. Ecological Reserves plots also had significantly greater mean live basal area and
downed woody debris. These results confirm findings of other studies that have shown the abundance of
ecologically valuable structural forest attributes@mmonly greater in unmanaged than in managed forests.
More specifically, The Nature Conservancy's Big Reed Forest in northern Maine is one of the Northeast's largest
tracts of old growth forest. Using results from 25 Ecological Reserve plots of BigpReehparison, much

greater structural complexity can be expected in old forests with no history of harvest. In particular, very large
live trees per acre, large snag density, and total downed woody debris volume were all considerably higher on
Big Reed Hest.

Our assessment of teyear changes indicated that Ecological Reserves are still accumulating volume, partially
reflecting the past harvesting history of many sites prior to their formal establishment as Ecological Reserves.
Longer term sampling dataill be needed to verify trends over time. The latitudinal and elevation gradients
covered by the Reserves, coupled with the variety of habitats encompassed, suggest that the Reserve system
will be an ideal outdoor laboratory for observing long term forgsanges in the Northeast.
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Trends (?) iexchangeableations afterfifteenyears into a 15§ear soil
monitoringstudy

Don Ros% Scott Baileyy Angie Quintand Thom Villars Sandy Wilmdt Jim Duncan

Plant and Soil Science, University of Vermont
2USDA Forest Service

SUSDA NRCS

“Vermont Forests Parks and Recreation
SForest Ecosystem Monitoring Cooperative

Continued monitoring of forest soils is crucig®
for detecting, predicting and addressing
environmental change. In cooperation with
the FEMC, whlave established a loAgrm
soil monitoring study on five plots in
Vermont. Three are around Mt. Mansfield
and two are in southwestern Vermont in thegs
Lye Brook Wilderness Area. Elevation rang¢gs
from 590 to 1140 m with forest type varying:3
from typical norhern hardwood Acer =
saccharum, Betula alleghaniensis and Fag
grandifolig) to highelevation sprucdir -
(Picea rubens and Abies balsadaach 50 x
50 m plot contains 100 5 x 5 m subplots wit ' :
sampling date assigned randomly (10 per date). The initiapiag of these plots took place in the summer of
2002, and resampling occurred in 2007, 2012, and 2017. Following intensive understory and overstory
vegetation inventories, small pits were dug in the center of each plot and the soils were sampled getietiy
horizon and depth increments. All B horizon samples have been analyzed for exchangeable cations and we will
discuss temporal trends, or lack thereof, in exchangeable calcium, aluminum, magnesium and potassium.
Analysis of mercury, carbon and niteagis in progress. Methodological challenges include the intrinsic

variability within and among subplots, which affects our ability to detect temporal changes. One plot on Mt.
Mansfield presents thoughprovoking spatial differences in exchangeable calgimls. Ongoing challenges of

the monitoring study include sustainable funding, robust lbegn storage of samples, and continuity of

sampling efforts. Continued sampling will allow detection of soil change in response to a changing climate,
shifting abidic stressors, and transitions in vegetation, providing an assessment of impacts independent of land
management.
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Forest disturbance: there is more of it than you think

WI NI | (-BunéQb SA

tUniversity of Vermont

Forest fragmentation in the Northeatt challenging to map, monitor, and measure. It often occurs at very fine
scales and for most of our history the remote sensing technologies available to us either lack the spatial
resolution or were too costly for us to carry out detailed forest distudgmapping. The availability of

statewide highresolution imagery and LIDAR has changed this in Vermont. This presentation will discuss how
these technologies are being used to quantify not only the fragmentation but identify its causes. Spoiler alert:
there is a lot more forest fragmentation than you think.
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Trackingparcelizatiorovertime toinformplanning andpolicy

Jamey Fidé| Kate McCarthy Brian Voitf

/ermont Natural Resources Council
2Rubenstein School of Environment, UVM

Parcelization, pthe breaking up of land into smaller and smaller parcels:5 "« 2588
typically occurs through subdivision. Subdivision, and subsequent land %
conversion and development, can negatively affect plant and animal &=

species, wildlife habitat, water quality, recreational @sg, and the ability \‘2'-
of forests to sequester and store carbon. Increasing parcelization and
subdivision can also affect the contiguous ownership, management, ant
viability of forest parcels, and reduce their contribution to the working &
lands economy.

the U.S. Forest Service, Vermont may have lost 102,000 acres of foresj
from 2012 to 2017 (Morin et al., 2017). Tanmmize forest loss and '
fragmentation, it is necessary to understand where parcelization and
subdivision are occurring, and the rate at which they are occurring; however, to date there has been no
systematic way to track trends in Vermont to inform plamgnand resource management.

A recent project was designed to track and analyze parcelization trends on private land in Vermont by utilizing
Grand List (tax) data, as well as Use Value Appraisal Program data, from 2004 to 2016. As part of the project,
project partners developed a database of parcels in the state, compiled by size class and various other metrics,
with a focus on large parcels and forestland, In addition, project partners developed a website with "data
explorer tools" to examine parcelizatiarends at the town, county, regional planning commission, and state

level.

This presentation will examine key parcelization trend findings (see below), provide a brief tutorial on the
parcelization website, and identify priority policy and research reoemdations.

Key Findings:

1 Both the amount of land in parcels 50 acres and larger, and the number of parcels 50 acres and larger
are decreasing, while both acreage, and the number of parcels under 50 acres, is increasing.

1 The number of acres in the "regidtial" category is increasing, while "farm" and "woodland" acreage is
decreasing. "Woodland," which represents undeveloped forestland parcel acreage, decreased the
fastest.

9 Across the state, the peacre value of land in Vermont nearly doubled during shely period, though
increases varied greatly depending on location.

1 Most dwellings are built on smaller parcels compared to larger parcels.

1 The Use Value Appraisal Program is playing a role in protecting large woodland parcels.

Morin et al (2017). Forestof Vermont, 2016. Resource UpdatelAS. Department of Agriculture, Forest
Service, Northern Research Station. Available at https://www.fs.fed.us/nrs/pubs/ru/ru_fs119.pdf
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Progresseport: Aligning thé&ortheastern States Research Cooperative and
Fore$ Ecosystem Monitoring Cooperative

Elissa Schuett William Bowdeh Anthea Lavallee William McDowefl, David Newmath AaronWeiskitteP,
Christopher Wooddl

tUniversity of Vermont

°Hubbard Brook Research Foundation
SUniversity of New Hampshire

SUNY BS

SUniversity of Maine

8USDA Forest Service

Northeastern States Research
Cooperative (NSRC) has long served

Northeastern States
Research Cooperative T

source of research funding for the
Northern Forest region having Knowedge to guide the future of S

awarded more than 300 grants

totaling nearly $24 million to more
than 50 instiutions and agencies over
the past 17 years. At the last Forest
Ecosystem Monitoring Cooperative
(FEMC) annual meeting, a vision was
outlined for aligning NSRC and FEMC
while recruiting stakeholder
engagement to embolden greater
regional impact. In the pagear,

efforts to further this vision have been Recent Project Findings

The Northeastern States Research Cooperative (NSRC) is a competitive grant program funded by I B AT

Impacts of Recreation Activity on Wildlife
Communities in the Adirondacks

Researchers in the Adirondacks found that numbers of loons and
their number of years on 2 lake were related to timing of aquatic
recreational activity between ice out and Memorial Day and to
activities such as Jet Sk, paddle board, swimming, waterskiing,

and tubing. Read More

INTEREST AREAS: Conservation & Biodiversity, Land Use
Planning & D« Recreation & Tourism, Wildlife

Masterimages

pursued and will be presented in Drief e usoacores service s supporting cross-iscpinary colaboratv reserch nthe Northern i i o

Forest — a 26-million acre working landscape that is home to more than two million residents and

here. A business report highlighting  ecches from eastern sine hrough new Hampshire and vermont nd o nerthern Nev vorkc

The NSRC addresses the importance of the Northern Forest to society and the need for research i Sustainable Tapping Guidelines for Birch

Syrup Production in the Northern Forest

achievements of NSRC OVEr thE PAST ... eince s bench o the peopl wis v troresor it o resourcen s
17 years was released, a regional e

stakeholder meeting conducted, and potential partnership wiith Northern Borders Regional Commission
explored. As an outcome of these efforts, current concerns and future priority research areas were identified.
The primary concerns included: (1) understanding environmental change effects on local ecological and
economic systems and (2) better connecting science to the public via outreach and communications. Key priority
research areas were: (1) rural and fordstsed socioeconomics; (2) invasive species; (3) effective science

linkages to policy; (4) sustainable ést management; (5) regional patterns in land use and effects of
fragmentation; and (5) ecosystems services, particularly energy and carbon. These have helped guide a future
organizational structure of NSRC and clearly showcases the need to maintaingapsrtnership with FEMC.

These outcomes and future vision will be more fully showcased in the presentation.
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Young anald foresttargets for arecologicallyfunctionallandscape

Bob Zaind

Wermont Fish and Wildlife Department

Northeastern States Reseh Cooperative (NSRC) has long served as source of research funding for the
Northern Forest region having awarded more than 300 grants totaling nearly $24 million to more than 50
institutions and agencies over the past 17 years. At the last Forest Emosykinitoring Cooperative (FEMC)

annual meeting, a vision was outlined for aligning NSRC and FEMC while recruiting stakeholder engagement to
embolden greater regional impact. In the past year, efforts to further this vision have been pursued and will be
presented in brief here. A business report highlighting achievements of NSRC over the past 17 years was
released, a regional stakeholder meeting conducted, and potential partnership with the Northern Borders
Regional Commission explored. As an outcome dafaledforts, current concerns and future priority research

areas were identified. The primary concerns included: (1) understanding environmental change effects on local
ecological and economic systems and (2) better connecting science to the public e@chuand

communications. Key priority research areas were: (1) rural and fbaesgd socioeconomics; (2) invasive

species; (3) effective science linkages to policy; (4) sustainable forest management; (5) regional patterns in land
use and effects of fragnmtation; and (5) ecosystems services, particularly energy and carbon. These have
helped guide a future organizational structure of NSRC and clearly showcases the need to maintain a strong
partnership with FEMC. These outcomes and future vision will be fatlyeshowcased in the presentation.
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Flowerbrookwatershedphosphorusnitigation: Landscapassessment and
projectimplementation

Hillary Solomon, Kathleen Doyfe?

PoultneyMettowee Natural Resources Conservation District
°Doyle Ecological Seces
SMiddlebury College

Flower Brook Landscape Assessme
The Poultney Mettowee Natural Resources

Conservation District (PMNRCD) and Doyle Ecologic:
Services (DES) partnered to create a landscapde
assessment of a geomorphically unstable, forested,
headwater watershed. The aim dfg assessment was
to identify conservation and restoration projects to
mitigate or attenuate phosphorus sources and to
enhance or conserve phosphorus sinks within the
Flower Brook basin, a subwatershed of southern Lake
Champlain.

The project had four nia steps: mapping the
watershed characteristics, field truthing the maps,
identifying and prioritizing restoration and conservatior &=
projects, and implementing at least one of the y
identified projects. The assessment involved examinin
GIS data layers and migulating them to show areas
with specific overlapping features that could be used to identify
landscape areas that were either sources or sinks of phosphorus- gullies

The landscape assessment was completed in tandem with other hydrologically-connected roads
ongoing assessments in an effortadd to the inventory of projects
in the watershed with a focus on attenuating phosphorus and
conserving or enhancing phosphorus sinks.

culverts

erosion risk roads

Doyle Ecological Services used the raster calculator to weigh and combine GIS data layers to create numerical
gradatins encompassing multiple characteristics related to phosphorus stability on the landscape. The Brynn
and Underwood paper, Enhancing Flood Resiliency on Vermont State Lands, and Vermont Conservation Design
mapping served as important cornerstone studieduiaficing this work. Four maps were created: Vulnerable

Areas Most Likely to Contribute Phosphorus, Phosphorus Attenuatitigh Priority Areas, Restoration and
Conservation Priorities,na High Priority Riparian Areas.

The Conservation District used gemaps to identify project opportunities, reach out to landowners, and
implement a gully stabilization project on a tributary to Flower Brook. The District will use the information from
the mapping exercise to implement a variety of projects and is mdniggahe Flower Brook Watershed closely

to determine the effectiveness of their conservation work. The watershed is also the focus of a High Meadows
Fund Flood Resiliency Grant and several other studies that all work to decrease flood and climate Vitiegerabi
and implement higkpriority restoration projects.
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The two maps, Restoration and Conservation Priorities, and High Priority Riparian Areas, were created by DES to
inform conservation work by the District. Among other combinations of features, timeges show highly

productive lands with no forest cover, including areas within riparian and wetland buffers. The District can use
these maps to target specific landowners and can update the maps to show changes over time with respect to
conservation or feested status within high priority segments and can document cumulative changes on the
landscape due to conservation practices that they and partners implement.
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Bringing Vermont Conservation Desigprieate landowners in the VT Coverts
Cooperator Netwik: strategies,challenges, andreas ofopportunity

Carolyn D. Loeb

tUniversityof Vermont

Vermont Conservation Design is a new Your Property & Vermont Conservation Design
statewide vision for an ecologically S R

functional future. But how do we translate WA ' '
this conservation roadmap into ethe-
ground action, especially given that much
of Vermont is privately owned and
increasingly parcelized? Join UVM Field
Naturalist graduate student Carolyn Loeb
as she shares her experiences, results, ar
lessons learned from a summer pilot
project for Vermont Fisi& Wildlife and
Vermont Coverts during which she
introduced the new design to twelve
private landowners in the Coverts
Cooperator Network. Her findingshough
preliminary-suggest that there are reasons
to be optimistic when working with this
demographic.

You are
here

WHITE MOUNTAINS OF

NEW HAMPSHIRE

ADIRONDACK MOUNTAINS OF NEW YORK

Legend
[ ¥ | Your Property

[ Highest Priority Interior Forest Blocks

[ Highest Priority Physical Landscape Diversity Blocks

[ Highest Priority Surface Waters & Riparian Areas

[T Highest Priority Connectivity Blocks

[ Highest Priority Riparian Corridors

[ Priority Interior Forest Blocks

[ Priority Connectivity Blocks

Note: Some locations in Vermont are listed in multiple categories. In this map,
re can be e

atu n area.To interactively explore
tgovimaps/biofinder.
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Staying relevant: a cooperativelgsigned online database to house natural
resource survey data collected by citizen scientists

Jason Hil, Mike Finnegaf Jim Duncah

Wermont Center for Ecostudies
2Forest Ecosystem Monitoring Cooperative

Citizen s@nce has emerged as a global phenomenon and tool to conduct ecological research at unprecedented
scales, and citizen scientist projects have correspondingly grown in scope and geographic scale. For example, the
popular iNaturalist program grew out of a Mags project in California in 2008 and now includes more than
750,000 observers around the world. As the popularity of citizen science projects grows, so too does the
challenge to efficiently collect, store, and retrieve those data. Furthermore, congrefitr attracting and

retaining citizen scientists has also increased. In a recent study of volunteer interaction with online tools,
volunteers identified "format" and "professional appearance" of the tools as having the greatest effect on their
decision b use them. With these ideas in mind, the Vermont Center for Ecostudies and the Forest Monitoring
Cooperative recently developed an online data entry portal and database for the citizen science project,
Mountain Birdwatch. This project is an initiativethg Vermont Center for Ecosystems to engage wildlife
enthusiasts, and to harness the power of the public to conduct wildlife monitoring across northern New England
and eastern New York. Until 2017, Mountain Birdwatch had used the same online databadevwsthuctural

or cosmetic changes) for more than a decade, and the outdated appearance and limited functionality of the
database likely stymied citizen scientist participation and lowered volunteer retention rates. At the same time,
the volume of data rsulting from >20,000 bird surveys since 2010, necessitated finding technological solutions
to collect and manage and automate error checking of this growing mountain of data. In our talk, we will outline
our collaborative design process and showcase tlseltimg online data entry portal and database that are now
used by Mountain Birdwatch citizen scientists.

Mountain Birdwatch
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Establishindpaselinedistributiondata on Vermont'septiles andamphibians:

the 2018maps andspecies tawvatch

Jim Andrews
Wermont Reptile ad Amphibian Atlas

The Vermont Reptile and Amphibian Atlas has just finishe:
updating its maps showing the current distribution of
reptiles and amphibians in Vermont. Establishing current
baselines of distribution will allow us (and others) to monit
changes in distribution as a result of climate change, habit:
loss, habitat fragmentation, and habitat degradation.
Eastern Milksnake distribution very closely matches currer
hardiness zone 4B and would be expected to track its
movement in coming years primed it is able to safely
colonize appropriate habitat further north and east. Other
lowland species such as DeKay's Brownsnake and Gray
Treefrog may also extend their ranges into higher elevatio
and further north and east and anecdotal reports suggest
this is happening. Mink Frogs are a northern species whos
range extends into northeastern Vermont. It is a species tf
might be expected to disappear from Vermont in coming
decades as the climate warms. Boreal Chorus Frog, anottr
northern species, appeatto have already been extirpated
from Vermont. We do not know if this extirpation was
climate change related or not. We will explore some of the
new maps and how species ranges might change in the
future if habitat and movement conditions allow.

Page| 56

Uncommon in Vermont
Please Report All Sightings

Records in Vermont of
Lithobates septentrionalis
Mink Frog

I orrent Record (1993 through 2017)
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Usingremotetriggered camera traps to describe patterns of mammal species
richness and abundance in relation to anthropogenic and ecological factors

Alyssa Valentyh Declan McCabeJade JanvisOlivia RichardsdnSchyler SchewgeEthan Brooknér

Saint MiKF St Qa /2t S3S

The Saint Michael's College Natural Area in Colchester, Vermont is a fragmented agricultural floodplain which
will soon undergo landise changes, including floodplain restoration and increased trail use. In a series of study
periods from May 2017 through July 2018, we set camera traps to describe the distribution of mammals in
suburban Vermont in relation to the following anthropogenic and ecological factors: 1) human presence, 2) level
of development, 3) presence of compost, 4) forest kamlity, and 5) wetland habitat availability. Among
anthropogenic factors, we found a lower abundance of species at regularly visited cameras and the opposite
trend at compost sites; and elampus species richness was significantly greater thacaarpus Among

ecological factors, we found more species in wooded habitats than in open habitats; and no difference between
wetland and upland species richness. Because anthropogenic factors tended to decrease animal richness but
increase abundance, we conclutt&t restoration to a more natural state may be beneficial to the area's
biodiversity.
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Monitoring theeffects ofprescribedurns oncommonnighthawkpopulations
in New Hampshire's Ossipee Pine Barrens

Jason Mazurowski
!Department of Plant Biology,efil Naturalist Program, University of Vermont

Common nighthawksghordeiles mingr once widespread throughout the Northeast, have been in rapid decline
since the 1980s. A decline in insect diversity, combined with a lack of early successional hakitatght to

be major contributors. The Ossipee Pine Barrens Preserve, owned and managed by The Nature Conservancy,
represents one of the only locations in New Hampshire supporting breeding populations in their natural
environment. Beginning in 2007, TNature Conservancy has treated over 1,000 acres within the preserve
combining prescribed burns, smattale timber harvests, and regular mowing to maintain and regenerate pitch
pine-scrub oak woodland communities. Partnering with New Hampshire AudubdtharNew Hampshire

chapter of The Nature Conservancy, 2018's monitoring project yielded updated estimates on distribution and
abundance of nighthawk populations. A quantitative analysis of vegetation characteristics at 8 confirmed
nighthawk nest sites, eobined with extensive observations of nesting behavior throughout the breeding season
suggest that a small but stable breeding population has persisted in the pine barrens, and has responded
positively to management regimes.
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