
Cover page - add image, FEMC logo, Conference title

Proceedings of the december 14, 2023 
forest ecosystem monitoring cooPerative 

annual conference:
Forests as Solutions to Climate Change, 

Biodiversity, and Well-being



2 2023 FEMC Annual Conference Proceedings

Contents
About the Forest Ecosystem Monitoring Cooperative 4

Proceedings of the December 14, 2023 Forest Ecosystem Monitoring Cooperative 

Annual Conference:                   5

Forests as Solutions to Climate Change, Biodiversity, and Well-being 5

Plenary Presentation and Panel Discussion 8

Opportunities for Impact 9

Panel Discussion 10

Contributed Talks - Concurrent Sessions 12

Fire Adapted Forest Ecosystems 12

Riparian Forest Management 14

Winter Monitoring and Management 16

Community and Citizen Science 18

Old Forests, Land Use, & Planning 20

Forest Management and Restoration 24

Climate Adaptation 28

Northeastern States Research Cooperative (NSRC) 31



Forests as Solutions 3

Working Sessions 35

Assessing the potential of a management toolbox for Northeastern alpine 
ecosystems                  35

Implementing forest adaptationstrategies for northern hardwood, mixedwood, and 
spruce-fir forests                 37

Regional snow and mountain weather observation networks 38

Creating a rapid response tree rescue network 40

Poster Session 42

Photos from Presentations clockwise from top left 1) Liz Thompson, 2) Anthony 
D'Amato, 3) Kyle Lima, 4) Andy Wood, 5) Bill Keeton



4 2023 FEMC Annual Conference Proceedings

Providing the information needed to understand, manage, and protect the region’s forested ecosystems in a 
changing global environment. 

Established in 1990 and ratified in 1996 via a memorandum of understanding between the Vermont Agency 
of Natural Resources, the University of Vermont, and U.S. Department of Agriculture (USDA) Forest Service, 
the Forest Ecosystem Monitoring Cooperative (FEMC, formerly the Vermont Monitoring Cooperative) has been 
conducting and coordinating forest ecosystem monitoring efforts for thirty-three years.  

Originally designed to better coordinate and conduct long-term natural resource monitoring and research 
within two intensive research sites in Vermont (Mount Mansfield State Forest, the Lye Brook Wilderness Area of 
the Green Mountain National Forest), FEMC efforts have since expanded to capture relevant forest ecosystem 
health work across the northeastern region with an expanding list of partners from Maine, Massachusetts, New 
Hampshire, New York, and beyond.

Today, the FEMC funding stems primarily from a partnership between the USDA Eastern Region State & 
Private Forestry as part of the Cooperative Lands Forest Health Management Program, the Vermont Department 
of Forests, Parks and Recreation, and the Rubenstein School of Environment and Natural Resources at the 
University of Vermont. Staff affiliated with the University of Vermont handle the majority of FEMC operations. 
While FEMC funding primarily supports ongoing monitoring, outreach and data management, contributions by 
the larger collaborative network are essential to the advancement of FEMC work. Cooperators participate on 
advisory committees, contribute to the data archive, and share knowledge across the region. 

The current mission of the FEMC is to serve as a hub of forest ecosystem research and monitoring efforts 
across the region through improved understanding of long-term trends, annual conditions and interdisciplinary 
relationships of the physical, chemical and biological components of forested ecosystems.  These proceedings 
highlight the breadth of activities undertaken by cooperative contributors and demonstrate the potential of 
large collaborative networks to coordinate and disseminate the information needed to understand, protect and 
manage the health of forested ecosystems within a changing global environment.

Online at https://www.uvm.edu/femc/
FEMC Steering Committee and State Coordinators – https://www.uvm.edu/femc/cooperative/committees
FEMC staff – https://www.uvm.edu/femc/about/staff

Forest Ecosystem Monitoring Cooperative

https://www.uvm.edu/femc/ 
https://www.uvm.edu/femc/cooperative/committees 
https://www.uvm.edu/femc/about/staff 
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Introduction to the Proceedings

The Forest Ecosystem Monitoring Cooperative held its 33rd annual conference on December 14, 2023. The 
conference was held in-person at the Davis Center as well as online, making it the second year of offering the 
conference in a hybrid format. The conference theme was Forests as Solutions to Climate Change, Biodiversity, 
and Well-being. The conference provided a space to discuss trends in and methods to address a range of forest 
disturbances and disruptions. Practitioners and researchers discussed how the community of practice can 
promote the ability of forests to meet their potential as a key component of addressing many challenges for the 
thriving of socioecological systems.

The conference offered a plenary session and panel discussion; a summary of forest trends across the 
Northeast presented by Director Alison Adams; eight tracks for contributed talks including for the first time a track 
for NSRC-funded projects; four working group sessions; and a poster session. Justin Perry, the outgoing FEMC 
Steering Committee Chair, opened the conference with introductory remarks, followed by a brief presentation 
by FEMC Director Adams about the work FEMC has done this year, changes within the organization and its 
broader network, and what FEMC is looking forward to in the coming year. Alison introduced the plenary speaker, 
Heather Furman, who is the Director of the Appalachians Program at The Nature Conservancy. Heather shared 
reflections on the conference theme in the specific context of the Appalachian ecoregion, demonstrating with 
specific examples how forests are a critical component of addressing our climate and biodiversity crises while 
supporting human and more-than-human thriving. Heather followed her talk by moderating a panel discussion 
on the same topic with Dr. Alexandra (Ali) Kosiba (UVM Extension Assistant Professor of Forestry), Tim Duclos 
(Audubon Vermont Forest Program Senior Associate), and Dr. Michelle Kondo (US Forest Service Research Social 
Scientist).

More than 230 attendees registered for the conference, and approximately 30 attended virtually. The 
hybrid format provided maximum flexibility for attendees, allowing those located further afield to participate 
in the conference without the additional cost of travel, and also allowing those with health concerns or other 
considerations to attend. The virtual portion of the conference was offered via Teams, with a separate meeting 
link for each session. Attendees reported that this system was relatively easy to use and that the cameras and 
microphones provided a high-quality experience of the otherwise in-person event. Survey responses show 
strong support for continuing to offer a hybrid event in the future. Attendees indicated that they particularly 
appreciated the broad scope of the plenary talk, as it set the stage for the more in-depth explorations of specific 
topics covered in the contributed talks and working sessions throughout the day.

These proceedings include presentation summaries, abstracts, and outcomes compiled by FEMC staff as a 
resource for forest professionals from across the region. Additional materials, including presentation recordings, 
downloadable PowerPoint presentations are available at the conference webpage: https://www.uvm.edu/femc/
cooperative/conference/2023.

https://www.uvm.edu/femc/cooperative/conference/2023.
https://www.uvm.edu/femc/cooperative/conference/2023.
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Forests as Solutions to Climate Change, Biodiversity, and Well-being 

A conference planning committee was formed to define the conference theme and recommend plenary 
speakers to invite. The committee included Eli Ward (Connecticut Agricultural Experiment Station), Alana Russell 
(Rhode Island DEM), Julianna White (Northeastern States Research Cooperative), Meg Fergusson (University of 
Maine), Jess Cancelliere (New York State DEC), Logan Johnson (Maine TREE Foundation), Alison Adams (FEMC), 
and Elissa Schuett (FEMC).

Several sessions were held to discuss the conference theme, using guidance from the 2022 post-conference 
survey to identify the general theme of emerging technology as a topic. Members were interested in tying 
together the many roles of forests in addressing cross-cutting challenges in socio-ecological systems. The selected 
theme was “Forests as Solutions to Climate Change, Biodiversity, and Well-being.”

The plenary discussion was developed to set the stage for the day by situating forest stewardship, 
management, and conservation work within the context of the benefits of forests in the Appalachain eco-region. 
The planning committee identified Heather Furman, a long-time leader in forest conservation in the Northeast 
and recent appointee to Director of The Nature Conservancy's Appalachians Program. The panelists each brought 
a different perspective to the conference theme, from the role of forests in carbon storage and climate change 
mitigation (Dr. Kosiba), to the increasing attention to the ability of nature to improve human health (Dr. Kondo), 
to the critical role our forests play in maintaining biodiversity in the Northeast (Mr. Duclos). The plenary session 
and panel discussion provided a shared foundation on which the talks and sessions throughout the rest of the 
day built.
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Heather Furman, Appalachians Director for The Nature Conservancy 
kicked off our plenary to highlight the broader role that forests across our 
region play and our collective capacity to manage  forests as solutions to 
the issues we currently face. 

Many may not think of the forests in our backyard as globally 
important. But the vast landscape of biodiverse forests found across 
the region has been named as one of the four global priority regions by 
the Nature Conservancy based on its significant contribution to carbon 
sequestration, biodiversity, economic production and proximity to large 
populations. But its rank among the most important global ecosystems 
also  stems from the threats it currently faces.  Extreme climate events 
have impacted forested landscapes and human communities with 
increasing frequency and severity, with rural areas and marginalized 
communities among the most negatively impacted.  

What do we as a conservation 
community need to do to 

address these challenges?
There are many ways that we can move forward and make the kind 

of progress we need to over the next decade. While work often occurs 
at local levels, every state has a critical role to play in maintaining forest 
connectivity, biodiversity and health so that forests can continue to 
sustain communities and serve as an insurance policy for the planet.    

Ms. Furman emphasized that we will get more done by working 
smarter and working together.  Because of the large proportion of forest 
land in private ownership this means we need to work directly with 
landowners to support families, communities and ecosystems. We need 
to be eager to work across state boundaries, organizational structures, 
decision making arenas and disciplinary silos.  We need to be persistent 
and willing to use innovative approaches and tools to tackle this work 
across scales.

“The forests right 
here across the 
northeast are 
among the most 
important places 
on the planet…..         

This is why 
The Nature 
Conservancy 
has named the 
Appalacians as 
one of the four 
global priority 
regions…..

“I’ve never seen 
an opportunity for 
impact as exciting 
and critical  as it 
is right now.” 

~ Heather Furman 

Plenary Presentation

Heather Furman

Appalachians Director

The Nature Conservancy
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We have a 
shared vision

• A connected and 
resilient network 
of lands and 
waters

• An intact forest 
that stores 
carbon and also 
provides a myriad 
of benefits for 
nature and 
people

• A personal 
connection to 
forested spaces

The Nature Conservancy has focused its efforts across three primary 
domains: Connectivity, Climate and Communities. Success in any of these 
domains requires our collective efforts across the region focus on tangible 
outcomes. Ms. Furman outlines specific management, planning and policy 
goals including:

Prioritize protecting strategic forested parcels to 
prioritize meaningful connectivity.

Improve forest health and productivity.

Make it economically viable for landowners to 
maintain forests as forests.

Ensure our energy and transportation 
infrastructure is complimentary to forest 
management goals.

Engage a diversity of stakeholders, empower 
local leaders and share resources.

We need to do this work within the context of deep community 
engagement, helping to build equitable approaches to achieving these goals 
while empowering local leadership. This is complicated by the need to work 
across organizations and scales, to take the long-view while also responding 
to urgent needs.  Our success depends on our ability to navigate these 
challenges and work to leverage science, policy, funding, our values around 
equity and inclusion to ensure buy-in and commitment from a diverse group 
of stakeholders.

Opportunities for Impact



Panel Discussion

The Promise of Forests as Solutions

We were fortunate to bring three experts to the panel this year to 
provide their unique perspectives on the role of forests as solutions.  
This includes a focus on climate change impacts, forest carbon 
science and management (Ali Kosiba), biodiversity, stewardship and 
community engagement (Tim Duclos),  public health and human well-
being (Michelle Kondo). 

Much of the discussion focused around how to balance the 
sometimes competing objectives we have in  managing forests so 
that we can focus more on the benefits discussed. Panelists had 
several useful suggestions: 

• Be careful of trying to prioritize any one goal or outcome.  
A focus on ecosystem forestry and silvicultural practices 
can help balance outcomes across multiple objectives.

• We need to approach forest management as a mosaic 
across the region. Our actions and objectives may differ 
across the landscape but should maximize what different 
forests are best suited to provide. 

• Consider the issues of scale. How should our choices differ 
when we are working at different scales.

Panelists were also asked what they believe are the most 
important skills or approaches we should be using to promote forests 
as solutions.  They agreed that there is no one tool or strategy we 
should be focused on, and that instead it is our diversity of approaches 
that will maximize our impact across the region. Thoughts included:

• Try different strategies and re-evaluate based on the 
outcomes. We need creativity and innovation moving 
forward.

• Build connections and partnerships with groups you 
wouldn’t typically engage with.  We need to branch out 
and extend our collaborative community. Focus on building 
relationships as solid forest management.

• The work that forest professionals do in the woods really 
does impact the broader socio- ecosystem. Let’s make sure 
foresters are supported, resourced and empowered. 

Dr. Ali Kosiba

Extension Assistant 
Professor of Forestry and 

Extension Forester

University of Vermont

Tim Duclos

Health Forest Program 
Senior Associate

Audubon Vermont

Dr. Michelle Kondo

Research Social Scientist

USDA Forest Service 
Urban Forests, 

Human Health, and 
Environmental Quality 

Unit



More Thoughts from the Panel

There is a level of evidence needed to justify 
investments in forests. the science is there, we need 
to emphasize and promote it to decision makers.

~Michelle Kondo

There is a lot of good work happening... We need to 
communicate this and tell our story better so that 
others are more willing to try new approaches. 

~Ali Kosiba

Birds are amazing indicators of forest health and an 
excellent "hook" to engage landowners. We need to 
remember to assess, monitor and manage forests 
considering metrics beyond the "trees."

~Tim Duclos

There is a growing body of research on the effects of 
living in and having greater access to green spaces. 
We need to consider and promote the value of forests 
as a public health amenity and something that we 
should be investing in. 

~Michelle Kondo

How we do this work is as important as what we do. 
We are only going to be successful when the people 
who are being impacted have power and ownership 
over the decisions we make... we need to share power 
and resources ... and the benefits we gain from our 
efforts

~Heather Furman
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Contributed talks

Fire Adapted Forest Ecosystems
Creating a model for fire management monitoring in dry oak 
habitats

Ryan Rebozo 1,  Jay  Kel ly 2,  Jess ica  Ray 2

1Vermont Center  for  Ecostudies ,  2Rar i tan Val ley  Community  Col lege

The use of prescribed fire as a management strategy for achieving ecological goals in oak forests has gained 
interest from land managers as they attempt to address a variety of objectives including attempting to imitate 
past disturbance regimes, address invasive species, and promote regeneration of target tree species. Addressing 
changes in tree composition as a result of mesophication is often cited as a focus of management efforts in 
these habitats, yet these processes and confounding effects of herbivory and plant competition are not always 
well understood at the local level. Prescribed burning has been hypothesized to benefit the regeneration of 
oaks by reducing competition, duff depth, or seed predation and increasing light and nutrient availability. 
However, the benefits of fire for oaks and other hardwoods are highly variable, with the outcomes depending 
upon initial site conditions, species, timing, size class structure, and other factors, and may also be detrimental 
or counterproductive to achieving these goals. This project represented an opportunistic study to develop 
baseline monitoring data for two dry oak habitats as well as compare post-fire forest response to adjacent and 
satellite control sites. The goal of this project was to develop a rigorous monitoring protocol using FIA phase 3 
methodology, infrared deer density surveys and a focus on rare species response in order to help inform the 
future use of prescribed fire for ecological purposes in this uncommon natural community.

This monitoring effort identified a mixed response where the fire was effective at creating measurable changes 
in sapling mortality, and reducing leaf litter but unable to significantly consume the duff layer or stimulate the 
regeneration of oaks, both of which are stated goals for 
addressing mesophication. Local deer densities may 
already be impacting the regeneration of oaks beyond a 
lack of canopy gaps. Signs of spongy moth herbivory in 
the oak canopy and signs of beech bark and leaf disease 
throughout these forests suggest that much more light 
may be reaching the understory than densiometer-based 
measures of cover would suggest. The goal of stimulating 
oak regeneration through fire may be difficult to achieve 
in dry oak forests if deer herbivory and ambient deer 
densities are not taken into account and the resulting 
fire severity is unable to consume the existing duff layer.

Figure 1 Percent composition of tree species by size class 
in fire treated and control plots. 
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Regeneration dynamics in northeastern pitch pine barrens under 
different restoration scenarios

Kathleen Stutzman 1,  Anthony D’Amato 1,  Kevin  Dodds 2,  Pol ly  Weigand 3

1Univers i ty  of  Vermont,  2U.S .  Forest  Serv ice,  3Centra l  P ine Barrens  Jo int  P lanning & Pol icy 
Commiss ion

Fire suppression and disconnection from historic fire regimes has had a distinct and significant impact on 
fire-adapted natural communities, changing community structure, composition, and diversity, as well as fuel 
availability. The mesophication and densification associated with fire suppression in Eastern US forests has 
favored shade-tolerant and fire-sensitive species, creating new stable closed forest states, which will not easily 
revert to pre-suppression fire-adapted communities. Novel stressors facilitated by climate change have the 
potential to further degrade fire-adapted communities.

For northeastern pitch pine barrens, fire suppression and the range expansion of Southern Pine Beetle 
(Dendroctonus frontalis) present substantial and imminent challenges to the restoration and maintenance of 
these rare, endemic communities. This study examines and evaluates the response of tree regeneration to a 
range of different restoration scenarios in pitch pine barrens across Maine, New Hampshire, Massachusetts, 
and New York. Restoration scenarios examined included thinning, spring prescribed fire, fall prescribed fire, 
and mowing followed by prescribed fire with monitoring also occurring in untreated areas. The overall goal of 
this work is to formulate region-wide best management practices to restore and maintain pitch pine barrens 
and to inform cultural and ecological objectives. For this talk, preliminary findings on the relationship between 
restoration scenarios and tree regeneration response will be discussed (Figure 2).

Figure 2 a) Pitch pine seedling counts decrease as leaf litter depth increases. b) Pitch pine seedling counts 
increase with basal area.

a) b)
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Riparian Forest Management

3 years of monitoring 15 riparian tree plantings on ANR land

Sam Puddincombe 1,  Wi l l  E ldr idge 1

1 Vermont Fish and Wildlife Department

Riparian restoration is as much an art as a science. To better inform the practice in Vermont, VFWD has spent 
the last three summers monitoring 81 plots in riparian tree plantings on 15 ANR owned parcels. Most plantings 
were not set up as experiments and sites varied in age of planting during the first year of monitoring (0-3 
years post-planting), pre-planting conditions (retired ag, former athletic field, former berm, restored wetland, 
construction staging area), planting strategy (bareroot vs. live stakes, evenly spaced vs. clustered, professional vs. 
volunteer, planting density), and post-planting maintenance (competitor suppression, exclusion fencing). Natural 
tree regeneration was also monitored along with ground cover and species of and distance to potential source 
trees to evaluate passive restoration. Growth, survival, density and natural regeneration varied among sites and 
treatments, but many variables were confounded preventing robust analyses. Preliminary qualitative analyses 
lead us to believe pre-planting conditions had the biggest effect on survival and natural regeneration. Specifically, 
survival and natural regeneration were lowest in retired hay fields (Figure 3). Post-planting maintenance also 
affected survival of planted stems (sometimes negatively due to herbicide drift) but there was no clear effect 
on natural regeneration. Planting strategy seemed to have the least effect on survival and natural regeneration, 
and as a result the final stem density was correlated with the initial planting density. The results suggest altering 
pre-planting conditions of hay fields through site-preparation may be warranted. Passive restoration through 
natural tree regeneration may be possible at most types of sites other than hay fields, but natural regeneration 
is usually patchy and may not be apparent for 3 or more years of restoration. When the goal is to establish 
vegetated cover quickly, for example to curb infestation of exotic invasive plants, the liberal use of live stakes can 
be an economical alternative.

Figure 3 High disturbance conditions (corn) had higher success than low disturbance conditions 
(hay) in both planting and natural regeneration sites. 
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Remnant old trees enhance large woody debris loading in low-order 
streams at the Hubbard Brook Experimental Forest

Wil l iam Keeton 1,  Stephen Peters-Col laer 1

1Univers i ty  of  Vermont

Secondary forests in New England are recovering from 19th century land-use along multiple pathways of 
development. Yet, it remains poorly understood how highly dynamic interactions between forests and streams 
will shift as stands develop late-successional/old-growth characteristics. Previous research has suggested that 
structural development in riparian forests will enhance important functions, including carbon storage and flood 
resilience, but sources of variation in riparian functionality remain poorly explored. This study investigated the 
effects of riparian forest structure, including indicators of late-successional development, on wood loading in 
low-order, headwater streams draining mature northern hardwood forests at the Hubbard Brook Experimental 
Forest (HBEF) in New Hampshire. We assessed in-stream large woody debris (LWD) along 300m longitudinal 
transects within 13 stream reaches using the line-intercept method (LIM) and a total wood census (TWC). 
We sampled in-stream habitat features, such as pools and debris dams, and measured attributes of riparian 
forest structure. We applied multi-hierarchical Bayesian models to investigate the effects of forest structure on 
LWD loading and the effects of LWD loading on pool- and debris dam frequency. Forest structure affected LWD 
loading, indicating strong effects of big tree density and dead tree density among other structural attributes. 
Debris dam frequency strongly depended on LWD frequency, while pool frequency depended more strongly 
on stream geomorphology. The LIM and the TWC sampling methods delivered significantly different results 
when comparing 50 m stream sections. Our findings highlight the importance of evaluation of adequate transect 
lengths for further applications of the LIM (Figure 4). We conclude that biological legacies like remnant old-
growth trees, large secondary trees, and standing dead trees are important structural attributes promoting LWD 
in low-order streams. These effects translate into both enhanced in-stream carbon storage (the subject on on-
going research) and greater aquatic habitat complexity. Practices that retain or restore large trees within riparian 
corridors are likely to yield similar benefits.

Figure 4 Large Woody Debris (LWD) 
loading is highly variable both within 
(50 m long subsections) and among 
stream reaches (300 m length)
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Winter Monitoring and Management

New Hampshire mountain snow monitoring

Georgia  Murray 1,  Maya Shyevitch 1,  Jordon Tourvi l le 1,  Sarah Nelson 1,  Mir iam Ritchie 1

1Appalachian Mountain  C lub

There is clear evidence that the Northeastern U.S. snow season is shrinking, yet snow distribution in montane 
environments is complex with some areas able to retain snow longer. Therefore, the need for more distributed 
snow measurements is vital to understanding the ecological and economic impacts of changing winters. The 
Appalachian Mountain Club (AMC) operates the Pinkham Notch, New Hampshire National Weather Service 
COOP station with a 90+ year record of snowfall and snow depth. More recently, AMC began tracking daily snow 
depth at 4 backcountry huts and have estimated snow melt timing from a network of HOBO temperature loggers 
across the White Mountains, N.H. Expansion of a citizen-science effort called Community Snow Observations, 
where recreationists make snow depth measurements, is also filling in gaps across montane landscapes. Our 
study will combine AMC's data with other snow monitoring initiatives in the region to develop snow distribution 
and melt timing models, refining estimates as our spatial resolution improves. Results to date show Pinkham 
Notch, NH, at just over 600 meters elevation, has seen snowmelt occur 15 days earlier over a 92 year period. 
We compared snowmelt timing at forested plots, estimated by HOBO measurements of air temperatures, to 
daily human-observed snow stake measurements nearby, and found that the HOBO stations recorded earlier 
snowmelt than snow stakes. We attributed the difference to the height of the HOBO logger and premature 
melt from the HOBO radiation shield. High spatial variation in mountain environments and differences among 
methodologies point to a need for enhanced and harmonized snow data in Northeast montane areas. We will 
present on our continued evaluation using HOBO estimates and comparisons across our snow stake plots, as 
well as our roadmap for future snow analysis. We aim to develop snow distribution and snowmelt timing models 
to enable AMC's and partners' broader mountain monitoring efforts.

Figure 5 Community snow 
observations contributes to snow 
depth data in the White Mountains. 
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Creating a common language for BC ski zone management

Kathryn Wrigley 1,  Luke O'Br ien 1

1VT Department  of  Forests ,  Parks  and Recreat ion

The Vermont Backcountry Ski Handbook was developed with input from the Vermont Department of Forests, 
Parks & Recreation, the Vermont Department of Fish & Wildlife, the US Forest Service, and the Catamount Trail 
Association. It covers natural resource and social considerations, building partnerships with public and private 
land managers, delineating backcountry ski zones, and outlines the process for implementation, construction, 
and maintenance of ski zones. It's a complete how-to guide for creating high quality, sustainable backcountry ski 
terrain in a cooperative fashion with forest land managers.

By emphasizing a common language around ski zones, The Vermont Backcountry Ski Handbook will not only 
help land managers better administer their land for backcountry users, it will also help skiers and riders better 
understand and appreciate the concerns of land managers. This greater understanding between stakeholders 
should lead to stronger, more cooperative relationships. Come learn about this tool and the best management 
practices for backcountry ski zone implementation and management (Figure 6.

Figure 6 Use of vegetation islands is 
one recommendation included in the 
Vermont Backcountry Ski Handbook. 
These features provide challenge 
and diversity to the ski terrain 
while protecting forest diversity and 
ecosystem functions. 
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Community and Citizen Science

Community science as a tool for understanding mercury 
contamination at local and national scales

Cel ia  Chen 1,  Sarah Nelson 2,  Chr ist ine Gardiner 1,  V iv ien Taylor 1

1Dartmouth Col lege,  2Appalachian Mountain  C lub

Mercury (Hg) pollution is a persistent and prevalent threat to environmental health across the globe. 
In aquatic systems, inputs of inorganic Hg can transform into the more toxic and bioavailable organic form, 
methylmercury (MeHg). MeHg biomagnifies in aquatic food webs and can be transferred to terrestrial food 
webs. Mercury is of concern in northern New England due to relatively enhanced atmospheric inputs from 
long-range transport and legacy point-source pollution. The Dragonfly Mercury Project (DMP) is a nationwide 
study led by the National Park Service (NPS) and U.S. Geological Survey (USGS), in collaboration with Dartmouth 
College and the Appalachian Mountain Club (AMC). It has established a surveillance network for Hg in protected 
lands across the US by engaging community volunteers in the collection of dragonfly larvae as Hg biosentinels 
(Figure 7). The data generated through the DMP allowed for the creation of an integrated impairment index 
that informs wildlife and human health Hg risk based on dragonfly larvae Hg concentrations. In collaboration 
with the AMC, the Dartmouth DMP has been run for 13 years with schools in Vermont and New Hampshire and 
was expanded to include sites in White and Green Mountain National Forests and communities in Lawrence 
and Lowell Massachusetts. This talk will describe past and ongoing DMP programs run in collaboration with 
the Appalachian Mountain Club. These efforts provide spatial mercury data for New England states that are 
susceptible to hotspots of mercury bioaccumulation but lack consistent long-term monitoring. The utilization of 
community science efforts provides benefits of increased investment in and knowledge of local ecosystems as 
well as larger spatial and temporal patterns of Hg risk.
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Figure 7 Mercury 
concentration in dragonflies 
were measured in 2020 
and 2021 at 17 sites in 
Massachusetts, New 
Hampshire, and Vermont, 
engaging 300 people in 
citizen science. 
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A real-time detection and monitoring system based on citizen 
science observations

Kyle  L ima 1,  Abraham Mi l ler-Rushing 2,  Nicholas  Nicholas 1

1Schoodic  inst i tute  at  Acadia  Nat ional  Park,  2US Nat ional  Park  Serv ice

Climate change, invasive plants, and forest pests are rapidly changing forests in the northeastern United 
States. Detecting these changes early is critical to implementing cost-effective management and limiting the 
impact of disturbances. However, many forest disturbances likely go undetected until it is too late for cost-
effective management because current monitoring protocols are labor intensive, focus on small monitoring 
plots, and require specialized skills. An early detection system that can be applied over large spatial scales is 
needed to help improve management. Schoodic Institute and Acadia National Park have attempted to fill this 
critical monitoring gap by developing an early warning system using tools in R that builds upon the large, and 
growing, number of citizen scientists already interacting with and visiting protected areas. We will present on 
the project that was built for Acadia National Park that consists of an auto-updating interface that summarizes 
reports of species park managers have identified as a monitoring priority (i.e., forest pests, invasive species, new 
species to the park, and threatened and endangered species). By working with citizen scientists in this capacity, 
we are able to keep monitoring costs low, engage the community in critical science, and detect species at a scale 
and rate likely not feasible otherwise. This project was built with customizability as a priority, and therefore 
the citizen science analysis workflow and interface are easily transferable to any protected area and the list of 
species can be specific to any manager's needs.

Figure 8 An example map of observations submitted by citizen 
scientists into iNaturalist and eBird in Acadia National Park. 
The map is interactive and is auto-updated. 
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Old Forests, Land Use, & Planning

Wildlands in New England: Past, present, and future - new data and 
a call to action

El izabeth Thompson 1

1Wildlands,  Woodlands,  Farmlands,  and Communit ies

Wildlands In New England was published earlier this year by the Wildlands, Woodlands, Farmlands, and 
Communities (WWF&C) collaborative. The 112-page report offers a definition of WIldlands, a list of the values 
of WIldlands, abundant background on Wildlands concepts, and a report on the findings of the multi-year study 
that analyzed in detail over 400 potential Wildland properties throughout the region. The key finding is that the 
region is 80% forested but only 3.3% of the total land area is considered Wildland. To meet the goals of Vermont 
Conservation Design, the WWF&C vision, Vermont's new Biodiversity Bill, and the national and global 30x30 
goals, much more needs to be done.

Many partners provided access to legal documents, management plans, and other agreements, formal and 
informal, to allow us to calculate the amount of wildland in the region. Each property submitted was scrutinized 
to determine if it met the criteria laid out. The data are assembled in an online database which is updated 
regularly based on submissions from partners.

I will describe the report and its findings, will demonstrate the online portal, and will describe the process 
and criteria for submission of new data. Finally, I will offer some illustrated examples of recently protected 
Wildlands.

Figure 9 Wildlands in the 
region have varying levels of 
strength of management and 
permanency. 
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The status of current and future old forests in Vermont

Robert  Zaino 1

1Vermont F ish  and Wi ld l i fe  Department

The conservation and restoration of old forests are important parts of many large-scale conservation plans, 
including Vermont Conservation Design, and the Wildlands, Woodlands, Farmlands & Communities initiative. 
While old forests have been often studied in Vermont, there is still a lack of comprehensive data on the extent 
and condition of existing old forests, so the Vermont Fish and Wildlife Department's Natural Heritage Inventory 
has begun to map and track old forest natural communities. I'll summarize the data we've collected so far, and 
our inventory efforts to identify previously unknown old forest examples. I'll also present results of an analysis 
of expected future old forests (forests of any age now that are likely to develop into old forests under natural 
processes), and how their spatial distribution and natural community types contribute to meeting the old forest 
targets in Vermont Conservation Design (Figure 10).

 -  10,000  20,000  30,000  40,000  50,000  60,000  70,000  80,000  90,000  100,000

Champlain Hills

Champlain Valley

Northeastern Highlands

Northern Green Mountains

Northern Vermont Piedmont

Southern Green Mountains

Southern Vermont Piedmont

Taconic Mountains

Vermont Valley

Wildands and the Vermont Conservation Design Old Forest Targets
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Figure 10 Wildlands in Vermont are an opportunity for future old 
forests, which are well-represented in the Green Mountains, but 
poorly represented elsewhere in the state.
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Tracking parcelization and land use change in forests to inform 
policy and planning

Jamey F idel 1,  Deb Br ighton 2,  Kayla  Patel 1,  Br ian Voigt 3

1Vermont Natural  Resources  Counci l ,  2Consultant ,  3Consultant

Forests play a critical role in maintaining biodiversity, ecosystem integrity, and serving as a natural solution to 
climate change, but land use trends demonstrate we are fragmenting and converting forests due to development 
and land use change. In order to maintain the resiliency and integrity of forests, it is necessary to understand 
where parcelization and land is subdivision is occurring, and the rate at which it is occurring. This FEMC funded 
project responded to this need by building a database to examine trends on private land in Vermont by using 
Grand List (property tax) land classification and Use Value Appraisal Program data from 2005 to 2020 (Figure 11). 
In addition, this project created a Parcelization Website to examine trends at the town, county, regional planning 
commission, and state level to inform housing, conservation, land use policy. The presentation will provide an 
overview of land use and parcelization trends in the state, with particular attention to trends demonstrating the 
increasing loss of large, undeveloped woodland parcels. In addition, the presentation will share the results of a 
case study utilizing Property Transfer Tax Return data to perform GIS spatial analysis of subdivisions in forests. 
Recommendations for maintaining the integrity forests through land use and state policy will be provided.

Figure 11 The number of acres in the "residential" category is increasing while "farm" and woodland" acreage is 
decreasing, with "woodland" acreage decreasing the fastest. 
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Vermont town forest census

Jul ie  Frost 1,  Cec i l ia  Danks 1,  Laura Edl ing 1,  Kate  Forrer 2,  Keith  Thompson 3,  E l i se  Schadler 4

1UVM RSENR,  2VT Woodlands Associat ion,  3Vermont  FPR Pr ivate Lands Program,  4Vermont 
FPR Urban and Community  Forestry  Program

Town forests play a special role in forest conservation in the Northern Forest region because they are publicly 
managed and accessible forest parcels that contribute to forest integrity, ecosystem services and community 
well-being. They also serve as effective models to family forest owners of how to conduct sustainable forest 
management to achieve diverse conservation goals. Acquisition of new town forests often adds strategic pieces 
to regional conservation efforts that counteract the growing fragmentation of the Northern Forest and help 
sustain the forest products industry. Many communities, however, find that managing these parcels can also bring 
special challenges as they seek to provide diverse public demands with limited resources. For these reasons and 
more, town forests are identified in the Vermont Forest Action Plan as a priority landscape, and several public 
and private initiatives in recent years have sought to build the capacity of communities to meet such challenges. 
Project collaborators have identified several needs hampering these efforts: the lack of a complete inventory and 
key contacts of town forests, inadequate public maps and information on town forests, and uneven knowledge 
of community needs. The VT Town Forest Census will help fill these gaps by conducting a complete census 
of forests owned by VT municipalities which can be repeated periodically in the future. We will identify fixed 
parameters to monitor in every census, as well as novel questions that address emerging issues and capture 
innovation. Identifying the needs and progress of municipalities in addressing diversity, equity, and inclusion 
in their town forests are among the topic priority issues for this census. We will ask towns about their interest, 
actions and capacity-building needs regarding disabled access, incorporation of cultural history, contributions to 
health and economy, and meaningful land acknowledgements and accompanying actions. Additionally, we will 
be using the InVEST Software (The Natural Capitol Project, Stanford University) to assess the benefits of several 
ecosystem services. As a work in progress, this presentation will share challenges and learning to date while 
seeking input from attendees on what resources we should share with local communities as we reach out to 
them to conduct this census, as well as the highest priority questions to ask. To have good response rates, we will 
strive to have a short survey and will invest the time and resources to reach all communities.
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Forest Management and Restoration

Vermont Seed Project

Jess  Colby 1,  Brooke F le ischman 2

1NorthWoods Stewardship  Center,  2Intervale  Center

While there is increasing demand for locally adapted native plant materials for riparian restoration projects, 
nurseries are unable to adequately ramp up supply to accommodate those needs. Between 2015 and 2020, 
work was completed by Annalise Carrington (formerly of the Intervale Center), Pete Emerson (Vermont Fish & 
Wildlife Department), and Fritz Gerhardt (Connecticut River Conservancy) to look at different techniques for site 
preparation at riparian restoration sites. The goal was to control the existing vegetation to (a) expose enough 
bare soil to allow for successful natural regeneration of riparian woody species and/or (b) prepare a seedbed 
to allow for the direct seeding of riparian woody species. Some of their main challenges were identifying seed 
collection locations and gathering enough seed to use in these trials.

In 2021, the Vermont Seed Project (VSP) started as a collaborative effort amongst Vermont Fish & Wildlife 
(VFWD), Intervale Center, NorthWoods Stewardship Center (NWSC), U.S. Fish and Wildlife Service (USFWS), The 
Nature Conservancy (TNC), and many others to begin collections of native tree and shrub species. In 2023, 
the VSP hired a statewide seed coordinator to better coordinate partners to gather, process, store, and use 22 
species of native riparian shrub and tree seeds across the state for restoration purposes.

The VSP works closely with local conservation nurseries on native plant propagation and with other partners 
on forest restoration projects. The partnership continues their efforts with direct seeding trials alongside Vermont 
Fish & Wildlife as an alternative restoration approach to planting bare-root stock. We work to build out capacity 
by acquiring seed cleaning machines, expanding storage space, and housing a database of mapped seed source 
locations and phenology data. (Figure 12).

Looking to the future, the Vermont Seed Project expects to understand the demand, ramp up supply, and 
create more coordinated and collaborative efforts across the northeast region toward local native seed. The VSP 
pilot program has received support (3 years) from the VFWD and USFWS and is expected to conclude in 2025.

Our presentation will review our work-to-date, outline our plans for next season and beyond, and discuss 
challenges and opportunities for this work into the future.

Figure 12 The 
Vermont Seed 
Program has 
invested in seed 
cleaning machines 
and equipment. 
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Open forest ecosystems of Southern New England: Their 
characteristics, restoration, and importance to diversity

Tom Wansleben 1

1Massachusetts  Div is ion of  F isher ies  and Wi ld l i fe

Open Forest ecosystems of oak & pine woodlands and savannas once covered significant areas of interior 
southern New England for millennia. Shaped and tended by Indigenous fire practices, these park-like ecosystems 
with their large but spaced overstory trees and little to no mid story, promoted a rich understory of diverse sun 
loving vegetation including forbs, grasses, and shrubs that in turn supported an abundance of biodiversity. The 
decimation of Indigenous societies followed by fire suppression policies, have led to the dramatic loss of these 
pyrogenic ecosystems all over the East, resulting in monumental vegetation shifts to denser multi layered forests 
composed of more shade tolerant mesophytic species like red maple. This loss, especially of the understory 
vegetation is thought to be a significant factor in the decline of the biodiversity they once supported including 
many specialized plants and their pollinating insect counterparts. In Massachusetts alone approximately 40% 
of plant and animal species listed under the Massachusetts Endangered Species Act directly benefit from fire 
influenced open forest ecosystems along with numerous other declining species making their restoration a 
conservation priority.

To address this priority, the Massachusetts Division of Fisheries and Wildlife (MassWildlife) has invested in 
the acquisition and landscape scale restoration of lands that once supported these open forest habitats including 
the development of a robust prescribed fire program (Figure 13). But before fire can be applied, the restoration 
of these sites often requires commercial timber harvests, mulching and herbicide applications along with a 
complex web of permitting. But the ecological results are often rapid and dramatic, including the return of state 
listed birds after decades of absence, tripling of bee species diversity and endangered plant populations going 
from a few individuals to some of the largest population in the state. What wasn't anticipated but celebrated is 
the re-connection of people to these open forest ecosystems through foraging, hunting and birding.

This talk will provide an overview of the characteristics of these open forests including where they are 
found on the landscape, how they are actively being restored, the positive response of biodiversity (including 
humans) to these efforts and the immense opportunities for much needed regional research on these forgotten 
ecosystems.

Figure 13 Fire 
is used as a 
restoration and 
management tool 
at Montague Plains 
WMA, an open 
forest habitat. 



26 2023 FEMC Annual Conference Proceedings

Planting 2 billion trees in support of climate change mitigation, 
biodiversity, and human well-being

Sevrenne Sheppard 1

1Canadian Forest  Serv ice

In 2021, the Government of Canada launched the 2 Billion Trees Program (2BT), which aims to motivate and 
support new tree planting projects across the country. Over a period of 10 years, by 2031, up to $3.2 billion will 
be invested in tree planting efforts to support provinces, territories, third-party organizations (for-profit and 
not-for profit) and Indigenous organizations to plant two billion trees across Canada. Projects funded by 2BT will 
contribute to Canada's GHG emission reduction and net zero emissions targets. 2BT also aims to achieve several 
co-benefits, including long-term restoration and maintenance of forests for species at risk and other species 
of interest, increasing forest diversity and climate resilience, and enhancing the well-being of Canadians for 
generations to come. Over the past two years, 2BT has been working to develop an approach to measuring the 
impacts of funded projects on biodiversity and human well-being. This presentation will give an overview of the 
program's progress and lessons-learned in the first two years of planting, and will discuss plans for measuring 
biodiversity and well-being outcomes (Figure 14).

Figure 14 The program has 
planted 110 million trees 
to date, which includes 220 
species at 2,900 sites with 
over 47% of proposals for 
Indigenous-led (21%) and urban 
(26%) projects.
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Tree regeneration and carbon replacement in forests of the northern 
US

Chris  Woodal l 1,  Anthony D'Amato 2,  Lucas  B.  Harr is 2

1USDA Forest  Serv ice  Research and Development,  2Univers i ty  of  Vermont

Natural regeneration in forests across the US is threatened by a confluence of factors including climate change, 
heavy browsing, changes to disturbance regimes and non-native pests and pathogens. Tree regeneration patterns 
shape forest carbon dynamics by determining the composition of future forests, which suggests that threats to 
natural regeneration may diminish the capacity of forests to replace carbon lost through tree mortality. Yet, the 
potential implications of tree regeneration patterns for future carbon dynamics have been sparsely studied. 
We used field plots from the Forest Inventory and Analysis (FIA) program to investigate how the composition 
of existing tree regeneration may influence future carbon storage for forests across the northeastern and 
midwestern US, leveraging a recently-developed method to predict the likelihood of sapling recruitment from 
seedling abundance within the six seedling height classes monitored under FIA's detailed Regeneration Indicator 
protocols. A model of live aboveground tree carbon storage was developed and used to compare predicted 
carbon storage based on seedling composition to predictions based on existing tree composition. Plots predicted 
to lose carbon storage based on seedling composition tended to be on steeper and south-facing slopes, be 
located farther east, have higher current carbon storage and be within maple/beech birch and oak/hickory forest 
types. Our results demonstrate the need to consider tree regeneration through the lens of carbon replacement 
in order to develop effective management strategies to secure long-term carbon storage.

Figure 15 Carbon storage 
loss was greatest on 
steeper and south-facing 
slopes; outlook is worst in 
maple/beech/birch and oak/
hickory, best in spruce/fir
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Climate Adaptation

Connected Forests for Climate Adaptation: Updates to Vermont 
Conservation Design

Robert  Za ino 1,  Andrew Wood 1,  Shelby Perry 2,  Jens  Hi lke 1,  Gus  Goodwin 3,  A lexandra Kos iba 4

1VT F ish & Wi ld l i fe  Department,  2Northeast  Wi lderness  Trust ,  3The Nature Conservancy, 
4The Univers i ty  of  Vermont

For the last two years, the Vermont Fish & Wildlife Department and partner organizations have been 
working to update the Habitat Blocks Dataset, an integral building block for Vermont Conservation Design. 
Vermont Conservation Design is a scientific vision identifying the highest priority lands and waters needed to 
sustain Vermont's biodiversity into the future. Using the University of Vermont's high-resolution LiDAR-derived 
landcover datasets together with other data products has allowed us to re-map all Habitat Blocks statewide, 
now including the many connecting lands along the margins of Habitat Blocks that stitch together the network 
of connected forestland across the state (Figure 16). Join us for a preview of this work and a discussion on how 
these connecting lands serve our climate adaptation aspirations.

Figure 16 The Habitat Blocks 
Dataset updates landcover datasets 
that better detects habitat block 
connections (a). Older datasets do 
not detect housing developments 
as well (b). 

a)

b)
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Using Habitat Restorations to Test Climate Change Adaptation 
Strategies

Chris  Nadeau 1,  Randal l  Hughes 2,  Abe Mi l ler-Rushing 3,  Nicholas  F is ichel l i 1,  Phi l  Colarusso 4, 
Er ic  Schneider 5

1Schoodic  Inst i tute at  Acadia  Nat ional  Park,  2Northeastern Univers i ty,  3Acadia  Nat ional  Park, 
4Environmental  Project ion Agency,  5Rhode Is land Department  of  Environmental  Protect ion

Dozens of climate change adaptation strategies have been proposed in the literature, and practitioners 
are already implementing many of these strategies worldwide. However, very few strategies have been tested 
empirically to determine if and when they will be effective. Hence, conservation agencies could be investing 
significant resources in strategies that fail to produce the desired results or cause harmful unintended 
consequences. Rigorous tests of climate change adaptations strategies are necessary to support conservation 
under climate change.

In this presentation we will suggest that rigorous tests of climate change adaptation strategies are likely 
lacking because of a tradeoff between the time and resources necessary to implement these tests, and the 
urgent need for action. We will highlight limitations with current recommendations that call for implementing 
a single action, monitoring for effectiveness, and adapting management practices as necessary. We will then 
suggest an alternative approach where management actions are designed as experiments to test climate change 
adaptation strategies without delaying action. Specifically, we will suggest that practitioners employ multiple 
climate change adaptation strategies simultaneously following the tenets of experimental design, including: 
replication, randomization, and control treatments. Using this experimental approach will not only provide the 
evidence necessary to improve future management, it also has many other benefits, including: (1) increasing 
resilience of the managed system through the portfolio effect, (2) providing tests of our knowledge in climate 
change biology, (3) helping practitioners and funders overcome the fear of failure by learning from failed actions, 
(4) resolving stakeholder conflicts, and (5) providing opportunities for highly effective science and management 
communication. We will conclude by providing two case studies to demonstrate the benefits of taking an 
experimental approach to test climate change adaptation strategies during ecological restorations: (1) a test of 
assisted gene flow on mountain summits (Figure 17) and (2) a test of multiple methods to slow the spread of 
invasive species in wetlands.

Restoration Site

Warmer
Site

Warmer
Site

Restoration Site

Similar
Climate

Similar
Climate

Potential Climate Change Adaptation Strategies

Increase Genetic Variation Add Pre-adapted Genotypes Figure 17 Climate change 
adaptation strategy includes 
assisting gene flow on mountain 
summits by adding pre-adapted 
genotypes. 
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Climate-friendly forest management on AMC's Maine Woods 
Initiative

David Publ icover 1

1Appalachian Mountain  C lub

The Appalachian Mountain Club's Maine Woods Initiative is the most ambitious undertaking in the Club's 
150-year history. Begun in the early 2000s as an effort to integrate land protection, backcountry recreation, 
biodiversity conservation, sustainable forestry, and community partnerships, MWI now encompasses about 
114,000 contiguous acres in the 100-Mile Wilderness region of Maine, nearly all of which is encumbered by 
multiple conservation easements. Through a combination of reserves and conservative timber management, 
AMC is working to restore these heavily harvested former industrial lands to a more natural, mature, and 
structurally complex forest with higher value for biodiversity, carbon storage, and climate resilience. Currently 
about 28% of the ownership is in permanent ecological reserves, another 14% is other no-harvest protection 
zones, and 4% is nonforested, leaving 54% available for timber management. AMC's management is certified 
by the Forest Stewardship Council as part of The Nature Conservancy's group certificate, and our conservative 
approach has been compensated through three verified carbon offset projects.

The presentation will discuss AMC's forest management and silvicultural approach, how we are incorporating 
"climate-friendly" practices into our management, how 2010 and 2020 inventories show significant early progress 
towards our goal of restoring a more mature forest, the extensive research and monitoring activities taking place 
across the property, and how the proceeds from carbon offset projects are being reinvested in support of AMC's 
"Net Zero by 2050" organizational goal (Figure 18.

Figure 18 Comparison 
of 2010 and 2020 timber 
inventories showed 
increases of between 
10% and 30% in several 
measures of forest 
maturity. Carbon stocking 
is estimated to have 
increased 17%. Carbon 
inventories in 2011 and 
2021 showed carbon 
stocking increased nearly 
19% (about 2.2 mT 
CO2e/acre/year).
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Northeastern States Research Cooperative (NSRC)

NSRC Overview

Aaron Weiskittel 1,  Dan Day 2

1Univers i ty  of  Maine,  2U.S .  Forest  Serv ice

Aaron Weiskittel, University of Maine NSRC director, and Daniel Dey, USFS, will present on the current and 
future outlook for the Northern States Research Cooperative, a competitive grant program for Northern forest 
research supporting cross-disciplinary, collaborative research in the Northern Forest (Figure 19). The current 
RFP will result in nearly $5 million in 2024 for research that addresses the importance of the Northern Forest 
to society and the need to work collaboratively with the people who live within its boundaries, work with its 
resources, use its products, visit it, and care about it.

Figure 19 History of NSRC (a) and map with locations 
of funded projects (b)

a)

b)
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Implementing forest adaptation options for Northern Forest 
ecosystems

Tony D'Amato 1

1Univers i ty  of  Vermont

Climate change and increasing prevalence of non-native invasive insects and diseases are some of the most 
significant challenges facing forest managers in sustaining ecosystems across the Northern Forest region. This 
project will increase the application of adaptation strategies to enhance forest resilience to climate change and 
invasive pest and disease impacts, while also sustaining critical ecosystem services, including wildlife habitat, 
carbon storage, and local forest-based economies.

NSRC researchers will evaluate outcomes and effectiveness of already implemented adaptation strategies 
and partner with resource managers to produce site-tailored recommendations on best practices for anticipated 
impacts of climate change and invasive species. This project uses a network of adaptation experiments and 
demonstrations in Maine, New Hampshire, New York, and Vermont on more than 30 sites to better understand 
the ability of forest adaptation strategies to address emerging forest health and climate change impacts. 
Researchers will measure forest structural, compositional, and functional outcomes of these strategies at these 
sites to document forest management approaches that provide the greatest adaptation potential for northern 
hardwood, mixedwood, and spruce-fir ecosystems (Figure 20). Through partnerships with federal, state, Tribal, 
private, and NGO forestry stakeholders, researchers will develop outreach materials, such as pamphlets, 
webpages, webinars, and workshops that identify sitetailored, best adaptation practices for these key forest 
types in northern New England and New York.

Disturbance severity of harvest at 0.1 acre scale Wikle et al. (in prep.)

Figure 20 Functional outcomes of adaptive silviculture: spatial variability in harvest severity and 
adaptation pathways.
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Assisted Migration: A viable silvicultural technique for facilitating 
adaptation of northern Forest tree species toa warmer and drier 
future world?

Matt  Vadeboncouer 1

1Univers i ty  of  New Hampshire

Greater frequency and intensity of drought in the Northern Forest region will likely impact survival, growth, 
and reproduction of different tree species under future climate conditions. At the same time, the rate at which 
climate is changing in the region is outpacing tree species' ability to migrate into future suitable habitats. Both of 
these phenomena threaten sustainability of the region’s forest ecosystems and communities. Forestry assisted 
migration, the intentional movement of climate-adapted tree species into anticipated future suitable areas 
outside their current range, may be a useful silvicultural tool for promoting future resilient forests.

NSRC researchers and local stakeholders in the four-state region will evaluate the capacity of ten assisted 
migration tree species to acclimate to new environments and drought in a periodically drier, warmer future 
Northern Forest. They will also quantify how morphological, anatomical, and physiological tree species traits 
show plasticity, or flexibility, to handle drought and the potential for particular traits to be indicators of seedling 
success.

The research builds on an existing project, Adaptive Silviculture for Climate Change (ASCC), which initiated an 
assisted migration experiment across a network of seven sites throughout the Northern Forest. At the main study 
site, Second College Grant in New Hampshire, researchers will conduct a drought experiment to assess seedling 
acclimation potential and trait plasticity (Figure 21). Measurements will be collected at the other six ASCC sites 
to evaluate seedling responses across broader temperature and precipitation gradients at the landscape scale. 
The results will inform guidelines for selecting suitable assisted migration species as part of climate change 
adaptation strategies to promote future resilient forests.

* * *

*

*
*

*

*
*

Figure 21 Droughted 
plants grew less and 
prioritized height over 
diamter growth. Asterisks 
denote significant 
treatment effect within 
species and ecotype. 
Error bars are +/- 1SE. 
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Evaluating the efficacy of Audubon's bird-friend maple: Can 
managing sugarbushes for birds provide benefits to biodiversity, 
ecosystem services, and forest resilience?

Steve Faccio 1

1Vermont Center  for  Ecostudies

Maple sugaring is experiencing rapid growth across the Northern Forest in the scale of operations, acreage 
impacted, and number of people involved. As a result, it is becoming increasingly important to better understand 
how sugarbushes can be managed to benefit both maple production and biodiversity conservation.

Maple syrup can be produced from forests that are managed in dramatically different ways. The long-term 
sustainability of maple sap production is entirely contingent on healthy forests, but our knowledge is limited 
on how the complex drivers of increased maple sap production intensity, differing management strategies, and 
climate change will affect biodiversity, ecosystem services, and overall ecological health of sugarbushes. By 
conducting field surveys of biodiversity and ecosystem service metrics across a gradient of sugarbush production 
and management intensities, NSRC researchers will pioneer this knowledge base and develop tools and policies 
that provide sustainable sugarbush management guidelines that are relevant across the Northern Forest 
landscape. This will result in updated guidance for sugarmakers and specific revisions to the bird-friendly maple 
management guidelines in order to achieve the desired benefit for bird populations (Figure 22).

Steve Faccio

Managers should strive to 
maintain/enhance these 

habitat features

Figure 22 Coarse woody 
material is an important 
component of forest bird habitat 
that should be left in place as 
part of sugarbush management 
guidelines.
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Working sessions

Assessing the potential of a management 
toolbox for Northeastern alpine ecosystems
Faci l i tators :  Jordon Tourvi l le  (Appalachian Mountain  C lub)  and Chr is  Nadeau (Schoodic 
Inst i tute)

The following is a summary of the discussion from the workshop “Assessing the potential of a management 
toolbox for Northeastern alpine ecosystems” held at the Forest Ecosystem Monitoring Conference, 14 December 
2023. We had a great group of approximately 32 people, from 3 states, and a diversity of organizations and job 
types (see figures below for more information and word clouds from poll responses - note: not all attendees 
answered every question).

The group identified climate change, invasive species, and impacts from recreation as the primary current 
stressors in northeastern alpine areas. There are many current efforts to minimize impacts from these stressors, 
but the most common themes included education, recreation management, and restoration/trail work. 

In the future, people expect the current major stressors (i.e., climate change, invasive species, and recreational 
impacts) to get worse. For example, reduced snowpack due to climate change could result in higher vegetation 
and soil impacts from winter recreation. Education, recreation management, and restoration/trail work were 
common management ideas for these future stressors. However, it was also recognized that we might need 
to modify these management approaches to meet new challenges. For example, winter recreationists might be 
a different audience than summer recreationists, and therefore require different messaging and engagement 
strategies for education. Assisted migration and genetic research are also ideas for future management.

The group also identified some novel future stressors, such as upward expansion of some mammals that 
could impact plant communities, decreases in the population size and distribution of plants and animals from 
warming, or soil warming that could affect the soil microbiome and ultimately reduce primary production. These 
novel stressors pose unique challenges for management. For example, conserving populations of some plants 
could require banking seeds or augmenting populations with warm-adapted seeds or seedlings. However, 
some in the group also recognized that novel management approaches, such as augmenting populations, are 
controversial because they could have unintended consequences. 

The group identified a series of resources and next steps that could help address current and future 
management challenges, including:

• An archive of relevant reports and papers on alpine ecology and stewardship in the northeastern US, 
and a summary literature of the existing research.

• A regular venue for practitioners and academics to meet to discuss alpine ecology and stewardship. 
The Waterman Fund hosts the Northeast Alpine Stewardship Gathering approximately every other 
year, but meetings in off years would be extremely useful.

• Coordinated monitoring of key aspects of alpine ecology, such as plant genetics and the soil 
microbiome. 

• Institutionalized stewardship that moves away from volunteer education staff.   
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Responses to online poll questions:
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Implementing forest adaptationstrategies 
for northern hardwood, mixedwood, 
and spruce-fir forests
Faci l i tators :  Samantha Myers  (Northern Inst i tute of  Appl ie  C l imate Sc ience/In ivers i ty  of 
Vermont)  and anthony D'Amato (Univers i ty  of  Vermont)

The uncertainty around the impacts of climate change, invasive species, and extreme weather events poses 
a significant challenge to sustaining forest ecosystems in the northeast. In response to this challenge, numerous 
field applications and experiments have been developed over the past decade that are testing different adaptation 
strategies to maintain diverse forest values in the face of changing environmental conditions. This working group 
session presented a forthcoming managers guide based on the outcomes of this work and broader manager 
input that outlines best adaptation practices for northern hardwood, mixedwood, and spruce-fir forests. The 
session facilitated discussion among 70 forestry and natural resource professionals and research scientists to 
improve the final version of the guide and garner input on adaptation strategies being used by the broader 
management community to address climate change impacts to these key ecosystems. 

Participants thought the content and flow of the guide would be helpful in adaptation planning at the site-
level, but also saw areas where more details and reference material could be included to better understand 
relative climate risks, costs, and operational considerations for adaptation actions and in case study examples. 
Outcomes of this session are informing the design of a managers guide to adaptation and associated web 
resources highlighting adaptation case studies to enhance the region’s capacity for implementing forest 
adaptation strategies. 
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Regional snow and mountain 
weather observation networks
Faci l i tator :  Joshua Benes (Univers i ty  of  Vermont)  and Er ika  Rowland (Forest  Stewards  Gui ld)

Overview
The North Eastern Snow Study (NESS) is an initiative to provide researchers, managers, and forecasters with 

critical data needed to better predict spring flooding events as well as the potential for drought; to enhance 
understanding of how changing snow dynamics will affect winter-based economies such as snow recreation and 
forestry; to make quality real-time data on snow conditions available to recreationists across the region; and to 
improve understanding of how changing snowpack dynamics are impacting ecosystem dynamics. This project 
is funded through federally appropriated funding by the USDA, Natural Resource Conservation Service (NRCS) 
which allocated funding to University of New Hampshire, University of Vermont, Schoodic Institute, Appalachian 
Mountain Club, Forest Stewards Guild, and New York State Mesonet.

Josh Beneš and Erika Rowland convened the working group to gather input as a part of NESS’s stakeholder 
engagement phase, an early stage of the project. The next phases include partnership development and on-
the-ground site selection, followed by development of a public report detailing priority sites, partnership 
agreements, and developing data-sharing and dissemination plan as well as implementation plans. Finally, NESS 
will be handed to NRCS for implementation.

The discussion centered around the 3 questions; 1) are there additional objectives the network should adopt, 
2) which metrics should each station collect, and 3) what are the network design's must-haves, should-haves, 
and would-be-nice-to-haves? The group encouraged NESS to use existing sites and infrastructure as much as 
possible, establish sites that account for a variety of conditions, incorporate student and citizen science efforts, 
and link climate data to ecological, remote sensing, and social/recreation-related metrics where possible. The 
group also stressed the importance of a well-staffed network, using a data management system that is well 
maintained.

Josh also shared updates about the formation of the Northeast Network of Mountain Observatories, the 
subject of a Working Session that he led during the 2022 FEMC Annual Conference. This observatory network 
to combine Whiteface Mountain Observatory and Mount Washington Observatory, standardizing data with a 
shared web portal, with regional stakeholders coordination with potential for integration into international high 
elevation climate monitoring and modeling objectives. Sites incorporated into this network will be the Summit-
to-Shore Environmental Observation Network, a series of 22 climate monitoring sites from Lake Champlain 
to the Northeast Kingdom, VT, to study snow dynamics across elevation gradients. The Summit-to-Shore sites 
are funded by Cold Region’s Research and Engineering Laboratory (CRREL) led by Arne Bomblies and Beverly 
Wemple, present for the discussion. Josh has also been collaborating with the Atmospheric Sciences Research 
Center (ASRC) on Whiteface Mountain, NY. Paul Casson, Site Operations Manager for ASRC, was also present for 
the discussion.
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Discussion
Question 1: What other objectives (beyond spring flooding / potential for drought, winter-based economy 

impact, data for recreationalists, climate monitoring/ecological change) should we be considering? Which ones 
would you prioritize?

Responses:
• Connect climate modeling and data with other studies (social issues, plant migration, wildlife 

dynamics, and forest health monitoring, etc)
• Remote sensing calibration and validation
• Enhancements for winter recreational use and planning

• Better understanding flooding and other seasonal dynamics

Question 2: What other monitoring variables should be considered at each monitoring station? How often 
should they collect data? How should data be shared?

Data being considered: Temperature (2m & 9m), wind (10m; Sonic and Propeller), relative humidity, solar 
insolation, precipitation, snow depth, snow water equivalent, pressure, soil and moisture at various depths.

Responses:
• Wind speed and direction
• Soil moisture and temperature at various depths.
• Solar radiation and atmospheric pressure measurements.

Question 3: Network design: What are the must-haves, should haves, and would-be-nice-to-haves?
Responses:
Must-haves:

• Well-maintained data management infrastructure
• Staffing for maintenance and data management

Should-haves:
• Partner with existing meteorological groups for operational support
• Diverse stakeholder engagement

Would-be-nice-to-haves:
• Guidance from statisticians for optimal site placement
• Collect high-frequency data to capture rapid changes to ensure relevance for real-time applications
• Use existing sites to avoid redundancy and incorporate historic data and additional metrics
• Pilot test new sites prior to full-scale implementation
• Cluster sites to capture variability, which could be more informative than widespread, sparse sites 
• Locate snow monitoring sites under the forest canopy as well as in openings
• Locate sites relative to population centers, watersheds, critical water resources, or ecologically 

sensitive areas for broader data applicability and relevance
• Consider existing gaps in the regional monitoring network to ensure comprehensive coverages
• Establish sites on university properties to facilitate student engagement and research
• Coordinate efforts across institutions, involve graduate students
• Incorporate citizen science efforts
• Share data in ways that is accessible for both technical and non-technical users
• Develop outreach programs that encourage data usage and a deeper understanding of climate data
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Creating a rapid response tree rescue network
Faci l i tators :  E l i ssa  Schuett  and Al ison Adams (FEMC,  Univers i ty  of  vermont)

Overview
A working session was held during the FEMC Annual Conference to discuss the need for and creation of a 

rapid response network to tree mortality rescue efforts across the FEMC program region. The session was led by 
Elissa Schuett and Alison Adams of FEMC as part of a scoping project that was conducted in 2023 using emerald 
ash borer as a test example. Attendees of the working session were not specifically a part of the scoping project, 
but were familiar with processes used at various agencies across the region and brought a wealth of knowledge 
and expertise to the conversation. 

The original goal of the session was to discuss how a rapid response network could be formed and activated 
if a new threat to tree health emerges. During the discussion, participants identified networks and processes 
that already exist within some states and described a number of barriers that exist and would limit the success 
of a regional network. Some gaps and future opportunities were also identified for consideration. It was noted 
that there was not a strong need for a regional response. 

Current approaches
Many states have procedures in place to respond to tree mortality threats. These procedures differ among 

states and do not readily cross state borders. New York uses the National Incident Management System to guide 
responses to incidents. The system uses Incident Command Systems (ICS) and multiagency coordination groups 
(MAC groups) to guide when a response should be activated, who responds, and what is done. The processes 
and procedures established in New York provide the ability to respond to incidents as they arise. Maine also has 
response plans and funding in place to support actions as needed. However, Connecticut and Rhode Island do 
not have a structured response plan. Massachusetts tried to implement a plan in response to spotted lantern fly, 
but it was not successful and abandoned.

In addition to state response systems, all of the FEMC states are also a part of the Northeastern Forest Fire 
Protection Commission (commonly called the Northeast Compact). The NE Compact provides a mechanism to 
provide U.S. member states and Canadian provinces with resources, information, and technology to respond 
to forest fires through mutual aid activities when a single state would not be capable of responding alone. 
The structure of the NE Compact promotes the transfer of supplies, personnel, technical assistance, and other 
resources across state and provincial boundaries.  In addition to state representation, there are also federal 
agencies with representation, including the Bureau of Indian Affairs, U.S. Fish and Wildlife Service, U.S. Forest 
Service, U.S. National Park Service. 

While the NE Compact is largely focused on forest fire response, included within the structure is a Forest 
Health Working Team that is focused on insect and disease outbreak response. Many of the members of this 
team from FEMC states are on the FEMC Steering Committee. 
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Characteristics of response plans that facilitate or limit success
The response systems in each state are variably successful in responding to forest health threats. 
The programs that have the most success have key commonalities. One noted factor is ensuring the people 

who are part of the emergency deployment have the experience and knowledge to fill the role they are assigned 
to. Subject matter experts should be a part of the deployment team. One participant in the working session 
mentioned that sometimes external experts are contracted to work with the team for this reason.

It is also important for relationships to exist before the response is needed. Identifying people outside of the 
base network can be a challenge. Creating lists of certified consultants in advance can contribute to the ability to 
quickly build the network. Maintaining and building relationships before a response is needed is also important. 
Without the relationships in place, it is hard to activate a network during an acute event. 

While some plans and processes exist that provide opportunities to manage a threat to tree health, there are 
still a number of barriers that slow or limit responses:

• Staff time available to transition from other work onto a response team is a key limitation. 
• Silos between agencies, and sometimes within, limit communication and do not allow for a 

coordinated response that efficiently uses resources. 
• Direct connections to landowners are not always established or maintained, which also slows 

communication and response. Extension offices often have well-established networks and 
communication routes that should be tapped into by agencies to improve this flow of information. 

• The uniqueness of each event contributes to the challenge of creating a general response plan. 
• The regulatory authority can also add to the complexity of rapidly responding to an event because 

approvals may need to flow through specific channels. 

Establishing plans and procedures in advance of a need for a tree health response will aid in the opportunity 
to quickly respond to acute events. However, there will likely often be barriers that slow the response. Due 
to these complexities and considering the pre-existence of response structures, it is unlikely that a regional 
effort would be successful. State management of communication and response effort will continue to be the 
appropriate approach. 

Next Steps for FEMC
Opportunities exist to improve communication or implement action plans in response to tree mortality 

events. However, the response plans in place are largely coordinated by state governments as well as through 
the Northeast Compact. FEMC is not positioned to further contribute to state response processes. FEMC can 
facilitate the transfer of information across the region and improve communication channels as information is 
conveyed to FEMC. 
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Poster session
A poster session was held in-person during the event. Posters are included here that were made available. 

1. Alpine plants as a model system for understanding biodiversity dynamics in a 
warming world: Integrating genetic, functional, and community approaches
Jacquelyn Gi l l 1,  Ca i t l in  Mcdonough-MacKenzie 2,  Jose Meire les 1,  I saac  Overcast 3,  Andrew 
Rominger 4

1Univers i ty  of  Maine,  2Bennington Col lege,  3Cal i fornia  Academy of  Sc iences,  4Univers i ty  of 
Hawai i

2. Assessing Vermont's conservation strategy: Safeguarding biological hotspots 
in high-priority interior forests
Meryl  Cal laway 1

1Univers i ty  of  Vermont

3. Assessment of smoke-influence and regional trends of organic carbon 
concentrations in cloud and rain water samples
Christopher  Lawrence 1,  Arachana Tr ipathy 1,  Paul  Casson 1,  John Campbel l 2,  James Shanley 3, 
Haider  Khwaja 4,  Mirza  Hussain 4,  Dan Kelt ing 5,  L iz  Yerger 5,  Sara  Lance 1

1SUNY Albany,  2U.S .  Forest  Serv ice,  3USGS,  4Wadsworth Center,  5ADK Watershed Inst i tute

4. Bringing genomics to the field: An integrative approach to forest restoration
Anoob Prakash¹ ,  Stephen Kel ler ¹

¹Department  of  P lant  B io logy,  Univers i ty  of  Vermont

5. Carbon dioxide removal by managing forests under natural disturbances in 
the Northeastern U.S.
Mark Ashton¹ ,  Mark Ducey² ,  Mark Bradford¹ ,  Sara  Kuebbing¹

¹Ya le  Univers i ty,  ²Univers i ty  of  New Hampshire

6. Developing a data-driven tool to advance bird and pollinator habitat 
evaluation and conservation in Vermont's working landscape
Cassandra Wolfanger ¹ ,  Maragaret  Fowle¹

1Audubon Vermont
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7. Establishment of a new white oak common garden on the Green Mountain 
National Forest
Paula  Murakami¹ ,  Laura Dewald² ,  Dana Nelson³ ,  Chr is  Maier³

¹USDA Forest  Serv ice,  Northern Research Stat ion,  ²Univers i ty  of  Kentucky,  ³USDA Forest 
Serv ice,  Southern Research Stat ion

8. Genomic offset modeling for climate-smart seed conservation in red spruce
Anthony D'amato¹ ,  Matt  F i tzpatr ick² ,  John Buttnor³ ,  Stephen Kel ler ¹

¹Univers i ty  of  Vermont,  ²Univers i ty  of  Maryland,  ³USDA Forest  Serv ice

9. Incorporating tree genetic variation into forest monitoring: Spatial genetic 
analysis of northern red oak (Quercus rubra) from a study site in southern 
Maine USA
Steven Travis ¹ ,  S ienna Matregrano¹ ,  Greg Zogg¹

¹Univers i ty  of  New England

10. Northeast Silvicultural Library
Anthony D'Amato¹ ,  J i l l  Lev ine¹

¹Univers i ty  of  Vermont

11. Northeastern forest climate change exposure mapping
Lukas  Kopacki 1,2,  Jen Pont ius 1,3,  Anthony D'Amato 3,  J im Duncan 4

¹FEMC,  ²ArborVox,  ³Univers i ty  of  Vermont,  ⁴VT FPR

13. Northeastern Forest Inventory Network
James Duncan¹*,  Emma Tait ¹* ,  Nancy Voorhis ¹ ,  A lexana Wolf ¹ ,  Soren Donisv i tch¹ ,  Jenni fer 
Pont ius ¹ ,  C lark  Cooper¹*

¹FEMC,  *No longer  with  FEMC

12. Recreational impacts on facets of forest health
Soren Donisv i tch¹ ,  A l ison Adams¹ ,  Matthias  S i rch¹ ,  E l i ssa  Schuett ¹ ,  Lar issa  Robinov² ,  Jerome 
Lee¹ ,  Jenni fer  Pont ius ¹

¹FEMC,  ²New Hampshire  Div is ion of  Forests  & Lands

13. Remote sensing technologies and the monitoring and management of 
subalpine summits, Acadia National Park
John Daig le ¹

¹Univers i ty  of  Maine
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14. Select species of concern, but an overall health northeastern forest after 
the 2023 forest health monitoring season
Jacob Vita le ¹ ,  A l ison Adams¹ ,  Soren Donisv i tch¹ ,  Jerome Lee¹ ,  Ben Porter ¹ ,  E l i ssa  Schuett ¹ , 
Matthias  S i rch¹ ,  Nancy Voorhis ¹ ,  A lexana Wolf ¹ ,  Jen Pont ius ¹

¹FEMC 

15. Small forest owner's engagement with a carbon sequestration effort in 
Northeastern U.S.
Freder ick  Pond¹

¹Vermont  Forest land Owner

16. Summit-toShore snow observatory network in Vermont
Kather ine Hale¹ ,  Arne Bombl ies ¹ ,  Bever ley  Wemple¹ ,  James Shanley²

¹Univers i ty  of  Vermont,  ²USGS

17. The Cotton Brook landslide: Effects on water quality and macroinvertebrate 
community health
Aaron Moore¹

¹State  of  Vermont

18. The Ecological Scorecard project: Monitoring ecological indicators in the 
Adirondack Park, NY
Natasha Karnisk i -Keglovits ¹ ,  Stacy  McNulty ¹

¹SUNY ESF Adirondack Ecologica l  Center

19. Thermal calendars to inform maagement in a changing climate
Ker issa  Fucc i l lo  Batt le ¹ ,  John Daig le² ,  Anthony D'Amato³ ,  Toni  Lyn Morel l i ⁴ ,  Nathan W. 
S iegert⁵ ,  Ta lbot  Trotter⁵ ,  Aaron weed⁶,  Theresa M.  Cr immins⁶

¹Community  Greenways Col laborat ive,  ²Univers i ty  of  Maine,  ³Unviers i ty  of  Vermont, 
⁴Northeast  C l imate Adaptat ion Sc ience Center,  USGS,  ⁵USDA Forest  Serv ice,  ⁶Nat ional  Park 
Serv ice

20. Using point counts to study how forestry management affects avian 
communities
Toni  Lyn Morel l i ¹

¹USGS
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