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I. Introduction

C

limate change poses one of the
biggest global challenges we
face. The consequences associated
with rapid climate change are currently
evident, and projections indicate marked
expansion over the coming century. New
York is already experiencing significant
deviations from historic climatic norms
- from higher temperatures, shifts in the
timing, duration, location, and severity
of precipitation events, changes in the
number and intensity of severe storms,
greater frequency of short-term summer
droughts - to rising sea levels.1 What makes
the problem particularly intractable is
the breadth of interconnections between
these climate-driven impacts and a myriad
of non-climate stressors such as habitat
fragmentation, habitat degradation, and
pollution - which have been the focus
of conservation efforts in New York for
decades. With the recognition that these
cumulative threats are already affecting
ecological systems, the National Wildlife
Federation (NWF) in cooperation with New
York’s Division of Fish, Wildlife and Marine
Resources (DFWMR) conducted a statewide
habitat vulnerability assessment in an
effort to evaluate the vulnerability of New
York’s primary habitats. The assessment
focused on upland systems that together
cover 65 to 70% of the total land area
in New York. Marine systems were not

included in the analysis due to limitations
in the scope of the methodology.

Initiated in the fall of 2011, the
assessment was focused on
addressing a series of important
questions about vulnerability:
which habitats are likely to be
most vulnerable; to what extent
will non-climate stressors
contribute to their vulnerability;
and for which habitats might it
be most feasible, operationally
The focus of the habitat assessment was
on the vulnerability of upland systems
and economically, to reduce these in New York to climate-driven impacts./
Christopher Hilke
vulnerabilities? At the same time,
New York’s Natural Heritage Program
(NYNHP) finalized a species vulnerability
assessment on 119 Species of Greatest
Conservation Need (SGCN) in March 2011.2
The NYNHP utilized NatureServe’s Climate
Change Vulnerability Index (CCVI) to assess
the vulnerability of a suite of SGCN that “(a)
might be susceptible to climate change, (b)
would be good indicators of vulnerability
of species in similar habitats, and (c) would
have sufficient data to allow conducting
the assessment”.3 In December 2012, NWF
integrated findings from both assessments
to identify a suite of vulnerable NY habitats
and species. These conservation targets
provided the foundation for a workshop
in Albany, NY, co-hosted by NYDEC, and
focused on utilizing vulnerability data to

1

Rosenzweig, Cet al. 2011. Responding to Climate Change in New York State: The ClimAID Integrated
Assessment for Effective Climate Change Adaptation. Technical Report. New York State Energy Research
and Development Authority (NYSERDA), Albany, New York. www.nyserda.ny.gov. 8-12.
2 Schlesinger, M.D. et al. 2011. Vulnerability of at-risk species to climate change in New York. New York
Natural Heritage Program, Albany, NY. http://www.natureserve.org/prodServices/climatechange/pdfs/
ccvi_report_ny.pdf.
3 Ibid.
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Coyote pup (Canis latrans var.). The rapid expansion of coyotes in the Northeast in conjunction with climate-driven impacts is serving to significantly impact ecological
interactions./Ric Kessler

identify adaptation strategies that would
increase the resiliency and/or adaptive
capacity of the targeted habitats and
species. The purpose of the workshop
was to provide New York natural resource
managers with a suite of adaptation
strategies to inform the implementation
of climate-smart considerations into
on-the-ground natural resource
management. Together, these efforts
provide baseline data on the vulnerability
of key habitats and species in New York
and a suite of strategies to help guide the
management of these conservation targets
under climate change.

This report includes a comprehensive
evaluation of the impacts of climate
change on a suite of macro-level New
York habitats, and an overview of
adaptation strategies that serve to increase
the adaptive capacity and/or resiliency
of several target species and habitats.
This document serves as a synthesis
product resulting from an effort by NWF
and our partners to provide the DFWMR

2
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with data on the impacts of climate
change on New York’s fish, wildlife, and
habitats. The goal is that the information
developed through this project and
included in this document will broadly
inform the incorporation of climate
change considerations into the revision
of New York’s Wildlife Action Plan (WAP)
which is slated for completion in 2015.
Moreover, our hope is that the assessment
and management implications developed
through this project will be useful to
partner agencies across sectors in New
York, including State natural resource
managers, local municipal planners,
transportation officials, coastal program
managers, and other organizations
participating in resource management.
By bringing together multiple voices
and partners, the information and
recommendations in this report
provide a feasible and effective way of
working together to address climate
change to protect the wildlife and
habitats of New York.

II. Climate Change
Impacts in New York

D

uring the 20th century the
planet warmed 1.3°F (0.7°C),
with the majority of change
occurring since 1970.4 The primary
driver of this warming is the increase of
atmospheric CO2 from the burning of
fossil fuels.5 Atmospheric CO2 has now
reached 395 parts per million (ppm),
30% beyond its highest value in the past
million years, and is currently increasing
by 2ppm per year.6 Further, data indicates
that northern latitudes are warming more
rapidly than global averages.7,8,9 States in
the northeastern U.S. warmed as a whole
by 1.4°F (0.8°C) over the course of the 20th
century.10,11,12 Annual mean temperatures

in the Northeastern U.S. are expected to
increase between 6°F - 12°F by the end of
the century depending upon a doubling
or tripling in greenhouse gas emissions
(GHGs) (Table 1, page 4).13 Moreover,
projections indicate that by 2050 average
annual temperatures in the Northeast
are expected to rise 2.5 to 4.0°F in winter
and 1.5 to 3.5°F during the summer.14
Temperature increases of this extent over
such a reduced temporal scale will result
in a dramatic reshuffling of species and
community assemblages.15

These physical changes are already
triggering significant biological responses.

4 M.L. Parry, et al., Intergovernmental Panel on Climate Change (IPCC), “Climate Change 2007: Impacts,
Adaptation and Vulnerability”, Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, 1-976.
5 Ibid.
6 Hayhoe et al., “Regional climate change projections for the Northeast USA, Mitigation and Adaptation
Strategies for Global Change”, 13, (2008), 425–436.
7 M.L. Parry, et al., “Climate Change 2007: Impacts, Adaptation and Vulnerability.”
8 Frumhoff et al., “Climate Change in the U.S. Northeast: A report of the Northeast Climate Impacts
Assessment.”
9 Hayhoe et al., “Regional climate change projections for the Northeast USA, Mitigation and Adaptation
Strategies for Global Change.”
10 Ibid.
11 M.L. Parry, et al., “Climate Change 2007: Impacts, Adaptation and Vulnerability.”
12 Frumhoff et al., “Climate Change in the U.S. Northeast: A report of the Northeast Climate Impacts
Assessment.”
13 Hayhoe et al., “Regional climate change projections for the Northeast USA, Mitigation and Adaptation
Strategies for Global Change.”
14 U.S. Global Change Research Program (USGCRP), “Global Climate Change Impacts in the United
States,” A report of the USGCRP, Washington, DC, (2009) http://www.globalchange.gov/usimpacts/.
15 Tang et al., “The potential transient dynamics of forests in New England under historical and projected
future climate change,”12.
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Table 1. New York temperature and precipitation projections to 2080. From: Rosenzweig, C., W. Solecki, A.
DeGaetano, M. O’Grady, S. Hassol, P. Grabhorn (Eds.). 2011. Responding to Climate Change in New York
State: The ClimAID Integrated Assessment for Effective Climate Change Adaptation. Technical Report. New
York State Energy Research and Development Authority (NYSERDA), Albany, New York.
Climate Change Risk

2020s

2050s

2080s

Low

1 - 5 inches

5 - 12 inches

8 - 23 inches

High

5 - 10 inches

17 - 29 inches

37 - 55 inches

Change in Precipitation

0 - 5% increase

0 -10% increase

5 - 15% increase

Change in Temperature

1.5 - 3.0 F

Sea Level Rise

o

o

3.0 - 5.5 F

o

4.0 - 9.0 F

Temperature and Precipitation Projections for 2100
Region

Temperature Change

1 - Western New York and the Great Lakes Plain

+4.5 to 10.0 F

o

0 to +15%

2 - Catskill Mountains and the West Hudson River Valley

+4.0 to 9.5 F

o

0 to +10%

3 - Southern Tier

+4.5 to 9.5 F

o

0 to +10%

4 - New York City and Long Island

+4.0 to 9.0 F

o

0 to +10%

5 - East Hudson and Mohawk River Valleys

+4.5 to 9.5 F

0 to +10%

6 - Tug Hill Plateau

o

+4.5 to 10.0 F

0 to +15%

7 - Adirondack Mountains

+4.5 to 9.5 F

0 to +15%

o

Plants are leafing out and blooming
earlier; birds, butterflies, amphibians,
and other wildlife are breeding, feeding,
metamorphosing or migrating earlier;
and many species are shifting ranges
northward and to higher elevations.16,17,18,19
As diverse species and habitats respond
to climatic fluctuations in different ways,
important inter-specific connections –
such as between pollinators and the
flowers they fertilize, or breeding birds
and the insects on which they feed –
may become uncoupled. Of particular
16

o

Precipitation Change

concern is the potential for entire
ecosystems to be disrupted.

Such assumptions are reinforced by
dynamic ecosystem modeling which project
that by the end of this century 60% of
New England will be dominated by oak
species compared to 21% at the beginning
of the century, while northern portions of
the region will be dominated by aspenbirch.20 These models also suggest novel
associations and co-occurrences of maplebeach-basswood, yellow birch, elm, and

Betts, A. K. (2011a), Vermont Climate Change Indicators. Weather, Climate and Society, 3, doi:
10.1175/2011WCAS1096.1. (In press, available at http://alanbetts.com/research).
17 Betts, A. K. (2011b), Seasonal Climate Transitions in New England. Weather, 66, doi: 10.1002/wea.754.
(In press, available at http://alanbetts.com/research).
18 Stager, C., and Thill, M. 2010. Climate Change in the Champlain Basin: What Natural Resource Managers
can Expect and Do. The Nature Conservancy. Adirondack & Vermont Chapters.
19 U.S. Global Change Research Program (USGCRP). 2009. Global Climate Change Impacts in the United
States. A report of the USGCRP. USGCRP, Washington, D.C. http://www.globalchange.gov/usimpacts/
(accessed August 7, 2010).
20 Ibid.
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hickories in mid and central New England,
as well as complex conversions between
forest types currently sharing similar
bioclimatic ranges.21

Climate-driven sea level rise (SLR) is also
likely to be a significant threat to New
York (Table 1, page 4). Roughly, 54 million
people live along the northeast coast
making the region one of the most densely
populated coastal regions in the country.22
Ten of the 13 northeastern states find
the majority of their populations living
in coastal counties.23 Further, the New
York, Baltimore-Washington, and Boston
metropolitan areas account for three of the
top five largest metro areas in the country.24
This density distribution is particularly
evident in New York, which as recently
as 2004, was home to the most densely
populated coastal counties in the country.25

Of the total NY population, 62 percent lives
on or near the coast.26 The population and
infrastructure density along the coastline
of the Northeastern U.S. make the region
particularly susceptible to sea level rise
(SLR) and other climate-driven coastal
impacts.27,28,29

Increases in the concentration of
atmospheric greenhouse gases are warming
global air and water temperatures.30 The
resulting thermal expansion of our oceans
in conjunction with freshwater inputs from
melting glaciers and ice sheets is causing
global sea levels to rise.31 In fact, recent
studies suggest global average increase in
sea levels between 0.5m and 1.5m over the
next century.32,33 Moreover; the rate of SLR
has been increasing. During the twentieth
century, the rate of SLR rose above historic
averages to roughly 0.2 cm per year.34 Over

21

Ibid.
Crossett, K.W. et al., “Population Trends Along the Coastal United States: 1980-2008”, National Oceanic
and Atmospheric Administration, Coastal Trends Report Series, (2004), 1.
23 Ibid.
24 (US Census, 2009).
25 Crossett, K.W. et al., “Population Trends Along the Coastal United States: 1980-2008,” 6.
26 New York State Sea Level Rise Task Force, “New York State Sea Level Rise Task Force Report to the
Legislature”, (DRAFT), (2010), http://www.dec.ny.gov/docs/administration_pdf/slrtffinalrep.pdf, 1-93.
27 U.S. Environmental Protection Agency, “Coastal Areas Impacts & Adaptation,” webpage, Accessed
09/2012, http://www.epa.gov/climatechange/impacts-adaptation/coasts.html, last updated June 14,
2012.
28 New York State Sea Level Rise Task Force, “New York State Sea Level Rise Task Force Report to the
Legislature,” 11.
29 Kirshen, P. et al., “Coastal Flooding in the Northeastern United States due to Climate Change,” Journal of
Mitigation and Adaptation Strategies for Global Change, (2007), In Press, 3.
30 Ibid.
31 Ibid.
32 Grannis, J., “Adaptation Tool Kit: Sea-Level Rise and Coastal Land Use - How Governments Can Use
Land-Use Practices to Adapt to Sea-Level Rise,” Georgetown Climate Center, Georgetown Law, (2011),
1-300.
33 National Research Council, Committee on Stabilization Targets for Atmospheric Greenhouse Gas
Concentrations, “Climate Stabilization Targets: Emissions, Concentrations, and Impacts over Decades to
Millennia,” National Academies Press, Washington, DC, (2011), 165.
22
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the course of the last 150 years, New York
harbor has risen more than 15 inches – 4
to 6 inches of which has occurred since
1960.35 This trend is exacerbated by the
fact that there are significant regional
differences in the rate of SLR due in part
to land subsidence, postglacial rebound,
and plate tectonics.36 Like other climatedriven impacts, SLR is exacerbated by
a host of other climate and non-climate
variables. SLR in association with projected
increases in the frequency and severity
of precipitation and storm events, coastal
development trends, land-use management,
warmer ocean temperatures, changes in
salinity because of saltwater inputs, and
storm surges associated with hurricanes
and tropical storms, cumulatively pose a
significant threat to New York’s coastal
communities and ecosystems.37,38,39
SLR in conjunction with increasingly
severe storm surges can exacerbate
flooding, coastal wetland erosion, loss of
34

ecological buffering capacity, loss of critical
fish and wildlife habitat, extensive and
costly damage to residential, commercial
and transportation infrastructure, and
can substantially disrupt economic
activities.40,41 Changes in the amount,
timing and severity of precipitation events
can alter water runoff patterns – increasing
sediment loads and agricultural runoff that
result in anoxic coastal zones and threaten
coastal species.42 Other synergistic impacts
resulting from SLR, changing precipitation
trends, and larger storm surges include –
increases in the salinity of groundwater and
saltwater intrusion up waterways - which
in turn impact wetland and estuarine
species and may contaminate drinking
water.43 Recent storms, including tropical
cyclone Irene in 2011 and hurricane Sandy
in 2012 have highlighted the current and
potential future magnitude of cross-sector
impacts on coastal systems as a result of
synergistic stressors.

Church, J. A., and N. J. White, “A 20th century acceleration in global sea-level rise,” Geophys Res Lett,
33. 2006 3.
35 New York State Sea Level Rise Task Force, New York State Sea Level Rise Task Force Report to the
Legislature. 1-93.
36 Kirshen, P. et al., “Coastal Flooding in the Northeastern United States due to Climate Change,” 2.
37 Anderson, E.K. et al., “Coastal Sensitivity to Sea-Level Rise: A Focus on the Mid-Atlantic Region,”
Synthesis and Assessment Product 4.1, Report by the U.S. Climate Change Science Program and the
Subcommittee on Global Change Research, (2009), 1-20.
38 Kirshen, P. et al., “Coastal Flooding in the Northeastern United States due to Climate Change,” 2.
39 Committee on Stabilization Targets for Atmospheric Greenhouse Gas Concentrations; National Research
Council, “Climate Stabilization Targets: Emissions, Concentrations, and Impacts over Decades to Millennia,”
184.
40 U.S. Environmental Protection Agency, “Coastal Areas Impacts & Adaptation” webpage, Accessed 9/2012,
http://www.epa.gov/climatechange/impacts-adaptation/coasts.html, last updated June 14, 2012.
41 Kirshen, P. et al., “Coastal Flooding in the Northeastern United States due to Climate Change,” 3.
42 U.S. Environmental Protection Agency, “Coastal Areas Impacts & Adaptation” webpage, Accessed 9/2012,
http://www.epa.gov/climatechange/impacts-adaptation/coasts.html, last updated June 14, 2012.
43 Ibid.
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At nearly 1000 miles wide, hurricane
Sandy was one of the largest storms
to strike the Northeast in decades.44,45
With sustained winds peaking at 90
mph, rainfall amounts between 3” and
8”, snowfall accumulations up to 28”,
and storm surges in numerous locations
exceeding 13ft, Sandy devastated large
areas of northeastern coastline.46,47
The storm resulted in significant
damage to: coastal ecological resources,
built residential, commercial, and
transportation infrastructure, as well as
significant production loss and economic
disruption.48,49 Impacts included an
estimated $25 billion in lost business
activity, $2.5 to $3 billion in potential wind
damage, an estimated 305,000 housing
units damaged in NY and 72,000 buildings
damaged in NJ, and hundreds of millions
of gallons of sewage entering New Jersey

Northeastern Appalachian mountains/Christopher Hilke

and New York waterways as a result of
overwhelmed infrastructure.50,51,52 As a
result of the storm, estimated costs for New
York and New Jersey combined top $71
billion and insured losses are estimated to
cost between $16 billion to $22 billion.53
The severity of the impacts to both natural
systems and the built environment served
to highlight the importance of proactive
climate adaptation planning.

44

Washington Post, “From the devastating surge to crippling snow, Hurricane Sandy, by the numbers,” Written
by Justin Grieser on 10/31/2012, (2012), http://www.washingtonpost.com/blogs/capital-weather-gang/post/
hurricane-sandy-recap-historic-storm-from-storm-surge-to-snow/2012/10/31/9a7c56d8-2362-11e2-ac85e669876c6a24_blog.html.
45 U.S. News, “Superstorm Sandy, by the Numbers,” U.S. News on NBCNews.com, (2012), http://usnews.
nbcnews.com/_news/2012/10/29/14777524-superstorm-sandy-by-the-numbers?lite.
46 Washington Post, “From the devastating surge to crippling snow, Hurricane Sandy, by the numbers.”
47 U.S. News, “Superstorm Sandy, by the Numbers,” U.S. News on NBCNews.com, (2012), http://usnews.
nbcnews.com/_news/2012/10/29/14777524-superstorm-sandy-by-the-numbers?lite.
48 Time Inc. U.S. News, “Hurricane Sandy by the Numbers: A Superstorms Statistics, One Month Later,” Written
by Kayla Webley on Nov. 26, 2012. http://nation.time.com/2012/11/26/hurricane-sandy-one-month-later/.
49 Washington Post, “From the devastating surge to crippling snow, Hurricane Sandy, by the numbers,” Written
by Justin Grieser on 10/31/2012, (2012), http://www.washingtonpost.com/blogs/capital-weather gang/post/
hurricane-sandy-recap-historic-storm-from-storm-surge-to-snow/2012/10/31/9a7c56d8-2362-11e2-ac85e669876c6a24_blog.html.
50 New York Times, “Sewage Flows After Storm Expose Flaws in System,” Article written by Michael Schwirtz
in New York Region section on November 29, 2012. http://www.nytimes.com/2012/11/30/nyregion/sewageflows-after-hurricane-sandy-exposing-flaws-in-system.html?pagewanted=all&_r=0/.
51 Time Inc. U.S. News, “Hurricane Sandy by the Numbers: A Superstorms Statistics, One Month Later.”
52 New York Times, Running page in NYTs Times Topics, “Hurricanes and Tropical Storms (Hurricane Sandy),”
Accessed on 09/2012, Updated on Jan. 2, 2013.
53 New York Times, In New York Region section, City Room, “Hurricane Sandy vs. Hurricane Katrina,” Written by
Andy Newman on November 27, 2012. http://cityroom.blogs.nytimes.com/2012/11/27/hurricane-sandy-vshurricane-katrina/, Accessed on 09/2012.
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III. Project Overview

T

his report includes two primary
sections, (a) an evaluation
of findings from a habitat climate
vulnerability assessment (VA) conducted by
Dr. Hector Galbraith, then of EcoSolutions
now with National Wildlife Federation, on
macro-group habitats across New York,
and (b) an overview of an effort to utilize
New York’s species and habitat VA’s as
a basis for identifying “operationally
feasible” adaptation strategies for a suite
of conservation targets. The purpose for
this report is to expand upon the baseline
information necessary to systemically
integrate climate change considerations
into the revision of the New York Wildlife
Action Plan (WAP). As the primary
management document for NY’s species
and associated habitats, it is critical that
the full breadth of climate-driven
challenges and solution strategies be
reflected in the Action Plan if New York
is going to facilitate a sustainable future
for her ecosystems - the species that they
support and the services they provide.
This report provides information on the
vulnerability of NY habitats and species to
climate change, and provides examples of
subsequent adaptation planning to inform
future natural resource management
decision-making.

54

State Wildlife
Action Plans
In 2002 Congress began funding the State
Wildlife Grants program with the intent
to conserve wildlife in this country and
in particular to prevent new listings of
endangered species under the provisions
of the Endangered Species Act.54,55 The
State Wildlife Grants program provides
federal grant funds for developing and
implementing programs that benefit
wildlife and their habitats through annual
appropriations to state wildlife agencies,
and distributed based upon a state
formula.56 In order to make the best use
of the federal funds provided through
State Wildlife Grants, Congress charged
each state and territory with developing
a Wildlife Action Plan (known technically
as Comprehensive Wildlife Conservation
Strategies) focused on conserving wildlife
and vital natural areas before they become
more rare and more costly to protect.57
Congress required the inclusion of eight
“core elements”, and a focus on wildlife of
greatest conservation need. Further, the
plans were required to be updated every
ten years. All 50 states, U.S. territories,
and the Commonwealth of Puerto Rico

Richie, D. Et al. 2006. State Wildlife Action Plans: Working together to prevent wildlife from becoming
endangered. Association of Fish and Wildlife Agencies (AFWA). http://teaming.com/sites/default/files/
StateWildlifeActionPlansReportwithStateSummaries.pdf.
Washigton, DC. P7.
55 Association of Fish and Wildlife Agencies (AFWA). 2011. State & Tribal Wildlife Grants Program: 10 Years
of Success. Washington, DC. P4.
56 Richie, D. Et al. 2006. P7.
57 Ibid P8.
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completed their Action Plans by the first
round submission date on October 2005.58

Eight Required Elements of
Wildlife Action Plans

1. Information on the distribution and
abundance of wildlife, including low and
declining populations, that describes the
diversity and health of the state’s wildlife.

2. Descriptions of locations and relative
conditions of habitats essential to species
in need of conservation.
3. Descriptions of problems that may
adversely affect species or their habitats,
and priority research and survey efforts.

4. Descriptions of conservation actions
proposed to conserve the identified species
and habitats.

5. Plans for monitoring species and
habitats, and plans for monitoring the
effectiveness of the conservation actions
and for adapting these conservation actions
to respond to new information.
6. Descriptions of procedures to review the
plan at intervals not to exceed 10 years.
7. Coordination with federal, state,
and local agencies and Indian tribes in
developing and implementing the wildlife
action plan.

8. Broad public participation in
developing and implementing the wildlife
action plan.
--From: Richie, D. Et al. 2006. State Wildlife
Action Plans: Working together to prevent
wildlife from becoming endangered. P9
These large-scale, science-based, nonregulatory plans identify what needs to be
done in each state to conserve wildlife and
the lands and waters they depend upon,
and prevent those assets from declining
to the point of becoming endangered. To
accomplish this, the Action Plans also
identify the information needed to improve
our knowledge about the current and
future challenges facing wildlife in order
to guide long-term planning. In response
to the increasing role that climate-driven
impacts play in guiding natural resource
management decision-making, the
Association of Fish and Wildlife Agencies
(AFWA) released Voluntary Guidance
for States to Incorporate Climate Change
into State Wildlife Action Plans & Other
Management Plans in 2009. The report
provided a summary of current climate
science, a suite of climate adaptation
planning and implementation tools, and
voluntary guidance on incorporating
climate considerations into Wildlife Action
Plans.59 The importance of fundamentally
integrating climate change considerations
into Action Plans was further highlighted
in Best Practices for State Wildlife Action
Plans: Voluntary Guidance to States for
Revision and Implementation published
by AFWA in 2012. The report is organized

58

Aldridge, M. et al. 2008. State Wildlife Action Plans in the Northeast: A Regional Synthesis. University of
Michigan School of Natural Resources and Environment. Ecosystem Management Initiative. p.8.

59 Association

of Fish and Wildlife Agencies (AFWA). 2009. Voluntary Guidance for States to Incorporate
Climate Change into State Wildlife Action Plans & Other Management Plans. A collaborative report from
AFWA’s Climate Change and Teaming With Wildlife Committees. http://www.fishwildlife.org/files/AFWAVoluntary-Guidance-Incorporating-Climate-Change_SWAP.pdf. Washigton, DC. p7.
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along the themes of the eight required
elements. In Chapter 3, which addresses
Threats and Conservation Actions (Elements
3 & 4), the authors specifically highlight
the importance of conducting climate
vulnerability assessments “to inform the
selection and prioritization of SGCN and
conservation actions”.60

New York State
Wildlife Action Plan

New York’s WAP, titled the New York State
Comprehensive Wildlife Conservation
Strategy: A Strategy for Conserving New
York’s Fish and Wildlife Resources, is a
statewide, comprehensive plan focused on

ensuring the vitality and biodiversity of
NY’s natural resources. The Wildlife Action
Plan identifies more than 1385 species
within New York, of which 537 are species
of conservation concern, 32 are federallylisted threatened and/or endangered
species, and 127 state-listed threatened or
endangered species (Table 2).61

Further, New York was the only state in
the northeast to organize its Action Plan
by watershed.62 The plan utilizes United
States Geological Survey (USGS) 4-digit
drainage basins to identify 11 watersheds
(Allegheny, Atlantic Ocean basin, Delaware,
Lake Champlain, Lake Erie, Lower Hudson,
northeast Lake Ontario, southeast

Table 2. Richie, D. Et al. 2006. State Wildlife Action Plans: Working together to prevent wildlife
from becoming endangered. Association of Fish and Wildlife Agencies (AFWA). P167.
Wildlife

Total Number of Species

Species of Conservation
Concern

Threatened/Endangered
Listed Species

Mussels & Clams

82 known freshwater
unknown marine

55 freshwater
5 marine

9 - all freshwater

Snails

10 families

Fish
• Freshwater
• Diadromous
• Marine

14 freshwater
1 terrestrial

1 federally listed
15 state listed

>160
16
unknown

40
8
51

24 state listed
1 federally/state listed
2 federally/state listed

Amphibians &
Reptiles

70

44

6 federally listed
20 state listed

Birds

>450

118

Mammals

92

22

3 federally listed
39 state listed
6 federally listed
14 state listed

Totals

>1385

537

60 Association

32 federally listed
127 state listed

of Fish and Wildlife Agencies (AFWA). 2012. Best Practices for State Wildlife Action Plans—
Voluntary Guidance to States for Revision and Implementation. Teaming With Wildlife Committee, State
Wildlife Action Plan (SWAP) Best Practices Working Group. http://teaming.com/sites/default/files/
SWAP%20Best%20Practices-110212-for%20website_0.pdf. Washington, DC. p11.
61 Richie, D. Et al. 2006. State Wildlife Action Plans: Working together to prevent wildlife from becoming
endangered. Association of Fish and Wildlife Agencies (AFWA). Washigton, DC. p167.
62 Jastremski, M.S. 2008. State Wildlife Action Plan Characterization: New York. University of Michigan,
School of Natural Resources and Environment. Part of an interdisciplinary effort to assess State Wildlife
Action Plans in the Northeast. http://www.snre.umich.edu/ecomgt/swap/PDFs/New%20York.pdf. p3.
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Lake Ontario, southwest Lake Ontario,
Susquehanna, and Upper Hudson).63 The
plan includes an overview of the natural
history of NY, a section on species selection
information, and is followed by a summary
of statewide threats and statewide
conservation priorities.64 Subsequently, the
plan is organized such that each watershed

has its own chapter, which contains; “a
written description of the basin; critical
habitats of the basin and the species that
use them; overall trends in the basin;
threats in the basin; priority issues in the
basin; vision, goals, and objectives for the
basin; and priority strategies/actions for
basin-wide implementation”.65,66

Table 3. A summary of threats for all Species of Greatest Conservation Need (n=537) in
New York State. The threats and summary figures compiled here are not listed in order
of importance. NYS Department of Environmental Conservation (DEC). 2005. New York
State’s Comprehensive Wildlife Conservation Strategy (CWCS). p70.
Threat
Code
6
2
13A
1c
10A
1a
9A
4c
4b
3
7T
12A
14T
1
5b
19T
7A
1b
12T
5a
U
18T
5c
14A
8A
8T
11A
15A
15T
17T
4d
11T
4e
4a
10T
13T
9T
16A
16T

Threat Description
Habitat Loss - cultural (e.g., development)
Contaminants
Degradation of Water Quality
Human Disturbance - illegal/unregulated harvest
Barriers of Movement in Aquatic Habitats (e.g., dams, weirs, culverts
Human Disturbance - collisions
Sedimentation/Erosion (impacts on aquatic habitats)
Interspecific Competition for Resources
Disrupted Predator-Prey Cycles
Disease
Habitat Loss - natural (e.g., succession)
Competition from invasive Exotics
Fragmentation
Human Disturbance - general
Susceptibility to Stochastic Events (isolated pop’ns)
Active Alteration/Suppression of Natural Processes (e.g., fire)
Climate Change (change in water level, temperature)
Human Disturbance - entanglement, entrainment, Impingement
Habitat Composition Altered by Terrestrial Invasive Species
Susceptibility to Stochastic Events (weather, storms)
Unknown Threats
Insensitive/Unsustainable Agricultural/Silvicultural Practices
Susceptibility to Stochastic Events (rare species)
Altered Hydrology (water level management/extraction)
Aquatic Habitat Altered by Natural Processes (e.g., beaver)
Climate Change (change in species range, distb’n, migration
Loss of Streamside Buffers
Habitat Composition Altered by Aquatic Invasive Species
Reduction in Patch Size, Shape, Area
Loss of Connectivity/Metapopulation Dynamics
Detrimental Hybridization
Pollution (e.g., acid rain, soil contamination)
Parasites
Loss of Host Species
Barriers to Movement in Terrestrial Habitats (e.g., roads, powerlines)
Terrestrial Habitat Composition Altered by Overuse (e.g., deer)
Impacts of Erosion on Terrestrial Habitats
Aquatic Habitat Composition Altered by Overuse (e.g., swans, muskrat)
Negative Edge Effects (i.e., increased predation, “ecological traps”)

# of Species
Groups Affected

# of All Spp
Groups Statewide

% of All Threats
Statewide

75
56
52
40
33
27
27
26
25
21
18
14
14
13
13
12
12
11
10
10
9
8
8
7
6
6
5
5
5
5
5
4
4
3
2
2
2
1
1

58.6
43.8
40.6
31.3
25.8
21.1
21.1
20.3
19.5
16.4
14.1
10.9
10.9
10.2
10.2
9.4
9.4
8.6
7.8
7.8
7.0
6.3
6.3
5.5
4.7
4.7
3.9
3.9
3.9
3.9
3.9
3.1
3.1
2.3
1.6
1.6
1.6
0.8
0.8

12.6
9.4
8.7
6.7
5.5
4.5
4.5
4.4
4.2
3.5
3.0
2.3
2.3
2.2
2.2
2.0
2.0
1.8
1.7
1.7
1.5
1.3
1.3
1.2
1.0
1.0
0.8
0.8
0.8
0.8
0.8
0.7
0.7
0.5
0.3
0.3
0.3
0.2
0.2

63

Ibid.
NYS Department of Environmental Conservation (DEC). 2005. New York State’s Comprehensive Wildlife
Conservation Strategy (CWCS). In partnership between NYS DEC, NY Department of State (DOS) and NY
Office of Parks, Recreation and Historic Preservation (OPRHP). http://teaming.com/sites/default/files/
New%20York%20Wildlife%20Action%20Plan.pdf. p1-548.
65 Ibid.
66 NYS Department of Environmental Conservation (DEC). 2005. New York State’s Comprehensive Wildlife
Conservation Strategy (CWCS). In partnership between NYS DEC, NY Department of State (DOS) and NY
Office of Parks, Recreation and Historic Preservation (OPRHP). http://teaming.com/sites/default/files/
New%20York%20Wildlife%20Action%20Plan.pdf. p1-548.
64
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Unlike several other first iteration SWAPs,
the 2005 NY Wildlife Action Plan recognizes
the emerging importance of climate-driven
impacts as “the threat with the greatest
potential to affect fish and wildlife on a
scale beyond the boundaries of New York
State”. 67 Climate change is identified as a
threat, to varying degrees, across all the
NY watershed chapters, and includes it’s
own subsection under Statewide
Threats (Table 3, page 11).68 However,
explicit to it’s inclusion in the Action Plan
is the recognition that more information
was needed at that time to identify the
full spectrum of potential climate-driven
impacts and how those impacts may affect
specific species and habitats.69

Now, ten years later, the breadth of
information on the impacts of climate
change on New York’s natural resources
has grown considerably. Recent reports
include: New York State Climate Action
Council’s Climate Action Plan Interim
Report,70 Responding to Climate Change in
New York State: The ClimAID Integrated
Assessment for Effective Climate Change
Adaptation,71 PlaNYC: A Greener, Greater,
67

New York,72 New York State Sea Level Rise
Task Force: Report to the Legislature,73
among numerous others. While broad,
cross-sector assessments are important
to holistically addressing climate change
across New York, specifically managing
for the long-term health of NY’s diverse
wildlife and the habitats they depend
upon requires targeted climate
vulnerability assessment data. To this
end, it is critical that NY’s next Wildlife
Action Plan, due in October 2015,
incorporates the full scope of vulnerability
assessment and natural resource
adaptation planning information available.

Climate Vulnerability
Assessments

The changing climate poses significant
questions for the future conservation of
fish and wildlife: how do we protect valued
resources against a climatic background
that can no longer be assumed to be
static? How well will our “traditional”
conservation tools (e.g., place-based

Ibid. p65.
Ibid.
69 Ibid.
70 New York State Climate Action Council (CAC). 2010. New York State Climate Action Council’s Climate
Action Plan Interim Report. In partnership with New York State Energy Research and Development Authority
(NYSERDA), the Department of Environmental Conservation (DEC), and the Center for Climate Strategies
(CCS). http://www.dec.ny.gov/energy/80930.html.
71 Rosenzweig, Cet al. 2011. Responding to Climate Change in New York State: The ClimAID Integrated
Assessment for Effective Climate Change Adaptation. Technical Report. New York State Energy Research
and Development Authority (NYSERDA), Albany, New York. http://www.nyserda.ny.gov/Publications/
Research-and-Development/Environmental/EMEP-Publications/Response-to-Climate-Change-in-NewYork.aspx.
72 New York State. 2011. PlaNYC: A stronger, More Resilient New York. http://www.nyc.gov/html/sirr/html/
report/report.shtml.
73 New York State Sea Level Rise Task Force. 2010. New York State Sea Level Rise Task Force: Report
to the Legislature. In partnership with New York State Department of Environmental Conservation (DEC).
http://www.dec.ny.gov/docs/administration_pdf/slrtffinalrep.pdf.
68
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protection) continue to work? What new
management tools will we need? How
do we plan future acquisitions? How will
the changing climate interact with the
other stressors that are already impacting
wildlife resources? Perhaps the most urgent
question, and the one that needs answering
before the others can be fully addressed, is:
which species and habitats are likely to be
vulnerable to, or may benefit from, climatedriven impacts?

Vulnerability assessments provide critical
baseline data for adaptation planning.
Specifically, they help to identify which
species and/or habitats are likely to
be most strongly affected by projected
changes, and they help us understand why
these resources are likely to be vulnerable,
including how climate impacts may interact
with existing stressors.74 As a result, VAs
provide natural resource practitioners
with the information necessary to
determine what we need to do differently
moving forward to achieve sustainable
management, as well as identifying current
strategies and activities that continue to
make sense from a climate adaptation
perspective.75

New York Habitat
Vulnerability Assessment

In September 2012, the National Wildlife
Federation in partnership with Manomet
Center for Conservation Sciences (MCCS)

completed the Northeast’s first regional
vulnerability assessment (RVA).76 The
assessment utilized facilitated expert
elicitation from a panel of 27 natural
resource practitioners including staff from
state fish and wildlife agencies in all of the
Northeastern states, as well as other state
and federal habitat professionals. The goal
of the assessment was to (a) quantify the
regional vulnerabilities to climate change
Module 4
Narratives

Module 1
Climate Change
Vulnerability

Module 2
Non-climate Change
Vulnerability

Module 3
Overall Vulnerability and
Confidence Evaluation

Figure 1. Module 1 comprises 11 variables
and scores the likely vulnerabilities of habitats
to future climate change (and the potential
interaction between climate and non-climate
stressors). Module 2 has 5 variables and scores
the comparative vulnerabilities of habitats to
existing and future, non-climate change stressors.
Module 3 combines the results of Modules 1 and
2 to produce an overall evaluation and a score
of the habitat’s future vulnerability to climate
change and to non-climate stressors. Module 3
also groups these scores into five categories:
critically vulnerable, highly vulnerable,
vulnerable, less vulnerable, and least vulnerable.

74

P. Glick ,B.A. Stein and N.A. Edelson, editors. 2010. Scanning the Conservation Horizon: A Guide to
Climate Change Vulnerability Assessment. National Wildlife Federation, Washington, D.C. p3.
75 Ibid.
76 Manomet Center for Conservation Sciences and National Wildlife Federation. 2012. The Vulnerabilities
of Fish and Wildlife Habitats in the Northeast to Climate Change. A report to the Northeastern Association
of Fish and Wildlife Agencies and the North Atlantic Landscape Conservation Cooperative. Manomet,
MA. http://static.rcngrants.org/sites/default/files/final_reports/RCN 2009-01 Final Report - THE
VULNERABILITIES OF FISH AND WILDLIFE HABITATS IN THE NORTHEAST TO CLIMATE CHANGE.pdf.
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of fish and wildlife habitats, and how these
vulnerabilities vary spatially across the
region, (b) project how the status and
distributions of these habitats and species
may be affected by climate change, and
(c) to work with states to increase their
institutional knowledge and capabilities
to respond to climate change through
educational and planning workshops and
other events.77 Led by Hector Galbraith
(formerly of MCCS), the process involved
the development of a draft assessment
model and panel review and revision of the
model prior to the development of a final
working version.78 The model includes four
connected modules (Figure 1, page 13).
Since it’s completion, the RVA has informed
habitat vulnerability assessments in New

Jersey, Maryland, and Vermont, and was
utilized by the National Park Service (NPS)
to evaluate habitats in the Badlands of
South Dakota.79 The RVA model was also
utilized to identify the vulnerabilities of key
habitats across New York.
Due to the increasing degree of uncertainty
in assessing projected vulnerabilities
at fine scales, the NY habitat VA focuses
on 9 primary habitat systems (Figure
2). As Galbraith, 2012 points out, “our
knowledge about how the future climate
will change, and our knowledge about
how species and systems will respond, is
uncertain enough that there is difficulty
discriminating between the likely
vulnerabilities of habitats that may have
different classifications but that are

Boreal-Laurentian Bog

Oak-Hickory

Laurentian-Acadian Freshwater Marsh

Northern Hardwoods

Boreal-Laurentian-Acadian Acidic Basin Fen

Laurentian-Acadian Montane Spruce-Fir Forest

Tundra

Laurentian-Acadian Wet Meadow Shrub Swamp

Pine Barrens

North-Central Interior and Appalachian Acidic Peatland

White Cedar

Figure 2. Map detailing the extent of nine New York habitats. New York Habitat
Vulnerability Assessment, Galbraith 2012.

77

Ibid. p7.
Ibid. p12.
79 Ibid. p19.
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14

Assessing the Vulnerability of Key Habitats in New York

ecologically and/or floristically similar”.80
As such, habitat selection for the NY
VA was based upon (a) formations and
macro-groups identified in the Northeast
Terrestrial Habitat Classification System,
(b) terrestrial habitats that were not tidally
influenced (due to model limitations), (c)
habitats with the greatest NY area extent,
(d) habitats of specific importance to NY,
and (e) to the extent possible, coverage of
the primary biomes across NY. Together the
9 habitat systems cover 65-70% of the state
overall, ranging from 97 acres of Atlantic
White Cedar Swamp to 13,207,973 acres of
Northern Hardwood Forest (Table 4).

plant hardiness, and snow cover.81 Due to
topographical and elevational complexity,
among other factors, the zones do not
correspond exactly to regional bioclimatic
zones, but are fine enough approximations
to allow states to approximate the
vulnerabilities of habitats specific to their
geography.82 For each habitat assessed,
“the model was applied separately in each
of the zones in which it occurred”.83 As
such, habitats that are widely distributed
across the state like N. Hardwood Forests
have two associated vulnerability scores,
while habitats with narrow statewide
distributions have one.

Table 4. Nine habitats covered in the NY habitat vulnerability assessment with associated area of distribution.
Habitats and Acreages in NY State
Habitat

Acres in NY

Alpine Tundra

285

Montane Spruce-Fir Forest

213,413

Boreal Bog and Fen

81,334

Central Oak Forest

2,128,254

Freshwater Marsh

257,879

Northern Hardwood Forest

13,207,973

Shrub Swamp

319,883

Atlantic White Cedar Swamp

97

Pitch Pine Forest

82,929

Total acres

16,292,047

Moreover, given the size and climatic
transition across NY, the assessment
incorporated the latitudinal zone
delineations used in the RVA (Figure 3). The
zones identified in the RVA approximate
major regional bioclimatic zones as
determined by latitudinal variation in
temperature, growing season length,

Figure 3. Bioclimatic
zones outlined in the
Northeast Regional
Vulnerability
Assessment.
Galbraith 2012.

80

Ibid. p20.
Ibid. p22.
82 Ibid.
83 Ibid. p23.
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IV. Key Findings
Table 5. This table outlines the vulnerability scoring of all nine New York habitats that were
assessed across both ecoregion zones (Zones I & II). The summary includes a vulnerability
assessment score specific to climate-driven impacts, non-climate stressors, and an overall future
vulnerability score. The summary table is followed by a narrative for each habitat that was run
through the model.
Zone I

Zone II

Vulnerability
to Climate
Change

Vulnerability Overall Future
Vulnerability
to Nonclimate
Stressors

Northern
Hardwood
Forests

LV

V

V

Central Mixed
Oak-Pine

LtV

LV

LtV

Pitch Pine
Barrens

LtV

V

V

AcadianAppalachian
Montane
Spruce-Fir

V

V

V

Boreal Bog

HV

LV

HV

Coastal Plain
Basin Peat
Swamp

V

LV

V

Freshwater
Marsh

LV

V

V

Wet Meadow
Shrub Swamp

LV

V

V

Alpine Tundra

HV

V

HV

Vulnerability Vulnerability
to Nonto Climate
climate
Change
Stressors

Overall
Future
Vulnerability

HV

HV

CV

LV

V

V

LV = Less Vulnerable, LtV = Least Vulnerable, V = Vulnerable, HV = Highly Vulnerable,
CV = Ctitically Vulnerable.
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Northern
Hardwood Forests
Vulnerability to Climate Change:		
Less Vulnerable
Vulnerability to Non-climate Stressors:
Vulnerable
Overall Future Vulnerability:			
Vulnerable

Distribution and Ecology
Northern Hardwood Forest (Figure 4)
is a widespread matrix community that
occurs in various forms across most of the
Northeastern Region from Maine south to
Pennsylvania and northern New Jersey, and
to Virginia and West Virginia (Figure 5).
It reaches its southernmost limit in North
Carolina, where it meets the conifer forest
matrices of the more southern states.84,85

Figure 4. Northern Hardwood Forest in
the Catskill Mountains in fall.

Figure 5. Distribution of Northern
Hardwood Forest in the Northeast
Region. Data from Northeast
Terrestrial Habitat Mapping Project
(TNC/NEAFWA, 2011). Map
combines Laurentian-Acadian
Northern Hardwood Forest,
Laurentian-Acadian Pine-Hemlock
Forest, and Appalachian Northern
Hardwood Forest (NETHCS, 2008).

84

Sutton, A., and M. Sutton. 1985. Eastern Forests. Audubon Society Nature Guide. Knopf, New York.
Prasad, A. Met al. 2007-ongoing. A Climate Change Atlas for 134 Forest Tree Species of the Eastern
United States [database]. http://www.nrs.fs.fed.us/atlas/tree. Northern Research Station, USDA Forest
Service, Delaware, Ohio.
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Figure 6. Distribution of Northern Hardwood Forest in
New York State. Data from Northeast Terrestrial Habitat
Mapping Project (TNC/NEAFWA, 2011). Map combines
Laurentian-Acadian Northern Hardwood Forest and
Laurentian-Acadian Pine-Hemlock Forest (NETHCS, 2008).

Table 6. Extent of Northern Hardwood Forest in the Northest Region.

18

State

Habitat acres in state

% of total habitat in
Northeast

Maine

8,396,387

20.5

New Hampshire

3,307,458

8.1

Vermont

3,886,727

9.5

New York

13,207,973

32.2

Massachusetts

1,616,631

3.9

Connecticut

589,515

1.4

Rhode Island

11,956

<0.1

Pennsylvania

8,331,053

20.3

New Jersey

127,473

0.3

Maryland

283,669

0.7

Virginia

157,029

0.4

West Virginia

1,130,329

2.8

Delaware

3,630

<0.1

District of Columbia

1,289

<0.1

Total acres

41,051,119
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In New York State this forest types occupies
over 13 million acres, almost 50% of the
state’s total wildlife habitat cover (TNC/
NEAFWA, 2011) (Figure 6, page 18). The
northern hardwood forest acreage in New
York State also represents over 32% of
this habitat cover in the entire Northeast
Region (Table 6, page 18) - by far the
greatest extent of this habitat in all of the
northeastern states.

The composition of this forest type in New
York varies with elevation and latitude.86
In the northern states (ME, NH, VT, NY,
and MA) of the Northeast Region, the
canopy is usually dominated by beech,
yellow birch, eastern hemlock, or white
pine and is designated Laurentian-Acadian
Northern Hardwood Forest or LaurentianAcadian Pine-Hemlock Forest.87 Further
south, it typically has greater cover of more
southern tree species, such as red oak or
tuliptree, and is designated Appalachian
Northern Hardwood Forest88 The former
habitat type can occur in the more northern
states from near sea level to about 2,500
feet. Above this height, it may transition to
Acadian-Appalachian Montane Spruce-Fir
Forest. At low elevations it may transition
into lowland forest communities such as
Southern and Central Oak-Pine Forests.
Edinger et al. (2002) identifies at least four
recognizable variants of this habitat type in
New York State.89 These are: successional

northern hardwoods occurring on
previously cleared areas and dominated by
populus spp., and paper and/or gray birch,
red maple and white pine; spruce northern
hardwoods, occurring at higher elevations
and dominated by red spruce, beech,
yellow birch, and red maple; pine northern
hardwood, dominated by white pine mixed
with red maple and birch spp.; hemlock
northern hardwood, which occurs in moist
shaded ravines at middle elevations, and is
dominated by hemlock mixed with beech,
sugar maple, and red maple.

The shrub layer of Northern Hardwood
Forest may be dominated by striped maple,
hobblebush, and beech, sugar maple and
yellow birch saplings. The herbaceous layer
may contain a variety of species, including
Canada mayflower and shining clubmoss.
Northern hardwood forests provide
habitat for many of the wildlife species
that are thought of as characterizing the
northeastern forest biota, including
many warblers, tanagers, up to five
species of thrushes, up to six species of
woodpeckers, flying squirrels, fishers,
black bears, and moose.90

The geographic distribution and
composition of this forest type is
influenced by a number of climatic, edaphic
and anthropogenic factors, including
temperature (the upper elevational limit of
the northeastern northern hardwood forest

86

Sutton, A., and M. Sutton. 1985. Eastern Forests. Audubon Society Nature Guide. Knopf, New York.
TNC/NEAFWA, 2011. Maps and Database of Northeastern Region Fish and Wildlife Habitats. Compiled
by The Nature Conservancy and the Northeastern Association of Fish and Wildlife Agencies. TNC, Boston,
MA.
88 Ibid.
89 Edinger, G.J. et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
90 Sutton, A., and M. Sutton. 1985. Eastern Forests. Audubon Society Nature Guide. Knopf, New York.
87

Assessing the Vulnerability of Key Habitats in New York

19

is correlated with a mean July temperature
of approximately 17 °C); growing season
length (<150 days with temperatures below
freezing); wind damage, winter snowpack,
and disturbance history.91, 92, 93, 94, 95, 96, 97
A number of stressors have affected the
distribution and condition of northern
hardwood forests in New York State and
the Northeast Region over the last three
centuries. Logging and conversion to
agriculture have been major stressors.
Vermont, New Hampshire, and
northeastern New York State, for example,
were, prior to European colonization,
extensively covered in this forest type (then
including American chestnut). Logging
and conversion reduced this cover from
about 80% to 20% between 1800 and the
late 19th century. However, as agricultural
use diminished thereafter, a rapid
recovery back to 80% cover took place,
demonstrating the resilience and potential
for rapid recovery of this habitat type.
Currently, the main stressors on this forest
type include habitat loss and fragmentation
for residential and commercial
91 Cogbill,

development, overgrazing by browsers
(particularly white-tailed deer), and forest
pests (including gypsy moth, hemlock
wooly adelgid, and beech scale disease).
In areas closer to human habitation or
powerline cuts, non-native plant species,
including Japanese barberry, Japanese
knotweed, glossy buckthorn, etc. can form
dense growths in the herbaceous layer. Fire
in northern hardwood forests is relatively
rare due to the low inherent flammability of
the forest, and the prevailing wet or damp
conditions. Consequently, the community
type is not fire-adapted, especially where
fire sensitive trees such as eastern hemlock,
beech and sugar maple may dominate.

Model Results

The results of the model runs for New
York are shown are shown in Table 7.
Overall, this is not a particularly vulnerable
habitat type in New York State. Much of
the assigned vulnerability is not due to
the potential risks posed by future climate
change (to which the habitat type is likely
to be resilient), but to the future impacts of
non-climate stressors (such as continued

C.V. and P.S. White. 1991. The latitude–elevation relationship for spruce–fir and treeline along
the Appalachian mountain chain. Vegetation 94:153–175.
92 Collins, B.R., and K.H. Anderson. 1994. Plant Communities of New Jersey. Rutgers University Press.
New Brunswick, NJ.
93 Fike, J. 1999. Terrestrial and Palustrine Plant Communities of Pennsylvania. PA Depertment of
Conservatioon and Natural Resources, Harrisburg, PA.
94 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy.
University Press, Hanover, New Hampshire.
95 Edinger, G.J. et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
96 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
97 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
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development causing habitat loss and
fragmentation). If the only future stressor
was climate change, the habitat type might
be expected to extend its range into higher
elevations where it could replace Montane
Spruce-Fir Forests.
It is possible, however, that the northern
hardwood forests in the southern part
of the state (for example in the Catskills)
might be more vulnerable than those in
the north due to the possibility that in
this area the habitat type is in closer
proximity to the southern boundary of
its current range (Table 7), where it may
be limited by climate. This assumes that
the current southern limit of this habitat
in the Northeast Region is at least partly
due to climate, rather than entirely to
land use. As the climate changes, the
southern limit of this habitat type may
be expected to contract northward from
West Virginia and Pennsylvania and into
southern New York State.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future fate of this habitat type in New
York State suggests that under a doubling
of the atmospheric concentrations of
greenhouse gases most of the habitat type
could survive. Indeed, new areas of habitat

might be created as northern hardwood
forests move upslope to replace the more
vulnerable Acadian-Appalachian Montane
Spruce-Fir forests. In the southern areas of
the state that are currently forested with
northern hardwoods, however, there could
be some losses as the southern range limit
contracts north. These projections assume,
however, that atmospheric concentrations
of greenhouse gases do not greatly exceed
a doubling above pre-industrial levels. If
the concentrations are closer to or exceed
a tripling we could see much greater losses
all across the state and the distribution of
this habitat type might become limited to
higher elevation areas in the Adirondacks
and Catskills.

The above projections are similar to
those arrived at in the U.S. Forest Service
modeling study of forest types under a
changing climate.98 This found that under
a doubling of greenhouse gases the range
of this habitat type in the Northeast
would contract northward out of Virginia
and much of West Virginia and become
limited to the more northern states,
particularly New York, Vermont, New
Hampshire, and Maine. Under a tripling of
greenhouse gases, project that this habitat
type may become limited to the extreme
northern parts of New York, Vermont, New
Hampshire, and Maine.99

Table 7. New York State Northern Hardwood Forest vulnerability modeling results.
Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Less Vulnerable

Vulnerable

Vulnerable

High

98

Prasad, A. Met al. 2007-ongoing. A Climate Change Atlas for 134 Forest Tree Species of the Eastern
United States [database]. http://www.nrs.fs.fed.us/atlas/tree. Northern Research Station, USDA Forest
Service, Delaware, Ohio.
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Large-scale range contractions are not
the only effect that climate change may
have on this habitat type. Some of the tree
species that characterize the community in
many areas may be particularly sensitive to
increasing warmth – more so than others.
Eastern hemlock and sugar maple are
examples. It is likely that these vulnerable
species may be lost across the New York
range of the habitat, leaving a less diverse
habitat type (though still recognizable as
Northern Hardwood Forest) in place.

Modeling Assumptions

Module 1. Location in
geographical range of habitat.
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map,
estimating the specific locations of
habitats relative to their overall range
boundaries is possible with a high degree
of confidence. The database and map show
that the southern geographic limit for this
habitat type is in the higher elevations
areas of Virginia and West Virginia.
Sutton and Sutton (1985) and Prasad et
al. (2007-ongoing) extend this range into
North Carolina. Much of this habitat type
in New York State is beyond 200km of
the habitat’s southern range boundary.
Accordingly, it scores 1 for this variable,
with a certainty score of High. If we were
99

considering only the southernmost areas
of this habitat type in the state, they
might fall close to the 200km boundary,
in which case they would score 5 for this
variable. Nevertheless, this would not
add to the overall Module 1 vulnerability
score enough to raise it to the next higher
vulnerability category.

Module 1. Degree of coldadaptation, and sensitivity to
extreme climatic events:

It is likely that climate is an important
limitation on the distribution of this
habitat type in the Northeast. Specifically,
it typically occurs in mid-high elevation
areas or in more northern latitudes where
growing seasons are relatively short,
where mean annual and summertime
temperatures are low, where winters are
relatively severe, and where snowpack is
deep.100,101,102 Of all of the forested habitats
in the Northeast, Northern Hardwood
Forest is second only to Montane SpruceFir Forest in its adaptation to cold, extreme
climatic conditions.

With an elevation-temperature lapse rate
of 1.0ºF for every 330 feet in the Northeast,
and the fact that most of this habitat in New
York occurs within one to two thousand
feet of the highest elevations there is much
potential for upward migration under a
warming climate.103 It would require a

Ibid.
Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
101 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
102 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
100
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mean annual temperature increase of
about 6-7ºF to entirely eliminate the
climatic envelope in which most of this
habitat exists in the northern part of
the state. The most recent and detailed
modeling (Hayhoe et al., 2006) indicates
that under the low emissions scenario
(approximately a doubling of the
atmospheric concentrations of greenhouse
gases) this threshold may be reached, but
only under more extreme climate change
assumptions.104 This may not apply,
however, to southern habitat patches, for
example in the Catskills, where there is less
potential for upslope migration.

It is possible that we may already be
witnessing upward elevational shifts in this
habitat type in Vermont’s Green Mountains,
where Beckage et al. (2008) found that
the upper limit of this community type
had shifted upward by approximately
100m over the 40-year period beginning
in 1964, and during which annual average
temperatures had risen by about 1.7oF.105
Currently, this habitat type may be locally
sensitive to extreme climatic events –
such as damage due to ice storms or blow
down, which may be exacerbated under
a warming climate. However, it is also
possible that the warming climate may
be accompanied by longer, more frequent
and severe droughts that could affect
the critical water relations on which this
mist-shrouded habitat depends. This could
result in at least local habitat loss.

Based on these data and considerations,
we have determined that this habitat type
should score 3 for variables 2 and 3 (degree
of cold adaptation and vulnerability to
extreme weather events. This is intended
to reflect that this habitat is limited to cool
(rather than cold environments) across
its range and that while it may be
vulnerable to extreme weather events,
such events are less frequent in the lower
elevation areas occupied by Northern
Hardwood Forests. Given our extensive
knowledge of the relationship between
climate and distribution and ecology of
this habitat type, we have also determined
that our level of certainty for these scores
should be High.

Module 1. Vulnerability to
maladaptive human responses:

We have scored this variable as 3 (Less
Vulnerable). This is intended to reflect
the assumption that because much of the
habitat is at higher elevations and in areas
less valued by humans for residential
and commercial use, human responses to
climate and ecological change may
be relatively limited. However, given
that human responses are probably
even more difficult to predict accurately
than ecological responses, we have
assigned certainty scores of only Medium
to this variable.

Richardson, A.D., Xuhui Lee., Friedland, A.J. 2004. Microclimatology of treeline spruce–fir forests in
mountains of the northeastern United States. Agricultural and Forest Meteorology 125. 53–66.
104 Hayhoe, K. et al. 2006. Past and future changes in climate and hydrological indicators in the U.S.
Northeast. Climate Dynamics DOI 10.1007/s00382-006-0187-8.
105 Beckage, B., B. Osborne, D.G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008. A rapid upward shift
of a forest ecotone during 40 years of warming in the Green Mountains of Vermont. PNAS, 105, 4197-4202.
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Beaver (Castor canadensis). Beaver lodge in Adirondack State Park. As ecosystem engineers, beaver activity interacts in significant ways with climate-driven impacts including
precipitation trends and extreme weather events./Christopher Hilke
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Module 1. Location relative to
highest elevation:

Module 1. Intrinsic adaptive
capacity:

The upslope limit of this habitat type is
determined by elevation. In New York
State where the higher elevations exceed
4,000 feet, there is potential for this
habitat type to migrate upslope to replace
the more climate-sensitive Montane
Spruce-Fir forests and we have assigned a
vulnerability score of 1 to reflect this. We
have assigned a certainty scores of High to
this vulnerability ranking since we know
much about the topography of the region
and the relationship between elevation and
habitat range.

We have assumed that the intrinsic
adaptive capacity of this habitat type
decreases from north to south. We assume
this because the habitat type becomes
much less widespread, more patchy, and
more confined to isolated small patches at
high elevations from north to south. In New
York State, however, this does not pertain
and we have scored this variable as 1 (likely
to be significant), with a certainty score of
Medium (since our understanding of the
true adaptive capacity of this habitat may
well be incomplete).

Assessing the Vulnerability of Key Habitats in New York

Module 1. Dependence on
specific hydrologic conditions:

Module 1. Constraints on
latitudinal range shifts:

Since this is not a wetland or aquatic
habitat, it is not dependent on specific
hydrologic conditions.

In New York State the patches of this
habitat are large, contiguous, and extend
to lower elevations. In these areas there
may be less of a constraint on northward
latitudinal shifts as the forest may be
able to migrate north (and upslope) to
colonize sites that are currently sprucefir forest. We have accordingly scored the
vulnerability of this habitat type as having
a low level of constraint, with a certainty
score of Medium to reflect the somewhat
conjectural nature of these scores.

Module 1. Vulnerability of
Foundation/Keystone species
to climate change:
Northern Hardwood Forest is a relatively
diverse community with the canopy
dominated by a varied range of tree species
depending on climate, land-use, elevation,
aspect, etc. Unlike Montane Spruce-Fir
Forest, its biomass is not dominated by
one or two Foundation species and the
potential for climate change to exert a
disproportionate effect across the range
of the habitat through its impacts on such
a species is more limited. Thus, we have
scored this variable as 1, with a certainty
score of Medium. Nevertheless, it is likely
that at the scale of smaller patches climate
change could exert an effect through one or
two dominant species. For example, eastern
hemlock is usually confined to shaded
cooler areas within the northern hardwood
complex and in such areas it can dominate
the canopy. It is likely that in such areas
climate change could eliminate hemlock
cover. The same may apply to those variants
of this habitat in which dominance of the
canopy is shared by red spruce. This does
not automatically mean that the matrix
habitat type will be eliminated, as other
species in the northern hardwoods may
simply colonize the area being vacated by
the hemlocks or spruce.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

Northern hardwood forests have been the
focus of intensive human management
since the European colonization.
Managing such forests for specific ends
(timber, recreation, hunting, etc.) is wellunderstood. This experience provides great
potential for managing them for resilience
to the changing climate. We have, therefore,
scored this variable as 1 (management
feasible), with a certainty score of medium
(since predicting human actions in
response to the changing climate is fraught
with uncertainties).

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:
It is possible that climate change could
exacerbate the effects of non-climate
stressors that already impact this habitat
type. For example, the ranges of pest
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species that are currently limited by
temperature (e.g., hemlock wooly adelgid)
could extend further north and upslope
and adversely affect the habitat. Also, fire
is currently not an important stressor
in this habitat. However, with longer,
more frequent and more severe droughts
accompanying climate change, it may
become much more important. Accordingly,
we scored the potential for this as High,
although we have assigned a certainty
score of only Medium, to reflect significant
uncertainties.

Module 2. Likely future
extent trend:

Based on what we know about the
distribution of this habitat type, we
assigned a score of 1 (widespread and
contiguous). We assigned a certainty score
of High since much is known and mapped
about the distribution of the habitat
throughout the Northeast.

This habitat type is currently being affected
by a number of non-climate stressors,
including invertebrate pest outbreaks, fire,
invasive plant species, habitat destruction
and fragmentation, and overgrazing by
ungulates, particularly white-tailed deer.
However, these effects are generally local
in nature, and while some of them may
affect the composition and structure of the
communities, they do not usually result
in large-scale community loss. For these
reasons we have scored this variable as 3
(Less Affected) with a certainty score of
Medium (to reflect the fact that there is
some uncertainty about the magnitude of
losses due to these stressors).

Module 2. Current extent of
habitat:

Module 2. Current extent trend:

Much of the losses that are occurring to
this habitat in New York State are likely to
be local in scale and due to (e.g.) relatively
small-scale residential and commercial
developments. Large-scale losses (as were
experienced during the conversion to
farmland no longer occur. Indeed, much
farmland in the more northern states
(including New York) has been rapidly
reverting to northern hardwood forests).
Accordingly, we have assigned to this
variable a score of 3 (Limited Losses) and
a certainty score of High, since much is
known and mapped about the distribution
of the habitat.
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We consider it likely that the stressors
that currently affect this habitat type will
increase in their effects in the future (see
below). These increases are likely to result
in some habitat loss. It is unlikely, however,
that such losses would be major, given that
this habitat type is currently effectively
managed against these stressors. We
have, therefore assigned a score of 3
(some losses).

Module 2. Current impacts of
non-climate change stressors:

Module 2. Likely future
stressor trends:

It is likely that the changing climate may
act to exacerbate the effects of current
non-climate stressors. For example,
warmer winters are likely to increase
the overwinter survival and densities of
deer (with increased grazing or browsing
effects). Similarly, the warmer winters
will be likely to result in further spread

in temperature-limited pests such as
hemlock wooly adelgid. Also, while fire
is not a great problem currently in the
northern hardwoods, it is possible that the
drying out and more frequent and intense
droughts predicted by the climate models
could result in a greater frequency, scale,
and intensity of wildfire. Since northern
hardwood forests are not adapted to fire,
and are sensitive to it, this could result in
increased damage to the habitat type (with,
potentially, its replacement by more firetolerant grasslands, shrublands, or weeddominated woodlands. For these reasons,
we score this variable as 3 (Some Increase
in effects over the next few decades. We
assign a certainty score of only Medium to
this because, the actual magnitudes of these
exacerbations (particularly of fire) could be
greater than we currently anticipate.

Central Mixed
Oak-Pine Forests

Vulnerability to Climate Change:		
Least Vulnerable
Vulnerability to Non-climate Stressors:
Less Vulnerable
Overall Future Vulnerability:			
Least Vulnerable

York, Vermont, New Hampshire and Maine.
Its greatest extents are in Virginia, West
Virginia and Pennsylvania, which together
support almost 80% of this habitat type
(Table 8, page 29). In the more northern
tier of states, New York, with over 2
million acres, supports the greatest cover
of this habitat type (Table 8, page 29). In
New York the habitat type is largely limited
to the southern parts of the state (Figure
9, page 29), being replaced by northern
hardwood forest further north and at
higher elevations.

Central Mixed Oak-Pine Forest comprises
a mosaic of variants, depending on soil,
climate, slope, and land use history. The
variability in this forest type is reflected
in the Northeastern Habitat Classification,
which identifies three main matrix or
large patch community types in New York:
Northeastern Interior Dry Mesic Oak Forest
(matrix), Central Appalachian Dry Oak-Pine
Forest (matrix) and Central Appalachian
Pine-Oak Rocky Woodland (large patch).106
Although there are other variants, these
three cover most of the northeastern “oakhickory” or “mixed deciduous” forests. All
variants are broadly similar in that their
canopies are typically dominated by oaks,

Distribution and Ecology
This habitat type (Figure 7) occurs mainly
in the southern and central states of the
Northeast Region (Figure 8, page 29), but
also extends into the southern parts of New

Figure 7. Central Mixed Oak-Pine Forest. Canopy
dominated by red oak and shagbark hickory.

The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife
Agencies and the National Fish and Wildlife Foundation. Final Report. NatureServe, Boston.
106
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including red, white, scarlet, chestnut, or
black oaks.107 White pine and pitch pine
may be co-dominants in areas with drier,
rockier soils. Other widespread canopy
species include hickories, tulip tree, ashes,
and, previously, American chestnut.

In comparison with northern hardwood
forests, central mixed oak-pine forests
are typical of warmer climatic conditions
and longer growing seasons. They also
generally occur further south and on
sunnier, warmer aspects. Generally lower
in elevation than northern hardwoods, this
habitat type can occur from close to sea
level up to about 1,000 feet in New York.108,
109, 110, 111, 112, 113, 114
At higher elevations
and at more northern latitudes, the mixed
oak- pine forests transition into northern

hardwoods, with the oaks and hickories
characteristic of the former being replaced
with maple, beech, white pine, etc.

In the Northeast, this habitat type occurs
in areas with mean July temperatures of
27oC.115 and mean January temperatures of
about 0oC. Precipitation across the range of
this forest type ranges between 80 and 120
cm/year.116 The northern range limit of this
forest (including in New York) is correlated
with decreasing summer warmth, while
the southern limit is correlated with
high summer temperatures (>28oC) and
infrequent frosts.117 Thus, the distribution
of Central Mixed Oak-Pine Forest is partly
a function of a mild, temperate climate,
though modified extensively by land use
(see below).

107 Edinger, G.J. et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
108 Collins, B.R., and K.H. Anderson. 1994. Plant Communities of New Jersey. Rutgers University Press.
New Brunswick, NJ.
109 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
110 Edinger et al., 2002.
111 Harrison, J.W. 2004. Classification of vegetation communities of Maryland: First iteration. NatureServe
and Maryland Natural Heritage Program, Wildlife and Heritage Service, Maryland Department of Natural
Resources. Annapolis, MD.
112 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
113 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
114 Massachusetts Natural Heritage and Endangered Species Program (MNHESP). 2010. High Elevation
Spruce-Fir Forest/Woodland. http://www.mass.gov/dfwele/dfw/nhesp/natural_communities/pdf/high_
elevation_spruce.pdf.
115 Greller, A.M. 1988. Deciduous Forests. In: Barbour , M.G. and W.D. Billings (eds), North American
Terrestrial Vegetation. Cambridge University Press, Cambridge, MA.
116 Ibid.
117 Ibid.
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Table 8. Extent of Central Mixed Oak-Pine
Forest in the Northeast Region.
State

Maine

Habitat
acres in
state

% of total
habitat in
Northeast

4,783

<0.1

New Hampshire 15,153

0.1

Vermont

25,055

0.1

New York

2,128,254

8.9

Massachusetts

291,155

1.2

Connecticut

993,362

4.2

Rhode Island

180,463

0.8

Pennsylvania

7,761,385

32.6

Maryland

819,272

3.4

District of

1,552

<0.1

Delaware

8,394

<0.1

New Jersey

582,997

2.4

Virginia

5,036,716

21.2

West Virginia

5,948,013

25.0

Total acres

23,796,554

Columbia

Figure 8. Distribution of Central Mixed OakPine forests in the Northeast Region. Data
from Northeast Terrestrial Habitat Mapping
Project (TNC/NEAFWA, 2011).

118

In the past, the distribution of this forest
type was greatly affected by logging
and agriculture, making its pre-colonial
distribution difficult to discern.118
Currently, the main stressors on this forest
type include habitat loss and fragmentation
through residential and commercial
development, overgrazing by browsers
(particularly white-tailed deer), and forest
pests, such as gypsy moths (which have
now spread south from their point of
introduction in Massachusetts to inhabit
the entire Northeast). Fire in central mixed
oak-pine forests is relatively rare due
to fire suppression; however, given that
oak species can sprout and regrow after
burning, the habitat is not as intolerant
of fire as northern hardwood forests. In
at least the more northern states in the
Northeast Region, fire may play a role in
maintaining this habitat type by preventing

Figure 9. Distribution of Central Mixed
Oak-Pine forests in New York State. Data from
Northeast Terrestrial Habitat Mapping Project
(TNC/NEAFWA, 2011).

Sutton, A., and M. Sutton. 1985. Eastern Forests. Audubon Society Nature Guide. Knopf, New York.
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the establishment of the more fire-sensitive
trees characteristic of the northern
hardwood forests.119,120, 121

Model Results

The results of the model run for this habitat
type are summarized in Table 9.
These results indicate that the vulnerability
of this habitat type varies geographically in
the Northeast, with lowest vulnerabilities
from future climate change and nonclimate stressors in more northern states
of New York and southern and central New
England, and the habitat being most at risk
in the southernmost states of Virginia and
West Virginia. The lower vulnerabilities
in the former states are due to two main
factors: (1) this is primarily a southern
habitat type that extends farther south
into areas where the climate is warmer
and closer to that expected under climate
change. Thus, climate change is likely to
result in an extension of suitable growing
conditions in these two northern zones;
(2) there is much room for expansion into
areas currently occupied by a more
climate-vulnerable hardwood forest
type, northern hardwoods. The certainty

levels for these predictions are High,
since we generally know much about the
distribution of this habitat type and its
climatic-ecological relationships.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future fates of the habitat type across all
zones suggests that under a doubling of the
atmospheric concentrations of greenhouse
gases this habitat type will greatly extend
its range throughout the northern and
central states in the Northeast Region,
particularly New York and New England
(while in more southern states it may be
replaced in at least some areas by more
heat-tolerant conifer forests dominated
by loblolly and shortleaf pines). These
projections assume that atmospheric
concentrations of greenhouse gases do
not greatly exceed a doubling above
pre-industrial levels. If the concentrations
are closer to or exceed a tripling, we
could see much greater extensions in
range throughout the northern states,
including most of lower and middle
elevation New York.

Table 9. Central Mixed Oak-Pine Forest vulnerability modeling results.
Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Less Vulnerable

Less Vulnerable

Least Vulnerable

High

119

Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
120 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
121 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
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These projections are similar to those
arrived at in the U.S. Forest Service
modeling study of forest types under a
changing climate.122 Under a doubling
of atmospheric greenhouse gases, this
study modeled an extension of the three
dominant oak species (red, white and
black) northward into areas in Maine,
New Hampshire, Vermont, New York, and
Massachusetts that are currently occupied
by northern hardwood species.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
We scored this habitat type as 1 (further
than 200km north of its southern range
boundary). Given the high degree of
precision and accuracy of the TNC/
NEAFWA Northeastern Region Habitat Map,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
This database and map (and the maps in
Prasad et al., 1988-ongoing) show that
within the Northeast Region, Central
Mixed Oak-Pine Forest is mainly southern
in its distribution, extending from Virginia
and West Virginia north to central New
England and New York State.123 South of
Virginia and West Virginia, the Central
Mixed Oak-Pine Forest biome is replaced
by conifer-dominated forests. North of
central New England and New York State,
it transitions into northern hardwood

forests. All of this habitat type in New York
is, therefore, well beyond 200km of its
southern range boundary.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

This is mainly a southern and central
forest type that is characteristic of more
temperate areas than northern hardwoods
and montane spruce-fir forests. It is likely
that the dominant trees are at least partly
adapted to warmer growing conditions
than more northern forest types, and are
more tolerant of the types of extreme
events that may occur in southern and
central areas of the Northeast under
climate change (mainly droughts).
Accordingly, we have scored it as 1
(important constituent species tolerant of
warmer temperatures) for degree of cold
adaptation in New York. We have scored
this habitat type as 3 (less vulnerable
to extreme climatic events) in New York
- while its vulnerability to ice storms,
extreme snow fall, etc. may decrease under
a changing climate, it will still be exposed to
windstorms and drought.
Given our extensive knowledge of
the relationship between climate
and distribution and ecology of this
habitat type, we have also determined
that our level of certainty for these scores
should be High.

122

Prasad, A. Met al. 2007-ongoing. A Climate Change Atlas for 134 Forest Tree Species of the Eastern
United States [database]. http://www.nrs.fs.fed.us/atlas/tree. Northern Research Station, USDA Forest
Service, Delaware, Ohio.
123 Ibid.
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Module 1. Vulnerability to
maladaptive human responses:

Module 1. Intrinsic adaptive
capacity:

We have scored this variable as 3 (Less
Vulnerable) in New York. It is unlikely
that this habitat type is neither highly
vulnerable nor not vulnerable to
maladaptive human responses to climate
change, however, it will likely have some
vulnerability. Increasing temperatures
and drought could increase the fire risk,
severity and frequency in this habitat,
which could result in conversion to
early successional habitats. Also, as the
temperature warms, the higher elevation
areas that are currently under this forest
type may become more attractive for
human settlement, resulting in increased
fragmentation. This again could increase
the risk of human-caused fires.

We have assumed that the intrinsic
adaptive capacity of this habitat type
should score 1 (intrinsic adaptive capacity
is high). This is because the habitat type
exists in large patches with relatively
low levels of fragmentation and with a
relatively high degree of contiguity across
topographically diverse landscapes. Also,
for much of its range, it is tolerant of the
higher temperatures and precipitation that
is projected under a changing climate. We
have assigned a certainty score of Medium,
since our understanding of the true
adaptive capacity of this habitat may well
be incomplete.

Given that human responses are probably
even more difficult to predict accurately
than ecological responses, we have
assigned certainty scores of only Medium to
this variable.

Module 1. Location relative to
highest elevation:

In New York (and New England) Central
Mixed Oak-Pine Forest is a low to mid
elevation community type and it has,
therefore, a high potential for upslope
migration under a warming climate.
We have, accordingly scored this variable
as 1 (low elevation habitat that should
be able to migrate upslope). We have
assigned a certainty score of High to
this vulnerability ranking since we know
much about the topography of the region
and the relationship between elevation
and habitat range.
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Module 1. Dependence on
specific hydrologic conditions:
Since this is not a wetland or aquatic
habitat, it is not dependent on specific
hydrologic conditions.

Module 1. Vulnerability of
Foundation/Keystone species
to climate change:
Central Mixed Oak-Pine Forest is a
community dominated by foundational
tree species that are tolerant of the types
of climatic changes that are projected for
the future (warmer temperatures, longer
growing seasons, higher precipitation, etc.).
Thus, it is likely that climate change will
result throughout much of the habitat’s
range in an improvement of growing
conditions for this habitat. Accordingly,
we have scored this variable as 1, with a
certainty score of High.

Module 1. Constraints on
latitudinal range shifts:
In New York, the central mixed oakpine forests have small, if any, regional
constraints of their ability to shift
northward. This would require them to
invade and replace existing forest habitats,
mainly northern hardwoods – which is
likely to occur under climate change.
There may be local constraints on these
latitudinal shifts, for example, urban areas,
waterbodies, but these are unlikely to be
significant at a regional scale. We have,
therefore, assigned a score of 1 (low level of
constraint) to this variable, with a certainty
score of High.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

Central mixed oak-pine forests have been
the focus of intensive human management
since the European colonization.
Managing such forests for specific ends
(timber, recreation, hunting, etc.) is well
understood. This experience provides great
potential for managing them for resilience
to the changing climate. We have scored
this variable as 1 (management feasible),
with a certainty score of medium (since
predicting human actions in response
to the changing climate is fraught with
uncertainties).

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:
It is possible that climate change could
exacerbate the effects of non-climate
stressors that already impact this habitat
type in New York and further south. For

example, the ranges of pests and invasive
species that are currently limited by
temperature (kudzu, gypsy moth or other
invertebrate pests, for example) could
extend further and adversely affect the
habitat. Also, browsing on oak seedlings
by white-tailed deer is a major stressor on
this forest type in some areas where deer
densities are close to or above carrying
capacity. Deer overwinter survival is a
function of temperature and snowpack.
If survival is improved by increasing
winter temperatures and contracting
snowpack, it could have adverse effects
on the recruitment and regeneration of
oak seedlings. Accordingly, we scored the
potential for this as High (5), although we
have assigned a certainty score of only
Medium, to reflect significant uncertainties.

Module 2. Current extent of
habitat:

Based on what we know about the
distribution of this habitat type in New
York, we assigned a score of 3 (less limited
in distribution and level of fragmentation).
We assigned a certainty score of High since
much is known and mapped about the
distribution of the habitat throughout the
Northeast.

Module 2. Current extent trend:

Much of the losses that are occurring to
this habitat across the state are likely to
be local in scale and due to (e.g.) relatively
small-scale residential and commercial
developments. Large-scale losses (as were
experienced during the conversion to
farmland no longer occur. Indeed, much
farmland in the more northern states has
been rapidly reverting back to oak-hickory
forests). Accordingly, we have assigned to
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this variable a score of 3 (Limited Losses).
We assigned a certainty score of High
since much is known and mapped about
the distribution of the habitat throughout
the state.

Module 2. Likely future
extent trend:

We consider it unlikely that the stressors
that currently affect this habitat type will
greatly increase in their effects in the
future. It is unlikely, however, that such
increases would be major, given that
this habitat type is currently effectively
managed against these stressors. We have,
therefore assigned a score of 3 (some
losses), with a certainty score of Medium.
We believe, however, that we must caveat
this projection due to uncertainty about
a new emerging potential stressor –
exploitation of the Marcellus shales.
These geological formations hold reservoirs
of natural gas, which is only now beginning
to be exploited. The distribution of the
Marcellus shales in New York mirrors
that of the current range of oak-hickory
forests and it is possible that extensive
exploitation of this formation could
radically diminish and fragment the forest,
thereby affecting its health and distribution
under a changing climate.

Module 2. Current impacts of
non-climate change stressors:

This habitat type is currently being
affected by a number of non-climate
stressors, including habitat destruction
and fragmentation, overgrazing by
ungulates, particularly white-tailed deer,
and invasion by pest species and nonnative plants. However, these effects are
generally local in nature, not widespread
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across the state, and while some of them
may affect the composition and structure
of the communities, they do not usually
result in large-scale community loss. For
these reasons we have scored this variable
as 3 (Less Affected) with a certainty score
of Medium (to reflect the fact that there is
some uncertainty about the magnitude of
losses due to these stressors).

Module 2. Likely future
stressor trends:

It is likely that the changing climate may
act to exacerbate the effects of current
non-climate stressors. For example,
warmer winters are likely to increase
the overwinter survival and densities of
deer (with increased grazing or browsing
effects). Similarly, increased drought
frequency may result in a more frequent
and intense fires, and the warmer winters
will be likely to result in further spread in
temperature-limited pests and non-native
plants. Exploitation of the Marcellus shales
could also, as described above, affect
the more southern parts of the state. We
consider that these stressor increases are
likely to be most marked in the southern
parts of the state, but less so in the north
where the forest type will be extending
its range and the ambient temperatures
not so high. Accordingly, we have scored
this variable as 3 (some increase), with
a certainty score of 2 (to reflect our
uncertainty about how future land use may
change in the state).

Pitch Pine Barrens
Vulnerability to Climate Change:		
Least Vulnerable
Vulnerability to Non-climate Stressors:
Vulnerable
Overall Future Vulnerability:			
Vulnerable

Distribution and Ecology
In New York, northeastern pitch pine
barrens comprise two more or less distinct
plant communities: Northern Atlantic
Coastal Plain Pitch Pine Barrens; and
Northeastern Interior Pine Barrens.124 Both
community types are similar in that they
occur mainly on gravelly or sandy, xeric,
nutrient-poor soils, with canopies that are
dominated by pitch pine (red oak, white
pine, and gray birch are common associates
in the canopy of interior pine barrens), with
scrub oak, highbush and lowbush blueberry
and huckleberry dominating the shrub
layer (Figure 10).
Pitch pine barrens occur in 8 of the 13
northeastern states with the greatest
extents in New Jersey, Massachusetts, and
New York (Figure 11 page 36 and Table 10,
page 37). With almost 83,000 acres, New
York supports over 15% of the habitat. In
New York, Coastal plain pitch pine barrens
are well represented as a large patch
community on Long Island (Figure 11, page

Figure 10. Coastal Plain Pitch Pine Barren. Pitch pine
dominates the canopy, while pitch pine and scrub oak
saplings are predominant in the shrub layer.

36). In the interior of the state, smaller and
more fragmented pitch pine barrens occur
on glacial outwash plains in northern and
north-central New York and on the western
Adirondack foothills (Figure 12, page 36).125

Edinger et al. (2002) recognized a total of
6 different variants of pitch pine barrens
in New York: dwarf pine plains; dwarf
pine ridges; maritime pitch pine dune
woodlands; pitch pine scrub oak barrens;
pitch pine-oak-heath woodland; and pitch
pine-heath barrens. Although the ecologies
of these habitats are similar and their
intrinsic vulnerabilities to climate change
are likely to be similar, their distributions
and degrees of fragmentation render them
all dissimilar to how they may respond to
the changing climate. For this reason this
analysis confines itself to the coastal habitat
types that are found on Long Island.

124 The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife
Agencies and the National Fish and Wildlife Foundation Final Report. NatureServe, Boston.
125 Edinger, G.J. et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
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Figure 11. Distribution of pitch pine barrens in the
northeastern states. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).

Figure 12 Distribution of pitch pine barrens
in New York State. Data from Northeast
Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011).

36

Assessing the Vulnerability of Key Habitats in New York

Pitch pine barrens reach their southernmost limits in the southern states of
the Northeast Region – Maryland and
Delaware, being replaced on xeric soils
further south by longleaf and shortleaf
pine-dominated communities (Barbour and
Billings, 1988).126

Pine Barrens are maintained by fire, with
oaks outcompeting pitch pine in the canopy
in areas with longer fire return intervals.
Fire suppression can lead to the pitch
pine-dominated community being replaced
by a canopy dominated by white pines,
hemlocks, red and black oaks, with red
maples in wetter areas. This has already
occurred in Vermont where little of the
pitch pine-dominated original community
survives, Maine, New Hampshire, and
Massachusetts.127,128, 129, 130 Controlled
burning and clear cutting (which also
favors the regeneration of pitch pines over
deciduous trees) are now being used to
manage and maintain this habitat in many
northeastern states.

Previously, pitch pine forests were cut
extensively for fuel and building materials,
particularly in New Jersey.131 This probably
helped maintain dominance by pitch pines.
Currently, any such exploitation of this
habitat is small scale.
Table 10. Extent of Pitch Pine Barrens in
Northeast States.
State

Habitat
acres in
state

% of total
habitat in
Northeast

Maine

9,155

1.7

New Hampshire

5,718

1.1

Vermont

534

0.1

New York

82,929

15.5

Massachusetts

103,336

19.3

Connecticut

146

<0.1

Rhode Island

6,011

1.1

New Jersey

326,476

61.1

Total acres

534,305

126 Barbour, M.G., and W.D. Billings. 1988. North American Terrestrial Vegetation. Cambridge University
Press, Cambridge, MA.
127 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
128 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
129 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
130 Massachusetts Natural Heritage and Endangered Species Program (MNHESP). 2010. High Elevation
Spruce-Fir Forest/Woodland.http://www.mass.gov/dfwele/dfw/nhesp/natural_communities/pdf/high_
elevation_spruce.pdf.
131 Collins, B.R., and K.H. Anderson. 1994. Plant Communities of New Jersey. Rutgers University Press.
New Brunswick, NJ.

Assessing the Vulnerability of Key Habitats in New York

37

Model Results
The results of the model run for this habitat
are shown in Table 11.

These results indicate that the vulnerability
of this habitat type to climate change in
New York State is low. The low vulnerability
is due to a number of characteristics: first,
it is largely a “southern” and low elevation
habitat type, extending south to the midAtlantic states where winter and southern
temperatures are generally high, winters
are mild and short, and growing seasons
are long – the climatic characteristics that
the changing climate is likely to spread
northwards in the Northeast. Second, this
habitat is not particularly vulnerable to the
drought conditions that might prevail in
New York under a changing climate. Indeed,
it is a xeric habitat and flourishes in areas
where such conditions already prevail.
Lastly, the types of stochastic events that
might characterize the changed climatic
conditions, particularly an increased
frequency and intensity of wildfires,
may actually benefit this habitat type by
encouraging the regeneration and growth
of pitch pine. Thus, climate change could
benefit Pine Barrens in New York State.
The vulnerability of this habitat to
non-climate stressors is higher than its
vulnerability to climate change stresses.
This habitat is already being impacted
in many areas, particularly on Long
Island, by loss and fragmentation due to
Table 11. Vulnerability modeling results.
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commercial/residential development,
and fire suppression. These stressors
are likely to continue to increase in their
effects in the future. If human communities
react to climate change by vigorously
suppressing fires, pitch pine barrens might
in some areas (particularly those closer to
human habitat where fires might be most
suppressed) see an increasing dominance
by oaks and a diminished presence of
pitch pines.

Overall, we have scored this habitat as
being Less Vulnerable. This reflects the
continuing and future risks posed by nonclimate stressors and the potential benefits
that might be introduced by climate change.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future status of this habitat type in New
York suggests that it is unlikely that we will
see major changes in distribution
and extent and what distribution effects
that occur may be due to non climatic
factors such as loss and fragmentation
of habitat. Surface geology and soil type
limit the spread of this habitat type and,
while the changing climatic conditions
may benefit the habitat by extending its
theoretical “climatic envelope”, it is unlikely
that this will be expressed in a major
extension into new areas, though local
extensions might occur. These projections
are similar to those proposed by Prasad

Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Least Vulnerable

Vulnerable

Vulnerable

High

Assessing the Vulnerability of Key Habitats in New York

et al. (2007) whose modeling projects
little change in the distribution of pitch
pine-dominated forest under high and low
emissions scenarios and using a range of
climate models.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
The database and map show that the
southern geographic limit for this habitat
type is in the mid-Atlantic states. All habitat
patches in New York are greater than
200kms of the habitat range boundary
and we have assigned a score of 1 for this
variable with a certainty score of High.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Pine Barrens are not a cold-adapted habitat
nor dominated by plant species that can
tolerate particularly cold conditions. In fact,
it is a southern habitat type that occurs in
warmer climates with temperate or mild
winter conditions and long, dry summers
(such as are found in its main strongholds
in New Jersey). It is also not likely to be
vulnerable to the types of extreme events
that climate change might make more
frequent, particularly drought. Indeed the
habitat type is already characteristic of
drought prone areas and its affinity for
xeric, highly drained soils pre-adapts it to
the types of changes that climate change
might introduce.

Based on these data and considerations,
we have determined that this habitat
type should score low (a score of 1) for
variables 2 and 3 (degree of cold adaptation
and vulnerability to extreme weather
events). Given our extensive knowledge
of the relationship between climate
and distribution and ecology of this habitat
type, we have also determined that our
level of certainty for these scores should
be High.

Module 1. Vulnerability to
maladaptive human responses:

Fire suppression is currently the major
anthropogenic stressor on this community
type – leading to replacement of a pinedominated by an oak-dominated canopy.
It is possible that this stressor could
become even more severe and widespread
as climate change-induced droughts
result in a higher risk of wildfires. This
might not pose a threat to the habitat
type, but societies might respond to this
elevated risk by increased fire suppression
efforts (particularly in areas with higher
residential densities). Alternatively, it
could result in communities becoming less
willing to tolerate controlled burns (which
could spark wildfires). Both of these
effects could result in the replacement
of pitch pine dominated woodland being
replaced with a scrub oak dominated
habitat. We have, accordingly, scored
this variable medium (=3) in all three
zones to reflect the risk that local adverse
impact could occur to this habitat type.
It is possible that we overestimate or
underestimate the risk that fire suppression
poses to this habitat (predicting societal
responses to the changing climate are
fraught with uncertainty). We have
therefore assigned certainty scores of only
Medium to these variables.
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Module 1. Location relative to
highest elevation:
Pine Barrens are a low elevation habitat.
And have the ability to move upslope in
response to a changing climate (if the xeric,
gravelly or sandy soils are available). We
therefore assigned a vulnerability score of
1 (should be able to move upslope) for this
variable, and a certainty score of High.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type
should score 1 (intrinsic adaptive capacity
is high) for all three zones. This is because
the habitat type typically exists in large
patches with relatively low levels of
fragmentation and with a relatively high
degree of contiguity across topographically
diverse landscapes. Also, for much of
its range, it is tolerant of the higher
temperatures projected under a changing
climate. We have assigned a certainty score
of Medium, since our understanding of the
true adaptive capacity of this habitat may
well be incomplete.

Module 1. Dependence on
specific hydrologic conditions:
Since this is not a wetland or aquatic
habitat, it is not dependent on specific
hydrologic conditions.

Module 1. Vulnerability of
Foundation/Keystone species
to climate change:
The foundation species in this habitat is
pitch pine. This tree is already adapted to
the sorts of climatic conditions that might
be intensified or made more widespread
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by climate change. Also, pitch pines depend
on fire to maintain their dominance in the
canopy, which may benefit them under
longer, drier, and hotter summers. We have,
accordingly scored the vulnerability as 1
(unlikely to be vulnerable), with a certainty
score of Medium (to reflect the fact that we
may not know as much about the ability
of this species to survive warming as we
would wish).

Module 1. Constraints on
latitudinal range shifts:

The current distribution of this habitat
type is constrained by climatic conditions
(dry, warmer summers and milder winters)
and by soil type (adapted to xeric, gravelly
or sandy soils). With climate change, the
climatic conditions that favor Pine Barrens
may spread further north or more inland
in New York. However, the availability of
the Pine Barrens to exploit this and extend
their range may be constrained by the
distribution of suitable soil types. If the
soils occurring in areas where the climate
is becoming more suitable for Pine Barrens
are not xeric, gravelly, or sandy, the habitat
type is not likely to be able to extend. Thus,
surface geology is likely to be an important
limitation on how readily this habitat is
able to colonize new areas under climate
change. We have accordingly scored the
vulnerability of this habitat type as 3
(somewhat constrained), with a certainty
score of Medium to reflect the conjectural
nature of these scores.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

Pine Barrens have been the focus of
intensive human management since the
European colonization. Managing such

forests for specific ends (timber, recreation,
hunting, etc.) is well-understood. This
experience provides great potential
for managing them for resilience to the
changing climate. We have scored this
variable as 1 (management feasible), with a
certainty score of High.

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:

Much of this habitat exists in protected
areas where stressors such as habitat
destruction and logging are minimal, and
few other stressors are currently impacting
this habitat type. It is possible that stressors
such as invasive pests could spread into
the state and adversely affect the habitat.
However, we judge this potential to be low.
Accordingly, we scored the potential for
this as 1 (low potential), although we have
assigned a certainty score of only Medium,
to reflect significant uncertainties about
future colonization by invasives.

Module 2. Current extent of
habitat:

This is a large patch habitat that has been
greatly fragmented by human development
in the coastal zone. Also, the habitat that
exists further inland does so in relatively
small and fragmented patches. Accordingly
we have scored this variable in Module 2 as
3, with a certainty score of High.

Module 2. Current extent trend:

The losses of this habitat type that are
occurring are likely to be local in scale and
due to relatively small-scale residential and
commercial developments (much of the
area, for example on Long Island, where
development can occur has already been

developed). Accordingly, we have assigned
to this variable a score of 3 (Limited
Losses). We assigned a certainty score of
High since much is known and mapped
about the distribution of the habitat.

Module 2. Likely future extent
trend:

While it is likely that the types of effects
detailed in Current extent trend above
may continue to occur in the future, we
consider it unlikely that this will result in
a marked acceleration in the future trend.
Indeed, since much of the land that can be
developed has already been so, and since
much or the large patches of this habitat
type occur on protected land, the trend may
decrease. We have conservatively assigned
a vulnerability score of 3 (Some Losses)
with a certainty score of Medium.

Module 2. Current impacts of
non-climate change stressors:

While this habitat is being affected by
at least one non-climate stressor (fire
suppression), its effects are local in scale.
Indeed, controlled burning and clear
cutting are reversing the effects of fire
suppression in some areas. Accordingly,
we have scored this variable in Module 2
as 3 (Less affected), with a certainty score
of Medium.

Module 2. Likely future
stressor trends:

It is feasible that residential/commercial
development and fire suppression could
increase in their impacts in the future.
For this reason, we score this variable as
3 (Some Increase). Our certainty score is
Medium to reflect the degree of uncertainty
that surrounds this prediction.
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Acadian-Appalachian
Montane SpruceFir Forest
Vulnerability to Climate Change:		
Vulnerable (Zone I)
Highly Vulnerable (Zone II)
Vulnerability to Non-climate Stressors:
Vulnerable (Zone I)
Highly Vulnerable (Zone II)
Overall Future Vulnerability:		
Vulnerable (Zone I)
Critically Vulnerable (Zone II)

Distribution and Ecology
Acadian-Appalachian Montane SpruceFir Forest (Figure 13, page 43) is a boreal
habitat type that extends as far south as the
northeastern U.S. (Figure 14, page 44). In
New York State, most of this habitat occurs
in the Adirondack Mountains, but it also
extends south to the Catskill Mountains
(Figure 15, page 44). The habitat patches
in the Catskill Mountains represent the
southernmost outliers of this boreal habitat
type in eastern North America. Further
south in the Northeast Region it is replaced
by Central and Southern Appalachian
Spruce-Fir Forest, a habitat type that
is floristically distinct from AcadianAppalachian Montane Spruce-Fir Forest.

The geographic distribution of this
cold-adapted habitat in the northeast is
limited by a number of climatic, edaphic
and anthropogenic factors, including
temperature - the spruce-fir/Northern
Hardwood Forest ecotone in the Northeast
is correlated with a mean July temperature
of approximately 17 °C, and treeline
with a mean July temperature of
approximately 13 °C, cloud cover, wind,
winter snowpack, storm damage, acidic
soils, and disturbance history.132, 133,
134
Climatic fluctuations over the last
millennium have already resulted in
marked range shifts in this habitat type
(Figure 16, page 45). The Montane SpruceFir Forest patches in New York State
became established during the Little Ice
Age, when the geographic distribution of
this habitat extended much further south
than at present. As the climate gradually
ameliorated over the last millennium,
the distribution of the habitat contracted
north, leaving the New York habitat as
isolated patches.

Montane Spruce-Fir Forest covers 213,413
acres of New York State (Table 12, page 45),
which is approximately 0.9% of the total
habitat acres in the state. However, the New
York acreage represents almost 20% of
the total area of Montane Spruce-Fir in the
Northeast Region and the state is, therefore,
an important regional stronghold of this
habitat type.

132 Cogbill, C.V. and P.S. White. 1991. The latitude–elevation relationship for spruce–fir and treeline along
the Appalachian mountain chain. Vegetation 94:153–175.
133 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
134 Jenkins, J. 2010. Climate Change in the Adirondacks: the Path to Sustainability. Wildlife Conservation
Society, New York.
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In the Northeast Region Montane SpruceFir Forest is limited to elevations above
2,500-3,000 feet (Table 13, page 45). In
New York State it generally only occurs
above 3,000 feet above sea level.135 At lower
elevations, it transitions into northern
hardwood forest, while at higher elevations
(approximately above 3,500 feet) it may
transition through a Krummholz zone
into alpine grass and forb meadows.
Floristically, it is typically dominated by
red spruce and balsam fir, with a sparse
understory of striped maple, mountain
ash, and hobblebush. The ground layer is
usually sparse and dominated by mosses,
particularly sphagnum species, and lichens.
It provides breeding habitat for a number
of vertebrate species that are highly limited
in their distributions in the Northeast,
including Blackpoll, Cape May and Baybreasted Warblers, and Bicknell’s Thrush
(currently petitioned for listing under the
federal Endangered Species Act and listed
as a Species of Special Concern in Maine,
New Hampshire, Vermont, and New York).

Stressors that have affected the distribution
and health of Montane Spruce-Fir Forest
in the past in New York State include
logging and acidic deposition.136,137 There
is evidence that the latter adversely
impacted the survival and growth rates

Figure 13. Appalachian-Acadian Montane Spruce-Fir
Forest at about 3,500 feet on Mount Mansfield, Vermont.
The spruce-fir forest is the dark green band of trees
immediately below the rocky summit ridge and above the
light green northern hardwood forest. As in many such
high elevation areas in the Northeast, this site and habitat
type is fragmented by a downhill ski development.

of trees, particularly red spruce, in the
Adirondacks in the 1960s and 1970s.138
Acidic deposition may have reduced
survival and growth rates by lowering the
resilience of spruce to freezing conditions.
More recent data suggest that sulphate
deposition is now declining, and recovery
of at least some forest stands may now be
taking place.139

135

Edinger, G.J. et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
136 New York Natural Heritage Program. 2011. Online Conservation Guide for Mountain Spruce-Fir Forest.
http://www.acris.nynhp.org/guide.php?id=9996.
137 Battles, J.J., T.J. Fahey, T.G. Siccama, and A.H. Johnson. 2003. Community and population dynamics of
spruce-fir forests on Whiteface Mountain, New York: recent trends, 1985-2000. Canadian Journal of Forest
Research, 33:34-63.
138 Scott, J.T., Siccama, T.G., Johnson, A.H., and Breisch, A.R. 1984. Decline of red spruce in the
Adirondacks, New York (USA). Bull. Torr. Bot. Club, 111:438-444.
139 Battles et al., 2003.
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Figure 14. Distribution of AcadianAppalachian Montane Spruce-Fir
forest in Northeast Region. Data from
Northeast Terrestrial Habitat Mapping
Project (TNC/NEAFWA, 2011).

Figure 15. Distribution of Acadian-Appalachian
Montane Spruce-Fir forest in New York State. Data from
Northeast Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011).
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Table 12. Extent of Acadian-Appalachian
Montane Spruce-Fir Forest in New York State
and Northeast Region. Data from Northeast
Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011).
State

Habitat
acres in
state

% of total
habitat in
Northeast

Maine

417,364

38.5

New Hampshire

351,295

32.4

Vermont

101,697

9.4

New York

213,413

19.7

Massachusetts

605

0.1

Total acres

1,084,374

Table 13. Elevational ranges (feet above
sea level) of Acadian-Appalachian Montane
Spruce-Fir Forests in five northeastern states.
Elevation
Reference
Range
(feet
above sea
level)
Maine

2,700-3,700

Gawler and
Cutko, 2010

Northern
Vermont

2,600-3,500

Thompson
and Sorenson,
2000

Southern
Vermont

2,800-3,500

Thompson
and Sorenson,
2000

New
Hampshire

2,500-4,000

Sperduto and
Nichols, 2004.

Massachusetts

>3,000

MNHESP,
2010

New York

>3,000

Edinger et al.,
2002

Figure 16. Northward contraction in
distribution of spruce-fir forest in the
Northeast from 1,000 and 500 years
ago (left and middle) to the present
day based on the pollen record
(Jacobson et al. 2009).
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Model Results
The results of the model runs for Zones I
(Northern New York – the Adirondacks)
and II (Southern New York – the Catskills)
are shown in Table 14.

These results indicate that the vulnerability
of this habitat type is relatively high in New
York State, but that its vulnerability also
varies latitudinally, with higher risk from
future climate change in the more southern
patches of the Catskill Mountains (Zone II).
The higher vulnerability in Zone II is due
to several factors: (1) the fact that in this
area the habitat type is in closer proximity
to the southern boundary of its current
range, where it is likely to be limited by
climate. (2) the relative inability of this
habitat type to migrate upslope (the highest
mountain tops are 1,200 feet lower in
elevation in Zone II, compared with Zone I);
(3) the fact that no suitable high elevation
areas occur to the immediate north of
the Catskill Mountains, preventing the
contraction of the habitat in that direction;
(4) its distribution is already highly limited
and fragmented in Zone II. The certainty
levels for these predictions are High,
since we generally know much about the
distribution of this habitat type and its
climatic-ecological relationships.
Table 14. Vulnerability modeling results.
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Implications for Future
Status and Distribution
Interpreting these results in terms of the
future fate of the habitat type in both zones
suggests that New York’s Montane SpruceFir Forest is at high risk from climate
change. This risk is greatest to the southern
outliers of the habitat type, which could
easily be eradicated by only a few degrees
warming: with an adiabatic lapse rate of
1oF for every 330 feet elevation gain (see
below), the climatic envelope within which
this habitat exists in the Catskills would be
eliminated with only 3oF increase in the
mean annual temperature, a projection
that is well within even the more modest
estimates for the next 50 years. In the
Adirondacks (Zone I), losses may still be
widespread and severe at lower elevations,
but the habitat may survive closer to the
highest summits. This eventuality is only
possible, however, if future warming is
relatively modest – an increase in the
mean annual temperature of greater than
5-6oF could eliminate this habitat from its
northern range in the state. Thus, survival
of this habitat type in the Adirondacks
may be possible if future atmospheric
greenhouse gas concentrations do not
exceed a doubling over pre-industrial
levels. If, as is possible, the concentrations

Zone

Vulnerability to
Climate Change

Vulnerability to Nonclimate Stressors

Overall
Vulnerability

Certainty

Zone I

Vulnerable

Vulnerable

Vulnerable

High

Zone II

Highly Vulnerable

Highly Vulnerable

Critically
Vulnerable

High
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are closer to or exceed a tripling we could
see much greater losses in Zone I.

These projections are similar to those
proposed by Iverson et al. (2007) who
modeled the complete or almost complete
elimination of red spruce and balsam
fir in the Northeast, except for in the
northernmost mountains of ME, NH and
VT and under the lowest estimate of
future warming.140

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
The database and map show that the
southern geographic limit for this habitat
type is in the Catskill Mountains. All of the
habitat patches in Zone II are, therefore,
within 200km of this range boundary. In
contrast, this habitat in Zone I is at greater
distances than 200km from the southern
habitat boundary.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:
Climate is the major limitation on the
distribution of this habitat type in the
Northeast. Specifically, it only occurs in
areas where growing seasons are shortest,
where mean annual and summertime
temperatures are lowest, where extreme
winter climatic events frequently occur, and
where snowpack is deepest.141, 142, 143, 144 Of
all of the forested habitats in the Northeast,
Acadian-Appalachian Montane Spruce-Fir
Forest is adapted to the coldest and most
extreme climatic conditions.

With a moist elevation-temperature lapse
rate of 1.0ºF for every 330 feet in the
Northeast (Richardson et al., 2004), and the
fact that all of this habitat in Zone II occurs
within a few hundred feet of the highest
elevation (4,154 feet), there is less potential
for upward migration under a warming
climate. It would require a mean annual
temperature increase of only about 3ºF to
entirely eliminate the climatic envelope
in which most of this habitat exists in the
Catskills. Recent and detailed modeling
indicates that under the low emissions
scenario (approximately a doubling of the

140

Iverson, L. et al. 2007. Potential Changes in Suitable Habitat for 134 Tree Species in the Northeastern
United States. Mitigation and Adaptation Strategies for Global Change: 13:487-516.
141 Cogbill, C.V. and P.S. White. 1991. The latitude–elevation relationship for spruce–fir and treeline along
the Appalachian mountain chain. Vegetation 94:153–175.
142 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
143 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
144 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
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atmospheric concentrations of greenhouse
gases) this threshold may be reached by
about 2075.145 Under a tripling scenario, it
will be reached and exceeded by 2050.146
This underlines the great vulnerability of
this habitat type in Zone II. However, given
that the mountains of Zone I are higher
(>5,000 feet) and because the habitat type
occurs at somewhat lower elevations, the
same temperature trends may have less
affect (though, the habitat is still relatively
vulnerable).

Currently, this habitat type may be locally
sensitive to extreme climatic events – such
as damage due to ice storms or blowdown, which may be ameliorated under
a warming climate. However, it is also
possible that the warming climate may
be accompanied by longer, more frequent
and severe droughts that could affect
the critical water relations on which this
mist-shrouded habitat depends. This could
result in at least local habitat loss.

Based on these data and considerations,
we have determined that this habitat type
should score high for variables 2 and 3
(degree of cold adaptation and vulnerability
to extreme weather events) for Zone II, but
somewhat less highly for Zone I. Given our
extensive knowledge of the relationship
between climate and distribution and
ecology of this habitat type, we have also
determined that our level of certainty for
these scores should be High. It is possible

that we may already be witnessing
upward elevational shifts in this habitat
type in the Northeast: in Vermont’s Green
Mountains (Beckage et al. 2008) found
that the lower limit of this community
type had shifted upward by approximately
100m over the 40-year period beginning
in 1964, and during which annual average
temperatures had risen by about 1.7oF.147
Based on bioclimatic modeling, (Prasad et
al. 2007) found in the U.S. Forest Service
Climate Change Tree Atlas project that
the two dominant tree species in this
habitat (Balsam Fir and Red Spruce) will
be eliminated entirely from southern New
England and New York, except under the
least sensitive GCM (PCM) and lowest IPCC
emissions scenario (B1).148 Prasad et al.
(2007) assigned model reliability scores of
High for both species.

Module 1. Vulnerability to
maladaptive human responses:

Much of this habitat type exists at present
in protected areas (e.g., The Adirondacks
State Park) and in areas that are too remote
or high in elevation to be the focus of much
anthropogenic exploitation. Therefore,
we anticipate that human responses to
climate change within this altitudinal zone
will be relatively minor. It is possible that
we will see, for example, current downhill
ski areas diversifying their recreational
options to include mountain biking and
other activities as snow cover becomes

145 Hayhoe, K. et al. 2006. Past and future changes in climate and hydrological indicators in the U.S.
Northeast. Climate Dynamics DOI 10.1007/s00382-006-0187-8.
146 Ibid. 6.
147 Beckage, B., B. Osborne, D.G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008. A rapid upward shift
of a forest ecotone during 40 years of warming in the Green Mountains of Vermont. PNAS, 105, 4197-4202.
148 Prasad, A. M., et al. 2007. A Climate Change Atlas for 134 Forest Tree Species of the Eastern United
States [database]. Northern Research Station, USDA Forest Service, Delaware, Ohio.
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less dependable, but these effects will
likely be confined to already existing
developments. Given that snowfall and
snowpack are likely to decrease under a
warming climate, it is also unlikely that new
ski developments will be built. Indeed, it
may be that existing sites may be forced by
changing economics to close. Accordingly,
we have scored this variable low (=1) in
both zones. Nevertheless, it is possible
that human recreational use of this habitat
may increase as the temperatures rise. It is
difficult to evaluate how likely this is. We
have therefore assigned certainty scores of
only Medium to these variables.

Module 1. Location relative to
highest elevation:

In Zones I and II we know that the upslope
limit of this habitat type is determined by
the height of the land. The highest elevation
mountain where this habitat occurs in the
Catskills is just over 4,000 feet. Therefore,
Zone II provides little opportunity for
upslope migration of this habitat type
relative to the projected temperature and
bioclimatic envelope shifts. With higher
elevations in the Adirondacks, Zone I has
greater potential for this. We therefore
assigned vulnerability scores for this
variable of 3 and 5 for Zones I and II,
respectively with High certainties.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type is
relatively low. This is largely because of
two factors: (a) its regeneration time (the
period between a major disturbance that
results in habitat loss and recovery back

to a mature stand) is long. Recovery times
after fire in the Northeast can be as long
as 200 years. This protracted recovery
period makes the habitat vulnerable to
repeat disturbances. (b) Tree growth rates,
reproductive potentials, and recruitment
are all slow because of the ecological,
biochemical and biophysical constraints
imposed by short growing seasons and low
temperatures. These limitations also may
act to reduce adaptive capacity. Accordingly,
we have scored this variable as 5 (unlikely
to be significant) with a certainty score of
Medium (since our understanding of the
true adaptive capacity of this habitat may
well be incomplete.

Module 1. Dependence on
specific hydrologic conditions:
Since this is not a wetland or aquatic
habitat, it is not dependent on specific
hydrologic conditions.

Module 1. Vulnerability of
Foundation/Keystone species to
climate change:
The two main foundation species in this
habitat are red spruce and balsam fir. These
are both trees that are highly adapted
to short growing seasons and extreme
weather conditions. Prasad et al. (2007)
has shown that they are likely to be highly
vulnerable to a warming climate in the
Northeast. We have, accordingly scored
their vulnerability as High, with a certainty
score of Medium (to reflect the fact that we
may not know as much about the ability
of these species to survive warming as we
would wish).
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Module 1. Constraints on
latitudinal range shifts:
In Zone II, Acadian-Appalachian Montane
Spruce-Fir Forest exists as an isolated patch
that is flanked to the north by extensive
tracts of lower-lying ground. It is highly
unlikely that this habitat will be able to
shift north into such expanses of unsuitable
land. In Zone I the patches of this habitat
are larger, more contiguous and extend to
somewhat lower elevations, especially on
the higher mountains. In these areas there
may be less of a constraint on northward
latitudinal shifts as the forest may be
able to colonize sites that are currently
krummholz or tundra. We have accordingly
scored the vulnerability of this habitat
type as Highly Constrained in Zone II and
Somewhat Constrained in Zone I, with
certainty scores of Medium to reflect the
conjectural nature of these scores.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

We have scored this variable as Not Feasible
for both zones. This reflects the fact that
the ecological processes that govern
the distribution of this habitat type are
extremely slow, making the responsiveness
to management actions extend far beyond
normal policy and management timescales.
Also, the severe weather conditions on the
mountain tops on which this habitat exists,
their remoteness, and the difficulties of
access do not render them suitable targets
for management activities. Accordingly,
we have scored the vulnerabilities to this
variable in both zones as High (unlikely that
management actions would be feasible),
with certainty scores of medium (since
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predicting human actions in response
to the changing climate is fraught with
uncertainties).

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:
While most of this habitat exists in
protected areas where stressors such
as habitat destruction and logging are
minimal, and where the impacts of acidic
deposition may be moderating, few other
stressors are currently impacting this
habitat type, it is possible that stressors
such as pests (spruce budworm, for
example) and invasives (mountain pine
beetle, for example) could spread into the
Northeast and adversely affect the habitat.
Also, fire is currently not an important
stressor in this habitat. However, with
longer, more frequent and more severe
droughts accompanying climate change,
it may become much more important.
Accordingly, we scored the potential for
this as High, although we have assigned a
certainty score of only Medium, to reflect
significant uncertainties.

Module 2. Current extent
of habitat:

Based on what we know about the
distribution of this habitat type, it exists in
more or less highly fragmented and usually
small patches throughout the Northeast
(though less so in the more northern
mountain areas). Accordingly we have
scored this variable in Module 2 as
Highly Limited in Distribution and
Fragmented, with a certainty score
of High for Zone II, and scores of Less
Limited Distribution and Somewhat Less
Fragmented and High for Zone I.

Module 2. Current extent trend:
Since this habitat type exists largely in the
state on protected land, current loss rates
are minor. For this reason we have scored
this variable as More Limited Losses, with
certainty scores of High in both zones.

Module 2. Likely future
extent trend:

We consider it unlikely that the few and
minimal stressors that currently affect this
habitat type will increase in their effects
much in the future. However, one major
uncertainty in this is the future of windpower development in the Northeast.
These are often sited on exposed and high
elevation summits and ridges – typical
locations for Acadian-Appalachian Montane
Spruce-Fir Forest. If wind-power continues
to increase in its importance in the future,
we could imagine habitat losses due to
the construction of the infrastructure
associated with some developments. In
addition, an increased frequency of wild
fires could also result in future losses. We
have conservatively assigned vulnerability
scores of Some Losses with certainty scores
of Medium for both zones.

Module 2. Likely future
stressor trends:
It is feasible that pest species and wild
fires could increase in their impacts in the
future under a changing climate. For this
reason, we score this variable as Some
Increase. Our certainty score is only Low to
reflect the huge degree of uncertainty that
surrounds this prediction.

Boreal-Laurentian
Bog; BorealLaurentian-Acadian
Acidic Basin Fen;
North-Central Interior
and Appalachian
Acidic Peatland
Vulnerability to Climate Change:
Highly Vulnerable
Vulnerability to Non-climate Stressors:
Less Vulnerable

Module 2. Current impacts of
non-climate change stressors:

Overall Future Vulnerability:			
Highly Vulnerable
						

This habitat type is currently being little
affected by non-climate stressors (there is
evidence that the adverse impacts of
acidic deposition are now decreasing).
Much of the habitat is on protected
areas and previous major stressors- for
example downhill ski developments
are no longer increasing. Wind-power
developments have fragmented some of
this habitat type in Zone I, but at present,
this is limited in extent.

The geographic distribution of these
three habitats is limited by climatic,
topographical, historical, and geological
factors. They develop mostly in poorlydrained depressions in the land surface,
such as basins, ponds, and kettleholes,
and on mineral-poor granitic base rock.
Boreal-Laurentian Bog and BorealLaurentian-Acadian Acidic Basin Fen
are large patch habitats that are largely
confined to more northern and mid to

Distribution and Ecology

Assessing the Vulnerability of Key Habitats in New York

51

Figure 17. Boreal bog/fen in the Northeast. The surface
vegetation is dominated by sphagnum mosses, leatherleaf
and sheep laurel. Bogs such as this often support both
major plant communities (Boreal-Laurentian Bog and BorealLaurentian-Acadian Acidic Basin Fen) with the former
comprising the dome-shaped interior of the bog and the
latter restricted to the perimeter.

high elevation areas with relatively high
precipitation rates, cooler temperatures,
and shorter growing seasons.149 In the
Northeast Region, Boreal-Laurentian Bog
is most widespread in Maine and New York
(Table 15, page 53 and Figures 18 & 19,
page 54), rare in Vermont where the base
rock is more mineral-rich, and does not
occur in New Hampshire or Massachusetts.
150
Boreal-Laurentian-Acadian Acidic
Basin Fen is more widespread occurring
in all five northern New England states
(most widespread in Maine and New
York) as far south as western and central
Massachusetts (Table 15). North-Central
Interior and Appalachian Acidic Peatland
(Table 15) usually occurs as a small
patch community, forming in isolated
depressions, particularly kettleholes. Thus,
the distribution of this community type
in the Northeast is a function of previous
glaciation and it extends further south (as

far south as northern Pennsylvania) than
Boreal-Laurentian Bog and Acidic Basin
Fen. Together, these three habitat types
cover almost 530,000 acres in the northern
and central states of the Northeast Region
(Table 15). However, New York State holds
large acreages of each, supporting 17.3%,
18.3%, and 45.5%, respectively of the three
habitat types (Table 15). New York State
can, therefore, be considered an important
stronghold for these northern habitats.

Boreal-Laurentian Bog, Boreal-LaurentianAcadian Acidic Basin Fen, and NorthCentral Interior and Appalachian
Acidic Peatland are three of the most
characteristic, iconic, and readily identified
wetland habitats of the Northeast. The
common characteristics of all three
community types are that they develop in
poorly drained areas with a water table
that is permanently at or close to the ground
surface, that have cool growing season
temperatures, short growing seasons,
high precipitation rates, and on mineraldeficient base rock. The combination of
mineral deficiency, year-round saturation,
and cooler temperatures result in anaerobic
decomposition processes and high
substrate acidity. The resulting slow rates of
breakdown of dead plant material lead to a
build up of peat. The peat soils that underlie
such bogs and fens can be many feet deep.
Peatland wetland vegetation communities
in the Northeast extend over a spectrum
from the large patch highly acidic BorealLaurentian Bogs to more alkaline fen
communities, and to small patch bog-

The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife Agencies
and the National Fish and Wildlife Foundation Final Report. NatureServe, Boston.
150 TNC/NEAFWA, 2011. Maps and Database of Northeastern Region Fish and Wildlife Habitats. Compiled by
The Nature Conservancy and the Northeastern Association of Fish and Wildlife Agencies. TNC, Boston, MA.
149
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dominated kettleholes.151 Water and
nutrient input to Boreal-Laurentian
Bog and North-Central Interior and
Appalachian Acidic Peatland is entirely
from precipitation – that is, such bogs
are ombrotrophic. Boreal-LaurentianAcadian Acidic Basin Fen differs in that it
is more closely connected to groundwater
and receives some limited mineral input
from this source. The pH of most BorealLaurentian Bogs and North-Central Interior
and Appalachian Acidic Peatlands range
between 3.5 and 5. Boreal-LaurentianAcadian Acidic Basin Fen (or dwarf shrub
bog as it is known in New York is similar,
but forms a transition community between
the most acidic and ombrotrophic bogs to
more basic and surface water-fed fens.152
Typically found on the perimeters on
Boreal-Laurentian Bogs, it shares many
of the characteristics of both bogs and
fens, being acidic (pH of 3.5 to 5.0), but
slightly mineral-enriched by groundwater
seepage. They are basically BorealLaurentian Bogs with a tendency toward
more fen-like ecology.
The vegetation of all three wetland
types is similar in that it is dominated
by a more or less continuous carpet of
sphagnum mosses, sedges, and dwarf
shrubs (including leatherleaf, sheep

Table 15. Extent of Boreal-Laurentian Bog, BorealLaurentian-Acadian Acidic Basin Fen, and NorthCentral Interior and Appalachian Acidic Peatland
in Northeast Region. Data from Northeast
Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011). Figures in parentheses are
percent representation of habitat in state of total
Northeastern habitat acres.
State

Boreal_
BorealLaurentian LaurentianBog acres Acadian Acidic
Basin Fen
acres

North-Central
Interior and
Appalachian
Acidic
Peatland

Maine

37,386

4,846 (5.8)

313,432 (78.1)

(82.4)
Vermont

153 (0.3)

6,443 (1.6)

2,452 (2.9)

New York

7,856 (17.3)

73,478 (18.3)

38,104 (45.5)

New Hampshire

7,326 (1.8)

2,896 (3.5)

Massachusetts

717 (0.2)

4,215 (5.0)

Connecticut

599 (<1)

New Jersey

164 (<1)

Pennsylvania

30,168 (36.0)

Rhode Island
Total acres

355 (<1)
43,395

401,396

83,799

laurel, bog laurel, and Labrador tea).
Tree cover is either absent or limited to a
sparse growth of stunted black spruce and
tamarack.153,154,155,156 The peat soil is usually
saturated and often “quakes” when walked
on (Figure 17, page 52).

151 Thompson,

E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
152 Edinger, G.J., et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
153 Thompson, E.H., and E.R. Sorenson. 2000.
154 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
155 Edinger, G.J., et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
156 Larsen, J.A. 1982. Ecology of the northern lowland bogs and conifer forests. Academic, New York.
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Figure 18. Distribution of North-Central
Acadian and Appalachian Acidic Peatland in
New York. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).

Figure 19. Distribution of Boreal-Laurentian
Bog (green symbol) and Boreal-LaurentianAcadian Acidic Basin Fen (orange symbol) in
New York. Data from Northeast Terrestrial Habitat
Mapping Project (TNC/NEAFWA, 2011).
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These three habitats are similar enough
in their physical, chemical, topographical,
and ecological characteristics to be
considered as one “acidic bog” habitat
when evaluating their vulnerabilities to a
changing climate, and this is what we have
done in this analysis.

Model Results

The results of the model run are shown in
Table 16.

These results indicate that these peatland
habitats in the Northeast are likely to be
vulnerable to the changing climate. Their
vulnerabilities are due to several factors:
(1) the ability of the habitats to persist
only in areas where the soils are more or
less permanently saturated, are acidic, and
promote peat formation; (2) their limitation
to areas that are cool and with short
growing seasons; (3) their vulnerability to
drought and drying of the peat; (4) their
potential vulnerability to fire; (5) and their
vulnerability to Nitrogen deposition and
increased alkalinity of the peat. Future
warming could potentially result in the
disruption of all of these current conditions.
Increasing temperatures may result in
the (at least seasonal) drying of the peat
substrate and an acceleration of the
biochemical decay process that take place
in this substrate. Such changes are likely to
promote tree growth and, ultimately, the

Table 16. Vulnerability modeling results.

replacement of these peatlands with forest.
Also, the longer, more frequent and more
extreme droughts projected as part of the
changing climate could result in the drying
out of the peat substrate and an increased
risk of wildfire. Currently, wildfire is not a
major problem for these wetlands but if its
frequency, duration, and intensity increased
we could witness peat beds being eroded,
exposing mineral substrates that could
favor more tree growth. Finally, the boreal
wetlands in the Northeast region have seen
over a century of Nitrogen deposition. This
could eventually result in the increased
alkalinity of the substrate, promoting
colonization by trees and non-acidophilic
vegetation, exacerbating the effects of
climatic change.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future fate of these habitats bog in New
York State suggests that they could be
adversely affected and, potentially, greatly
reduced in extent by future climate change.
Support for this projection comes from
the analysis by Prasad et al. (2007), which
found that black spruce, one of the few tree
species that inhabit boreal bogs, would
be greatly reduced in New York under a
doubling of greenhouse gases. Under a
tripling of greenhouse gases, projections
suggest New York State would lose all of its
black spruce.157

Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Highly Vulnerable

Less Vulnerable

Highly Vulnerable

High

157 Prasad, A. M., L. R. Iverson., S. Matthews., M. Peters. 2007-ongoing. A Climate Change Atlas for 134
Forest Tree Species of the Eastern United States [database]. http://www.nrs.fs.fed.us/atlas/tree, Northern
Research Station, USDA Forest Service, Delaware, Ohio.
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These results suggest that it is possible that
all boreal bog habitats could be eliminated
from the state by future climate change. At
the least, they indicate a great reduction in
the current extent of the habitat type, with
it surviving as isolated, smaller patches at
higher elevations at in the northernmost
part of New York.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
The database and map show that BorealLaurentian Bog and Boreal-LaurentianAcadian Acidic Basin Fen are limited to
the more northern state of the Northeast
Region, and North-Central Interior and
Appalachian Acidic Peatland extends
somewhat further south into Pennsylvania.
Thus, the habitats in New York State are
within 200 km of their southernmost
boundary and we assigned a score of 5
(most vulnerable) for Variable 1 in Module
1, with a certainty score of High.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Climate is the one of the major limitations
on the distribution of boreal bog in the
Northeast. Specifically, it only occurs in
areas with relatively brief growing seasons,
where the mean annual and summertime
temperatures are low, and precipitation
rates are high, resulting in saturated acidic
peat soils.
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Based on these factors, we have
conservatively determined that this
habitat type should score 3 for variables
2 and 3 for all three zones (degree of cold
adaptation and vulnerability to extreme
weather events) of Module 1. we did not
assign even higher scores because we do
not believe that these habitat types are as
tightly dependent on or adapted to extreme
climates as are (for example, tundra or
high elevation spruce-fir forests). Given our
extensive knowledge of the relationship
between climate and distribution and
ecology of this habitat type, we have also
determined that our level of certainty for
these scores should be High.

Module 1. Vulnerability to
maladaptive human responses:

These habitat types occur in areas which,
because of their vegetation, their soil
characteristics, their degree of permanent
saturation, and their remoteness do not
come under high anthropogenic stress.
There are few or no trees, so timber
extraction has not been a problem, and
the soils are too acidic for cultivation.
Building residential or commercial
structures on compressible peat soils
is also not a development option. Thus,
we assigned a score to this variable of 1
(Least Vulnerable), but have assigned a
certainty score of only Medium to reflect
the considerable uncertainties that beset
projections of future human behavior.

Module 1. Location relative to
highest elevation:

These vegetation communities occur
mainly at middle or higher elevations. They
do not occur at the highest elevations on
well-drained slopes, nor do they occur at

the lowest elevations where the climate
is milder or drier. We have accordingly
assigned scores of 3 for this variable, with a
certainty score of High.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type is
relatively low. This is largely because the
current distribution of the habitat type
is so tightly determined by topography
and by a cold wet climate. Any climatic
amelioration may favor drying of soils and
is likely to shift the competitive balance
in favor of colonization by trees, shifting
the community to a forest-dominated one.
It is difficult to see how these peatlands
could adapt to warmer conditions when
they are being invaded by conifer forest.
Accordingly, we have scored this variable
as 5 (unlikely to be significant), with a
certainty score of Medium (since our
understanding of the true adaptive capacity
of this habitat may well be incomplete).

Module 1. Dependence on
specific hydrologic conditions:

These are wetland habitats that are
dependent on more or less permanent
soil saturation and a groundwater table
that is continually at or close to the
surface. Without these specific hydrologic
conditions the habitats would change to
either a drier, tree-dominated community
or to pond or marsh. We have, accordingly,
scored this variable as 5 (dependent on
specific hydrological conditions), with a
certainty score of High.

Module 1. Vulnerability of
Foundation/Keystone species to
climate change:
These peatlands are neither floristically
complex nor diverse and are typically
dominated by a few hydrophitic foundation
species of sphagnum moss. By absorbing
and retaining high moisture content, it
is the sphagnum cover that creates the
conditions within which all of the other
peatland species can survive. These
mosses would be extremely vulnerable to
a reduction in the amount of water going
into the system or more severe, frequent,
or prolonged droughts, such as may
occur under a changing climate. We have,
accordingly scored its vulnerability as 5
(Foundation/Keystone species likely to be
vulnerable), but have assigned a certainty
score of only Medium, to reflect the fact
that we may not know as much about the
future survival of these hydrophitic species
under climate change as we would wish,
and the uncertainty surrounding future
precipitation rates and drought.

Module 1. Constraints on
latitudinal range shifts:

We have assumed that in New York State
these habitats would be highly constrained
in their ability to shift northward. This is
because they occur typically on granitic
and mineral-poor baserocks and are also
largely limited to basin, kettlepond, or flats
surface topography. Given these limitations
the ability of these habitats to shift and
colonize other areas is restricted. We have
accordingly scored the vulnerability of
these habitat types as Highly Constrained
zones, with a certainty score of High.
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Module 1. Likelihood of
managing/alleviating climate
change impacts:
The integrity of these peatlands is largely
governed by temperature, precipitation
rates, and local topography. It is difficult
to see, therefore, how we would be able to
manage these factors and promote their
survival. Also, we have little past experience
of managing such habitats (since they are
not exploited by humans). Accordingly,
we have scored the vulnerabilities to this
variable as 5 (unlikely that management
actions would be feasible), and assigned a
certainty score of High.

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:

Fire is not a major current stressor on
these peatland habitats because the soil
is permanently waterlogged. However, if
the peat soils dried the risk of catastrophic
fires (and their effects on vegetation)
would become much more serious. Climate
change, through increased temperatures,
elevated evapotranspiration rates, and
more severe droughts, could result in this
risk being greatly increased in the future.
We assume that climate change could
result in the exacerbation of the current
drying and fire risk in this habitat, with
consequent peat soil loss and adverse
impacts on the vegetation communities.
Accordingly, we have scored the potential
for this as 5 (High Potential), with a
certainty score of only Medium, to reflect
significant uncertainties.
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Module 2. Current extent of
habitat:
Based on what we know about the
distribution of these habitats and the data
presented in Figures 2 and 3, they exist
as more or less fragmented and relatively
small patches throughout New York State.
Accordingly we have scored this variable
in Module 2 as 3 (somewhat fragmented in
distribution and existing as small patches),
with a certainty score of High. We do not
consider this habitat to merit a score
of Highly Fragmented (5) because it is
certainly not as fragmented as other habitat
types (for example, alpine tundra).

Module 2. Current extent trend:

Since these habitats exist largely on
land that is not valued for agriculture or
development, current losses are likely to be
minor. For this reason we have scored this
variable as 1 (Stable or increasing), with a
certainty score of High.

Module 2. Likely future
extent trend:

We consider it unlikely that the few and
minimal stressors that currently affect
these habitats will increase in their effects
markedly in the future and result in large
habitat loss. Thus, we have conservatively
assigned a vulnerability score of 1 (Stable or
Increasing), with a certainty score of Medium.

Module 2. Current impacts of
non-climate change stressors:

These habitats are currently being little
affected by non-climate stressors. Much of
the habitat is on protected areas or is not

the target of agriculture or development.
We have, therefore, assigned a score for
this variable of 1 (Least affected), with a
certainty score of High.

Module 2. Likely future
stressor trends:

It is feasible that some non-climate
stressors that do not currently affect these
peatland habitats could increase in their
impacts in the future (e.g., recreational
overuse and wind energy development).
However, it is unlikely that these effects
will be extensive. For this reason, we score
this variable as 3 (Some Increase), with a
certainty score of Medium.

Northern Atlantic
Coastal Plain Basin
Peat Swamp

Vulnerability to Climate Change:		
Vulnerable
Vulnerability to Non-climate Stressors:
Less Vulnerable
Overall Future Vulnerability:			
Vulnerable

Distribution and Ecology
Atlantic white cedar-dominated swamps
(Figure 20) occur in most of the U.S.

Figure 20. Atlantic white cedar swamp showing sparse
shrub layer and hummock-hollow growth of sphagnum spp.

Atlantic coastal states from Maine south to
South Carolina, and in the Gulf of Mexico in
Florida, Mississippi and Louisiana (Figure
21, page 60).158,159, 160 Throughout this
extensive range they are floristically quite
similar, with the main differences between
the northern and southern extremes being
that in the northern and Mid-Atlantic
States Atlantic white cedar dominates the
canopy, while in the Gulf of Mexico other
species may share co-dominance.161 In the
Northeast Region, where it is classified
as Northern Atlantic Coastal Plain Basin
Peat Swamp, this wetland type became
established about 8,000 years ago and now
occurs in 8 of the 13 Northeast states with

158 Prasad, A. M., et al. 2007. A Climate Change Atlas for 134 Forest Tree Species of the Eastern United
States [database]. Northern Research Station, USDA Forest Service, Delaware, Ohio.
159 Barbour, M.G., and W.D. Billings. 1988. North American Terrestrial Vegetation. Cambridge University
Press, Cambridge, MA.
160 Laderman, A.D. 1989.The ecology of Atlantic white cedar wetlands: a community profile. U.S. DOI,
Washington, DC.
161 Barbour, M.G., and W.D. Billings. 1988.
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a total extent of 59,528 acres (Table 17).
162,163
In New York State it is confined
to a small area of Long Island and
the state’s contribution to the total
northeastern extent is relatively small at
just under 100 acres, or less than 1% of
the total (Table 17).

In the Northeast, this habitat type is
confined to acidic peat soils, or thin peat
soils overlying alluvial mineral soils with
a pH of between 3.3 and 5.5 that are
saturated for most of the year, and flooded
for half or more of the year.164,165 The
canopy is dominated by Atlantic white

Figure 21. Distribution of Atlantic white cedar swamp in North America (Prasad et al. 2007).
162

Laderman, A.D. 1989.
The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife
Agencies and the National Fish and Wildlife FoundationFinal Report. NatureServe, Boston.
164 Laderman, A.D. 1989.The ecology of Atlantic white cedar wetlands: a community profile. U.S. DOI,
Washington, DC.
165 Massachusetts Natural Heritage and Endangered Species Program (MNHESP). 2010. http://maps.
massgis.state.ma.us/PRI_EST_HAB/viewer.htm.
163
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Figure 22. Distribution of Atlantic White Cedar Swamp
in New York State. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).

Table 17. Extent of Northern Atlantic Coastal Plain Basin Peat Swamp (Atlantic
white cedar swamp) in Northeast Region.
State

Habitat acres in state

% of total habitat in Northeast

Maine

654

1.1

New Hampshire 1,157

1.9

New York

97

0.2

Massachusetts

11,834

19.9

Connecticut

2,480

4.2

New Jersey

35,681

59.9

Delaware

4,877

8.2

Maryland

998

1.7

Rhode Island

1,750

2.9

Total acres

59,528
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200-400 years. In areas where fire is
suppressed and red maple achieves a
high representation, it may alter the soil
chemistry: red maples have deeper root
systems than Atlantic white cedar and
are able to “pump up” nutrients from
deeper mineral soils and reduce soil
acidity, thereby rendering the area less
suitable for Atlantic white cedars (P. Swain,
Massachusetts DFW, pers comm.).

Atlantic White Cedar (Chamaecyparis thyoides)/Robert H. Mohlenbrock, USDA, http://www.plants.usda.gov/
core/profile?symbol=CHTH2

cedar, though other tree species such as red
maple may also occur (especially in areas
that are not subject to burning or other
disturbance). The shrub layer is typically
sparse and may be dominated by high-bush
blueberry, sweet pepperbush, and others.
The ground cover is often a hummockhollow growth of sphagnum mosses.166

This community type benefits from regular
disturbance, particularly fire. In areas
where fire does not occur often enough,
or is suppressed, the Atlantic white cedar
dominance gives way to fire-intolerant
species such as red maple. Development
of a mature Atlantic white cedar swamp
requires a fire return rate of about 100200 years, while the development of a
community dominated by larger Atlantic
white cedars requires a return rate of
166

Atlantic white cedar germination and
establishment is affected by surface
hydrology: in areas where soils are too dry
(on the tops of hummocks, for example) or
wet for too long a period (at the bottom of
hollows or more hydric areas) germination
may be poor.167 Thus, the establishment and
growth of this forest type is at least partly a
“goldilocks” compromise – neither too wet
nor too dry but just right. The germination
and growth of Atlantic white cedars in New
Jersey are negatively correlated with the
Palmer Drought Severity Index, but not
temperature.168

One much more extensive on Long
Island, Atlantic white cedar swamps
were fragmented and destroyed in postcolonial times by lumbering, draining and
conversion to farmland and residential
land, and by the damming of streams, which
lowered the water table. Suffolk County, the
habitat’s stronghold on Long Island, now
supports only 11 small cedar stands, with
the largest being less than 100 acres.169

Ibid.
http://www.na.fs.fed.us/pubs/silvics_manual/volume_1/chamaecyparis/thyoides.htm.
168 Lavagnino, C., C. Patterson, and R.B. Atkinson (2009). Relationships of Atlantic White-Cedar with
Precipitation, Temperature, and Drought Intensity Assessed through Tree Ring Analysis. The Ecology and
Management of Atlantic White-Cedar (Chamaecyparis thyoides) Ecosystems. A Symposium held on June 9,
10, and 11, 2009 at the City Hotel and Bistro in Greenville, North Carolina – USA.
169 Laderman, A.D. 1989.The ecology of Atlantic white cedar wetlands: a community profile. U.S. DOI,
Washington, DC.
167
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Model Results
The results of the model run for Atlantic
White cedar Swamp are shown in Table 18.

These results indicate that the vulnerability
of this habitat type to climate change is
low. The low vulnerability of this habitat
is due to a number of its characteristics:
for example, it is largely a “southern” and
low elevation habitat type, flourishing in
areas where temperatures are generally
high, winters are mild and short, and
growing seasons are long – the climatic
characteristics that the changing climate
is likely to spread across the Northeast.
Secondly, few important stressors on this
habitat currently exist and the potential
for climate change to exacerbate these
is low. Lastly, the adaptive capacity of
the habitat type is high. Thus, climate
change is unlikely to adversely impact this
habitat type in New York. Consequently,
we have scored this habitat as being Less
Vulnerable.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future fate of the habitat type suggests
that climate change could jeopardize the
future existence of Atlantic white cedar
habitat in New York. This partly due to the
habitat’s intrinsic vulnerability to extreme

Table 18. Vulnerability modeling results.

climatic events, but also to the fact that it is
an extremely rare habitat type in the state,
existing in a few small fragments. Prasad
et al. (2007) modeled little change in the
distribution of Atlantic white cedar under
high and low emissions scenarios and using
a range of climate models. However, that
was for the entire Northeast. In New York
the risks posed by future climatic stochastic
events are likely to be more important.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map and the
larger scale habitat maps that are available,
the southern extent of this habitat type
can be fixed with considerable certainty
to be in the Gulf of Mexico, more than 600
miles south of the southern border of the
Northeast Region.170 Therefore, all habitat
patches in New York State are more than
200km from the southernmost extent of
this habitat type.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Atlantic white cedar swamps are not a coldadapted habitat nor dominated by plant
species that can tolerate particularly cold

Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Vulnerable

Less Vulnerable

Vulnerable

High

170

Prasad, A. M., et al. 2007. A Climate Change Atlas for 134 Forest Tree Species of the Eastern United
States [database]. Northern Research Station, USDA Forest Service, Delaware, Ohio.
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conditions. In fact, it is a southern habitat
type that occurs in warmer climates
with temperate or mild winter conditions
and long, dry summers (such as are
found in its main strongholds in New
Jersey and southeastern Massachusetts).
We have, accordingly, scored this variable
as 1 for New York State, with a certainty
score of High.

This habitat could, however, be vulnerable
to extreme climatic events, for example
prolonged, more frequent and more severe
droughts, which could result in soil drying
and impaired germination and growth of
tree seedlings. However, this habitat type
could have a relatively high resistance
to drought because: (a) they have great
longevity, with trees living for 200-300
years; (b) they begin to reproduce in only
their 3rd or 4th years of growth; (c) their
fecundity is high with seed densities in soils
in suitable habitats as high as 20 millions/
hectare.171 Therefore, Atlantic white cedars
have the capacity to withstand sporadic
events such as droughts. Nevertheless,
we have scored this variable as 5 (Highly
Vulnerable) to reflect the fact that if a
catastrophic climatic event occurred
the entire cedar habitat could be put in
jeopardy, since it exists in only a few small
patches. We have allocated a certainty score
of Medium (2) to this estimate to reflect
the fact that we are unable to predict with
any certainty the scales and magnitudes of
climate change-induced droughts that may
occur in the future, and conditions could be
worse or better for Atlantic white cedars
than we assume here.

171

Module 1. Vulnerability to
maladaptive human responses:
This habitat type is currently not greatly
affected in New York by human activities –
the soils on which it grows are too wet for
development and the commercial value of
the timber is low. Also, many of the patches
of this habitat occur on protected areas or
are protected by state wetland regulations.
We do not anticipate that humans will
increase their interference with this
habitat type under a changing climate
and we score this variable as Low (1),
with a certainty score of Medium (2).
This last reflects the fact that anticipating
societal responses to the changing climate
and how these responses might affect
ecosystems is problematic.

Module 1. Location relative to
highest elevation:

Atlantic white cedar swamp is a low
elevation habitat which, theoretically, has
the ability to move upslope in response to
a changing climate (if the necessary soil
type is available). We therefore assigned
a vulnerability score of 1 for this variable,
and a High certainty score.

Module 1. Intrinsic adaptive
capacity:

Atlantic white cedars in general are
likely to have a high adaptive capacity to
sporadic climate change-induced events
like droughts and wildfires. This is because:
(a) they have great longevity, with trees

Fowells, H. A., comp. 1965. Silvics of forest trees of the United States. U.S. Department of Agriculture,
Agriculture Handbook 271. Washington, DC. 762 p.
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living for 200-300 years; (b) they begin to
reproduce in only their 3rd or 4th years of
growth; (c) their fecundity is high with seed
densities in soils in suitable habitats as
high as 20 millions/hectare.172 Therefore,
Atlantic white cedars have the capacity
to withstand sporadic events such as
droughts. However, their adaptive capacity
in New York is probably compromised by
the fact that it now is highly fragmented,
rare, and exists only in small patches. For
this reason we scored this variable as 5
(Unlikely to be Significant) with a certainty
score of 2.

Module 1. Dependence on
specific hydrologic conditions:

Atlantic white cedar swamp is a wetland
habitat type and depends on specific
hydrologic conditions for germination and
growth. Thus, it is sensitive to hydrologic
variability. We have accordingly scored this
variable as 5, with a certainty score of High.

Module 1. Vulnerability of
Foundation/Keystone species to
climate change:

The foundation species in this habitat is
Atlantic white cedar. This tree is already
adapted to the sorts of climatic conditions
that might be intensified or made more
widespread by climate change. However, it
could be vulnerable to extreme events, such
as drought. As already described above,
this is a species with a high reproductive
rate and prolonged life. Therefore, it

may be well adapted to surviving such
stochastic events. We have, accordingly
scored its vulnerability as 1 (unlikely to be
vulnerable), but have assigned a certainty
score of only Medium (to reflect the fact
that we may not know as much about the
ability of this species to survive warming as
we would wish).

Module 1. Constraints on
latitudinal range shifts:

The current distribution of this habitat
type is constrained by a combination of
anthropogenic factors (previous habitat
destruction); climatic factors (warmer
wetter summers and milder winters); and
by soil type (the habitat flourishes only
on peaty, relatively saturated soils). With
climate change, the climatic conditions that
favor white cedar swamps may become
more widespread in the Northeast Region.
However, the availability of the habitat to
exploit this and extend its range may be
constrained by the distribution of suitable
soil types and by human development.
If the soils occurring in areas where the
climate is becoming more suitable are not
hydric or peaty enough, the habitat type
is not likely to be able to extend. Similarly,
it will not extend into areas that already
bear the footprint of commercial and/or
residential development (much of Long
Island, for example). We have accordingly
scored the vulnerability of this habitat type
as 5 (highly constrained), with a certainty
score of Medium to reflect the conjectural
nature of these scores.

172

Fowells, H. A., comp. 1965. Silvics of forest trees of the United States. U.S. Department of Agriculture,
Agriculture Handbook 271. Washington, DC. 762 p.
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Module 1. Likelihood of
managing/alleviating climate
change impacts:
Human societies do not have a history of
managing this habitat type. This is probably
because it is basically a wetland and its fate
under humans has typically been drainage
and conversion to more “useful” habitat. It
is difficult to be confident that we would
be able to manage this habitat successfully
under a changing climate because so much
of the health of the habitat type depends
on surface soils type and hydrology,
factors that are likely to not be amenable
to effective and practical management
regimes. We have scored this variable as 5
(management unlikely to be feasible), but
with a certainty score of only Medium (to
reflect considerable uncertainty about how
effective human management of this habitat
could be).

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:

Much of this habitat exists in protected
areas where stressors such as habitat
destruction and logging are absent or
minimal, and few other stressors are
currently impacting this habitat type.
It is possible that stressors such as
invasive pests could spread into the New
York habitats and adversely affect it.
However, we judge this potential to be low.
Accordingly, we scored the potential for
this as 1 (low potential), although we have
assigned a certainty score of only Medium,
to reflect significant uncertainties about
future colonization by invasives.
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Module 2. Current extent of
habitat:
This is a habitat that occurs in small
patches on the landscape and is highly
fragmented in its distribution. Accordingly,
we have scored this variable in Module
2 as Limited in Distribution and Highly
Fragmented, with a certainty score of High.

Module 2. Current extent trend:

Any current losses to this habitat type are
likely to be small and local in scale and
due to relatively small-scale drainage and
conversion. Accordingly, we have assigned
to this variable a score of 1 (Stable or
Increasing). We assigned a certainty
score of High since much is known and
mapped about the distribution of the
habitat in the state.

Module 2. Likely future
extent trend:

While it is likely that the types of effects
detailed in Current extent trend above
may continue to occur in the future, we
consider it unlikely that this will result in
a marked acceleration in the future trend.
Indeed, since much of the land that can be
easily developed has already been so, and
since much of this habitat type occurs on
protected land, the trend may decrease. We
have conservatively assigned a vulnerability
score of 1 (Stable or Increasing) with a
certainty score of Medium.

Module 2. Current impacts of
non-climate change stressors:

While this habitat may be being affected
by at least one non-climate stressor (fire
suppression), its effects are minimal or

local in scale. Accordingly, we have scored
this variable in Module 2 as 1 (Least
affected), with a certainty score of High.

Module 2. Likely future stressor
trends:
It is feasible that habitat destruction for
residential/commercial development
and fire suppression could increase in
their impacts in the future. We anticipate
that such effects, if they occur, are likely
to continue to be small scale and local.
However, only small scale and local habitats
patches persist in the state. For this reason,
we score this variable as 3. Our certainty
score is Medium to reflect the degree of
uncertainty that surrounds this prediction.

Laurentian-Acadian
Freshwater Marsh
Vulnerability to Climate Change:
Less Vulnerable (all Zones)
Vulnerability to Non-climate Stressors:
Vulnerable (all Zones)

Overall Future Vulnerability:			
Vulnerable (all Zones)
						

Distribution and Ecology

Laurentian-Acadian Freshwater Marsh is
one the most widespread of the Northeast’s
emergent wetland habitat types. Covering a
total of over 315,000 acres (Table 19, page
69), its distribution extends from Northern

Maine south to Pennsylvania and New
Jersey (Figure 23, page 68). This habitat
type occurs inland, or in coastal areas that
are not tidally influenced. In coastal areas
that are tidally influenced it is replaced
by Northern Atlantic Coastal Plain Fresh
and Oligohaline Tidal Marsh.173 Though
structurally similar and with similar
floristic composition, we do not include
Northern Atlantic Coastal Plain Fresh and
Oligohaline Tidal Marsh in this analysis.
Rather, it is included in a separate analysis
of coastal, tidally influenced habitats
(Galbraith, in prep). With over 28% of the
total northeastern acres, New York State has
the greatest regional representation of this
habitat types (Table 19).

One of the most familiar of the state’s
wetland types, Laurentian-Acadian
Freshwater Marsh can occur as extensive
fringing wetlands surrounding large
lakes (e.g., Lake Champlain), or as smaller
wetlands fringing smaller lakes and ponds
and rivers. It is an emergent community
type that is it is restricted to areas of
standing water from which the vegetation
emerges during the growing season. During
the winter months, the vegetation dies
back. Floristically, this community type
is dominated by herbaceous vegetation;
shrubs or trees are sparse or entirely
absent. Dominant species vary with
the hydrologic regime: in areas where
standing water is deeper and year-round
the community may largely comprise
bulrushes, wild rice, and cattails. In areas
with shallower standing water or where
standing water is absent during the driest

The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife
Agencies and the National Fish and Wildlife Foundation Final Report. NatureServe, Boston.
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periods, the community may be dominated
by grasses and sedges, with scattered
forbs including irises, joe-pye weed, and
pickerelweed.174.175,176,177,178,179 Zonation
of shallow and deeper emergent marshes
is typical, with the former occurring at the
upper elevations, grading into the latter
where the standing water is deeper.

Invasive species can also dominate
Laurentian-Acadian Freshwater Marsh
in New York, particularly Phragmites
(common reed), which is able to
withstand hydrological fluctuations
and drying that will eliminate native
species, or purple loosestrife, which
crowds out native species.

Figure 23. Distribution of LaurentianAcadian Freshwater Marsh in
Northeast Region. Data from Northeast
Terrestrial Habitat Mapping Project
(TNC/NEAFWA, 2011).

174

Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
175 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
176 Edinger, G.J., et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
177 Mitsch, W.J., and J.A. Gosselink. 2007. Wetlands. John Wiley and Sons, Hoboken, NJ.
178 Niering, W.A. 1985. Wetlands. Alfred A. Knopf, New York.
179 Collins, B.R., and K.H. Anderson. 1994. Plant Communities of New Jersey. Rutgers University Press.
New Brunswick, NJ.

68

Assessing the Vulnerability of Key Habitats in New York

Figure 24. Distribution of Laurentian-Acadian
Freshwater Marsh in New York State. Data
from Northeast Terrestrial Habitat Mapping
Project (TNC/NEAFWA, 2011).

Emergent wetlands in the Northeast
provide essential summer habitat for
a large variety of invertebrates and
vertebrates including herons, waterfowl,
songbirds, mammals (e.g., muskrat, mink
and beaver), amphibians and reptiles, fish,
and odonates. Many of these species are
state and/or federally listed. During the
migration seasons, they can support large
populations of migratory wildlife. During
winter, the reed-beds that persist may
provide communal roost sites and hunting
areas for many bird species.

Table 19. Extent of Laurentian-Acadian Freshwater Marsh
in Northeast Region. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).
State

Acres in
state

% of total habitat
in Northeast

Maine

76,820

24.3

Vermont

21,454

6.7

New York

89,672

28.4

New

35,936

11.4

Massachusetts

25,630

8.1

Connecticut

6,763

2.1

Rhode Island

3,306

<1

New Jersey

35,936

11.3

Pennsylvania

20,187

6.3

Total acres

315,704

Hampshire
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Model Results
The results of the model run for LaurentianAcadian Freshwater Marsh in New York
State are shown in Table 20.
These results indicate that LaurentianAcadian Freshwater Marsh is one of the less
vulnerable to climate change of the state’s
habitat types. Its vulnerability to nonclimate, “traditional” stressors (e.g., habitat
loss and fragmentation) is higher. This may,
then, be an example of a habitat that will
continue to be most affected by non-climate
change stressors, unlike some other habitat
types analyzed in this study (e.g., alpine
tundra, high elevation spruce-fir forests,
northern hardwood forests).

Implications for Future
Status and Distribution

The low climate change vulnerability scores
assigned in this analysis may not mean that
emergent freshwater marsh will be entirely
unaffected by the changing climate. In more
marginal areas where the hydrology only
barely supports this community type, or
in smaller and more fragmented marshes
with limited watershed catchment areas,
the adaptive capacities and resiliencies of
this habitat may be sufficiently low to result
in local habitat loss due to the changing

hydrology and drying out. Thus, there could
be local loss of this habitat type across
the state. This conclusion is, however,
complicated by a relatively high degree
of uncertainty about the impacts that
climate change will have on local hydrologic
processes and wetlands, as described in the
next section.

Uncertainty Analysis

Although the main conclusion of this
analysis is that emergent marshes may have
only relatively low and local vulnerabilities
to the changing climate, it should be viewed
in the light of the degree of uncertainty
assigned to this score (an overall certainty
score of Medium). Previous analyses
have indicated that confidence scores for
wetland habitats may be generally lower
than those for, for example, forests.180
This uncertainty has four sources: (1)
the uncertainty surrounding global
circulation models’ projections about the
quantity and timing of future precipitation.
While general circulation models (and
their downscaled versions) show a high
relatively high degree of uniformity in their
future temperature projections, they are
less consistent in their precipitation results.
For the same area some models might show
increases in precipitation, others may show
decreases, while others show no change.181

Table 20. Vulnerability modeling results for Laurentian-Acadian Freshwater Marsh in New York State.
Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Less Vulnerable

Vulnerable

Vulnerable

Medium

180

Manomet and MADFW. 2009. Climate Change and Massachusetts Fish and Wildlife: Habitat and
Species Vulnerability. Manomet Center for Conservation Sciences and Massachusetts Division of Fisheries
and Wildlife.
181 Hayhoe, K., et al. 2006. Past and future changes in climate and hydrological indicators in the U.S.
Northeast. Climate Dynamics DOI 10.1007/s00382-006-0187-8.
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(2) The actual on-the-ground effect of
changes in precipitation will be translated
into ecologically important forcing through
changing evapotranspiration rates, which
again are partly functions of our uncertain
assumptions about future precipitation
patterns, compounded by a smaller degree
of uncertainty about future temperature
regimes. (3) Hydrologic uncertainties over
the relationships between precipitation
rates and seasonality and the actual
amount of flow into local wetlands. (4)
How wetland ecosystems might respond
to changes in hydrology. These uncertainty
factors reduce the confidence that we can
assume when making assumptions about
the resilience and adaptive capacities of
wetlands under a changing climate.

Uncertainty about future precipitation
regimes and the other uncertainties
outlined above are unlikely to be
substantially reduced in the near future
by modifying the climate models. The
real question that we are faced with as
conservationists and land managers is
the extent to which we are able to make
decisions about restoring and managing
habitats despite moderate to high levels of
uncertainty. In this light, it is important to
realize that our level of certainty for this
habitat type is Medium, not Low, and it is
close to the highest edge of the Medium
numerical range, approaching a High score.
In addition, any management actions that
we undertake to safeguard habitats under a
changing climate need not be unchanging.
For all habitat types, it will be important to
monitor the changes in the habitats over
time so that we can be sure of trajectories
under the changing climate. If it is found
that the system is responding differently
to climate change than anticipated, more
adaptive management strategies can be
implemented. Thus, vulnerability analyses

such as this should be viewed as first
approximations of how habitat types may
be affected in the future. They need to
be tested and confirmed or rejected by
monitoring data.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:
Given the high degree of precision and
accuracy of the TNC/NEAFWA Northeastern
Region Habitat Map and database,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
The database and map show that LaurentianAcadian Freshwater Marsh is widespread
in its distribution across the northeastern
states as far south as Pennsylvania and New
Jersey. All New York habitat patches are,
therefore, beyond 200km of the habitat’s
southern range boundary. Given this, we
have assigned a score of 1 (more distant than
200 km) for this factor. A certainty score of
High was also assigned.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Occurring from Maine to New Jersey
across areas that are very different in
their temperature regimes, tolerance of
widely different climates seems to be a
characteristic of this habitat type. The
degree of cold adaptation can therefore be
considered to be low and is assigned a
score of 1 in the habitat model (with a
certainty score of Medium to reflect the
fact there are some uncertainties about the
specific sensitivities of many of the plant
species that make up this community type to
climatic regime).
Assessing the Vulnerability of Key Habitats in New York
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Given its dependence on soil saturation and
inundation characteristics, an increased
frequency, severity or duration of droughts
and floods could have adverse effects
on this habitat type. Drying of the soil
would result in its replacement by shrubdominated or more forested wetlands
or non-wetland habitats, while longer
durations of immersion could result in the
replacement of emergent marsh by open
water. We have conservatively assigned a
score of 3 (Less Vulnerable) to this factor
in the model. However, our certainty score
for this variable is only 1 (Low), since we
do not know, given the imprecision of the
precipitation and extreme events outputs
from climate models, exactly how much
more severe these future stochastic events
may be.

Module 1. Vulnerability to
maladaptive human responses:

If the climatic future is one of drying and
more extreme drought, then it is likely that
at least local losses of this habitat and its
replacement with non-wetland habitats
will occur. If that is the case we may see
humans respond by extending development
or agricultural footprints into areas that
were hitherto wetlands. It is difficult to
imagine, however, any other scenarios in
which human societies could exacerbate
wetland loss under climate change, since
the legislative protections that currently
exist would probably be still in force.
Accordingly, we have scored this variable
as 1 (not vulnerable to maladaptive human
response). However, we have assigned
a certainty score of only Low to reflect
the considerable uncertainties that beset
projections of future human behavior.
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Module 1. Location relative to
highest elevation:
These vegetation communities occur
mainly at middle or lower elevations. They
do not occur at the highest elevations. We
have accordingly assigned scores of 1 for
this variable in both zones, with certainty
scores of High.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type is
significant and have scored it as 1. This
is largely because: the habitat type is
abundant and widespread; it is dominated
by vegetation that is fast- growing with
short regeneration times (and able,
therefore, to recover rapidly from shortlived adverse impacts); it can respond
rapidly to changing hydrologic conditions
and move into areas hitherto dominated
by either shrub swamps or open water.
However, we have assigned a certainty
score of only Low to reflect the general
uncertainty associated with predictions
about adaptive capacity until they are put
to the test.

Module 1. Dependence on
specific hydrologic conditions:

This is a wetland habitat that is
dependent on permanent soil saturation
and immersion. Without these specific
hydrologic conditions, the habitat
would change to either a drier, shrubdominated community or to open water.
Accordingly, we have scored this variable
as 5 (dependent on specific hydrological
conditions), with a certainty score of High.

Module 1. Vulnerability of
Foundation/Keystone species
to climate change:
This habitat type is floristically complex
and it is not dominated by a small number
of foundational species. Nor does it depend
on keystone species for its continuance
(except in cases where beaver create
and maintain the habitat type). We have,
accordingly scored its vulnerability as 1
(Foundation/Keystone species unlikely
to be vulnerable), but have assigned a
certainty score of only Medium, to reflect
that we may not know as much about the
future survival of these hydrophitic species
under climate change as we would wish,
and the uncertainty surrounding future
precipitation rates and drought.

Module 1. Constraints on
latitudinal range shifts

We have assumed that in all four zones
this habitat will be able to shift northward
as the climate changes. This is because it is
a low or middle elevation habitat that
may be readily able to colonize adjacent
areas as the hydrology changes.
Accordingly, we have scored the
vulnerability of this habitat type as Low
Level of Constraint, with a certainty score
of Medium to reflect our uncertainties
about future precipitation patterns.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

If, as we suspect, the main impact of climate
change on this habitat will be soil drying
due to increased evapotranspiration rates
and droughts, the main management
activity may be water level control. This

could include diverting water to the
wetland to maintain the soil hydrology
and the inundation regime required by
the constituent plant species. However,
except in a few small areas that may have
high conservation value, it is unrealistic
to expect that this will become a widely
applied management technique. First, the
habitat is abundant and widespread, and
second, it would be expensive in terms
of time and other resources. Water is
likely to become a much more valuable
commodity under climate change and
there may be increased competition among
sectors (agriculture, municipalities, etc.)
to maintain their accustomed adequate
supply. This would not benefit waterdependent habitats. Accordingly, we have
scored the vulnerabilities to this variable
as 5 (unlikely that management actions
would be feasible) and assigned a certainty
score of Low to reflect uncertainty about
future precipitation patterns and societal
priorities and responses.

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:

A number of non-climate stressors are
currently stressing wetlands in the
Northeast. These include habitat destruction
and fragmentation (though not at as rapid a
rate as occurred before wetland protections
were put in place), and colonization by
invasive species such as purple loosestrife
and phragmites. It is possible that these
invasives (since they outcompete native
species under heightened stress levels)
could spread further throughout shrub
swamps and come to dominate. Accordingly,
we have scored the potential for this as 5
(High Potential) with a certainty score of
only Medium.
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Module 2. Current extent
of habitat:

Module 2. Current impacts of
non-climate change stressors:

Based on what we know about the
distribution of this habitat type and the
data presented in Table 1 and Figures 1
and 2, it is a relatively widespread and
abundant habitat type. Accordingly, we
have scored this variable in Module 2 as
3 (somewhat fragmented and limited in
distribution) for all Zones. We assign a
certainty score of High, since the TNC/
NEAFWA database and map tells us much
about the habitat’s distribution.

This habitat type is currently being little
affected by non-climate stressors. There is
still some anthropogenic loss and invasive
species continue to affect the habitat in
some areas. However, much of the habitat
is either protected or is not the target
of agriculture or development. We have,
therefore, assigned a score for this variable
of 3 (Less affected), with a certainty score
of Medium.

Prior to effective legislative controls being
put in place, loss rates of wetland habitats
in the Northeast were high. Now, however,
although anthropogenic losses still occur,
they are at a much reduced rate. For this
reason we have scored this variable as
3 (Limited losses) for all Zones, with a
certainty score of Medium to reflect the
fact that greater wetland losses may be
occurring in areas where such effects are
not monitored well.

It is feasible that some non-climate
stressors that currently affect emergent
marsh habitat could increase in their
impacts in the future (e.g., invasive plant
species). However, it is unlikely that these
effects will be extensive. For this reason, we
score this variable as 3, but with a certainty
score of only Medium to reflect the intrinsic
uncertainty in projecting future species
interactions.

We consider it unlikely that the limited
rate of loss that currently affects this
habitat type will increase markedly in the
future (since the legislative controls will
continue to be in place). Thus, we have
conservatively assigned a vulnerability
score of 3 (Some losses), with a certainty
score of Medium (to reflect difficulties in
projecting future loss rates).

Vulnerability to Climate Change:

Module 2. Current extent trend:

Module 2. Likely future
extent trend:
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Module 2. Likely future
stressor trends:

Acadian Wet Meadow
Shrub Swamp
Less Vulnerable
Vulnerability to Non-climate Stressors:
Vulnerable
Overall Future Vulnerability:			
Vulnerable

Distribution and Ecology
Covering over 1.1 million acres across the
Northeastern States and 319,883 acres
in New York State (Table 21, page 77),
Laurentian-Acadian Wet Meadow Shrub
Swamp (Figure 25, page 76) is one of
the Northeast Region’s most widespread
wetland habitat types. While Maine has
the greatest acreage of this habitat, New
York is third with 6.3% of the regions
shrub swamp habitat (Table 21, page
77). Although this habitat extends across
all of the northeastern states and in the
District of Colombia (Figure 27, page 78),
within this broad area it generally has a
northern distribution, with more than
55% of the total acreage in Central and
Northern New England and less than 10%
in the southernmost states of Virginia,
West Virginia, Maryland and Delaware and
the District of Colombia (Table 21). This
northern distribution is also evident in New
York State, where most of this habitat type
occurs from the central parts of the state
north (Figure 26, page 77).

Shrub swamp habitat typically occurs
as wetland bordering lakes, ponds or
rivers and in areas where the soils
are permanently waterlogged but
not subject to prolonged periods of
inundation.182,183,184,185,186,187 In drier,
upslope areas it is often replaced by
forested wetlands (the trees of which are
less tolerant of perpetually waterlogged
soil conditions), while in areas of shallow
standing water it is replaced by emergent
marshes dominated by reeds, sedges or
forbs. Thus, whether an area is dominated
by this habitat type or by wetland forest
or emergent marsh is primarily a function
of the local hydrology, particularly the
degree of soil saturation and the inundation
regime. In the Northeast, LaurentianAcadian wet Meadow Shrub Swamp is
classified by the TNC/NEAFWA habitat
mapping project as a large patch habitat,
but it is typically embedded in matrix
communities of conifer or broadleaf
forest.188 Shrub swamps may occur on
peat soils, particularly in the colder more

Swain, P.C. and J.B. Kearsley. 2001. Classification of Natural Communities of Massachusetts. Natural
Heritage and Endangered Species Program. Westborough, MA.
183 Mitsch, W.J., and J.A. Gosselink. 2007. Wetlands. John Wiley and Sons, Hoboken, NJ.
184 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
185 Collins, B.R., and K.H. Anderson. 1994. Plant Communities of New Jersey. Rutgers University Press.
New Brunswick, NJ.
186 Gawler, S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
187 Edinger, G.J.,et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
188 TNC/NEAFWA, 2011. Maps and Database of Northeastern Region Fish and Wildlife Habitats. Compiled by
The Nature Conservancy and the Northeastern Association of Fish and Wildlife Agencies. TNC, Boston, MA.
182
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Model Results
The results of the model run are shown in
Table 22, page 78.

Figure 25. Laurentian-Acadian Wet Meadow Shrub
Swamp. The emergent vegetation is dominated by
shrubs including buttonbush and highbush blueberry,
with royal and cinnamon ferns. The trees are red maple.

northern parts of the state, or mineral
soils, though often with a high organic
content.189,190

In New York, these shrub swamp wetlands
are typically dominated by shrubs such as
buttonbush, highbush blueberry, alders,
willows, winterberry, and dogwoods. Shrub
height is usually less than about 10 feet,
and tree cover is generally less than 20%.
The herbaceous layer typically comprises
ferns (e.g., ostrich fern), and forbs, such as
asters, Joe-pye weed, and goldenrods.191

Shrub swamps may be transitional
communities, moving toward either
emergent wetlands or forested wetlands, as
the hydrology dries out or becomes wetter.
Alternatively, they can be stable and longlasting communities in areas where the
hydrology is not changing.192
189

These results indicate that LaurentianAcadian Wet Meadow Shrub Swamp is one
of the less vulnerable of New York’s habitat
types to climate change. Its vulnerability
to non-climate, “traditional” stressors
(e.g., habitat loss and fragmentation) is
higher. Shrub swamp may, therefore, be an
example of a habitat that will continue to
be most affected by non-climate change
stressors, unlike some other habitat types
analyzed in this study (e.g., alpine tundra,
high elevation spruce-fir forests, northern
hardwood forests).

Implications for Future
Status and Distribution

The low climate change vulnerability score
assigned in this analysis may not mean that
shrub swamp will be entirely unaffected by
the changing climate in New York. In more
marginal areas where the hydrology only
barely supports this community type, or
in smaller and more fragmented swamps
with limited watershed catchment areas,
the adaptive capacities and resiliencies
of shrub swamps may be sufficiently
low to result in local habitat loss due to
the changing hydrology and the drying
out of the swamps. Thus, there could be
local loss of this habitat type across all of

Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy. University
Press, Hanover, New Hampshire.
190 Mitsch, W.J., and J.A. Gosselink. 2007. Wetlands. John Wiley and Sons, Hoboken, NJ.
191 Edinger, G.J.,et al. 2002. Ecological Communities of New York State. Second Edition. A revised and
expanded edition of Carol Reschke’s Ecological Communities of New York State. (Draft for review). New
York Natural Heritage Program, New York State Department of Environmental Conservation, Albany, NY.
192 Mitsch, W.J., and J.A. Gosselink. 2007.
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Figure 26. Distribution of Laurentian-Acadian Wet
Meadow Shrub Swamp in New York State. Data from
Northeast Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011).

Table 21. Extent of Laurentian-Acadian Wet Meadow Shrub
Swamp in Northeast Region. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).
State

Habitat Acres in
State

Percent of Total Habitat
Acres in Northeast Region

Maine

354,023

31.7

New Hampshire

63,547

5.7

Vermont

53,396

4.8

New York

319,883

6.3

Massachusetts

79,112

7.1

Connecticut

24,184

2.2

Rhode Island

5,285

<1

Pennsylvania

46,905

4.2

New Jersey

69,926

6.3

Delaware

11,674

1.0

Washington, DC

11

<1

Maryland

32,550

2.9

Virginia

44,458

4.0

West Virginia

10,447

<1

Total acres

1,115,401
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Uncertainty Analysis

Figure 27. Distribution of LaurentianAcadian Wet Meadow Shrub Swamp in
the Northeast Region. Data from Northeast
Terrestrial Habitat Mapping Project (TNC/
NEAFWA, 2011).

the latitudinal zones. This conclusion is,
however, complicated by a relatively high
degree of uncertainty about the impacts
that climate change will have on local
hydrologic processes and wetlands, as
described in the next section.

Although the main conclusion of this
analysis is that New York shrub swamps
may have only relatively low and local
vulnerabilities to the changing climate, it
should be viewed in the light of the only
Medium degree of uncertainty assigned to
this score. Previous analyses have indicated
that confidence scores for wetland habitats
may be generally lower than those, for
example, forests. This uncertainty has four
sources: (1) the uncertainty surrounding
global circulation models’ projections
about the quantity and timing of future
precipitation.193 While general circulation
models (and their downscaled versions)
show a high relatively high degree of
uniformity in their future temperature
projections, they are less consistent in
their precipitation results. For the same
area, some models might show increases in
precipitation, others may show decreases,
while others show no change.194 (2) The
actual on-the-ground effect of changes
in precipitation will be translated into
ecologically important forcing through
changing evapotranspiration rates, which
again are partly functions of our uncertain
assumptions about future precipitation
patterns, compounded by a smaller degree
of uncertainty about future temperature
regimes. (3) Hydrologic uncertainties over

Table 22. Vulnerability modeling results.
Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Less Vulnerable

Vulnerable

Vulnerable

Medium

193

Manomet Center for Conservation Sciences & Massachusetts Department of Fish and Wildlife. 2009.
Climate Change and Massachusetts Fish and Wildlife: Habitat and Species Vulnerability.
194 Hayhoe, K., et al. 2006. Past and future changes in climate and hydrological indicators in the U.S.
Northeast. Climate Dynamics DOI 10.1007/s00382-006-0187-8.
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the relationships between precipitation
rates and seasonality and the actual
amount of flow into local wetlands. (4)
How wetland ecosystems might respond
to changes in hydrology. These uncertainty
factors reduce the confidence that we can
assume when making assumptions about
the resilience and adaptive capacities of
wetlands under a changing climate.

Uncertainty about future precipitation
regimes and the other uncertainties
outlined above are unlikely to be
substantially reduced in the near future
by modifying the climate models. The
real question that we are faced with as
conservationists and land managers is
the extent to which we are able to make
decisions about restoring and managing
habitats despite moderate to high levels of
uncertainty. In this light, it is important to
realize that our level of certainty for this
habitat type is Medium, not Low, and it is
close to the highest edge of the Medium
numerical range, approaching a High score.
In addition, any management actions that
we undertake to safeguard habitats under a
changing climate need not be unchanging.
For all habitat types, it will be important to
monitor the changes in the habitats over
time so that we can be sure of trajectories
under the changing climate. If it is found
that the system is responding differently
to climate change than anticipated, more
adaptive management strategies can be
implemented. Thus, vulnerability analyses
such as this should be viewed as first
approximations of how habitat types may
be affected in the future. They need to
be tested and confirmed or rejected by
monitoring data.

Modeling Assumptions
Module 1. Location in
geographical range of habitat:
Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map and
database, estimating the specific locations
of habitats relative to their overall range
boundaries is possible with a high degree
of confidence. The database and map show
that Laurentian-Acadian Wet Meadow
Shrub Swamp in New York State is more
distant than 200km from its southernmost
boundary in Virginia and West Virginia.
Given this, we have assigned a score of 1
(more distant than 200 km) and a Certainty
score of High.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Occurring from Maine to Virginia across
areas that are very different in their
temperature regimes, tolerance of widely
different temperature regimes seems to
be a characteristic of this habitat type. The
degree of cold adaptation can therefore
be considered to be low and is assigned a
score of 1 in the habitat model. However,
the sensitivity of this habitat to extreme
climatic events may be higher. Given
its dependence on soil saturation and
inundation characteristics, an increased
frequency, severity or duration of droughts
and floods could have adverse effects on
this habitat type. Drying of the soil would
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result in its replacement by more forested
wetlands or non-wetland habitats, while
longer durations of immersion could result
in the replacement of shrub swamp by
emergent wetlands. We have conservatively
assigned a score of 3 (Less Vulnerable)
to this factor in the model. However, our
certainty score for this variable is only
1 (Low), since we do not know, given
the imprecision of the precipitation and
extreme events outputs from climate
models, exactly how much more severe
these future stochastic events may be.

Module 1. Vulnerability to
maladaptive human responses:

If the climatic future is one of drying and
more extreme drought then it is likely that
at least local losses of this habitat and its
replacement with non-wetland habitats
will occur. If that is the case we may see
humans respond by extending development
or agricultural footprints into area that
were hitherto wetlands. It is difficult to
imagine, however, any other scenarios in
which human societies could exacerbate
wetland loss under climate change, since
the legislative protections that currently
exist would probably be still in force.
Accordingly, we have scored this variable
as 1 (not vulnerable to maladaptive human
response). However, we have assigned
a certainty score of only Low to reflect
the considerable uncertainties that beset
projections of future human behavior.

Module 1. Location relative to
highest elevation:

These vegetation communities occur
mainly at middle or lower elevations. They
do not occur at the highest elevations. We
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have accordingly assigned scores of 1 for
this variable in both zones, with certainty
scores of High.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type is
significant and have scored it as 1. This
is largely because: the habitat type is
abundant and widespread; it is dominated
by vegetation that is fast growing with
short regeneration times (and able,
therefore, to recover rapidly from shortlived adverse impacts); it can respond
rapidly to changing hydrologic conditions
and move into areas dominated by either
forested swamps or emergent marshes.
However, we have assigned a certainty
score of only Low since we do not know,
given the imprecision of the precipitation
and extreme events outputs form climate
models, exactly how much more severe
these future stochastic events may be.

Module 1. Dependence on
specific hydrologic conditions:

This is a wetland habitat that is dependent
on more or less permanent soil saturation
and a groundwater table that is continually
at or close to the surface. Without these
specific hydrologic conditions the habitat
would change to either a drier, treedominated community or to an emergent
marsh. We have, accordingly, scored this
variable as 5 (dependent on specific
hydrological conditions), with a certainty
score of High.

Module 1. Vulnerability of
Foundation/Keystone species to
climate change:
This habitat type is floristically complex
and it is not dominated by a small number
of foundational species (it is dominated
by a diversity of shrub species). Nor does
it depend on keystone species for its
continuance (except in cases where beaver
create and maintain the habitat type). We
have, accordingly scored its vulnerability as
1 (Foundation/Keystone species unlikely
to be vulnerable), but have assigned a
certainty score of only Medium, to reflect
that we may not know as much about the
future survival of these hydrophitic species
under climate change as we would wish,
and the uncertainty surrounding future
precipitation rates and drought.

Module 1. Constraints on
latitudinal range shifts:

We have assumed that in New York State
this habitat will be able to shift northward
as the climate changes. This is because it
is a low or middle elevation habitat that
may be readily able to colonize adjacent
areas as the hydrology changes. We
have accordingly scored the vulnerability
of this habitat type as Low Level of
Constraint, with a certainty score of
Medium to reflect our uncertainties about
future precipitation patterns.

Module 1. Likelihood of
managing/alleviating climate
change impacts:
If, as we suspect, the main impact of climate
change on this habitat will be soil drying
due to increased evapotranspiration rates

and droughts, the main management
activity may be water level control. This
could include diverting water to the shrub
swamp to maintain the soil hydrology
that the constituent plant species require.
Except in a few small areas that may have
high conservation value, it is unrealistic
to expect that this will become a widely
applied management technique. First, the
habitat is abundant and widespread, and
second, it would be expensive in terms
of time and other resources. Water is
likely to become a much more valuable
commodity under climate change and
there may be increased competition among
sectors (agriculture, municipalities, etc.)
to maintain their accustomed adequate
supply. This would not benefit waterdependent habitats. Accordingly, we have
scored the vulnerabilities to this variable
as 5 (unlikely that management actions
would be feasible) and assigned a certainty
score of Low to reflect uncertainty about
future precipitation patterns and societal
priorities and responses.

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:

A number of non-climate stressors are
currently stressing shrub swamps in
the Northeast. These include habitat
destruction and fragmentation (though
not at as rapid a rate as occurred before
wetland protections were put in place),
and colonization by invasive species such
as purple loosestrife and phragmites. It
is possible that these invasives (since
they outcompete native species under
heightened stress levels) could spread
further throughout, and come to dominate
shrub swamps. Accordingly, we have scored
the potential for this as 5 (High Potential)
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with a certainty score of only Medium to
reflect considerable uncertainties about
invasive species might respond under
climate change.

Module 2. Current extent of
habitat:

Based on what we know about the
distribution of this habitat type and the
data presented in Table 1 and Figures 2
through 4, it is a relatively widespread and
abundant habitat type in New York State.
Accordingly we have scored this variable
in Module 2 as 3 (somewhat fragmented
and limited in distribution). We assign a
certainty score of High, since the TNC/
NEAFWA database and map tells us much
about the habitat’s distribution.

Module 2. Current extent trend:

Prior to effective legislative controls being
put in place, loss rates of wetland habitats
in the Northeast were high. Now, however,
although anthropogenic losses still
occur, they are at a much reduced rate.
For this reason we have scored this variable
as 3 (Limited losses), with a certainty score
of Medium.

Module 2. Likely future extent
trend:

We consider it unlikely that the limited
rate of loss that currently affects this
habitat type will increase markedly in the
future (since the legislative controls will
continue to be in place). Thus, we have
conservatively assigned a vulnerability
score of 3 (Some losses), with a certainty
score of Medium.
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Module 2. Current impacts of
non-climate change stressors:
This habitat type is currently being little
affected by non-climate stressors. There is
still some anthropogenic loss and invasive
species continue to affect the habitat in
some areas. However, much of the habitat is
either in protected areas or is not the target
of agriculture or development. We have,
therefore, assigned a score for this variable
of 3 (Less affected), with a certainty score
of Medium.

Module 2. Likely future
stressor trends:

It is feasible that some non-climate
stressors that currently affect shrub swamp
habitat could increase in their impacts in
the future (e.g., invasive plant species).
However, it is unlikely that these effects
will be extensive. For this reason, we score
this variable as 3, but with a certainty score
of only Medium to reflect the intrinsic
uncertainty in projecting future species
interactions.

Acadian-Appalachian
Alpine Tundra
Vulnerability to Climate Change		
Highly Vulnerable
Vulnerability to Non-climate Stressors
Vulnerable
Overall Future Vulnerability			
Highly Vulnerable

Distribution and Ecology
In New York State, Acadian-Appalachian
Alpine Tundra occurs only on the
Adirondack Mountains (Figure 28). It
constitutes the highest elevation habitat
in the state, being limited to mountain
tops and ridges generally above 4,000 feet
above sea level and extending up to the
highest summits at 5,300 feet.195,196 Thus,
it occupies a narrow elevational band
between the highest summits and treeline.
This boreal habitat is characteristic of and
much more widespread further north in
Northeastern Canada. However, it is one of
the rarest habitat types in the eastern U.S.A,
being limited to Maine, New Hampshire,
Vermont and New York, and covering only
about 8,184 acres, in total (Table 23). The
285 acres in New York comprises about
3.5% of this total and the tundra patches
in the Adirondacks are the furthest south
outliers of this habitat in the Appalachians
(Figure 29, page 84).

Figure 28. Acadian-Appalachian Alpine Tundra at about
5,000 feet above sea level on Mount Marcy, New York.
Table 23. Extent of Acadian-Appalachian Alpine
Tundra in Region. Data from Northeast Terrestrial
Habitat Mapping Project (TNC/NEAFWA, 2011).
State

Habitat acres % of total
in state
habitat in
Northeast

Maine

3,624

44.3

New

4,160

50.8

Vermont

115

1.4

New York

285

3.5

Hampshire

Total acres 8,184

195 Jenkins, J. 2010. Climate Change in the Adirondacks: the Path to Sustainability. Wildlife Conservation
Society, New York.
196 Carlson, B.Z., J.S. Munroe, and W. Hegman. 2011. Distribution of Alpine Tundra in the Adirondack
Mountains of New York, U.S.A. Arctic, Antarctic, and Alpine Research 43(3):331-342.
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Figure 29. Distribution
of Acadian-Appalachian
Alpine tundra in the
Northeast Region. Data
from Northeast Terrestrial
Habitat Mapping Project
(TNC/NEAFWA, 2011).

The geographic distribution of this high
elevation habitat is limited by a number
of climatic factors. Short growing seasons,
low ambient temperatures, intense solar
radiation, high precipitation rates, and
frequent high wind speeds characterize the
climate of the tundra zone in the Northeast.
In the tundra zone on Mount Washington,
New Hampshire, for example, the growing
season extends over only four months
197 Bliss,

(from mid-May until early September).
The mean January temperature is 4.9 ºF,
the mean July temperature is only 48.2
ºF, and average annual precipitation is
214 cm.197 The mean monthly wind speed
is 35.9 miles/hour, with extreme gusts
up to 230 miles/hour.198 Each month of
the year is characterized by high relative
humidity of 85-91%.199 While the summits
of the Adirondacks are about 1,000 feet

L.C. 1963. Alpine plant communities of the Presidential Range, New Hampshire. Ecology,
44:678-697.
198 Mount Washington Observatory. Normals, Means, Extremes. http://www.mountwashington.org/weather/
normals.php?MWOSID=22568f2786e8eefe3a1c24648fe46c62.
199 Bliss, L.C. 1963.
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lower than that of Mount Washington, the
prevailing climatic conditions will resemble
those described above.

At its low elevation limit, Alpine Tundra is
bordered by the Krummholz zone of dwarf
conifers and, lower still, transitions into
Acadian-Appalachian Montane Spruce-Fir
Forest.200 Floristically, Acadian-Appalachian
Alpine Tundra in New York and the rest
of the Northeast is dominated by dwarf
shrubs, graminoids and herbs, none of
them reaching more than a few inches in
height. These may include highly adapted
species such as Bigelow’s sedge, highland
rush, and mountain sandwort in areas
most exposed to the desiccating effects and
mechanical damage caused by extreme
winds, with the more moist and sheltered
soils of snow-patch hollows supporting
more lowland species including Canada
mayflower, bunchberry and various mosses.
The alpine tundra vegetation communities
of the Northeast are similar in species
composition and growth form, and are
southern extensions of, the circumpolar
arctic tundra of further north, rather
than having close affinities to the alpine
communities of the Rocky Mountains.201

On the most exposed ridges and summits
tundra vegetative cover may be sparse as
plants are damaged and killed by winddriven ice and gravel particles. In such
areas, vegetated patches may be separated
by bare gravel and rocky patches. In the
New York Adirondacks, the largest patches
of tundra tend to be found on lee (more
sheltered) hilltops and hillsides.202 In the
more sheltered snow hollows organic soils
are deeper and moister and support a more
luxuriant plant community.

Model Results

The results of the model run for the Alpine
Tundra of the Adirondack Mountains are
shown in Table 24.

These results indicate that alpine tundra
is a particularly vulnerable habitat in
New York State. Its vulnerability is due to
several factors: (1) its limited geographical
extent; (2) its ability to persist only in areas
where harsh climatic conditions prevent
colonization by forest; (3) the fact that in
the Adirondacks Alpine Tundra is at the
southern boundary of its current range,
where it is limited by climate. Future

Table 24. Vulnerability modeling results.
Vulnerability to
Climate Change

Vulnerability to Non-climate
Stressors

Overall
Vulnerability

Certainty

Highly Vulnerable

Vulnerable

Highly Vulnerable

High

200 The Northeast Habitat Classification and Mapping Project (NETHCS). 2008. A report to the Virginia
Department of Game and Inland Fisheries on behalf of the Northeast Association of Fish and Wildlife
Agencies and the National Fish and Wildlife Foundation Final Report. NatureServe, Boston.
201 Bliss, L.C. 1963.
202 Carlson, B.Z., J.S. Munroe, and W. Hegman. 2011. Distribution of Alpine Tundra in the Adirondack
Mountains of New York, U.S.A. Arctic, Antarctic, and Alpine Research 43(3):331-342.
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warming will likely contract this bioclimatic
range further north and out of the state;
(4) the inability of this habitat type to
migrate upslope - it already is limited to
the summits of the highest mountains in
the state; and (5) the fact that it is highly
fragmented with extensive low elevation
areas separating the isolated mountaintop
patches of this habitat. This limits its
ability to migrate north in response to
warming temperatures. The certainty
levels for these predictions are High,
since we generally know much about the
distribution of this habitat type and its
climatic-ecological relationships.

Implications for Future
Status and Distribution

Interpreting these results in terms of the
future fate of the habitat type in New York
State suggests that most, perhaps all, of the
habitat type could be eradicated by future
climate change. The current adiabatic
lapse rate (the rate at which temperature
changes with gain in elevation) in the
Northeast is about 1oF for every 330 feet
vertical gain.203 Consequently, a rise in
mean annual temperature of 1oF may be
sufficient to elevate the bioclimatic zone in
which this habitat exists by about 330 feet,
exposing lower elevation tundra patches
to colonization by Krummholz vegetation
and spruce-fir forest. A 3.0oF temperature
rise could largely eliminate this habitat’s
bioclimatic zone in the state (since it would

203 Richardson, A.D.,

be shifted upward by close to 1,000
feet, which is above the level of the
highest summit in the Adirondacks).
The most recent and detailed modeling
indicates that under the low emissions
scenario (approximately a doubling of
the atmospheric concentrations of
greenhouse gases) the 3.0oF threshold
may be reached between 2050 and 2075.
204
Thus, under a doubling scenario
climatic conditions suitable for alpine
tundra may be eliminated from all of the
state within the next 6-7 decades. Under
a tripling scenario, the alpine tundra’s
climatic zone may be eliminated entirely
by the middle of the century.

In addition to eliminating tundra habitat
entirely, the earlier stages of warming will
likely result in the fragmentation of the
habitat that is able to persist. Figure 30
shows that on Mount Washington, New
Hampshire, projected climate change
warming will result in the fragmentation
of the habitat before it is entirely
eliminated. This could have important
adverse consequences for organisms
that may depend on habitat contiguity
(because, for example, they are dependent
on recolonization potential after local
extinctions or population reductions).
In such cases we may extinctions in
species before the habitat is lost entirely.
A similar process may be expected in
the Adirondacks.

Xuhui Lee., Friedland, A.J. 2004. Microclimatology of treeline spruce–fir forests in
mountains of the northeastern United States. Agricultural and Forest Meteorology 125 (2004) 53–66.
204 Hayhoe, K., et al. 2006. Past and future changes in climate and hydrological indicators in the U.S.
Northeast. Climate Dynamics DOI 10.1007/s00382-006-0187-8.
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Northeast. In Vermont’s Green Mountains,
Beckage et al. (2008) found that the
Acadian-Appalachian Spruce-Fir forest
has shifted upward by approximately
100m over the 40-year period beginning
in 1964, and during which annual average
temperatures have risen by about 1.7oF.205
This could signal the encroachment of
forested habitat into the high elevation
alpine tundra zone.

Modeling Assumptions

Module 1. Location in
geographical range of habitat:

Figure 30. Projected fragmentation of alpine
tundra habitat on Mount Washington, New
Hampshire under degree warming scenarios.
Analysis based on the TNC/NEAFWA habitat
database and map and an assumed adiabatic
lapse rate of 1oF for 330 feet vertical gain.

These results indicate that it is possible that
all or most of the tundra may be eliminated
from the state by future climate change. At
the least, they indicate a great reduction
in the current extent of the habitat type,
with it surviving, at best, only in highly
fragmented small patches on the coldest
north-facing slopes of the highest summits.
It is possible that we may already be
witnessing the first stages in an upward
elevational shift in this habitat type in the

Given the high degree of precision
and accuracy of the TNC/NEAFWA
Northeastern Region Habitat Map,
estimating the specific locations of habitats
relative to their overall range boundaries is
possible with a high degree of confidence.
The database and map show that this
habitat type is limited to the boreal zone
in the Northeast and to the Adirondacks
in New York. All tundra habitat patches in
New York are at the habitat’s southernmost
range boundary Given these facts, we have
assigned a score of 5 (most vulnerable) for
Variable 1 in Module 1, with a certainty
score of High.

Module 1. Degree of coldadaptation, and Sensitivity to
extreme climatic events:

Climate is the major limitation on the
distribution of this habitat type in the
Northeast. Specifically, it only occurs in
areas that cannot be colonized by forests
because the growing seasons are too

205 Beckage,

B., B. Osborne, D.G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008. A rapid upward shift
of a forest ecotone during 40 years of warming in the Green Mountains of Vermont. PNAS, 105, 4197-4202.
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brief, the mean annual and summertime
temperatures are too low, wind speeds
are generally high and often extreme, and
extreme winter climatic events frequently
occur.206,207,208,209 Of all of the habitats in
the Northeast, Acadian-Appalachian Alpine
Tundra is adapted to the coldest and most
extreme climatic conditions.
Currently, this habitat type may be locally
sensitive to extreme climatic events – such
as damage due to ice storms or blowdown, which may be ameliorated under
a warming climate. However, it is also
possible that the warming climate may
be accompanied by longer, more frequent
and severe droughts that could affect
the critical water relations on which this
mist-shrouded habitat depends. This could
result in at least local habitat loss.

Based on these data and considerations,
we have determined that this habitat type
should score 5 for variables 2 and 3 (degree
of cold adaptation and vulnerability to
extreme weather events) of Module 1. Given
our extensive knowledge of the relationship
between climate and distribution and
ecology of this habitat type, we have also
determined that our level of certainty for
these scores should be High.

206 Gawler,

Module 1. Vulnerability to
maladaptive human responses:
Although much of this habitat type in
New York occurs at relatively inaccessible
high elevations and more remote areas, it
does come under anthropogenic stresses.
Localized but severe mechanical damage
is inflicted on tundra habitats by overuse
by walkers. This pressure may be expected
to increase in the future if higher ambient
temperatures in the valleys encourage
even more walkers and hikers to recreate
in the high country. We have, accordingly,
scored this variable 3 (Less Vulnerable) in
Zone I, but have assigned a certainty score
of only Medium to reflect the considerable
uncertainties that beset projections of
future human behavior.

Module 1. Location relative to
highest elevation:

We know that this habitat type occurs
only on the highest mountains and at the
upslope limit of the height of the land in the
Adirondack Mountains. Therefore, there is
only a very limited opportunity for upslope
migration of this habitat type relative to
the projected temperature and bioclimatic
envelope shifts. We therefore assigned

S., and A. Cutko. 2010. Natural Landscapes of Maine: A Guide to Natural Communities and
Ecosystems. Maine Natural Areas Program, Maine Department of Conservation, Augusta, Maine.
207 Sperduto, D.D. and W.F. Nichols. 2004. Natural Communities of New Hampshire. Available online at:
http://www.nhdfl.org/about-forests-and-lands/bureaus/natural-heritage-bureau/photo-index/highelevation-spruce-fir-forest.aspx.
208 Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Woodland, Wildland: A Guide to the Natural
Communities of Vermont. Vermont Department of Fish and Wildlife and The Nature Conservancy.
University Press, Hanover, New Hampshire.
209 Bliss, L.C. 1963. Alpine plant communities of the Presidential Range, New Hampshire. Ecology,
44:678-697.
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vulnerability scores for this variable of 5
for Zones I and II, respectively, with High
certainties.

Module 1. Intrinsic adaptive
capacity:

We have assumed that the intrinsic
adaptive capacity of this habitat type is
relatively low. This is largely because the
current distribution of the habitat type is
so tightly determined by a severe climate.
Any climatic amelioration is likely to shift
the competitive balance in favor of the
Krummholz zone and spruce-fir forest. It
is difficult to see how the tundra habitat
could adapt to warmer conditions when
it is being invaded by conifer forest.
Accordingly, we have scored this variable
as 5 (unlikely to be significant) with a
certainty score of Medium (since our
understanding of the true adaptive capacity
of this habitat may well be incomplete.

Module 1. Dependence on
specific hydrologic conditions:

Since this is not a wetland or aquatic
habitat, it is not dependent on specific
hydrologic conditions. We have, accordingly,
scored this variable as 1 (Less Dependent),
with a certainty score of High.

Module 1. Vulnerability of
Foundation/Keystone species to
climate change:
This habitat type is floristically complex
and diverse and probably lacks single
species that could be viewed as
foundational or keystone. We have,
accordingly scored its vulnerability as 1
(Foundation/Keystone species unlikely

to be vulnerable), but have assigned a
certainty score of only Medium, to reflect
that we may not know as much about the
keystone/foundational relationships within
this community type as we would wish.

Module 1. Constraints on
latitudinal range shifts:

In New York State, Acadian-Appalachian
Alpine Tundra exists on isolated mountain
tops that are widely separated by
intervening and extensive tracts of lowerlying ground. It is inconceivable that this
habitat will be able to shift north into
such expanses of unsuitable land. We have
accordingly scored the vulnerability of this
habitat type as Highly Constrained, with a
certainty score of High.

Module 1. Likelihood of
managing/alleviating climate
change impacts:

The ecological processes that govern
the distribution of this habitat type are
extremely slow, making the responsiveness
to management actions extend far beyond
normal policy and management timescales.
Also, the severe weather conditions on the
mountain tops on which this habitat exists,
their remoteness, and the difficulties of
access do not render them suitable targets
for management activities, beyond limiting
human access. Accordingly, we have scored
the vulnerabilities to this variable as 5
(unlikely that management actions would
be feasible) and assigned a certainty score
of High.

Module 1. Potential for climate
change to exacerbate impacts of
non-climate stressors:
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Much of this habitat exists in protected
and remote areas where current nonclimate stressors are limited to recreational
overuse by humans. It is feasible that this
overuse could increase in response to a
warming climate. Also, areas of tundra
could come under threat from wind energy
development along mountain ridges.
However, it is also likely that, given the
relatively inaccessible locations of this
habitat and its severe weather conditions,
such impacts would be local in extent,
rather than widespread. Accordingly, we
scored the potential for this as 1 (Low
Potential) with a certainty score of only
Medium, to reflect significant uncertainties.

Module 2. Current extent of
habitat:

Based on what we know about the
distribution of this habitat type, it exists
only in the Adirondack Mountains and in
more or less highly fragmented and usually
small patches. Accordingly we have scored
this variable in Module 2 as 5 (Highly
Limited in Distribution and Fragmented),
with a certainty score of High.

Module 2. Current extent trend:

Since this habitat type exists largely in New
York on remote, inaccessible, or protected
land, current loss rates are minor. For this
reason we have scored this variable as 1
(Stable or increasing), with a certainty
score of High.
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Module 2. Likely future
extent trend:
We consider it unlikely that the few and
minimal stressors that currently affect this
habitat type will increase in their effects
markedly in the future and result in large
habitat loss. Thus, we have conservatively
assigned a vulnerability score of 2 (Some
Losses) with a certainty score of Medium.

Module 2. Current impacts of
non-climate change stressors.

This habitat type is currently being little
affected by non-climate stressors. Much
of the habitat is on remote or protected
areas. However, some habitat loss/damage
is being caused by recreational overuse.
However, this is localized in extent and we
have assigned a score for this variable of 1
(Least affected), with a certainty score of
High.

Module 2. Likely future
stressor trends:

It is feasible that recreational overuse and
wind energy development could increase in
their effects on tundra habitat in the future.
However, it is unlikely that these effects
will be extensive. For this reason, we score
this variable as 3 (Some Increase) with a
certainty score of High.

V. From Assessment
to Planning

C

limate change vulnerability
assessments are a key component
to planning effective adaptation
strategies that increase the resiliency and/
or adaptive capacity of one’s conservation
targets. Regardless of the methodology
one employs to identify the component
vulnerabilities of a target species or
habitat to climate change, once those
vulnerabilities have been identified efforts
can be made to develop strategies to reduce
sensitivity and exposure and increase the
adaptive capacity of those targets. However,
there are major differences between types
of adaptation strategies (Figure 31).
General

Specific

Low cost
Low engineering

High cost
Multi-phase

Near-term
Implementation

Long-term
Implementation

Figure 31. Diagram of adaptation strategy
gradients. C. Hilke.

Adaptation strategies can occur along
a number of gradients from general
strategies like the recommendation to
increase habitat connectivity – to more
specific strategies like increasing the
size of culverts by a specific diameter in
100 year flood zones. Likewise, there are
strategies that can be implemented in the
near term because their implementation is

not limited by lack of resources or political
or institutional support – and then there
are long-term strategies that for whatever
reason require a greater investment in
order to implement – be it time, money or
political backing.

Several states in the Northeast have
engaged in an expert elicitation process
to identify adaptation strategies based
upon available vulnerability data. While
Massachusetts was one of the earliest states
in the Northeast to utilize expert elicitation
to identify adaptation strategies in the NE,
it was New Hampshire that developed a
specific methodology that has since been
loosely replicated in Vermont and provided
a basis for identifying adaptation strategies
in New York (Figure 32, page 92). The
process utilizes technical workshops that
target on-the-ground natural resource
managers and natural resource policy
makers in strategy development.
The New Hampshire strategy development
process is by design a simple one, and
meant to deeply engage participants in
generating a large quantity of broadly
focused strategies which are filtered and
categorized at a later date in order to
maximize use of the allotted timeframe.
NWF utilized the NH methodology as
a template for identifying adaptation
strategies for a suite of NY habitat and
species conservation targets.
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1. Identify adaptaion planning tragets.
2. Summarize the vulnerability of the targets.
3. Develop full range of adaptation options.
4. Prioritize adaptation options.
5. Identify potential implementation partners.
6. Group, filter, and highlight.
Figure 32. Steps undertaken in the New Hampshire
climate adaptation strategy development process.

New York Adaptation
Planning Workshop
In December 2012, NWF cohosted a
workshop with the New York Department
of Environmental Conservation (NYDEC) at
DEC headquarters in Albany, NY. The goal of
the workshop was to expand the capacity of
New York State natural resource managers
to implement on-the ground management
strategies in a way that specifically
addresses climate change. Initially the
process in NY was similar to NH in that
vulnerability assessment data were utilized
to identify targets with the intention of
developing strategies that would increase
the resiliency and/or adaptive capacity
of those targets under climate change.
However, there were two significant
differences. The first included the fact
that the workshop was solely for State
natural resource managers. The second
primary difference was that the focus of the
workshop was on identifying “operationally
feasible” adaptation strategies.
Strategy development emphasized nearterm solutions that were operationally,
economically and politically viable. These
included management strategies that
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were currently being employed by the
state, that with slight changes in delivery
or application scope, would serve to
increase the resiliency and/or adaptive
capacity of the management targets, as
well as new strategies that are low-cost,
low-engineering management options
that achieve the similar outcomes. The
idea was that while we are often able to
envision complex and expensive adaptation
strategies, the capacity to implement
those strategies is highly reduced. While
strategies like those will be needed in order
to achieve long-term success, the purpose
of this workshop was to identify solutions
that are able to be implemented in the
near-term.
The workshop began with an overview of
some of the vulnerability assessment work
that had been completed to date in New
York. This included morning presentations
summarizing the species vulnerability
assessment conducted by the NY Heritage
Program utilizing the NatureServe Climate
Change Vulnerability Index, and an
overview of the NY habitat vulnerability
assessment conducted by Hector Galbraith
and NWF. Eight species and eight habitat
conservation targets were identified from
the vulnerability data (Table 25).

Pink Lady’s Slipper (Cypripedium acaule). Pink Lady Slipper is thought to be
impacted by changing long-term temperature trends./NWF

Table 25. Target species and habitats identified from the NY Species VA and the NY Habitat VA,
and utilized as conservation targets for the adaptation planning workshop in Albany, NY.
Upland Systems

Freshwater Systems

Species

Species

Spruce Grouse (Falcipennis canadensis)

Dwarf Wedge Mussel (Alasmidonta heterodon)

Indiana Bat (Myotis sodalis)

Bog Turtle (Glyptemys muhlenbergii)

Karner Blue Butterfly (Lycaeides melissa samuelis)

Lake Sturgeon (Acipenser fulvescens)

Moose (Alces alces)

Hellbender (Cryptobranchus alleganiensis)

Habitats

Habitats

Acadian-Appalachian Montane Spruce-Fir Forest

Cold Water Habitats

Northern Hardwood Forest

Emergent Marsh

Acadian-Appalachian Alpine Tundra

Acadian Wet Meadow Shrub Swamp

Boreal Bog

Stratified Lakes

In order to maximize the amount of time
that attendees spent on each target,
participants were divided into two
primary system groups, Upland Systems
and Freshwater Systems. Each group
was charged with identifying adaptation
strategies for four habitat and four species
targets (Table 25). Each group member
was provided a vulnerability summary
for each species and habitat; a climate
exposure summary detailing a suite of
projected changes over several emission
scenarios and time frames; and a suite of
example strategies to inform their thinking
during the strategy development breakouts.
During the breakouts attendees spent 30
minutes on each target habitat or species,
identifying as many feasible near-term
strategies as they could. Once strategies
had been identified for each target,
attendees spent a period of time collectively
prioritizing among the strategies to
identify the most feasible for each species
and habitat target. The remainder of
the workshop was spent bundling the
strategies into groups by theme and/or
action type; filtering the strategies by their

implementation potential; and collectively
identifying the top five strategies per target
species and habitat.

Adaptation
Recommendations

The following pages outline the adaptation
strategies that were identified for each
target habitat and species. While overall,
hundreds of strategies were identified;
they have since been bundled by theme and
topic. They strategies continue to represent
a broad gradient from those that are quite
general in nature and scope, to very specific
solutions to increase the resiliency and/or
adaptive capacity of the habitat or species.

Spruce Grouse
(Falcipennis canadensis)
Management

•
•

Facilitate range shifts by expanding
connections between suitable habitat
Expand population augmentation efforts
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Spruce Grouse (Falcipennis canadensis). Populations of Spruce Grouse in NY are vulnerable to both climate and non-climate-driven habitat loss as well as long-term changes in
temperature./Khahn Tran

•
•
•
•

Expand vegetation management efforts
and restoration to conducive habitats
Facilitate habitat in areas where species
currently do not exist
Develop incentives for habitat
management on private lands
Develop captive breeding program
focused on expanding genetic diversity

Indiana Bat
(Myotis sodalis)

Assess current management practices
to identify potential new strategies that
facilitate stable populations under
climate change
Expand efforts to monitor distribution
and abundance
Monitor the viability of DNA of species on
range margin with the focus of
maintaining species genetic diversity

•

Monitoring

•
•
•
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Population

•
•

Develop a captive breeding program
Continue efforts to identify unaffected
potential hibernacula for population
augmentation

Management

•
•
•
•

Expand landowner incentives to
maintain snags - develop incentives to
encourage landowners to maintain
roost trees
Increased investment in fungal disease
research
Increased hibernacula protection
measures
Protect hibernacula through acquisition
Increase regulation of, and decrease uses
around, known hibernacula

•

Expand public awareness of white nose
syndrome and hibernacula protection
• Expand protections for mature forests
below 800 feet
• Protect roosting habitat
• Ensure that in the future development
remains a safe distance from
hibernaculum and roosting sites
• Manage for Shagbark Hickory and
encourage planting along fields and
open areas
• Maintain early successional habitat
• Maintain minimum forests cover within
dispersal distance of hibernacula

•

•

•

Monitoring

•
•
•
•
•

Research fungal disease mitigation
measures
Develop feasible management and
control techniques to reduce white
nose syndrome
Research the feasibility of a white nose
syndrome vaccine
Increase research and monitoring of
wind development impacts
Monitor populations at hibernacula and
summer roost areas
Expand survey and telemetry efforts of
existing colonies

•

Maintain high beaver population to
facilitate systems of ponds for cooling
and feeding
Preserve, protect, and acquire suitable
habitat

Connectivity

•
•
•

Expand regional coordination to acquire
land to increase connectivity
Increased connectivity between
the Adirondacks and the Greens, the
Adirondacks and Tug Hill, the
Adirondacks and Canada, and the
Adirondacks and the Catskills
Identifying barriers to movement and
dispersal
Protect large blocks of contiguous habitat

Monitoring

•
•
•

Expand research and population
monitoring – distribution and abundance
Expand research on the transmission of
brain worm from deer to moose
Continue research efforts focused on
identifying priority road crossings and
increasing road permeability

Moose (Alces alces)
Management

•
•
•
•
•

Expand efforts to manage disease
exchange between deer and Moose
Expand protections for Moose habitat
in the northerly extent of its NY range
Increase landowner incentives for moose
habitat management
Strengthen wetland protection policies
to increase moose populations
Expand signs and fencing to reduce
vehicle collisions

Moose (Alces alces) is vulnerable to increases in winter mean temperature as
warmer winters allow for greater numbers of winter ticks which can often number
in the thousands per individual. The result is hair loss and overall weakened health
which in turn leaves the individual more susceptible to parasites and disease./NWF

Karner Blue Butterfly
(Lycaeides melissa samuelis)
Management

•
•

Expand restoration of Pine barrens
Maintain prime habitat conditions in
any currently known sites
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•
•
•
•
•
•
•
•
•
•
•

Facilitate targeted grazing to maintain
early successional habitat
Expand habitat development protections
with powerline companies
Protect land on suitable soils in areas
adjacent to currently occupied habitat
and suitable areas north of currently
occupied habitat
Specifically manage for Lupine at known
population sites
Develop landowner incentives for habitat
management
Continue/expand prescribed fire for
habitat restoration
- Restore fire regimes in managed areas
- Develop a regional fire management
plan
Expand habitat restoration efforts
Identify potential new habitats as
migration points under climate change
Acquire large parcels with habitat
restoration potential
Reduce non-climate stressors related
to land-use management decisions that
reduce potential habitat
Tweak grassland bird program to
promote the preservation and
management of native species
grasslands in Karner blue habitat with
restorable soils

•
•

Connectivity

•
•
•
•

•
•
•
•
96

Monitor population and dispersal trends
Increase monitoring of abundance and
distribution
Monitor for ecological uncoupling from
lupine Bloom
Expand research and monitoring of
interactions with invasive species
Undertake an analysis of habitat types
and locations that are suitable for
Karner blue and preserve and
provide connections
Research which variables about southern
climate limit range
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Establish blue Lupine-rich movement
corridors
Identify future potential habitat sites
based on soil suitability and climate
projections
Protect/manage islands around core
habitat to facilitate meta-population
dynamics
Expand northerly connection points to
facilitate range expansion under
climate change

Dwarf Wedge Mussel
(Alasmidonta heterodon)
Habitat Management

•

Monitoring

•
•

Research alternatives to snowpack
protection in winter
Monitor for potential positive impacts
that climate change may have on
interactions between Pine barrens,
Lupine and Karners

•

•

Improve water quality
- Increased activities to reduce
stream acidification
- Explore the implications of mineral
calcium inputs to reduce acidification
- Prioritize the restoration of habitats
that increase water filtration
(wetlands and riparian areas)
- Protect upland riparian habitat to
reduce high flows, sedimentation,
and stream-bank erosion
- Expand and revise agricultural BMPs
Reduce in-stream activity particularly
from bulldozers and excavators to reduce
sedimentation and habitat alteration
- When working in streams is necessary
develop a solid plan including time
restrictions
Regulate upland development by
increasing buffers in order to prevent
in-stream disturbance

•
•
•
•
•

Increase aquatic connectivity –
- Remove dispersal barriers dam removal
Maintain water quality discharge
regulations to facilitate healthy habitats
Identify potential new habitat under
climate change for translocation
- Develop captive breeding program
- Identify highly threaten populations
for translocation
Reduce channelization and stream-bank
hardening
- Alter post storm restoration
procedures that alter or reduce
habitat quality
Manage fish species that are used as
hosts for larvae
- Manage glochidia host populations
of fish

Invasives

•
•

Continue to control zebra mussels which
compete for food resources and habitat
Reduce invasive species translocation
by humans

Bog Turtle
(Glyptemys muhlenbergii)
Hydrology

•
•
•
•

Control sediment runoff
Increase groundwater protection
regulations
- Create groundwater recharge basins
near known habitat
Expand hydrological monitoring
Protect upstream hydrology including
an emphasis on quantity, quality, and
hydrographs

Habitat

•

Expand the identification of preferred
habitats
- Increase the regulatory protections
for preferred habitat

Bog turtle (Glyptemys muhlenbergii). An assessment of the vulnerability of 119 species in NY to climate-driven
impacts found the Bog turtle to be Extremely Vulnerable due largely to dispersal barriers and their aquatic
nature (Schlesinger, M.D. et al. 2011)./USFWS

•
•
•

-

Prioritize the connectivity between
preferred habitats
Acquisition of habitat for key populations
Expand regulated buffers around known
preferred habitat
Prioritize the protection of bog turtle
habitat from invasive species –
particularly Phragmites and Japanese
knotweed
- Expand invasive species early
detection monitoring

Population

•
•
•
•
•
•

Develop captive breeding program
Prioritize bog turtle conservation targets
for population monitoring
- Prevent hydrofracking near preferred
habitat locations
Headstart bog turtles in New York
Increase the control mechanisms for
introduced and non-introduced
predators
Educate public on the endangered status
of the species in order to reduce illegal
collecting
Establish a program to monitor key sites
on private land

Connectivity

•

Increased connectivity between key
habitats
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•

Reduce road crossing impacts
- Develop road crossing education
program and street crossing signs

Study the effects of mercury and PCBs on

Lake Sturgeon

Lake Sturgeon
(Acipenser fulvescens)

Hellbender
(Cryptobranchus
alleganiensis)

Populations

Water Quality

•
•
•
•
•

Increase research to better understand
spawning requirements
Develop a sturgeon stocking program
with a focus of maintaining or increasing
genetic diversity
Develop captive breeding program
Identify major population centers and
populations with regional significance
Research the impacts of invasive species
- Reduce invasive species introductions

Habitat

•
•
•
•
•
•
•

Minimize water withdrawal impacts –
entrainment
- Regulate dam water levels to maintain
deep water
Establish - maintain minimum flow rates
in spawning tributaries
Maintain connectivity between lakes and
spawning tributaries
- Remove burials to dispersal
Increase riparian buffers to reduce
sedimentation and new tree pollution
- Increase shade trees along spawning
tributaries
Assure there is sufficient large woody
debris and structure for spawning
nurseries
Expand trees for tributary program and
other riparian buffer programs
Expand regulations for Lakeside
development

Water Quality

•
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•

Regulate Farms, septic systems,
municipalities, and fertilizer use to
reduce nutrient inputs and algal blooms
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•

•
•

Reduce sedimentation and runoff
pollution
- Expand agricultural BMPs
- Reduce upstream watershed
activities that increase sedimentation
and pollution
Population re-establishment in climateappropriate habitats
Increase stormwater runoff protections
near key populations

Habitat

•
•

•
•
•

Develop incentives to reduce streamside
development and expansion of
impervious surfaces
Restore or create in-stream habitat
- Identify preferred habitat typescharacteristics
- Increase the extent of breeding and
nursery habitat
- Identify specific he habitats for
protection
Increase riparian buffer zone
Improve post storm reconstruction
activities and increase regulations to
maintain sustainable stream-flow
and sedimentation
Increase in-stream oxygen production
by creating grade drops, riffle pools and
adding cobble

Connectivity

•
•

Unblock migration routes – aquatic
connectivity
Maintain water quality discharge
regulations

•

•

Expand research to determine actual
non-climate causes of mortality
- Expand monitoring research of
population structure to detect changes
over time
- Study the hellbender life-stages to
understand vulnerabilities
Expand research on hellbender
physiology
- Research correlations in physiology
between hellbender’s and other great
salamanders in Japan and China that
share physiological features

Populations

•
•
•
•
•
•

Develop captive breeding program
Identify Habitats under projected climate
change suitable for translocation
Headstart to maintain or increase
populations until stability achieved
Identify genetically viable populations
Develop public education and outreach
program
Develop specific education program for
anglers to illustrate that they do not
deplete game fish populations

Connectivity

•

Expand Catskills to ADK to Canada
connectivity

•

Establish long-term monitoring spruce
fir forests
Monitor changes in vegetation especially
at the interface between Spruce-Fir and
Northern hardwood
Monitor distribution and range changes
Expand monitoring for invasive species
Monitor changes precipitation and
temperature in the Spruce-Fir zone
Expand monitoring of red squirrel seed
predation on Red Spruce

Monitoring

•
•
•
•
•

Northern Hardwood Forests

Montane Spruce-Fir Forest
Management

•
•
•
•
•

Promote forest management that
encourages spruce-fir regeneration
via patch clear cuts
Manage Spruce-fir to exclude northern
hardwood species where possible
Attempt to maintain soil, water, nutrient
conditions favorable to spruce-fir forests
Expand efforts to reduce acid deposition
- Minimize soil acidification
Expand monitoring and control efforts
for pests and pathogens specializing in
spruce-fir habitats

Northern Hardwood Forest. Northern Hardwood forests are projected to undergo a reshuffling of species assemblages and there is a degree of uncertainty regarding the impacts of current and future invasive species on
those transitions./Christopher Hilke

Management

•
•
•
•
•
•

Manage for southern spp./promote
climate-resilient assemblages
Conduct deer management based on
vegetation cover metrics
Manage understory herbivory to reduce
invasive colonization opportunities
Develop seed banks for constituent
species
Manage for acidic deposition
Retain large hardwood individuals
during timber harvests
- Manage stands for structure and
age-class diversity
Assessing the Vulnerability of Key Habitats in New York
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•
•
•
•
•
•

•
•
•
•

Manage plantations away from
monoculture stands
Retain unique species of trees within
harvested stands
Early detection and eradication of new
forest pests
Thin stands of pest/pathogen sensitive
species while increasing the number of
stands that occur
Increase plantings in areas like old fields,
barren slopes etc.
Identify genetically adapted hardwood
species from southern extent of the
range and plant them further north
- Adjust forest management practices to
encourage southern species
- Facilitate change to oak-dominated
forests
Limit the harvest of at risk tree species to
increase the potential for regeneration
and seed production
Actively facilitate compositional shifts in
small habitat patches or at heavily
managed sites
Replace non-native tree stands (Norway)
with native species
Continue public education and outreach
on the practice of proper silviculture and
the economic importance of the
Northern Forest
- Provide incentives to private
landowners for good forest
management practices

Monitoring

•
•
•
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Expand research on sugar maple range
migration
Monitor changes in abundance for
distribution of dependent species
Increased monitoring for invasive species
- Determine when invasives fill
functional roles of less competitive
native species or become completely
naturalized
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•
•

Coordinate regional invasive species
plan to minimize spread
- Expand early detection and rapid
response to the new invaders
- Expand existing monitoring of current
invaders like Emerald Ash Borer,
Asian longhorn beetle, and hemlock
woolly adelgid
Triage forested areas according to levels
of degradation and put resources
towards maintaining healthy areas
Improve ecosystem function through
enhanced impact assessment of non T+E
species in project review

Connectivity

•

•

Protect land connecting to priority
hardwood conservation areas to increase
protections
- Make strategic land acquisitions to
increase productivity among large
forest Areas
- Prioritize conservation among largest
remaining forest blocks
- Protect land and restore wildlife
movement connections at key pinch
points
Enhance habitat connectivity to facilitate
species movement

Tundra

Management

•

•
•

Limit visitation impacts to within trail
carrying capacity limits
- Reduce recreational activity
- Restrict public use in the high peaks
region during spring thaw
- Reduce off-trail activity
Expand early detection and removal of
invasive species
Utilize techniques to expand habitat like
planned burning, and cutting
- Manage encroaching woody vegetation

•

Establish seed banks for vulnerable
species
- Harvest seeds, seedlings, cuttings to
manually maintain genetic exchange
across isolated plant populations
Expand summit stewardship program

•

Monitor tundra pollinators
Monitor invertebrate populations and
the relationships between invertebrates
and tundra plant species
• Monitor tree encroachment into the
alpine zone
• Identify and monitor representative
indicator species changes
• Continue efforts to reduce acid
deposition and soil acidification to
reduce stress
• Expand monitoring of invasive species
- Establish benchmarks to identify the
naturalization and functionality of
invasive species
• Established monitoring of ecosystem
integrity factors
• Monitor the revegetation of new
land slides to identify early colonization
trends

•

•

Monitoring

•
•

Boreal Bog

Management

•

Implement existing wetland protection
strategies
• Reduce anthropogenic impacts on
hydrology
• Protect large blocks of undisturbed
boreal bog habit
• Expand acquisition opportunities
of prime habitat for conservation
management
• Transplant vulnerable isolated species
from one bog to another
• Develop habitat specific seed banks

•
•
•

Manage tree growth at bog edges to
slow succession
Increase landowner incentives for
boreal bog habitat management
Reduce recreation and visitation at
vulnerable sites
Create boreal bogs in areas identified
with suitable soils and hydrology
Alter Dam-water flow regime to increase
area of potential bog habitat

Monitoring

•

Establish representative samples of
boreal bogs and monitor trends in species
composition, health, and water regimes
• Monitor for invasive species and
relationships between invasive species
in hydrology
• Monitor temperature changes,
precipitation changes, phenological
changes
• Expand monitoring of species
composition and community
assemblages

Cold Water Habitats
Management

•
•
•
•
•
•
•

Acquire intact “in fee” lands along shores
and stream banks
Stream management programs for
local communities
Develop culvert replacement incentive
program
Expand the development of “bolt-on”
culvert modifiers to facilitate passage of
aquatic organisms
Remove dams and culverts where
necessary to increase aquatic
coonectivity between Coldwater Refugia
Increase the stringency of Article 15
minimum standards
Change crop insurance to exempt areas
within hundred feet of stream banks
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•
•

Increase invasive species management
Reduce the loss of in stream woody
debris that maintains habitat structure
• Change regulatory structure to protect
all streams in New York to D water
quality standards or better
• Increase stream bank stabilization and
sediment control
• Increase the connectivity between cold
water refugia
• Identify coldwater refugia
• Reduce bridge washing, as it heats up
and pollutes coldwater habitats
• Reduce post-storm restoration and instream activity
• Reduce seasonal water withdrawals in
sensitive Habitats
• Manage coldwater habitats for species
other than sport fish
• Expand trees for tributary program
• Expand incentives for streamside
shading
• Expand and restore riparian corridors
and expand riparian vegetation
• Expand DEC flood response staff

Monitoring

•
•
•
•
•

Increased monitoring of invasive pests
and pathogens
Increase research and monitoring
of species range shifts to prioritize
conservation targets
Map cold groundwater inputs to focus
fish management efforts
Monitor the impacts from oil and natural
gas drilling on streams and rivers
Monitor land-use changes in watersheds
to predict impacts on streams

Emergent Marsh
Management

•

102

Amend state wetland maps to include
>wetlands smaller than 10 acres – and
utilize previous wetland map expansions
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•
•
•
•
•
•
•
•
•

Increase staff to implement current
program objectives
Prevent the development or filling in
emergent marsh regardless of the size
Increase agricultural BMPs to reduce
nutrient loading
Eliminate agricultural exemption for
disturbance
Fully restore emergent marshes after
cleaning up contamination sites
Increase emergent marsh buffer areas so
changes over time can be accommodated
Facilitate habitat migration in response
to groundwater fluctuation
Protect emergent marsh habitat adjacent
to streams and rivers
Improve the capacity of stormwater
management facilities

Monitoring

•
•

Increase the monitoring and control of
invasive species
Identify acquisition areas adjacent to
the current marshes to allow for future
migration

Shrub Swamp
Management

•
•
•
•
•
•

Remove obsolete impoundments to
restore natural hydrology
Increase capacity-funding for existing
water protection program
implementation
Reduce effluent inputs that contribute to
degraded water quality, nutrient
pollution and sedimentation
Develop incentives or payment programs
for farmers to revert formerly drained
wetlands
Prevent hydrofracking to protect
groundwater
Decrease the size requirement for
wetland regulation

•
•
•
•
•
•
•

Remove the agricultural exemption for
disturbance
- Reduce runoff associated with
agricultural and residential development
Increase the regulation of agricultural
wetland draining
Update wetlands maps to include
broader range of wetland sizes and types
Expand the identification and acquisition
of significant adjacent properties
Expand funding for wetland protection
program staff to increase implementation
Expand education and incentives for the
preservation and maintenance of
privately owned shrub swamp habitat
Manage to eliminate tree encroachment
in marginal forested wetlands creating
shrub swamps

Monitoring

•
•
•
•

Monitor succession of upland vegetation
Monitor for changes in hydrology
Limit or restrict the ability to use
wetland banking as a mitigation measure
Expand monitoring for early detection of
invasive species

Stratified Lakes
Management

•
•
•
•
•
•

Facilitate the proper design and sizing of
infrastructure stream and river crossings
including culverts and bridges
Improve sewage facilities for lakeshore
residents – stormwater
Expand watershed management focus for
nonpoint discharges
Preserve or increase groundwater
recharge capacity
Expand the inspection of leach fields and
sanitary systems
Upgrade and provide maintenance to
wastewater treatment facilities

•
•
•
•
•
•
•

Increase lakeside buffer zones
Stricter zoning for Lakeshore
development
Increase connectivity between systems
to increase and control lake levels
Reduce motorized boat activity on
stratified lakes
Increase upstream bank stabilization
Provide incentives to reduce shoreline
hardening
Preserve genetic strains of cold water
fish, not just species

Monitoring

•
•
•
•
•

Develop a full inventory of stratified
lakes
Identify stratified lakes with particularly
important habitat
Increase monitoring of stratified lakes for
chemical composition, temperature,
water quality, species assemblages, and
water levels
Monitor changes and alterations to
invertebrate communities
Study the timing and alteration of
turnover events and littoral productivity

Invasives

•
•
•

Increase the management and research
of invasive species
Reduce invasive species translocation
Implement mandatory boat washing to
reduce spread of invasive species
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Amerian Beech (Fagus grandifolia). Beech bark disease causes reduced vigor and mortality when the beech scale insect, Cryptococcus fagisuga, enters through the bark resulting
in an exterior “wound” on the tree. This opening provides an entry point for two fungi, Neonectria faginata and Neonectria ditissima which results in cankers spreading across the
trunk. Data suggests a direct connection between mean winter low temperatures and scale insect populations with projections suggesting a substiantial increase in their numbers
(Dukes et al. 2009)./NWF

VI. Next Steps

T

his report provides important
baseline information to assist
the integration of climate change
considerations into the revision of NY’s
Wildlife Action Plan. Specifically, the report
delivers three primary components that
are useful to the process of considering
the impacts of climate change on NY’s
wildlife and identifying management
strategies to sustainably manage those
populations over the next ten years. (a)
First, the report provides an evaluation of
the vulnerabilities of nine primary habitat
types in NY to the impacts of climate and
non-climate stressors. This information is
important to comprehensively addressing
the first three required elements of Wildlife
Action Plans.
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1. Information on the distribution and
abundance of wildlife, including low and
declining populations, that describes the
diversity and health of the state’s wildlife.

2. Descriptions of locations and relative
conditions of habitats essential to species
in need of conservation.
3. Descriptions of problems that may
adversely affect species or their habitats,
and priority research and survey efforts.

Assessing habitat vulnerability includes a
concise understanding of its distribution
across the landscape and the current health
of the populations across that distribution
in order to establish baseline information

from which to assess projected impacts.
Determining whether a habitat is currently
healthy requires a thorough examination of
the challenges the habitat currently faces.
(b) Second, the report details a process
wherein state vulnerability assessment
data are utilized to identify adaptation
strategies for conservation targets.

4. Descriptions of conservation actions
proposed to conserve the identified species
and habitats.

Developing methodologies for utilizing
vulnerability data to identify climatesmart adaptation strategies is fundamental
to integrating conservation actions into
management planning. Incorporating
climate considerations into species
and habitat conservation planning will
maximize the effectiveness of these
plans under increasingly rapid rates of
environmental change. (c) Finally, the
report details suites of specific adaptation
strategies that serve to increase the
resiliency and/or adaptive capacity of
sixteen target habitat and species from
climate-driven impacts. Taken together, this
information extends the capacity of NY DEC
and its partners to effectively address the
myriad of climate-driven challenges to its
wildlife and the habitats they depend upon.

An Integrated
Northeast

By expanding the extent to which
New York’s Wildlife Action Plan
comprehensively addresses the impacts

Northern hardwood forest in the Fall./Christopher Hilke

of climate change on its habitats and
species, the regional capacity to address
climate change increases as well. The
Northeast is well known for collaborative
conservation efforts between states,
municipalities, conservation organizations,
and federal entities. A prime example of
this collaboration is the Northeast Regional
Conservation Needs Grant Program (RCN).
The Northeast RCN grant program is the
largest multi-jurisdictional collaboration in
the US dedicated to advancing conservation
priorities outlined in Action Plans.210
The program was created in 2007 in
collaboration between the thirteen states
of the Northeast Association of Fish and
Wildlife Agencies (NEAFWA) and the
U.S. Fish and Wildlife Service’s (FWS)
Northeast Region Division of Wildlife and
Sport Fish Restoration (DFWSF), and is
administered by the Wildlife Management
Institute (WMI).211 The guiding objective
of the RCN is “to develop, coordinate, and
implement conservation actions that are
regional or sub-regional in scope”, and “to
build upon the multiple regional initiatives
that already exist and compliment ongoing
work in individual states”.212 As such, the
implications of expanding the capacity of
NY to address climate-driven challenges in
its Wildlife Action Plan extends well beyond
its boundaries, and significantly increases
its cumulative positive impact.

210 Wildlife

Management Institute, Northeast Regional Conservation Needs webpage, Accessed 10/2012,
http://rcngrants.org/content/northeast-regional-conservation-needs-grant-program.
211 Ibid.
212 Ibid.
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