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Executive Summary

As our climate continues to change, it is
increasingly clear that natural landscapes

are being affected in a variety of ways.
Managers of the Apostle Islands National
Lakeshore have observed notable changes in
their own backyard, and they are rightfully
concerned that continued change will
challenge their mission to preserve and
enhance the ecological and cultural legacy
of this remarkable place. Therefore, the
National Park Service has undertaken this
vulnerability assessment to gather the best
available information on how climate change
may affect the park’s terrestrial ecosystems.
This assessment, created by a team of local
experts representing diverse institutions
and disciplines, is designed to provide
information about what ecosystems are
vulnerable, how vulnerable they are, and why
they are vulnerable. It is not designed to give
management recommendations to managers
of Apostle Islands National Lakeshore. Our
intent is to improve the understanding of
local vulnerabilities to climate change and to
draw conclusions about potential ecosystem
vulnerability and change across a range of
plausible future climate scenarios by the end
of the 21st century.

This vulnerability assessment summarizes
the physical environment, ecological
character, and cultural history of the
Apostle Islands in Chapter 1. The park’s
island setting and location within Lake
Superior fundamentally shapes its ecology,
for example by creating a more maritime
climate, limiting deer abundance, and
exposing the park’s vegetation to persistent
winds and waves. The cultural history of
the Apostle Islands has also shaped the
landscape that we see today, from several
eras of indigenous inhabitation to the
intense period of extraction and disruption
following European settlement, and finally
to the most recent 50 years as a part of the
National Park System.

Chapter 2 presents information about the
observed climate trends in the local area over
the past several decades, as well as a range of

plausible climate projections by the end of
the century. Chapter 3 ties this information
together by providing a synthesis of how
these climate trends may shape the ecology
of the Apostle Islands. For example, Lake
Superior has experienced dramatic warming
over the past half-century, which has led to

a substantial decline in ice coverage across
the lake and in the immediate vicinity of the
Apostle Islands. Concurrently, prevailing
wind speed over Lake Superior has increased
and the prevailing wind direction has tended
to shift clockwise, so that winds are more
often coming from north or north-east of
the Apostle Islands across a longer stretch of
Lake Superior. Each of these trends might
not have much effect in isolation, but acting
in concert they have resulted in substantial
increases in wave height and erosion along
Apostle Islands and mainland coastlines,
particularly in winter months. This is just
one of many storylines that are examined in
Chapters 2 and 3.

Chapter 4 provides detailed vulnerability
and confidence determinations for the
eleven ecosystems considered in the
assessment. For each ecosystem, authors
discussed how climate change might affect
important ecosystem drivers, key species,
and stressors, as well as the inherent ability
of each ecosystem to naturally adapt and
cope with change. A detailed rationale is
presented for each ecosystem, along with a
rating of the authors’ overall confidence in
the assessment.

Overall, most of the terrestrial ecosystems
in the Apostle Islands are expected to have
low or moderate vulnerability to climate
change over the next century (see table
below). This does not directly translate to
the overall degree of impact that the park
will experience, because many of these
ecosystems occupy a relatively small land
area but may feature iconic vegetation or be
culturally important (e.g. Great Lakes Pine
Forests and Barrens, or Coastal Wetlands).
Ecosystems that are adapted to a narrow
range of conditions or that exist near their

National Park Service
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range limits may be more vulnerable to
changing conditions. Boreal Forests, Coastal
Wetlands, and Rock Cliffs and Ledges are
rated as the most vulnerable ecosystems

in the park, largely for these reasons.
Communities with higher plant diversity or
that are adapted to tolerate disturbances are

management history, soils, topographic
features, species composition, deer levels,
visitation patterns, and recent disturbances
when applying these general vulnerabilities
to local scales. Therefore, local knowledge
and management experience will be critical
for identifying particular sites in the Apostle

Islands that may have higher or lower
vulnerability to climate change.

expected to be better able to persist under

a range of plausible climates. For example,
Beaches and Dunes, Deep Ravine Forests,
Erodible Maritime Bluffs, Great Lakes Pine
Forests and Barrens, Interior Alder Thickets,
and Upland Hardwood Forests were all rated
low or low-moderate vulnerability. These
vulnerability determinations only represent
general expectations, and it is essential to
consider local characteristics such as past

A final chapter highlights major findings
of the assessment and a discussion of
monitoring, other important resources
within the park, and the potential for
managers in the Apostle Islands to manage
for climate change adaptation.

Determinations of climate change vulnerability and confidence for the 11 terrestrial Apostle Islands ecosystems.
Potential impacts are rated on a scale from Disruptive to Supportive, and adaptive capacity is rated on a scale from
Low to High. Potential impacts and adaptive capacity are combined to reach a vulnerability determination (Low
to High). Evidence is rated on a scale from Limited to Robust, and agreement is rated on a scale from Low to High.
Evidence and agreement are combined to reach a confidence determination. See Appendix 5 for more detail.

Potential
Impacts

Adaptive

1 2
Capacity Confidence

Vulnerability! Evidence

Ecosystem Agreement

Beaches and Dunes  Moderate Moderate-High  Low-Moderate Moderate Moderate Moderate
Boreal Forests Disruptive Moderate Moderate-High Limited-Moderate Low-Moderate = Low-Moderate
Coastal Wetlands Disruptive Moderate Moderate-High Limited-Moderate Low-Moderate  Low
Deep Ravine Forests Moderate High Low-Moderate Moderate Moderate Moderate
Erodible Maritime Moderate-Supportive  High Low Moderate Moderate-High  High
Bluffs

Great Lakes Pine Moderate-Supportive  Moderate-High  Low Limited-Moderate Moderate Moderate
Forests and Barrens

Interior Alder Moderate-Supportive  High Low Moderate-Robust  High High
Thickets

Interior Peat Disruptive-Moderate ~ High Moderate Moderate Moderate Moderate
Swamps and Bogs

Mixed Conifer Moderate Moderate Moderate Moderate Moderate Moderate
Hardwoods

Rock Cliffs and Disruptive-Moderate ~ Moderate Moderate-High Moderate Moderate Moderate
Ledges

Upland Hardwood =~ Moderate Moderate-High  Low-Moderate Moderate Moderate-High  High

Forests

! Potential impacts and adaptive capacity are combined to reach a vulnerability determination (Low to High), following Figure 15.

2 Evidence and agreement are combined to reach a confidence determination, following Figure 16.
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Old yellow birch on
North Twin Island.
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Introduction

Managers of the Apostle Islands National
Lakeshore are tasked with preserving and
enhancing the ecological and cultural legacy
of this remarkable place for the benefit of
the public and for future generations. As
stewards of this landscape, the National Park
Service has undertaken this vulnerability
assessment to gather a more complete
picture of how climate change may affect the
park’s ecology for decades to come.

As the effects of climate change become
clearer year after year, natural resources
managers are grappling with the fact that the
future will undoubtedly look much different
than what we have come to expect as current
conditions. Additionally, current conditions
in the Apostle Islands are much different
from historical conditions, due to a complex
history of indigenous and European
settlement. Therefore, historical conditions
and the historical range of variability

are no longer reliable as stand-alone
benchmarks for ecosystem management and
conservation. Climate change vulnerability
assessments attempt to gauge future risks
and changes given the best information
available today. Ecosystem vulnerability
assessments such as this one are not
designed to provide recommendations about
how managers should respond and adapt

to potential changes. Rather, a vulnerability
assessment should provide an even-handed
appraisal of potential climate change
impacts, along with a transparent account of
uncertainty and information gaps.

The Apostle Islands National Lakeshore
commissioned this ecosystem vulnerability
assessment to specifically address the major
terrestrial ecosystems found within the park
boundary. This effort is part of a multi-
pronged campaign that will inform park
managers about stewarding the ecological
and cultural resources of the Apostle
Islands for the future. A complementary
effort is underway to assess the aquatic
ecosystems within the park. Additionally,
the park plans to consult traditional
ecological knowledge (TEK) holders in

Bayfield. NPS proro.

order to more completely understand the
relationships and connections between
local Ojibwe communities and the Apostle
Islands. Therefore, although this ecosystem
vulnerability assessment addresses a limited
set of topics and information sources, it can
be viewed in concert with related projects
to provide a more holistic understanding of
how climate change may affect the ecology,
visitor experience, and cultural relationships
within the Apostle Islands.

Purpose and Scope

This assessment describes the climate
change vulnerability of terrestrial ecosystems
in Apostle Islands National Lakeshore. It is
designed to provide detailed information
that will be useful to resource managers and
interpretive staff at the park. Other partners
with an interest in learning specifically
about this landscape may also benefit from
this assessment, including tribes, natural
resource agencies, and the general public.
Some particular features of this assessment
include:

Purpose

Vulnerability assessments provide
information about what resources are
vulnerable, how vulnerable they are,

National Park Service
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and why they are vulnerable, but they

do not tell a manager how to respond.
This assessment, therefore, does not give
advice or recommendations to managers
of Apostle Islands National Lakeshore.
Instead, this report is designed to improve
the understanding of local vulnerabilities
to climate change and to draw conclusions
about potential ecosystem vulnerability and
change across a range of plausible future
climate scenarios. Although it was written
to be a resource for land managers and
interpretive staff, it is first and foremost

a scientific document that represents the
findings and interpretations of the authors.

Geography

The lands contained within the Apostle
Islands National Lakeshore boundary,
including the 21 islands and a mainland unit
that is a 12-mile strip of land along the shore
of Lake Superior.

Scope

Terrestrial and wetland ecosystems within
the park. See Chapter 1 for a complete
description of the different ecosystems
considered in this assessment. For the
purposes of this assessment, we are using the
term “ecosystem” to describe a particular
natural community, including many factors
such as disturbance processes, soils and
landform, characteristic plant species,

and interactions between living organisms
and the physical environment. We are
deliberately not addressing wildlife habitat
or aquatic ecosystems in this assessment.

Timeframe

Vulnerability determinations in this
assessment are for the end of the century
(i.e., the year 2100). This long-term
timeframe is appropriate due to the

often gradual nature of climate change

and ecosystem response. Additionally,

this assessment focuses on assessing the
vulnerability of the park’s ecosystems in
their current existing condition, rather than
measuring them against a historical baseline

or particular successional stage. The Apostle
Islands have a long and dynamic history

of indigenous and European settlement

and ecosystem manipulation, which is
summarized in Chapter 1 and in other
resources.

Vulnerability Determination

For the purposes of this assessment, an
ecosystem is determined to be vulnerable to
climate change if it is expected to experience
one or more of the following impacts by the
end of the century:

+ A decline in health
+ A decline in extent
« Asubstantial change in identity

« Adecline in crucial ecosystem
functions

See Chapter 4 for a more complete
description of ecosystem vulnerability.

Assessment Process

This assessment relied on a structured
process, completed at an expert panel
workshop in March 2018. See Appendix 5
for more information about the assessment
process.

Supplemental Questions

In addition to the primary objective of
determining the climate change vulnerability
of the terrestrial ecosystems within the
Apostle Islands, this assessment was also
intended to address a set of related questions
that are of interest to National Park Service
managers. These questions include:

1. How vulnerable to climate change are
rare and character-defining terrestrial
features and natural communities of the
park, specifically sandscapes and boreal,
krummbholz, and old-growth forests?
How vulnerable are iconic species, in-
cluding eastern hemlock (gagaagi wanzh,
Tsuga canadensis)', yellow birch (wi-
inizik, Betula alleghaniensis), northern
white-cedar (giizhikaatig, Thuja occiden-
talis), and Canada yew (niibaayaandag,

! Species names are accompanied by Ojibwe language names (where available) and Latin names upon first use. Ojibwe names were compiled from sources
based in the western Lake Superior region where possible, including resources from the Great Lakes Fish and Indian Wildlife Commission and the Ojibwe
People’s Dictionary (ojibwe.lib.umn.edu/). A glossary of Ojibwe names from the Inter-Tribal Council of Michigan was used as a supplement, recognizing
that Ojibwe dialects sometimes differ between Wisconsin and Michigan. See Appendix 2 for a complete list of species names mentioned in this assessment.
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Taxus canadensis)? And how does the
park’s island setting influence these
vulnerabilities?

2. Could the park serve as an important re-
fugium for some terrestrial plant species
or community types?

3. Will Lake Superior function as a barrier
to northward migration of species, and
what are the implications?

4. How will increasing lake temperatures
and wind speeds alter the natural dis-
turbance regimes in the park? What are
the implications for both wind and fire
processes?

Partners

This vulnerability assessment would

not have been possible without the
combined efforts of several partners and
dedicated individuals. The authors of this
assessment represent a diverse range of
organizations, including the National Park
Service, U.S. Department of Agriculture
Forest Service, Wisconsin Department of
Natural Resources, Bad River Band of Lake
Superior Chippewa, Northland College,
National Oceanographic and Atmospheric
Administration, Great Lakes Integrated
Sciences and Assessments (GLISA),
Northern Institute of Applied Climate
Science, and the Great Lakes Indian Fish
and Wildlife Commission (GLIFWC).

The authors also represent a variety of
backgrounds and discipline areas including
native plant ecology, fire ecology, cultural
resources, indigenous knowledge, wetland
ecology, soils, climate science, and Lake
Superior dynamics. Participants were also
selected for their familiarity with the Apostle
Islands and the local area. This product is
truly a collaborative effort and draws on each
contributor’s expertise. Partners and other
organizations in the region will ideally be
able to use this assessment in their own land
management and conservation programs.
This assessment may also supplement other
climate change vulnerability assessments that
have been produced in the region (see Box
1).

Assessment Chapters
This assessment contains the following
chapters and appendices:

Chapter 1 provides a brief overview of the
physical environment, ecological character,
and cultural history of the Apostle Islands.
This chapter also describes the eleven
ecosystems considered for the purposes of
this assessment.

Chapter 2 summarizes the observed climate
trends in the local area. This chapter also
presents information about a range of
plausible climate projections for the Apostle
Islands.

Chapter 3 includes information on projected
climate change impacts for tree species in the
local area, as well as a synthesis of existing
literature on several climate-related effects
that are important to consider in the Apostle
Islands.

Chapter 4 provides detailed vulnerability
and confidence determinations for the
eleven ecosystems considered in the
assessment.

Chapter 5 highlights major findings of the
assessment and potential implications.

Appendix 1 provides definitions of select
technical terms used throughout the
assessment.

Appendix 2 lists common names,
Latin names, and Ojibwe names
(Anishinaabemowin) of all species
mentioned in the assessment.

Appendix 3 gives a technical summary of
general circulation models, downscaling
methods, and ways to account for
uncertainty in future climate projections.

Appendix 4 explains the model results
provided in Chapter 3 in more detail,
including expanded outputs for each species.

Appendix 5 describes how conclusions for
this assessment were reached at an expert
panel workshop.

National Park Service
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Figure 1. Map of the Apostle Islands National Lakeshore and surrounding area.
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Chapter 1: Apostle Islands Context and Ecosystems

The Apostle Islands are a remarkable
landscape. This archipelago of islands

in Lake Superior contains a wide variety

of forests, wetlands, and ever-changing
coastlines of beaches, dunes, and cliffs
(Figure 1). The smallest island is barely 2
acres, while the largest island (excluding
Madeline Island, which is not included in
the park) is nearly 10,000 acres. The islands
are clustered relatively close to the mainland,
with the most distant island being about 15
miles offshore. For a relatively small land
area (approximately 42,000 acres), it seems
that the full array of nature’s earth-shaping
forces are on display in the Apostle Islands
National Lakeshore.

Visitors to the park will see ecosystems
shaped by geology; soils; and the forces of
wind, ice, waves, mist, sun, fire, elevation,
and more. Visitors may also learn that the
Apostle Islands are a landscape that has
been intimately shaped by humans for
thousands of years, through activities as
diverse as subsistence hunting and gathering
and indigenous habitat management to
commercial logging, mining, and fishing.
Fach island has a unique ecological and
cultural history.

This chapter provides a brief overview of the
physical and cultural context of the Apostle
Islands. Much has been written about

this landscape through the years, and this
chapter will not attempt to replicate that vast
body of knowledge. This report will strive

to succinctly cover important contextual
information about the Apostle Islands and
provide readers with recommendations for
further references on particular topics. This
chapter also describes the eleven terrestrial
ecosystems that will be the focus of later
chapters.

Cultural History

The Apostle Islands has a long and dynamic
cultural history (Cronon 2003, Busch
2008). Lake Superior Ojibwe (Chippewa)
and their ancestors have resided among
and used the islands for several hundred

years, and earlier occupation by native
peoples stretches back thousands of years.
The Apostle Islands, and specifically
Madeline Island (Moningwunakauning or
Mooningwanekaaning in Ojibwe, “the place
of the golden-breasted woodpecker”), are of
particular importance to indigenous people
in the area. See Box 2 for more information
about this relationship.

European history in the Apostle Islands
dates to the 17th century, with outposts
established for trade as well as military
defense. The area was a regional commercial
center through the 1800s, with fur trading,
commercial fishing, mining, quarrying,
logging, and tourism. Along with
developments to support these enterprises,
the 1800s also saw the start of limited
homesteading and farming in the Apostle
Islands. Farming declined in the first half of
the 20th century, and most of the valuable
timber had been harvested from the islands
by 1930, with the exception of a handful

of protected areas around lighthouses.
Commercial fishing declined in the 1950s
for a variety of reasons, as did year-round
inhabitation on the islands.

Conservation interests began to have a
stronger voice in the Apostle Islands in the
1950s, and the state of Wisconsin purchased
Stockton, Oak, and Basswood Islands to
form the Apostle Islands State Forest in
1959. U.S. Senator and former Wisconsin
governor Gaylord Nelson spearheaded

the establishment of the Apostle Islands
National Lakeshore in 1970. Long Island,
which is geologically distinct from the other
Apostle Islands, was added to the National
Lakeshore in 1986. In 2004, Congress
designated most of the land in the park as
the Gaylord Nelson Wilderness, with the
exception of the mainland unit, Sand Island,
Basswood Island, Long Island, the Stockton
tombolo, and small inclusions on several
islands. Today, approximately 80% of the
land area in the park is federally designated
wilderness.
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BOX 2 (continued): Home of the Ojibwe
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The waters throughout the Apostle Islands
are still accessed for commercial fishing,
particularly by tribal members, but the
majority of visitors now come for recreation
in the National Lakeshore. Visitors to the
Apostle Islands typically come during the
peak season of mid-June to early September,
with occasional spikes in the winter when
conditions create spectacular ice caves. In
2016, the park recorded 203,421 visitors
through the entire year (Thomas et al. 2018).
For comparison, in a 2-month span during
the winter of 2014 it was estimated that
138,000 people came to visit the ice caves,
and in the winter of 2015 more than 38,000
people visited to see this phenomenon

that lasted only nine days (Kaeding 2017).
Ice caves did not form in the winters of
2016-2018.

Formation of the ice caves — and safe walking conditions on lake ice —
draw thousands of visitors to the Apostle Islands. NPS proro.

Neighboring Land Ownership

The Apostle Islands National Lakeshore
includes land in both Ashland and Bayfield
Counties in Wisconsin. Nearly half of the
land in Bayfield County is publicly owned,
and approximately 85% is forested (Kraft
etal. 2007). The county owns a majority of
the land in the northern Bayfield Peninsula,
including most of the watershed upstream
from the park’s mainland unit. The Red
Cliff Band of Lake Superior Chippewa

Indian Reservation lies on the northern edge
of the Bayfield Peninsula, including Frog
Bay Tribal National Park. The Bad River
Band of Lake Superior Chippewa Indian
Reservation occupies the northern portion
of Ashland County, directly to the south

of the Apostle Islands and contiguous with
Long Island. Other major landowners in the
Bayfield Peninsula include the Wisconsin
Department of Natural Resources and the
USDA Chequamegon-Nicolet National
Forest.

Physical Setting

A complete discussion of the geology of the
Apostle Islands can be found in A Guidebook
to the Geology of Lake Superior’s Apostle
Islands National Lakeshore and Nearby Areas
of the Bayfield Peninsula of Wisconsin (Nuhfer
and Dalles 2004). The Apostle Islands are
primarily underlain by 600-million-year-

old Precambrian sandstone of the Bayfield
Group of the Keweenawan Supergroup
(Kraft et al. 2007, Judziewicz and Koch
1993). The Bayfield Group includes
sub-categories of sandstone named the
Chequamegon, Devils Island, and Orienta
Formations, which range from less than 100
meters to over 500 meters in thickness and
occur in different combinations throughout
the park. These sandstone formations differ
in color and durability and give the park’s
islands their distinct appearance. Long
Island is geologically distinct from the rest
of the archipelago, being an extension of the
sand spit off Chequamegon Point.

The topography of the Apostle Islands
reflects the complicated history of glaciation
and subsequent lake action. The most
recent glaciation ended about 12,000 years
ago (Kraft et al. 2007), and the islands were
mostly submerged until about 10,600 years
ago (Breckenridge 2013). During this long
period of fluctuating lake levels, thick clay
deposits were laid down as well as sand and
cobble. More recent lake levels have further
influenced the intricate shorelines of the
islands through erosion and deposition.

This history is evidenced in the shorelines
present today. Sandstone cliffs and ledges
are on large portions of Bear, Devils, Eagle,

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



Hermit, Ironwood, Manitou, North Twin,
Sand, and York shorelines. Sandstone
with boulders ring Cat and York Islands.
Clay banks with boulders ring the edges of
Basswood, Michigan, Oak, Otter, Raspberry,
Stockton, and South Twin. Rocky followed
by Stockton Island have the longest beach
shorelines and several other islands have
extensive beaches (Bear, Cat, Manitou,
Michigan, Oak, Outer, Raspberry, Sand,
South Twin, and York).

Soils are commonly coarse till and glacial
outwash sands in higher landscape positions
in the Apostle Islands, with clayey soils

in lower positions and closer to the Lake
Superior shoreline (Kirschbaum et al. 2012).
Poorly-drained clays are common across
the entire park (Judziewicz and Koch 1993).
Island soils tend to have a thicker humus
and organic matter layer than mainland soils
(Kraft et al. 2007). Sand and clay deposits
can be 30 or more meters thick on the larger
islands (e.g., Stockton, Madeline, Sand, Oak,
and Outer Islands) and the mainland unit.
The smaller, more distant islands have very
thin till over bedrock (e.g., Devils, Eagle,
North Twin). The mainland unit of the park
is part of the larger Bayfield Lake-Modified
Till Plain, featuring hilly topography with
deep ravines and sandstone cliffs.

Apostle Islands National Lakeshore is
surrounded by Lake Superior, the largest
freshwater lake in the world. There are over
160 miles of coastline within the park. The
Apostle Islands are relatively sheltered by the
Bayfield Peninsula and Minnesota’s north
shore to the west, but the islands are very
exposed to the northeast and east. Wind
and storms coming from the northeast in
particular travel across nearly 200 miles

of open lake before reaching the Apostle
Islands, which can result in considerable
wave action. The lake has a powerful
influence on the climate, weather, and
natural processes of the park, as described
below and in subsequent sections of this
assessment.

Climate
The Apostle Islands have a climate with four
distinct seasons, featuring long, cold winters

© S. JoHNSON/NORTHLAND COLLEGE

and short, moderately warm summers. The
mean temperature is approximately 66°F

in July and 12°F in January (Kirschbaum et
al. 2012). The local climate of the Apostle
Islands is more maritime than nearby

areas in Bayfield and Ashland Counties
because of the proximity of Lake Superior
(Judziewicz and Koch 1993, Kraft et al.
2007). Winters tend to be milder than areas
just a few miles inland, with warmer average
winter temperatures and less extreme cold
temperatures. Spring arrives later, and fall
extends later into the year. Summers are
cooler in the Apostle Islands, with more
prevalent fog and mist. The park also tends
to get slightly more rain and snow than areas
on the mainland (Judziewicz and Koch
1993). According to weather station data

on Madeline Island from 1993-2019, the
park receives an average of about 31 inches
of precipitation each year and 71 inches of
snow (Midwestern Regional Climate Center
2020).

These climate gradients can even be
observed within the archipelago, with more
distant islands (e.g., Devils and Outer)
exhibiting a more maritime climate than
inner islands. Similar trends occur within

a single island as well, with upland interior
locations being noticeably warmer during
the spring than areas next to the lake
(Judziewicz and Koch 1993). On average, the
growing season is about 120-130 days across
the park.
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Prevailing winds tend to be from the west
during the fall, winter, and early spring,

and from the east during late spring and
summer (Kraft et al. 2007). Winter storms
tend to come from the northeast, north, and
northwest (Judziewicz and Koch 1993).

Apostle Islands Ecosystems

Several resources offer extensive
descriptions of Apostle Islands ecosystems,
including Flora of the Apostle Islands
(Judziewicz and Koch 1993), The Ecological
Landscapes of Wisconsin (Wisconsin
Department of Natural Resources 2015),
and recent National Park Service reports
on vegetation inventory and landscape
dynamics (Hop et al. 2010, Kirschbaum et al.
2012, Sanders and Grochowski 2012).

Prior to commercial logging in the late
1800s and early 1900s, almost 90% of the
archipelago was covered with upland mixed
conifer and hardwood forest dominated

by eastern hemlock, eastern white pine
(biisaandago-zhingwaak, Pinus strobus),
sugar maple (ziinzibaakwadwaatig, Acer
saccharum), yellow birch, and paper

birch (wiigwaasaatig, Betula papyrifera)
(Judziewicz and Koch 1993, Paulson et

al. 2016). Canada yew, now a species of
special concern in Wisconsin, is assumed

to have been the dominant understory
shrub on many of the islands. A period

of intense timber extraction resulted in
widespread ecosystem change, although the
heterogeneity of the islands influences how
harvesting occurred. Logging first selectively
removed large white pine, followed by
successive waves of removal targeting large
eastern hemlock, yellow birch, and sugar
maple. These operations resulted in or were
followed by severe slash fires, as well as
damage to ravines and waterways used as
log transport routes. As mentioned above,
mining, quarrying, commercial fishing, and
small-scale farming also occurred on the
islands in the 1800s and early 1900s.

In all, over 96% of the Apostle Islands
landscape is still classified as forest habitat
(Kraft et al. 2007), but the identity of these
forests has changed considerably. Forest
cover in the park is now composed mainly

of second-growth northern hardwood
forest consisting of sugar maple, red maple
(zhiishiigimiiwanzh, Acer rubrum), aspen
(azaadi, Populus spp), birch (Betula spp.),
American basswood (wiigobaatig, Tilia
americana), and northern red oak (wiisagi-
mitigomizh, Quercus rubra) (Figure 2) (Hop
et al. 2010, Sanders and Grochowski 2012).

Lack of seed sources and white-tailed deer
(waawaashkeshi, Odocoileus virginianus)
browse pressure, particularly on islands
closer to the mainland, has contributed

to the continued lack of white pine and

the success of maple species. Suppression
of wildfires and human-origin fires since
the 1930s is also limiting the recovery of
white and red pine (bapakwanagemag,
Pinus resinosa) (Paulson et al. 2016). It is
estimated that roughly 1,350 acres, or about
3% of the total land area, still exists in true
“old-growth” condition today. North Twin,
Devils, and Raspberry Islands are almost
entirely old growth, and small inclusions
of old growth remain on Sand, Bear, Oak,
and Outer Islands. Canada yew remains a
primary understory shrub on several islands
that went without local irruptions of deer
or severe slash fires associated with logging
(Johnson et al. 2015).

Aside from forest ecosystems, the Apostle
Islands also contain iconic sandscapes, some
of the best examples in the Great Lakes
region. These various features include sand
spits (narrow land formations extending
from mainland into the water), cuspate
forelands (triangular land formations formed
by longshore drift), tombolos (islands
connected to the mainland by a narrow

Canada yew. © S. Jornson/NorTHLAND COLLEGE
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strip of land), and numerous beaches.
Other noteworthy ecosystems in the park
include sandstone cliffs and ledges, coastal
wetlands, and interior bogs and peatlands.
The Apostle Islands harbor the only known,
or most intact, occurrence of some of these
ecosystems in the Great Lakes region, such
as Great Lakes Barrens and some types of
coastal wetlands.

Species richness across the islands reflects
some of the basic principles of island
biogeography (Judziewicz and Koch 1993).
Larger islands (Stockton, Outer, Oak) tend
to have more total species than smaller
islands (York, Gull, Eagle). Islands that are
closer to the mainland (Basswood, Sand,
Hermit) tend to have more total vegetation
species than distant islands (Cat, Ironwood).
Devils, North Twin, and Raspberry Islands
stand out from the rest as very small islands
that host relatively diverse floras. This is
likely because those islands do not have a
history of high deer populations and contain
diverse sandscapes, rock ledges, and wetland
habitats. Devils and Raspberry Islands also
have lighthouse reservations, which contain
gardens and introduced species.

Ecosystem Disturbance Processes
Ecosystems in the Apostle Islands evolved
to contend with a regular battery of
disturbances. Violent storms that sweep
across Lake Superior are perhaps the most
dramatic example. These storms, and the
wind and waves that accompany them,

can completely reshape shorelines and
bluffs, and even wear away uplands. Little
Steamboat Island, which existed to the
southwest of Sand Island in the late 1800s,
was completely washed away by a powerful
storm in 1901. Gull Island wore away nearly
to the level of the lake between 1850 and
1915. A 2014 storm created a 280-foot
breach in a sand bar that had previously
protected an inland lagoon on Outer
Island, and the new connection to Lake
Superior has irreversibly changed the water
conditions and lagoon ecosystem.

Action from Lake Superior can alter
ecosystems in less dramatic fashion as well.
Rock cliffs and clay bluffs are common
features across the Apostle Islands, and
both of these systems are affected by regular
erosion driven by waves, wind, freeze-

thaw events, and abrasion from lake ice.
Sandscapes are subjected to continual

National Vegetation Classification Standard X
Natural/Semi-natural Groups Wyr

Il Northern Hardwood - Hemlock - White Pine Forest* £
(Conifer Forests)

Northern Hardwood - Hemlock - White Pine Forest*
(Deciduous Forests)

Northern Hardwood - Hemlock - White Pine Forest*
(Conifer - Deciduous Forests)

I White Pine - Red Pine - Oak Forest & Woodland
W0 Great Lakes Pine Barrens
I Northern & Central Hardwood & Conifer Ruderal Forest
I Northern & Central Conifer & Hardwood Plantation
[ Northern & Central Alkaline Conifer & Hardwood Swamp
I Northern & Central Shrub Swamp
Il Jack Pine - Black Spruce Forest
Il White Spruce - Balsam Fir Forest
I Black Spruce - Tamarack Acidic Swamp
Tamarack - Conifer Alkaline Swamp
Eastern Ruderal Shrubland & Grassland
Great Lakes Coast Grassland & Shrubland
Boreal Alkaline Peatland
North American Boreal Acidic Peatland
B Eastern North American Wet Meadow
Il Eastern North American F Aquatic
Eastern North American Lake & River Bluff

Great Lakes Cliff & Shore

* Northern Hardwood - Hemlock - White Pine Forest Group
The map classes in this group were used to classify over 90% of the mapped
vegetation. To display the diversity in this group, it has been split into three
categories: Conifer Forests, Deciduous Forests, and Conifer-Deciduous Forests.
These categories are not part of the National Vegetation Classification Standard.

Figure 2. Vegetation of Apostle Islands National Lakeshore, presented at the natural/semi-natural group and the cultural
class levels of the National Vegetation Classification Standard (Version 2). From Hop et al. (2010).
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erosion and deposition of sediment, and
storms can remove or add several feet of
sand at a time. Similarly, low-intensity
windstorms that occur every decade or

two can create small gaps in the forest
canopy by knocking down individual trees
or small groups of trees. These small forest
disturbances help maintain a multi-aged,
late-successional forest. Additionally, chronic
exposure to winds can result in stunted and
deformed forest structure. This characteristic
“krummbholz” forest can be observed on

the exposed windward coastlines of several
islands in the park (Judziewicz and Koch
1993).

Fire has been a recurring event in some
Apostle Islands ecosystems, both through
natural and human-caused ignitions. It is
estimated that Ojibwe people started more
than half of the fires in Great Lakes coastal
pine forests before the early 1900s (Loope
and Anderton 1998), because fire was
intentionally used to promote blueberries
(miinagaawanzh, Vaccinium angustifolium
and V. myrtilloides) and other valued
plants. Human-origin fires likely occurred
in wetlands and other ecosystems as well.
Today, wildfires on the Apostle Islands tend
to peak in July and August, which is later in
the season than fires across the larger region
(Martin and Johnson, in preparation).

Roughly 90% of the park is categorized as
having a fire return interval of 350-1,000
years, due to wet and mesic conditions
(Dickmann and Cleland 2002), and this
relative lack of fire is what allowed mature
hemlock-hardwood forests to develop. The
remaining 10% of the park is more prone to
fire due to drier conditions. The fire return
interval has been as often as 5-15 years in
locations with sandy, well-drained soils, such
as the Stockton Island tombolo (Dickmann
and Cleland 2002). Fires also occurred
roughly every 30-75 years in pine forests
and 75-350 years in oak-dominated systems
(Dickmann and Cleland 2002). Recent
research has shown that Canada yew is slow
to recover from even small ground fires
(Martin and Johnson, in preparation). Yews
growing adjacent to burned areas continue
to experience mortality for a year or longer

after a fire.

Forest pests are another regular source of
disturbance in the Apostle Islands. From
2004-2009, a study of land disturbance in
the park revealed that a defoliation outbreak
of the gypsy moth (Lymantria erebidae)
affected about 7.5% of the land area in the
park (Kirschbaum et al. 2012). This single
non-lethal event was responsible for the
overwhelming majority of disturbance
detected in the park during these six years.
Minor flooding attributed to beavers (amik,
Castor canadensis) was the other principal
land-based natural disturbance detected
during this period. By contrast, neighboring
lands in Bayfield and Ashland Counties
experienced lower levels of disturbance
related to forest pests during this timeframe,
and the primary disturbance on the
mainland was forest harvest.

Ecosystem Stressors

Recent vegetation surveys in the Apostle
Islands have found that less than 1% of

the flora is not native to the park, so non-
native plants are currently a localized
feature (Sanders and Grochowski 2014).
Nevertheless, non-native and invasive
plants are a small but important risk to
native ecosystems within the Apostle
Islands. Some of these species were likely
introduced decades ago by early European
settlers, and some are more recent arrivals
transported by visitors on foot or by boat.
Non-native species can become invasive
and disrupt the functioning of an ecosystem
due to high reproduction rates; widespread
dispersal; and lack of pressure from their
natural predators, competitors, or diseases.
Some notable invasive plants in the Apostle
Islands include tansy (oshkiniikwebagoons,
Tanacetum vulgare), purple loosestrife
(Lythrum salicaria), valerian (Valeriana
officinalis), reed canary grass (Phalaris
arundinacea), hybrid cattail (Typha x glauca)
and spotted knapweed (Centaurea stoebe
ssp. micranthos) (Judziewicz and Koch
1993, Miles and Burkman 2018) (personal
communication with Sarah Johnson, 16
September 2019).

Exotic insects are currently not a major
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impact in the Apostle Islands, although
transport by park visitors is a continual
threat. Gypsy moths were first detected in
the park in 1997, and there was a severe
defoliation in 2006 (Thayn 2013). These
insects are mostly limited to the mainland
unit, as well as Basswood and Stockton
Islands (in addition to Madeline Island)
(Tobin et al. 2010). Oaks and aspen are
particularly threatened by gypsy moth larvae,
although this insect can feed on over 300
tree species. The emerald ash borer (Agrilus
planipennis) has not yet been detected in
the park, but it does occur nearby in upper
Michigan and in Superior, Wisconsin. The
pale juniper webworm (Aethes rutilana)

has been documented in high densities on
juniper plants (gaagaagiwaandag, Juniperus
communis) on Outer Island, but the effects
are unclear (Johnson et al. 2017).

As mentioned above, white-tailed deer
have had a considerable influence on the
vegetation of the Apostle Islands. Deer
became more common on several islands
in the 1940s and peaked in the 1950s,

and deer numbers were subsequently
reduced through a combination of aging
forests, increased hunting, and a stretch

of severe winters. On the five islands that
have maintained moderate deer densities
over the past 50 years, grasses and sedges
are becoming more abundant while
perennial forbs such as wild sarsaparilla
(waaboozojiibik, Aralia nudicaulis) are
declining (Mudrak et al. 2009). Canada yew
in particular is dramatically reduced on
islands with continued deer presence, as
are eastern hemlock, northern white-cedar,
yellow birch, bluebead lily (odotaagaans,
Clintonia borealis), white mandarin
(Streptopus amplexifolius), and most
orchids. Studies elsewhere in the region
have confirmed the dramatic influence

of persistent deer herbivory on plant
communities (Frerker et al. 2014, Waller
2007, White 2012, Salk et al. 2011). In 2009,
park management initiated a project to
reduce recent deer migration to two islands
to protect yew populations and recovery
has been successful. Research from the
Apostle Islands and the mainland suggests
that deer browse pressure reduces Canada

yew in most landscapes (Johnson et al. 2015,
Frerker et al. 2014).

Currently, the park maintains two deer
hunting zones to control deer populations
on the islands (Figure 3) (Apostle Islands
National Lakeshore 2014). Zone 1 is
composed of 11 islands that historically

had few or no deer: Cat, Devils, Eagle,

Gull, Ironwood, North Twin, Otter, Outer,
Raspberry, Sand, and York. In this Zone, the
park intends to keep the deer population

as low as possible or to eradicate deer.
Management Zone 2 includes the nine
islands that historically had notable deer
population levels: Basswood, Bear, Hermit,
Manitou, Michigan, Oak, Rocky, South Twin,
and Stockton. The management goal of Zone
2, by contrast, is to keep deer populations

at or below the estimated historical level of
10 deer per square mile. Long Island and

the mainland unit are managed as part of
larger management units established by the
state. Red Cliff tribal members hunt deer

in the mainland portion of the park that

lies within the reservation, but these areas
have not historically held many deer due to
topography and browse availability (personal
communication with Mark Dufty, 13 August
2019).

Rare Plants and Animals

The Apostle Islands support over 800
recorded plant species (Judziewicz and Koch
1993). This is due to a variety of factors,
including the tremendous landscape variety,
their protected status, and the maritime
climate, which has allowed several “arctic
disjunct” species to persist. A recent study
identified the Apostle Islands as the most
diverse bioregion in northern Wisconsin,
with a high proportion of species with

very narrow distributions (Spalink et

al. 2018). The park contains 17 species
listed as threatened or endangered in
Wisconsin, including coast sedge (Carex
exilis), lenticular sedge (Carex lenticularis),
Michaux’s sedge (Carex michauxiana),
drooping sedge (Carex prasina), broad-
leaved twayblade (Listera convallarioides),
flat-leaved willow (oziisigobiminzh, Salix
planifolia), and narrow false oats (Trisetum
spicatum) (Kraft et al. 2007). The park is also

National Park Service
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Figure 3. Deer management zones in the Apostle
Islands National Lakeshore (2014).

home to 23 plant species of special concern.

In terms of wildlife, the Apostle Islands
provide habitat for a variety of birds,
mammals, amphibians, and aquatic species.
Although wildlife are generally outside

the scope of this assessment, it is worth
noting that the Apostle Islands are home

to the federally endangered piping plover
(Charadrius melodus), along with 11 bird
species of special concern in Wisconsin.
Other species of special concern include
four-toed salamanders (Hemidactylium
scutatum), several types of aquatic and
terrestrial insects, and American marten
(waabizheshi, Martes americana), which
were recently rediscovered on the islands.
Migrating birds pass through the archipelago
twice a year and the undeveloped shorelines
and forests of the Apostle Islands provide
critical stopover habitat.

Ecosystem Classifications Used in
this Assessment
The vegetation resources mentioned above

Islands National Lakeshore. From Apostle

(Judziewicz and Koch 1993, Wisconsin
Department of Natural Resources 2015,
Hop et al. 2010, Kirschbaum et al. 2012,
Sanders and Grochowski 2012) each use
different classification systems to categorize
and describe distinct ecosystems within the
park. For the purposes of this assessment,
the authors developed a hybrid approach

to classifying different ecosystems based on
accurately representing important ecological
distinctions and yet reducing the number of
categories to a manageable number. Table

1 presents a quick summary of the eleven
ecosystems that ultimately emerged after
several rounds of discussion and input.
Ecosystems are defined according to their
current existing condition, not in reference
to a historical baseline or particular
successional stage.

The following sections of this chapter
contain more detail about the ecosystem
drivers, current stressors, and characteristic
plant species for each of the eleven
ecosystems considered in this assessment.
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Species lists are not meant to be exhaustive,
but to give a basic impression of the common
vegetation in each ecosystem.

Table 1. Apostle Islands ecosystems considered in this assessment, with a summary of major drivers
and related natural communities for each ecosystem.

Related Natural

. .- . . q

Ecosystem Characteristics and Major Drivers Communities?

Beaches and Dunes e  Active, unconsolidated dunes Great Lakes Beach
e  Disturbed by frequent wind and wave action Great Lakes Dune

e  Depend on sources of sediment and sediment transport

e  Occur on a wide variety of formations—cuspate forelands,
barrier beaches, tombolos, barrier spits, and sand spits

e Common on southern ends of islands or in protected
embayments where lake currents deposit sediment

Boreal Forests e  Cool summers & short growing seasons Boreal Forest

(including . Periodic catastrophic disturbances: windthrow, ice storms, fire,

krummholz) pest outbreaks
e Boreal forests are restricted to northern two-thirds of Devils
Island
e Shallow, acidic, nutrient-poor soils
e High and constant moisture throughout the year from fog,
snow, and wave spray
o Krummholz occurs on exposed windy coasts and bluff tops, with
shallow depth to bedrock
Coastal Wetlands e Filled-in or partially filled-in embayments that occur inland from  Great Lakes Shore Fen
dune ridges Poor Fen
e Cool conditions and low oxygen levels slow decomposition Interdunal Wetland
e Groundwater, streams, and lake connection influence water pH
. Submergent Marsh
and nutrients
Emergent Marsh
e Sand or peat substrates 9
. ) . ) . Northern Sedge Meadow
e Partially protected from wind, wave, and ice action by sand spits 9
Deep Ravine Forests e Occur in deep, sheltered ravines (Oak Island, mainland unit) Northern Mesic Forest
e Naturally buffered from fire, wind, and deer browse Hemlock-Hardwood
e Ground is shaded by dense canopy, especially northern white- Forest
cedar and hemlock.
° Consistent moisture from groundwater seeps
e Seasonal flooding and a redistribution of sediment in ravine
bottoms is an occasional disturbance
Erodible Maritime e (Clay or loamy sand bluffs with steep slopes Clay Seepage Bluff
Bluffs

e Constantly eroding or slumping from wind, wave action, rain
events, and ice scour

e \egetation depends on erosion rate, slope, and aspect

e Common on approx. 50% of the coastline of all islands, mostly
on east, west, and south shores

National Park Service



Table 1 (continued). Apostle Islands ecosystems considered in this assessment, with a summary of
major drivers and related natural communities for each ecosystem.

Related Natural
Communities?

Ecosystem Characteristics and Major Drivers’

Great Lakes Pine e Sandy, droughty, nutrient-poor soils Northern Dry Forest

Forests and Barrens Strong winds and sandy soils have maintained xeric forest or Great Lakes Barrens
barrens vegetation

. Periodic, variable wildfire from natural and human origins

e Heavy accumulation of snow and ice

e Forests occur on stabilized beach ridges

e Gradation from stabilized dunes to pine savanna to closed-
canopy forest, based on landforms, soils, and disturbance

frequency
|mer|orA|der- ...... Latera”ymovmgwater(mtstagnam) .......................................... AlderTthket .....................
Thickets e Seasonal water table fluctuation—inundated in the spring but
can be saturated or dry late in the growing season
e Oxygenated nutrient-enhanced water with neutral pH
e (Can be an intermediate stage between open and forested
wetlands, or a persistent community
. Found in beaver flowages, old roads, and the margins of other
wetland communities
Interior Peat Swamps *  Water input mostly from precipitation—limited orno  Black Spruce Swamp
and Bogs groundwater connection Northern Tamarack
e \Very acidic water conditions, and a range of nutrient conditions ~ Swamp
e Cool conditions and low oxygen levels slow decomposition Muskeg
e Peat substrates Open Bog
e Occur on poorly drained summit plateaus Boreal Rich Fen
‘Mixed Conifer = Clay till soils with gentle to moderate slopes ~~~~~ Northern Mesic Forest
Hardwoods e Regular patterns of seasonal water and nutrient availability Northern Wet-Mesic
e Thick forest canopy of shade-tolerant species Forest
e Gap-sized disturbance from mortality, wind, and pests
e Naturally buffered from fire and other catastrophic disturbances
e High amounts of coarse woody debris
e Include scattered vernal pools
e This is the dominant forest type that covers approx. 85% of the
park
Rockcnffsand. ...... Sandstone|edgesandb|uﬁsBedrockghore ...................
Ledges e  Exposed to fog, wave spray, and splash pools Moist Cliff
e Heavy snow and ice cover
. Erosion from wind, ice, waves, and freeze-thaw expansion
e \egetation depends on height, slope, aspect, and seepage
e Occur on approx. 33% of the coastline of all islands
‘Upland Hardwood = Well-drained loamy sand soils—drier than the majority of the  Northern Mesic Forest
Forests matrix forest

e Naturally buffered from fire and other large disturbances
e Gap-sized disturbance from mortality, wind, and pests

e Canada yew is less prevalent than in Mixed Conifer Hardwoods,
but herbaceous layer is more diverse

e Occur in higher elevations in the park

' Drivers are defining features or processes that determine the identity of an ecosystem.

2 Natural Community descriptions can be found in Chapter 7 of The Ecological Landscapes of Wisconsin (Wisconsin
Department of Natural Resources 2015).
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Beaches and Dunes

Characteristic Species
Shrubs

Heart-leaved, sandbar, and slender
willows (Salix spp.)

Dwarf juniper

Sand cherry (Prunus pumila)

Bearberry or kinnikinnick (apaakozigan,
Arctostaphylos uva-ursi)

Beach wormwood (Artemisia stelleriana)

Herbaceous species

Beach grass (Ammophila breviligulata)
Evening primrose (Oenothera biennis)
Hairgrass (Avenella flexuosa)

Beach pea (Lathyrus japonicus)
Lichens such as reindeer moss
(aasaakamig, Cladina subtenuis)

Ecosystem Drivers

Active, unconsolidated dunes.
Disturbed by frequent wind and wave
action.

Depend on sources of sediment and
sediment transport.

Occur on a wide variety of formations—
cuspate forelands, barrier beaches,
tombolos, barrier spits, and sand spits.
Common on southern ends of islands
or in protected embayments where lake
currents deposit sediment.

Current Stressors

Trampling from foot traffic, kayaks, and
boats.

Invasive species such as spotted
knapweed, ox-eye daisy (Leucanthemum
vulgare), quack grass (Elymus repens),
beach rose (Rosa rugosa) and tansy.

Pale juniper webworm causes partial
defoliation on juniper species, but long-
term effects are unclear.

Lichen and hairgrass on a Rocky Island dune.
© S. JoHNSON/NORTHLAND COLLEGE

Quarry Bay beach, Stockton Island.
© S. JoHNSON/NORTHLAND COLLEGE

Outer Island.
NPS pHOTO
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Boreal Forests (including krummbholz)

Characteristic Species

Trees

«  White spruce (gaawaandag, Picea glauca)

« Balsam fir (zhingob, Abies balsamea)

« Balsam poplar (maanazaadi, Populus
balsamifera)

* Northern white-cedar

« Paper birch

*  Quaking aspen (azaadi, Populus
tremuloides)

+  Showy mountain ash
(makominagaawanzh, Sorbus decora)

Shrubs
*  Mountain maple (Acer spicatum)

. Canadayew True boreal forest qf spruce, fir, pap_er_birch,
. and showy mountain ash occurs in limited
* Herbaceous species locations in the Apostle Islands, such as Devils
+  Lichens (Usnea spp.) Island. NPS pHoTo/P. BurkmAN
+  Mosses, including sphagnum moss
(mashkiigwakamig, Sphagnum spp.)
«  Sedges (Carex spp.)

Ecosystem Drivers

+ Cool summers and short growing
seasons.

+  Periodic catastrophic disturbances:
windthrow, ice storms, fire, pest
outbreaks.

«  Boreal forests are mostly restricted to
northern two-thirds of Devils Island
(although boreal “elements” are
embedded within other forest types in
the park). s

* Shallow, acidic, nutrient-poor soils. Krummbholz is a stunted, wind-shaped forest

*  High and constant moisture throughout  found on exposed, windy coasts and bluff tops.
the year from fog, snow, and wave spray.  NPS proro/P. Burkman

«  Krummbholz occurs on exposed windy
coasts and bluff tops, with shallow depth
to bedrock.

Current Stressors
«  Spruce budworm (Choristoneura
fumiferana) and other insect pests.
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Coastal Wetlands

Characteristic Species

Coastal wetlands in the Apostle Islands are
repositories of many rare species, including
anumber of specialists and culturally
important medicinal species.

Trees

« Tamarack (mashkiigwaatig, Larix
laricina)

+ Black spruce (zesegaandag, Picea
mariana)

*  Northern white-cedar

Shrubs

«  Sweet gale (wa’sawasni’mike, Myrica
gale)

« Leatherleaf (Chamaedaphne calyculata)

+ Cranberry (mashkiigimin, Vaccinium
macrocarpon and V. oxycoccos)

« Speckled alder (wadoop, Alnus incana)

Herbaceous species

« Sedges, including mat-forming
woolyfruit sedge (Carex lasiocarpa),
fewseed sedge (C. oligosperma), and
white beak-rush (Rhynchospora alba)

+  Rushes

+ Sphagnum mosses

«  Marsh cinquefoil (Comarum palustre)

«  Water horsetail (Equisetum fluviatile)

« Bladderworts (Utricularia spp.)

«  Sundews (Drosera spp.)

»  Pitcher plant (Sarracenia purpurea)

Ecosystem Drivers

+ Filled-in or partially filled embayments
that occur inland from dune ridges or on
the margins of lagoons inland from the
dunes.

+  Cool conditions and low oxygen levels
slow decomposition.

»  Groundwater, streams, and lake
connection influence water pH and
nutrients.

« Sand or peat substrates.

+ Partially protected from wind, wave, and
ice action by sand spits or dunes.

Current Stressors

+ Nutrient loading due to sedimentation
from uplands.

« Sedimentation

« Non-native species, such as non-

A coastal wetland in the Apostle Islands.
© S. JoHNSON/NORTHLAND COLLEGE

Coastal wetland in a dune swale, Stockton Island.
© S. JoHNSON/NORTHLAND COLLEGE

native cattails (apakweshk, Typha spp.)
and purple loosestrife and invasive
native species such as common reed
(aaboojigan, Phragmites australis)

that did not historically occupy these
wetlands.

«  Human disturbance on adjacent
uplands (road construction, ditching,
development) leading to hydrologic
disruption (more of an issue on the
mainland compared to islands).

National Park Service
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Deep Ravine Forests

Characteristic Species

Trees

Eastern hemlock
Yellow birch
Northern white-cedar
Eastern white pine
Mountain maple

Herbaceous species

Bryophytes

Drooping sedge

Broad-lipped twayblade
Rattlesnake plantain (Goodyera
oblongifolia)

Chilean sweet cicely (Osmorhiza
berteroi)

White mandarin

Dwarf scouring rush (anaakanashk,
Equisetum scirpoides)

Bulblet fern (Cystopteris bulbifera)

Ecosystem Drivers

Occur in deep, sheltered ravines (Oak
Island, mainland unit).

Naturally buffered from fire, wind, and
deer browse (although mainland unit has
higher deer density).

Ground is shaded by dense canopy,
especially northern white-cedar and
hemlock.

Consistent moisture from groundwater
seeps.

Seasonal flooding and a redistribution
of sediment in ravine bottoms is an
occasional disturbance.

Current Stressors

Past logging and hauling have affected
some locations through compaction,
rutting, erosion, and introduction of
weeds.

Mainland ravines are vulnerable to deer
herbivory.

Invasive species introduction through
timber harvests at the head of the ravines
on the mainland and a campground at
the mouth of one of the ravines.
Excessive erosion and sediment
deposition due to severe rainstorms in
recent years.

Ravine forest. © S. Jonnson/NorTHLAND COLLEGE

A ravine forest with eastern hemlock
regeneration. © S. Jornson/NorTHLAND COLLEGE
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Erodible Maritime Bluffs

Characteristic Species

Trees

«  Eastern white pine

*  Quaking aspen

+ Redpine

+ Balsam poplar

« Paper birch

« Red maple

«  Mountain ash

« Northern white-cedar
+ Balsam fir

Shrubs Steep, eroding bluffs are found on roughly
+ Speckled alder half of Apostle Islands coastlines.

»  Green alder (Alnus viridis) NPS pHOTO/P. BuRKMAN

«  Willows

« Raspberry (miskomin, Rubus idaeus)

« Serviceberry (gozigwaakomin,
Amelanchier spp.)

+ Red-osier dogwood (miskwaabiimizh,
Cornus sericea)

Herbaceous species

«  Canada wild rye (Elymus canadensis)

« Canada blue grass (Poa compressa)

«  Clover spp. (Trifolium spp.)

«  Fireweed (Chamerion angustifolium)

+ Thistle spp. (mazaanaatig, Cirsium spp.)

+ Aster spp.

+  Grass-of-Parnassus (Parnassia palustris)
(Outer Island)

«  Elegant groundsel (Packera indecora)

Eroding bluffs near Little Sand Bay. NPS pHoto

(Rocky Island) Current Stressors
* green bog orchid (Platanthera « Invasive species, such as clover, sow
huronensis) thistle (Sonchus arvensis), ox-eye daisy,
*  Variegated horsetail (Equisetum and dandelion (doodooshaaboojiibik,
variegatum) (one site on Rocky Island) Taraxacum officinale).

Ecosystem Drivers

«  Clay or loamy sand bluffs with steep
slopes.

+ Constantly eroding and slumping from
wind, wave action, rain events, and ice
scour.

«  Vegetation depends on erosion rate,
slope, and aspect.

«  Common on approximately 50% of the
coastline of all islands, mostly on east,
west, and south shores.

National Park Service

21



Great Lakes Pine Forests and Barrens

Characteristic Species

Trees

Red pine

White pine

Jack pine (akikaandag, Pinus banksiana)
(occasional, mostly on Long Island)
Northern pin oak (mitigomizh, Quercus
ellipsoidalis) (mostly on Long Island)
Balsam fir

Paper birch

Black spruce (mostly on Stockton Island)

Shrubs

.

Blueberry

Huckleberry (miinan, Gaylussacia
baccata)

Sand cherry

Common juniper

Fire cherry (Prunus pensylvanicum)

Herbaceous species

°

Shaved sedge (Carex tonsa)

Lichen spp.

Mosses such as Schreber’s big red stem
moss (Pleurozium schreberi)

Hair grass (Avenella flexuosa)
Wintergreen (Gaultheria procumbens)
Roughleaf ricegrass (Oryzopsis
asperifolia)

Pink lady’s slipper (Cypripedium acaule)
Narrowleaf cow-wheat (Melampyrum
lineare)

Bracken fern (waagaan, Pteridium
aquilinum)

Ecosystem Drivers

Sandy, droughty, nutrient-poor soils.
Strong winds, moving sands, and
minimal soil development have
maintained semi-open barrens
communities in some locations.

Xeric forests occur on stabilized beach
ridges.

Periodic, variable wildfire from natural
and human origins.

Gradation from open, active dunes to
more stabilized sand ridges supporting
pine savanna to closed-canopy pine
forest, based on landform, soils, and
disturbance frequency and intensity.

Pines and lichens established on an old dune.

© S. JoHNSON/NORTHLAND COLLEGE

Pink lady’s slipper (Cypripedium acaule).

NPS pHOTO/T. GOSTOMSKI

Current Stressors

Insect pests.

Lack of recent fire (pine forests in
particular).

Invasive plants.

Trampling from foot traffic and
associated erosion.
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Interior Alder Thickets

Characteristic Species

Trees

°

Willow spp.

Mountain ash

Black ash (baapaagimaak, Fraxinus
nigra)

American elm (aniib, Ulmus americana)

Shrubs

.

Speckled alder

Ninebark (Physocarpus opulifolius)
Skunk currant (Ribes glandulosum) and
red currant (Ribes triste)

Red osier dogwood

Herbaceous species

Touch-me-not (omakakiibag, Impatiens
capensis)

Norwegian cinquefoil

Lake sedge (Carex lacustris)

Harlequin blueflag (Iris versicolor)
Bluejoint grass (Calamagrostis
canadensis)

Ecosystem Drivers

Laterally moving groundwater (not
stagnant).

Seasonal water table fluctuation-
inundated in the spring, saturated or dry
late in the growing season.

Oxygenated nutrient-enhanced water
with neutral pH.

Can be an intermediate stage between
open and forested wetlands, or a
persistent, stable community.

Found in beaver flowages, old roads, and
in the zones between forests and open
wetlands.

Current Stressors

°

Invasive/non-native species, such as
reed canary grass, thistles, and purple
loosestrife.

Prolonged inundation and other
hydrologic disruption.

Alder thickets can be stable communities that

last for years.
E. EpSTEIN/WIiscONSIN DePARTMENT OF NATURAL RESOURCES

Harlequin blueflag (Iris versicolor).
NPS pHOTO/T. GOSTOMSKI

National Park Service
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Interior Peat Swamps and Bogs

Characteristic Species

Trees

« Tamarack

«  Black spruce

+  Eastern white pine
« Paper birch

« Jack pine

Shrubs

« Leatherleaf

«  Bogrosemary (binemiiki, Andromeda
polifolia var. glaucophylla)

«  Boglaurel (Kalmia polifolia)

« Labrador tea (mashkiigobag, Ledum
groenlandicum)

«  Cranberry (Vaccinium oxycoccos)

Herbaceous species

«  Sphagnum moss

« Sedges

«  Pod-grass (Scheuchzeria palustris)

Ecosystem Drivers

«  Water input mostly from precipitation—
limited or no groundwater connection.

« Very acidic water conditions, and a range
of nutrient conditions.

«  Cool conditions and low oxygen levels
slow decomposition.

+  Peat substrates.

«  Occur on poorly drained summit
plateaus.

Current Stressors

«  Forest pests, such as eastern larch beetle
(Dendroctonus simplex), tamarack
sawfly (Pristiphora erichsonii), spruce
budworm.

«  Non-native species, such as reed canary
grass.

+ Legacy roads in some areas that disrupt
hydrology (e.g., Devils Island).

«  Atmospheric deposition of nitrogen.

Inland raised bog on Devils Island.
© S. JoHNSON/NORTHLAND COLLEGE

Bog laurel (Kalmia polifolia).
NPS pHoTO/T. GOSTOMSKI
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Mixed Conifer Hardwoods

Characteristic Species

Trees

Sugar maple

Red maple

Yellow birch
American basswood
Paper birch

Balsam fir
American basswood
Northern red oak
Northern white-cedar
Eastern white pine
Eastern hemlock
Mountain maple

Shrubs

Canada yew

Hazelnut (bagaanimizh, Corylus
cornuta)

Skunk currant

Honeysuckle (Lonicera spp.)
Juneberries

Herbaceous species

Wood ferns (Dryopteris spp.)
Bluebead lily

Wild sarsaparilla

Nodding trillium (ininiwin dibige’gun,
Trillium cernuum)

Dwarf ginseng (Panax trifolius)

Ecosystem Drivers

Clay till soils with gentle to moderate
slopes.

Mesic to wet-mesic soil moisture
conditions.

Regular patterns of seasonal water and
nutrient availability.

Continuous forest canopy of shade-
tolerant species.

Gap-sized disturbance from mortality,
wind, and pests.

Naturally buffered from fire and other
catastrophic disturbances.

High amounts of coarse woody debris.
Include scattered ephemeral ponds and
vernal pools.

This is the dominant forest type that
covers approximately 85% of the park.

Approximately 1,350 acres of old growth
mixed conifer hardwoods remain in the park,
mostly on North Twin, Devils, and Raspberry
Islands. NPS pHoTo/). VAN STAPPEN

Current Stressors

« Deer herbivory on some islands and on
the mainland.

+  Forest insect pests such as forest tent
caterpillar (Malacosoma disstria) and

gypsy moth.

National Park Service
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Rock Cliffs and Ledges

Characteristic Species

Trees

« Northern white-cedar

« Balsam fir

«  Paper birch

«  Heart-leaved birch (Betula cordiformis)
«  Willow spp.

« Eastern white pine

Herbaceous species

« Rare subarctic species on north-facing
cliffs, such as butterwort (Pinguicula ) p R
vulgaris), spike trisetum (Trisetum Sheltered rock cliff with a splash pool.
spicatum), hair-like Sedge (Carex © S. JoHNsON/NORTHLAND COLLEGE
capillaris), and bird’s-eye primrose
(Primula mistassinica)

+  Calciphic species, such as harebell
(Campanula rotundifolia) and ninebark

+  Elegant groundsel in rock crevices

*  Mosses and lichens

«  Fireweed

« Strawberry (ode’iminijiibik, Fragaria

virginiana)

«  Yarrow (nookwezigan, Achillea
millefolium)

Pearly everlasting (waabigwan, Anaphalis
margaritacea)

Ecosystem Drivers

« Sandstone ledges, bluffs, and splash
pools.

« Exposed to fog and wave spray.

«  Heavy snow and ice cover.

«  Erosion from wind, ice, waves, and
freeze-thaw expansion.

+  Vegetation is often sparse and depends
on height, slope, aspect, and seepage.

«  Occur on approximately 33% of the
coastline of all islands.

Current Stressors

«  Weedy species, such as bluegrass
(ozhaawashkwa-mashkosiwan, Poa
spp.), yarrow, and dandelion.

« Trampling on rock ledges near popular
recreation sites.
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Upland Hardwood Forests

Characteristic Species

Trees

«  Northern red oak

«  Sugar maple

+ Red maple

*  Yellow birch

« Paper birch

+ Balsam fir

« American basswood
«  Eastern white pine

Shrubs

« Canada yew (less prevalent than in
Mixed Conifer Hardwoods)

« Hazelnut

«  Skunk currant

«  Honeysuckle

+ Juneberries

Herbaceous species

« Canada mayflower (agongosminaan,
Maianthemum canadense)

«  Starflower (Trientalis borealis)

+  Bigleaf aster (migizibag, Eurybia
macrophylla)

+  Bluebead lily

Ecosystem Drivers
+  Well-drained sandy or loamy soils—
drier than the majority of the forest.

« Naturally buffered from fire and other

large disturbances.

«  Gap-sized disturbance of single trees or
small groups from mortality, wind, and

pests.

Conclusion

Upland hardwoods in the Apostle Islands tend

to have slightly drier soils and a more open
understory. NPS proto/P. BurkmAN

« Canadayew is less prevalent than in the
more moist Mixed Conifer Hardwoods,
but the herbaceous layer is more diverse.

*  Occur in higher elevations in the park.

Current Stressors

« Forest insect pests, such as forest tent
caterpillar, gypsy moth, and two-lined
chestnut borer (Agrilus bilineatus).

+ Invasive earthworms (Dendrobaena
octaedra, Lumbricus rubellus and L.
terrestris).

This chapter has provided the fundamental ecological and cultural contexts of the Apostle
Islands National Lakeshore. The brief synopsis of the eleven terrestrial ecosystems
considered for this assessment will be a helpful reference. Readers may wish to refer back to
this information, as following chapters describe how climate change may affect important
ecosystem drivers, characteristic species, and current stressors to these ecosystems.

National Park Service
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Chapter 2: Observed and Projected Changes in Climate and Physical

Processes in the Apostle Islands

This chapter describes observed climate
trends and a range of plausible climate
change projections for the Apostle Islands
National Lakeshore and the nearby region.
Information is organized by topic, with
summary information about observed

and projected trends for each item. Topics
include direct climate variables such as
temperature and precipitation, as well

as indirect effects on relevant physical
processes such as lake ice formation.
Projections focus on conditions at the end
of the 21st century. This information was
considered by the panel of authors at a
vulnerability assessment workshop and was a
key source of information for the ecosystem
vulnerability conclusions, described in
Chapter 4. Box 3 includes a brief description
of the climate data used in this assessment.

Climate Data Used in this
Assessment

For this ecosystem vulnerability assessment,
a panel of experts used multiple sources

of climate change data. For observed
temperature and precipitation trends,
participants considered summary data

from the Northwestern Wisconsin Climate
Division, as summarized by Great Lakes
Integrated Sciences and Assessments, the
Midwest Regional Climate Center, and the
Office of the Michigan State Climatologist
(GLISA 2019a). The Northwestern
Wisconsin Climate Division includes the
entire Bayfield Peninsula and a portion of the
Apostle Islands, but also stretches west to the
Minnesota border and south to Chippewa
Falls, WI. The majority of this region is not
directly influenced by Lake Superior and

has a more continental climate, so some of
the detailed features of the local Apostle
Islands climate may not be represented.
Observed change is calculated from the
linear best fit over the period from 1950 to
2017. Percent change is reported relative to
the 1951 to 1980 historical baseline period.
For other topics, information on observed
or historical trends was drawn from different
sources which are referenced throughout

the chapter, including several sources that
directly address the Apostle Islands.

To present future climate projections for
the region surrounding the Apostle Islands,
participants considered information from a
nationwide statistically downscaled dataset
and a set of dynamically downscaled climate
models that were designed specifically

for the Great Lakes Region. Appendix 3
contains a comparison of statistical and
dynamical downscaling approaches. The
Multivariate Adaptive Constructed Analogs
(MACA, www.climatologylab.org/maca.
html) statistically downscaled dataset from
the University of Idaho Climatology Lab
includes 20 General Circulation Models
(GCMs) that have been downscaled and
run under two representative concentration
pathways (RCPs), RCP 4.5 and RCP 8.5
(Abatzoglou and Brown 2012). RCPs

are sometimes referred to in the text

as “scenarios” for the sake of brevity,
although technically they are greenhouse
gas concentration pathways. See Appendix
3 for an explanation of GCMs and RCPs.
Participants considered the ensemble
average of 20 GCMs, using both RCP 4.5
and RCP 8.5 to represent a range of futures.
This dataset was used to describe the broad
trends in temperature, precipitation, growing
season length, and other variables.

The MACA data are supplemented

where possible with information from a
dynamically downscaled dataset (RegCM4)
from the University of Wisconsin-Madison
Center for Climatic Research and provided
by Dr. Michael Notaro (https://nelson.wisc.
edu/ccr/resources/dynamical-downscaling/
index.php). This dataset, henceforth referred
to as the Notaro dataset, was designed to
represent local climate processes in the
Great Lakes region, but consists of six
GCM:s that have been run only at RCP 8.5
(Notaro et al. 2015a, Notaro et al. 2015b).
These datasets were supplemented with
other sources when it was necessary to

find information about particular climate
variables. Other sources of downscaled
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climate data are available for the Great Lakes
Region (Byun and Hamlet 2018) but they
also tend to support and confirm the overall
picture presented by the MACA and Notaro
datasets.

Temperature

Across the Northwestern Wisconsin Climate
Division, the average annual temperature has
increased 3.2°F from 1950 to 2017 (GLISA
2019a). Northwestern Wisconsin is one of
the most rapidly warming areas within the
state and nation. Seasonally, the greatest
warming has occurred during winter (5.4°F)
and spring (3.3°F) (Table 2). This pattern
mirrors the trend across the entire state and
the larger region, as winter has experienced
the most rapid warming in recent decades
(Janowiak et al. 2014).

For the Apostle Islands, both the MACA
and Notaro datasets project warming in all
seasons by the end of the century. Under
RCP 4.5, the MACA data projects an average
annual temperature increase of 6.4°F
compared to the 1971-2000 baseline (Table
2), with the largest amount of warming
occurring in winter (7.7°F). Spring, summer,
and fall are projected to warm by about 6°F
under RCP 4.5. Under RCP 8.5, the MACA
data projects an average annual temperature
increase of 11.2°F, also with the largest
temperature change occurring in winter
(13.3°F).

The Notaro dataset (RCP 8.5) provides

a similar range of projected temperature
increases by the end of the century. For
example, the range of future summer
warming in the Notaro dataset is 7°F to 13°F,
while for winter, it is 6°F to 11°F.

Precipitation

The Apostle Islands receives about 29
inches of precipitation each year. Across
the Northwestern Wisconsin Climate
Division, the average annual precipitation
has increased 1.1 inches from 1950 to 2017
(GLISA 2019a). This represents an increase
of about 3.4% compared to the historical
baseline of 1951 to 1980. Seasonally, the
greatest precipitation increase has occurred
during fall (1.5 inches, 20.4% increase) and

winter (0.4 inches, 12.2% increase) (Table
3). Summer precipitation has decreased by
1.2 inches (8.9% decrease) over the same
period.

Future projections of seasonal precipitation
are controlled by many factors, such as how
convection is resolved in the model, future
projections on global circulation, changes

in storm tracks, and natural variability.

These factors make it difficult to predict the
magnitude of future precipitation change.
Additionally, although regional averages
provide an overall estimation of future
conditions, local changes in precipitation
may be much larger. For the Apostle Islands,
the MACA data projects an annual increase
in precipitation of 2.8 inches under RCP 4.5
and an increase of 4.2 inches under RCP 8.5
(Table 3). Under RCP 4.5, there is either no
change or an increase in precipitation in each
season. By contrast, under RCP 8.5 there is a
0.8-inch decrease in precipitation in summer,
and increases of more than an inch in

winter, spring, and fall. Both concentration
pathways project spring to have the largest
increase in precipitation. Other statistically
downscaled datasets offer similar projections
for regional precipitation under RCP 4.5 and
RCP 8.5 by the end of the century (Byun and
Hamlet 2018).

The Notaro dataset provides similar
projections of precipitation increases

for the Apostle Islands in winter, spring,
and fall by the end of the century. The
largest uncertainty occurs with summer
precipitation, where the projections span

a decrease of 3 inches up to an increase of

3 inches. The largest-magnitude projected
change occurs during the winter, with as
much as 6 inches more precipitation in some
models. As discussed above, the Notaro
dataset is based on a regional climate model
that attempts to represent local weather
processes such as the effect of the Great
Lakes. So the projected increase in winter
precipitation in this dataset is at least
partially reflecting the expected increase

in lake-effect snow and rain as ice cover
continues to decline (Notaro et al. 2015b).
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Table 2. Observed and projected increases in temperature for the Apostle Islands region.
Observed change is calculated from the linear best-fit change over the period 1950 to
2017 (GLISA 2019a). RCP = Representative Concentration Pathways. RCP 4.5 and RCP 8.5
indicate the projected temperature increase by the end of the century according to the
ensemble average of 20 GCMs in the statistically downscaled MACA dataset (Abatzoglou
and Brown 2012). Values in parentheses indicate the lowest and highest value among
the 20 GCMs. “Notaro” values under Projected Change 8.5 indicate the range of results
from six GCMs that were dynamically downscaled by Michael Notaro at the University of
Wisconsin-Madison.

Observed Change  Projected Change: Projected Change:

o) (°F) RCP 4.5 (°F) RCP 8.5 (°F)
Annual 3.2 6.4 11.2
(3.11t010.4) (6.8 10 16.5)
Winter 5.4 7.7 133
(4.31t013.4) (7.7 10 20.8)
Notaro: 6 to 11
Spring 3.3 6.0 10.1
(3.0t0 13.2) (6.3 t0 19.0)
Notaro: 4 to 11
Summer 1.5 5.8 10.8
(2.21t09.2) (5.3t015.9)
Notaro: 7 to 13
Fall 2.5 6.0 10.7 (6.5t0 16.1)
(2.3t010.0) Notaro: 5to 12

Table 3. Observed and projected changes in precipitation for the Apostle Islands region.
Observed change is calculated from the linear best-fit change over the period 1950 to
2017 (a). RCP = Representative Concentration Pathways. RCP 4.5 and RCP 8.5 indicate
the projected precipitation change by the end of the century according to the ensemble
average of 20 GCMs in the statistically downscaled MACA dataset (Abatzoglou and
Brown 2012). Values in parentheses indicate the lowest and highest value among the 20
GCMs. “Notaro” values under Projected Change 8.5 indicate the range of results from
six GCMs that were dynamically downscaled by Michael Notaro at the University of
Wisconsin-Madison.

Observed Change Projected Change: Projected Change:

Season (inches) RCP 4.5 (inches) RCP 8.5 (inches)
Annual 1.1 2.8 4.2
(-0.1t04.7) (0.3t08.8)
Winter 0.4 0.7 1.3
(0.2to0 1.6) (0to2.6)
Notaro: 1to 6
Spring 0.4 1.3 2.3
(0.2t02.4) (0.31t05.0)
Notaro: -0.5 to 2
Summer -1.2 0 -0.8
(=1.7 10 1.8) (-2.31t02.0)
Notaro: -3 to 3
Fall 1.5 0.8 1.4
(-0.5t02.0) (-0.4t02.7)

Notaro: 0.5to 3
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Growing Season Length

The growing season is the time during which
conditions allow plant growth to occur. In
many cases, growing season length is defined
as the frost-free season (last spring frost

to first fall frost). The frost-free growing
season has already lengthened by 8§-12

days in the Bayfield Peninsula from 1950 to
2006 (WICCI 2011). The historical growing
season in the Apostle Islands is about 120
days.

By the end of the century, the frost-free
season is projected to increase by an average
of 28 days under RCP 4.5 and an average

of 56 days under RCP8.5 according to the
MACA dataset. Under these projections,
the last spring frost is projected to advance
earlier in the year much more rapidly than
the fall frost is projected to retreat later into
the year. Under the dynamically downscaled
Notaro dataset (RCP 8.5), the total frost-
free season is projected to increase by

33 to 48 days by the end of the century.
These projections are in line with other
downscaled climate change projections
(Zobel et al. 2017).

Extreme Precipitation

The physical mechanisms that control
extreme precipitation are different than
those that control normal precipitation. For
each degree Fahrenheit that temperature
increases, precipitation intensity has the
potential to increase, for a given event,

by about 4% due to air’s increased ability

to hold water vapor (USGCRP 2017).

This increase in water vapor increases the
likelihood of extreme precipitation events,
both in terms of frequency and intensity.
The Midwest has experienced 25%-35%
increases in the frequency of extreme
precipitation events (defined as events that
would have historically been among the top
1% of all daily rain events) over the past
several decades, compared to the 1900-1960
average (Walsh et al. 2014, Pryor and Scavia
2014). The frequency of rainstorms of three
inches or more increased by over 200% in
Wisconsin between 1961 and 2011 (Saunders
etal. 2012).

As temperatures are projected to increase
throughout the year under all climate
change scenarios, it follows that extreme
precipitation will also increase. The
dynamically downscaled Notaro dataset
(RCP 8.5) projects that the Apostle Islands
region will experience 9-31 more one-inch
rainfall events per decade by the end of

the century. This represents a substantial
increase compared with the current average
of 40-60 events per decade according to the
1981-2010 historical average (Dan Vimont,
personal communication, 18 June 2019).
The area may also experience 3-5 more
events per decade that drop more than 3
inches of rain. The Apostle Islands region
currently experiences about one event of
that magnitude per decade (Dan Vimont,
personal communication, 18 June 2019).

Other research points to a similar conclusion
of more heavy and extreme precipitation.
Across the Midwest, daily precipitation

that currently has a 20-year return period

is projected to occur 11% more often in
RCP4.5 and 20% more often in RCP8.5 at
the end of the century (USGCRP 2017). In
other words, extreme events are projected to
increase in frequency.

Extreme Heat

As discussed in Chapter 1, the Apostle
Islands generally have a climate regime that
is moderated by Lake Superior. Locations

in the Apostle Islands have historically
experienced fewer than 10 days each year
with maximum temperatures above 90°F
(Dan Vimont, personal communication, 18
June 2019). Extreme heat is projected to
increase in both frequency and magnitude by
the end of the century, however. The MACA
dataset indicates that the hottest daytime
temperature recorded over the year in the
Apostle Islands is projected to increase by
an average of 6.9°F under RCP 4.5, and by
11.9°F under RCP 8.5.

Similarly, the Bayfield Peninsula is projected
to experience 20 to 30 days per year with a
maximum temperature greater than 95°F by
the end of the century, compared with nearly
zero of these days during the 1971 to 2000
baseline period (Byun and Hamlet 2018).
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Hot spells, defined as 4-day periods whose
mean temperatures exceed a threshold for
a 1-in-5-yr reoccurrence, are projected to
increase in magnitude by between 6° and
7° in the Midwest by the end of the century
(Wuebbles et al. 2014). Additionally, rare
temperature extremes, defined as 1-in-

20 year events in the historical reference
period of 1971 to 2000, are projected to
become nearly annual events under RCP 8.5
(Wuebbles et al. 2014).

Extreme Cold

Extreme cold winter conditions can limit
suitable habitat conditions for plant and
animal species and create a competitive
advantage for cold-tolerant, boreal species.
Lake Superior also buffers the Apostle
Islands and the nearby shoreline from
extreme cold temperatures, compared to
areas further inland from the lake. According
to the MACA dataset, the coldest nighttime
temperature recorded over the year in the
Apostle Islands is projected to increase by
an average of 11.8°F under RCP 4.5, and by
20.5°F under RCP 8.5. This is compared to a
baseline average of —15.3°F from 1971-2000.
Compared to the trend for hottest daytime
temperature (see ‘Extreme Heat’ above),
this means that the rate of warming is nearly
twice as fast for the coldest conditions in
the Apostle Islands compared to the hottest
conditions.

Often the coldest temperatures during
winter are only reached for short periods of
time, so they can be described as “cold air
outbreaks.” Cold air outbreaks are defined
as two or more continuous days where

the average daily temperature is within the
coldest 2.5% of the measured temperatures
within an area (Gao et al. 2015). As winters
are projected to warm, these cold air
outbreaks are expected to become far less
common in the Great Lakes region. Cold
air outbreaks are projected to occur roughly
60% less frequently under RCP4.5 by mid-
century (2026 to 2045), and 80%-90% less
frequently under RCP8.5 by the end of the
century (2081 to 2100) (Gao et al. 2015).
While cold air outbreaks will continue to
occur in the future, they may be even more
closely tied to times of snow coverage than

they are currently (Gao et al. 2015). That is
to say, snow cover will become a necessary
factor for cold air outbreaks to occur.
Similarly, Byun and Hamlet (2018) project
that the Bayfield Peninsula may experience
fewer than 20 days each winter where the
temperature drops below 5°F by the end of
the century.

Another metric of measuring extreme cold
is “cold spells” (4-day periods whose mean
temperatures meet a threshold for a 1-in-
5-yr reoccurrence), which are projected to
be more than 10°F warmer by the end of
the century in the Midwest (Wuebbles et al.
2014).

Snowfall (includes Lake-effect
Snow)

The Apostle Islands receive an average

of about 71 inches of snow each winter
(Midwestern Regional Climate Center
2020), while the larger region of northwest
Wisconsin has on average 55 inches (+/- 20
inches) of snowfall per year (a). Lake-effect
snowfall accounts for the difference between
snowfall in the park and in the neighboring
Bayfield Peninsula (Figure 4). During the
1950 to 2010 period, snowfall tended

to increase through time in northwest
Wisconsin (GLISA 2019a).

Lake Superior has a large effect on local
snowfall, and therefore it is preferable to
rely on dynamical downscaling methods as
opposed to statistical downscaling methods
to project future changes in snowfall. This
is because dynamical downscaling attempts
to simulate how local weather processes
influence snow formation. As winters are
projected to warm under climate change,
most dynamical downscaling models project
along-term decrease in snowfall for the
Great Lakes region. For the region around
the Bayfield Peninsula and the Apostle
Islands, models project an annual snowfall
decline of 22 to 51 inches by the end of the
century depending on the RCP and climate
model (Notaro et al. 2015b, Notaro et al.
2014). By the end of the century, northern
Wisconsin is expected to have 15 to 45 fewer
days each winter with at least 0.4 inches

of snowfall, and the mean snow depth

National Park Service

33



Figure 4. Approximate location of “snow belts”

lake-effect snow. The star indicates the location of Apostle Islands National Lakeshore. Modified

from GLISA (2019b).

across the November to April snow season
is expected to decline by 16 to 32 inches
(Notaro et al. 2015b, Notaro et al. 2014).
Most of the snowfall decline is projected
to occur in December, so the snow season
will begin later in the winter (Notaro et al.
2015b).

Lake-effect snowfall has been increasing in
downwind zones around Lake Superior for
the past several decades, as ice cover has
declined but air temperatures have remained
cold enough to generate snowfall. Future
projections indicate that ice cover on Lake
Superior will continue to decline, leaving
more exposed lake surface, but cold air
outbreaks will also become less common
(Gao et al. 2015, Notaro et al. 2015b).
Projections indicate that lake-effect snowfall
could increase in February and March by
mid-century around Lake Superior, but

that lake effect snow is expected to decline
in other months (Notaro et al. 2015b). By
the end of the century, lake-effect snow is
expected to become confined to January-
March (Notaro et al. 2015b). Areas that
traditionally experience lake-effect snow will
be more likely to receive winter precipitation
in the form of rain by the end of the 21st
century.

Drought

There are many factors contributing to
drought frequency, including meteorological
“blocking” (i.e., how often an atmospheric
pattern stays stagnant) and the ratio of
evaporation to precipitation. Climate change
projections for basic physical processes
suggest that drought will become more likely
for the Apostle Islands by the end of the
century. For example, higher temperatures
will likely lead to increased frequency

and magnitude of drought, as projected
increases in evaporation are larger than
projected increases in precipitation (Collins
et al. 2013). Annual evapotranspiration

is projected to increase by the end of the
century for the land around the Apostle
Islands. The MACA dataset indicates that
potential evapotranspiration (PET, the
amount of evapotranspiration that would
occur if sufficient water were available) may
increase 6.1 inches across the year under
RCP 4.5, and by 10.7 inches under RCP 8.5.
The dynamically downscaled Notaro dataset
indicates that evapotranspiration (ET, the
actual amount of evapotranspiration that
occurs based on water availability) may
increase 1.4 inches across the year under
RCP 8.5. Both datasets project that most

of these increases will occur in the spring
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and summer, with little to no change in the
winter.

Furthermore, large-scale projections of
near surface soil moisture indicate a 1% to
3% decrease in northern Wisconsin under
RCP8.5 in spring, summer, and fall, with
little to no soil moisture change in winter
(USGCRP 2017). These general projections
do not account for differences in soil types
or layers of organic material.

Lake Temperature

As mentioned in Chapter 1, conditions in
the Apostle Islands are strongly influenced
by Lake Superior. From 1979 to 2006,
July-September surface water temperature
on Lake Superior increased roughly 4.5°F
(Austin and Colman 2007). The long-term
temperature increase from 1906 to 2005 was
even greater, at 6.3 °F (Austin and Colman
2008). This means that Lake Superior is
warming more rapidly than the regional air
temperature (Austin and Colman 2007).
Most of the observed warming has occurred
in the eastern portion of Lake Superior,
with slighter warming trends around the
coastlines such as in the Apostle Islands
region (Figure 5) (Mason et al. 2016). It

appears that deeper areas of the lake are
warming faster than shallow areas (Sugiyama
etal. 2018). Cooler water upwelling in

the southwestern portion of the lake near
the Apostle Islands is caused by prevailing
summertime winds from the southwest,
which could be buffering the temperature
increases of surface water (Mason et al.
2016).

There is also a positive feedback loop
between lake ice and lake temperature,

as reduced lake ice on Lake Superior has
contributed to warmer summer water
temperatures (see ‘Lake Ice’ section below).
This is likely because the summer stratified
season has started earlier as ice cover has
declined, so the upper warm layer of water
can absorb heat over a longer period of time.
Additionally, the decline in lake ice allows
the dark lake surface to absorb more energy,
which further enhances warming (Sugiyama
etal. 2018).

Projections of temperature and ice cover
on Lake Superior are another instance
where it is preferable to rely on dynamical
downscaling methods as opposed to
statistical downscaling methods. This is
because there are numerous feedbacks
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Figure 5. Summer surface water temperature trend across the Great Lakes in degrees-Celsius/year.
Trend is calculated as the linear regression trend model from 1994 to 2013. Modified from Mason

et al. (2016).
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between water temperature, wind speed and
direction, water depth, and ice formation. To
incorporate these localized effects into future
climate projections, Dr. Michael Notaro’s
research group integrates a separate model
to simulate energy transfer throughout Lake
Superior (Notaro et al. 2015b).

Under a high greenhouse gas (GHG)
concentration scenario (RCP 8.5), Lake
Superior summer lake temperature is
projected to continue warming faster than
the air temperature through the end of

the century (Notaro et al. 2015b). Lake
Superior surface water temperatures may
rise 12°F-18°F in the spring and early
summer. Winter surface water temperatures
are projected to increase only slightly. The
models used to simulate Lake Superior are
biased towards an earlier spring stratification
season, so although they suggest Lake
Superior’s surface water is projected to
warm the most during spring, this is earlier
than historical observations of rapid mid-to-
late summer warming. So the seasonal timing
of this warm-up may be later than what is
suggested by the models, and the trend of
summer warming may continue.

Lake Ice

Ice cover on Lake Superior has been

shown to be very sensitive to winter

air temperatures, so a change in winter
temperature of a few degrees from one year
to the next can make the difference between
a moderate or high-ice year and a low-

ice year (Titze 2016). Given the observed
increase in winter air temperature over the
past several decades, it is unsurprising that
average Lake Superior ice cover has declined
as well. Despite the long-term trend, winters
with high ice cover have still occurred in
recent years, as mentioned in Chapter 1.

Lake ice declines are not a simple linear
response to increasing air temperatures.
Recent research suggests that ice cover on
the Great Lakes has undergone a sudden
shift to less ice, as opposed to a slow gradual
decline, with the shift coinciding with the
strong El Nifio Southern Oscillation (ENSO)
event in 1998 (Mason et al. 2016). Prior to
1998, ice cover duration was just under 60

days/season, while after the shift, ice cover
duration decreased to under 30 days/season.
The rate of decline has been more rapid
around the Apostle Islands (Mason et al.
2016). From 1857 to 2007, the duration of ice
cover at Bayfield, Wisconsin, declined about
45 days, with an accelerated rate of decline in
the most recent 40 years (Howk 2009). The
change in ice onset date has been about the
same as the change in ice-out date.

Similarly, a study that estimated ice cover
around the Apostle Islands from 1979 to
2013 reported a decline in ice cover duration
from 1 to 2.5 days per year throughout the
archipelago (Anderson et al. 2015). The
fastest declines in lake ice have occurred in
the northeastern, outermost portions of the
park (Figure 6).
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Figure 6. Panel A is the contour plot of the
percent of time that locations were ice-free
from 1979 to 2013. Panel B is the trend in ice
cover duration over the same time period,
where ice cover is defined as a mean ice
concentration of greater than 30%. Only
significant trends (95% confidence) are shaded.
From Anderson et al. (2015).
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Dynamical downscaled projections indicate
that ice cover on Lake Superior is projected
to continue to decline through the end of
the century, with substantial reductions

in February and March in particular
(Notaro et al. 2015b). Ice cover around the
Apostle Islands and Chequamegon Bay is
projected to be on the order of 15%-45%
in February and March by the end of the
century, compared to greater than 60% in
the baseline period at the end of the 20th
century. Despite these long-term trends, it
is likely there will continue to be occasional
cold winters with extensive ice cover.

Lake Levels

Detailed lake level measurements are
available for Lake Superior from about

1917 through the present day (Gronewold
etal. 2013a). Over the past century, Lake
Superior has fluctuated by about 4 feet from
the highest to lowest recorded levels. As of
July 2019, Lake Superior was about 10 inches
below the historical high, and the lake has
been at or above the long-term average level

for about the past 6 years (Figure 7). Prior
to this recent period of high water, Lake
Superior experienced about 15 years of
average or below average water levels. The
changes from periods of high water to low
water have been very abrupt in some cases,
and very gradual in others. Lake levels also
vary seasonally, with lows tending to occur
in March and April and high levels tending
to occur from August through October.

Researchers have been investigating climate
change effects on Great Lakes water levels
for over 30 years. The ability of monitoring
networks and climate change models to
capture the complexities involved with
this question have improved over time,
including estimates of basin runoff, over-
lake precipitation, evaporation, lake ice
coverage, and more (Box 3). Researchers
continue to refine their approaches to
projecting future lake levels, but the

best current understanding is that both
increases and decreases are possible for
Lake Superior by the end of the century. A
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Figure 7. Monthly average water level for Lake Superior from 1960 to 2019. The red line indicates the long-term

average water level from 1918 to present. From Gronewold et al. (2013a).
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BOX 3: Lake Superior Rising (and Falling)

detailed comparison study between different
methods of estimating future lake levels and
different GCM/RCP combinations found
that the interquartile range (25% quartile

to 75% quartile) extends from +4 inches to
-8 inches at the end of the century (Lofgren
and Rouhana 2016). The extreme outcomes
from different GCM/RCP model runs
included projected increases or decreases of
up to 20 inches by the end of the century. In
a separate study, model projections relying
only on RCP 8.5 show a range of projected
lake levels from +5.3 inches to 3.8 inches
by the end of the century (Notaro et al.
2015a). These models generally project that
the seasonal lake level will peak in March-
May, and that the lowest levels will occur in
August-October. Regardless of long-term
trends in average lake levels, Lake Superior
will still vary on seasonal, annual, and
multi-year scales, with high lake levels being
followed by low levels in the next period and
vice versa.

Wind Speed and Direction

Wind speed has been increasing in the
summer months over Lake Superior, at a
rate of 0.07 to 0.16 feet per second per year
(Austin and Colman 2007, Bennington et
al. 2010), or about 5% per decade (Desai
etal. 2009). This trend is caused by water
warming faster than the surrounding air,

which reduces the temperature gradient at
the boundary layer between water and air
(Desai et al. 2009). Lake Superior is also
experiencing a longer stratified season as it
warms, so there is a longer period during the
summer when warm water lies at the surface
(Austin and Colman 2007).

From 1979 to 2013, annual mean wind
direction shifted clockwise by about 1
degree per year (Anderson et al. 2015). This
means that winds are generally shifting

from northwest to north, which could lead
to greater wave heights because northerly
winds travel over a longer stretch of Lake
Superior before reaching the Apostle Islands.

Detailed projections of future wind speed
and direction over Lake Superior are not
available.

Lake Currents

Currents in Lake Superior are complex and
controlled by many factors, but especially
wind. In the region of the Apostle Islands,
currents primarily come from the northeast
in the winter and from the west in the
summer. Lake currents have generally
increased as wind speeds have increased
over the past several decades, and they are
expected to continue to increase under
future climate scenarios (Bennington et al.
2010).
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Wave Action

Significant wave height has been increasing
in the Apostle Islands area, at a rate of 0.5
to 2.0% per year (Anderson et al. 2015).
Mean wave height increased between 0.10
and 0.20 inches/yr for the Apostle Islands
between 1979 and 2013 (Figure 8). The
largest waves increased about four times as
rapidly as mean waves, with 99% quantile
waves increasing by 0.4 to 1.6 inches/year
over the same time period. Wave height is
increasing more rapidly within the interior
of the archipelago than the exterior islands.
(Anderson et al. 2015). Reduced ice cover
over the past several decades has exposed
more surface water during the winter, which
is the season with highest winds and largest
wave heights. Increasing wave heights can
increase bluff erosion, so that even during
periods of low lake levels erosion remains
steady (Anderson et al. 2015).

developed. This is an evolving field of study,
but numerous studies point to an increase
in the frequency of severe thunderstorm
environments in the U.S. during the mid- to
late 21st century, based on an analysis of
changes in atmospheric stability that lead

to vertical cloud development and storm
organization (Seeley and Romps 2015).
This finding is particularly robust in the
Midwest during March, April, and May
(Diffenbaugh et al. 2013, Gensini et al. 2014).
Evidence also suggests that temperature
increases may lead to conditions more
favorable to convective storms such as
thunderstorms due to increased atmospheric
water vapor in the lower portions of the
atmosphere (Kunkel et al. 2008, Trapp et

al. 2007). However, short-term weather
uncertainty remains with these kinds of
projections because an environment that is
more conducive to severe thunderstorms

90% Quantile

(a) Mean ()

(c) 99% Quantile c:m.’y,rr1 5

05

a

Figure 8. Trends in significant wave heights (SWH) from 1979 to 2013 in the Apostle Islands.
Trends are displayed for different size categories of SWH: mean (panel A), 0.90 quantile
(panel B), and 0.99 quantile (panel C). Only significant trends (95% confidence) are shaded.

From Anderson et al. (2015)

Meteorological conditions such as
atmospheric pressure, strong storms, and
straight-line winds can cause large waves
called “meteotsunamis,” which are similar
to seismic tsunamis. In Lake Superior, these
kinds of waves happen most commonly in
June, but they may become more common
earlier in the spring as climate change
continues (Bechle et al. 2016).

Strong Storms

General circulation models do not

operate at a scale small enough to model
thunderstorms, so studies of strong storms
and other convective processes require
downscaling methods that are still being

does not necessarily mean a thunderstorm
will develop. Overall, it is expected that
hazardous weather conditions (tornadoes,
large hail, and damaging wind) will increase
in frequency in the Midwest by the end of
the century (Hoogewind et al. 2017).

Cloud Cover

Lake Superior is not a very sunny place
during winter, with cloud cover averaging
more than 70% for November through
March (Ackerman et al. 2013). An analysis
of daily satellite imagery from 1982 to 2012
revealed a significant trend of decreasing
cloudiness across the surface of Lake
Superior of 2% per decade (Ackerman et
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al. 2013). Cloud cover has decreased across
the entire year, but summer and fall have
experienced the largest decreases compared
to other seasons.

Conclusion

This chapter has summarized the available information on observed and projected trends

in a wide range of topics related to the climate of the Apostle Islands. As indicated above,
many of these factors interact with each other and they operate in concert rather than as
independently changing variables. Authors of this assessment considered a range of plausible
climate conditions at the end of the century in order to bracket the potential outcomes. The
next chapter describes how the authors attempted to integrate this information and assess
how these trends might affect important ecosystem processes, species, and stressors in the
Apostle Islands.

Sand deposition on Rocky Island after a strong storm in 2017.
NPS pHoTo/P. BURKMAN
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Chapter 3: Potential Climate Change Impacts on Apostle Islands

Ecosystems

This chapter explains how the ongoing and
expected climate changes described in the
previous chapter will affect characteristic
species, ecosystem drivers, and ecosystem
stressors that are most important for
ecosystems in the Apostle Islands.
Information on climate change effects on the
region’s tree species is summarized from a
climate impact model, and information on
most other topics is derived from a synthesis
of existing literature. For each topic, we

also disclose significant uncertainties or
information gaps.

Tree Species Projections

One tool used to estimate changes in suitable
habitat for tree species is the Climate Change
Tree Atlas (hereafter Tree Atlas) (Prasad et al.
2014). This tool does not attempt to forecast
the future growth and migration of trees
across the landscape, but rather it provides
an indication of where the best growing
conditions (suitable habitat) for a particular
species will be in the future. Therefore, a
projected decrease in suitable habitat over
time suggests that trees that persist in a given
area may be exposed to additional stress and
decline. Conversely, a projected increase in
suitable habitat indicates that a species may
have more favorable growing conditions in
an area over time, not necessarily that the
species will be able to migrate to the area
without intervention.

The Tree Atlas uses climate scenarios

and a statistical analysis of current tree
distribution information to project future
habitat suitability for individual species.
Current distribution information is derived
from national USDA Forest Service Forest
Inventory and Analysis data (www.fia.fs.fed.
us/), and several variables related to soils,
topography, climate, and land use are used
to develop statistical models that describe
suitable habitat (See Appendix 4 for more
information). Future habitat suitability is
projected for two future greenhouse gas
concentration pathways that bracket a wide
range of possible futures for the year 2100.

The “low” scenario is based on RCP4.5 and
the “high” scenario is based on RCP 8.5

(see Chapter 2 for a discussion of RCPs).
Results presented here are averages from
three general circulation models (CCSM4,
HadGEM2, and GFDL CM3) (Moss et al.
2008, Jones et al. 2011, Donner et al. 2011).
Tree Atlas model results can be summarized
over a large landscape, such as northern
Wisconsin (Janowiak et al. 2014), or in
smaller areas for a more localized estimate

of potential change. For this vulnerability
assessment, Tree Atlas results were calculated
for the area bounded by 46° to 47° north
latitude and 90° to 91° west longitude (Figure
9). The Tree Atlas model evaluates changes

in suitable habitat for over 130 eastern tree
species, including many that do not currently
occur within the Apostle Islands National
Lakeshore or the neighboring mainland.
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Figure 9. Tree Atlas analysis area for tree
species suitable habitat projections (red line).
The area bounded by 46° to 47° north latitude
and 90° to 91° west longitude was selected for
this assessment because this area encompasses
the Apostle Islands National Lakeshore and the
neighboring mainland.

Two kinds of information are produced by
the Tree Atlas model (Table 4). The first is
based on importance value. Importance
value is an index of the relative abundance
of a species in a given community, and can
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range from 0 (not present) to 100 (only
species present in the area) in a single
12.4-mile grid cell (Iverson et al. 2008).
Each species is assigned a “Change Class”
according to the ratio of projected future
importance value compared to current
modeled importance value. Change Class is
calculated for both the low and high climate
change scenarios. The Change Class results
indicate whether a species is projected

to gain or lose suitable habitat across the
range of climate scenarios by the end of the
century. Second, the Tree Atlas provides an
“Adaptability” score based on a literature
review of the species’ life-history traits,
known stressors, and other environmental
factors that might make a species more

or less likely to persist on the landscape
(Matthews et al. 2011). Factors such as
drought tolerance, dispersal ability, shade
tolerance, site specificity, and susceptibility
to insect pests and diseases can help
determine whether a given species is likely to
perform better or worse than the projections
of suitable habitat change. See Appendix

4 for a more complete description of the
Tree Atlas modelling process and complete
results.

Species Projected to Gain Suitable
Habitat

Suitable habitat is projected to increase
under both scenarios by the end of the
century for a handful of species. Of

these, northern red oak is already present
throughout the Apostle Islands and is

also among the more adaptable species
according to its life-history traits (including
drought and fire tolerance). Eastern white
pine and bigtooth aspen (azaadi, Populus
grandidentata) are both able to regenerate in
open areas following disturbance and could
naturally increase within the park. White
pine in particular has been observed in
post-fire regeneration in the Apostle Islands
(Martin and Johnson, in preparation). Other
species that are projected to experience
increases in suitable habitat under future
climatic conditions include black cherry
(ookwemin), white ash (aagimaak, Fraxinus
americana), American elm, green ash
(Fraxinus pennsylvanica), northern pin oak,
bur oak (mitigomizh, Quercus macrocarpa),

silver maple (Acer saccharinum), and
ironwood (maananoons, Ostrya virginiana).
Dutch elm disease and emerald ash borer
may prevent elm and ash species from

fully taking advantage of projected suitable
habitat increases.

Species Projected to Lose Suitable
Habitat

By the end of the century, eight species are
projected to undergo declines in suitable
habitat across both low and high climate
scenarios. Mountain maple, serviceberry,
and pin cherry (bawa’iminaan, Prunus
pensylvanica) are projected to lose nearly
all suitable habitat within the analysis area,
while sugar maple, quaking aspen, balsam
fir, northern white-cedar, black spruce,
black ash, and yellow birch are projected

to experience lesser declines under at least
one scenario. Of these potential declining
species, sugar maple has one of the higher
adaptability scores because of its life-
history traits (including shade tolerance and
vigorous seedling establishment). Suitable
habitat of northern or boreal-associated
species such as quaking aspen, northern
white-cedar, black spruce, yellow birch, and
mountain maple is also projected to decline
across the larger region under a range of
climate scenarios (Janowiak et al. 2014).

Species with No Change in Suitable
Habitat

Several species are projected to have
relatively stable suitable habitat across the
analysis area by the end of the century.
Red maple, tamarack, paper birch, eastern
hemlock, jack pine, and white spruce are
all expected to undergo less than a 20%
change in suitable habitat under both climate
scenarios. Red maple and jack pine have
high adaptability scores. These species are
tolerant of many disturbances and may
perform better than expected in locations
where they already exist. Several of these
species are projected to decline across the
larger region of northern Wisconsin and
western Upper Michigan (Janowiak et al.
2014), suggesting that the smaller region
surrounding the Apostle Islands and the
Lake Superior coast may retain more suitable
habitat through the end of the century for

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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Table 4. The Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented in order
of highest to lowest abundance within the analysis area according to recent forest inventory data. Change Class RCP4.5/8.5 = class of change in suitable habitat by
2100. Classes are based on ratios of future to current importance value for common species. No Change = ratio 0.8-1.2; Small increase = ratio 1.2-2.0; Large increase
= ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large Decrease = 0. New Habitat = FIA data currently does not show this species in the
analysis area, but future importance value >0. Adaptability rankings (Low, Moderate, High) for the species are according to a literature review of 12 disturbance and
nine biological characteristics and indicate whether a species has traits that might cause it to perform better or worse than the model indicates. See Appendix 4 for
more detail, including modified change class ratios for rare species. Asterisk (*) indicates the Ojibwe name of the species was unknown by the authors at the time of
publication. Hash mark (#) indicates a species has been documented in the local area, but is not currently recorded in FIA surveys.

Common Name ((-;)Allr\t;‘s,;?n'::rl;‘:mowin) Scientific Name Change Class — RCP4.5 Change Class — RCP8.5 Adaptability

sugar maple ziinzibaakwadwaatig Acer saccharum Small decrease Small decrease High

quakmgaspen ........................... azaad| ....................................... popu/ustremu/o,desSmaudecreaseSmandecreaseMedmm ...................................
redmap|e .................................. zh”sh”gmuwanzh ...................... AcerrUbrumNOChangeNOChangengh ........................................
ba|5amf|r .................................. thgOb .................................... AbIESbalsameaLargedecreaseSma”decreasemw .........................................
northemwmecedar ................. g||zh|kaat|gThujaocc,denta/,sNochangeNochangeMed|um ...................................
b|ackashbaapaag|maak ........................... FraxmusmgraNOChangeSma”decreasemw .........................................
paperberh ................................ W||gwaasaat|g ............................ Betu/apapyr,feraNochangeNochangeMed|um ...................................
yEIIOWberh ............................... W||n|5||< ..................................... Betu/aa//eghan,ens,sSmaudecreaseSmandecreaseMedmm ...................................
AmencanbaSSWOOd ................... W||gobaat|gT,/,aamencanaSma|||ncreaseNochange|\/|ed|um ...................................
tamarackmashk”gwaaug ......................... LanXlancmaNOChangeNOChangeLOW .........................................
b|ack5pruce .............................. Zesegaandag ............................. p,ceamananaSmaudecreaseSmandecreaseMedmm ...................................
eastemhembck ........................ gagaag|wanzhEugacanadenS,SNochangeNochangeLow .........................................
redDmEbapakwanagemag ..................... p,nusreg,nosaSma”mcreasegmanmcreasemw .........................................
easternwh|tep|neb||saandagozh|ngwaak .............. PmusstmbusLargemcreaseLargemcreasemw .........................................
Wh|tespruce .............................. gaawaandag ............................. P,ceag/aucaNochangeNochangeMed|um ...................................
northemredoak ........................ W||5ag|m|t|gom|zhQuercusrubraLargemcreaseLargemcreasel-“gh ........................................
b|gtoothaspen .......................... azaad| ....................................... popu/usgrand,dentataSma”mcreasegmanmcreasemedmm ...................................
b|ackcherry ............................... 00kwemm ................................. PrunussemtmaLargemcreaseLargemcreasemw .........................................
|ronwoodmaananoonso;tryav,rg,n,anaSmaumcreaseSmanmcreasemgh ........................................
Amencane|m ............................ an”bU[musamer,canaLargemcreaseLarge|ncrease|\/|ed|um ...................................
Wh|teash .................................. aag.maak .................................. FraxmusamencanaLargemcreaseLargemcreasemw .........................................
greenaSh* .............................................. Frax,nuspennsy/van,caLargemcreaseLargemcreaseMedmm ...................................
Semceberry ............................... gOZ|gwaakomm ......................... Ame/anch,erspLargedecrease ................................ VeryLargedecreaseMed|um ...................................
AmencanhombeammaananoonsCarp,nuscam/m,anaNochangeNochangeMedmm ...................................
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Table 4 (continued). The Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented
in order of highest to lowest abundance within the analysis area according to recent forest inventory data. Change Class RCP4.5/8.5 = class of change in suitable habitat
by 2100. Classes are based on ratios of future to current importance value for common species. No Change = ratio 0.8-1.2; Small increase = ratio 1.2-2.0; Large increase
= ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large Decrease = 0. New Habitat = FIA data currently does not show this species in the
analysis area, but future importance value >0. Adaptability rankings (Low, Moderate, High) for the species are according to a literature review of 12 disturbance and
nine biological characteristics and indicate whether a species has traits that might cause it to perform better or worse than the model indicates. See Appendix 4 for
more detail, including modified change class ratios for rare species. Asterisk (*) indicates the Ojibwe name of the species was unknown by the authors at the time of
publication. Hash mark (#) indicates a species has been documented in the local area, but is not currently recorded in FIA surveys.

Common Name &Inbi‘s,;?nNa:?eemowin) Scientific Name Change Class — RCP4.5 Change Class — RCP8.5 Adaptability
jack pine akikaandag Pinus banksiana No change No change High
chokecherry .............................. asasawemmagaawamh .............. Prunusv:rglnlanaUnknownUnknownl\/ledlum ...................................
northernplnoakm|t|gom|zhQuercuselhpsmdallsLargemcreaseLargemcreasengh ........................................
NorwaysprUCE* .............................................. T
meherrybawalmmaan ............................ PrunuspensylvanlcaLargedecrease ................................ VeryLargedecreaseMedlum ...................................
mountalnmaple* .............................................. Acersp/catumLargedecreaseLargedecreasengh ........................................
S ZasgongZh ............................... Sallxn/graNochangeSmalllncreaseLow .........................................
buroakm|t|gom|zhQuercusmacrocarpaLargelncreaseLargemcreasengh ........................................
peachleafv\/lllow* .............................................. Sallxamygdalo:desUnknovvnUnknownl\/ledlum ...................................
Scotchplne* .............................................. P/nussylvestrlsUnknownUnknownNA ..........................................
S|Ivermaple#* .............................................. AcersacmannumLargemcreaseLargemcreasengh ........................................
L Junlperuswrgln/anaNewHabltatNewHabltatl\/Iedlum ...................................
redspruce* .............................................. L
e aJlgoblmak ............................... AcernegundoNewHab|tatNewHabltatngh ........................................
pawpaW* .............................................. T
i
bltternuthlckorymltlgwaabaakCaryacord/formlsNevaabltatNev\/Habltatngh ........................................
plgnuthlckory*CaryaglabraNeWHabltatNeWHabltatl\/Iedlum ...................................
shagbarkhlckorym|t|gwaabaakCaryaovataNewHabltatNeWHabltatl\/Iedmm ...................................
sugarberry*CeltlslaewgataUnknownNewHabltatl\/Iedlum ...................................
hackberry*Celt:socc:dentallsNeWHab|tatNewHabltatngh ........................................
e gawemlk .................................. Fagusgrand/follaNewHab|tatNewHabltatl\/Ied|um ...................................
e JuglansnlgraNeWHabltatNeWHabltatl\/Iedlum ...................................

yellow-poplar * Liriodendron tulipifera New Habitat New Habitat High
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Table 4 (continued). The Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented
in order of highest to lowest abundance within the analysis area according to recent forest inventory data. Change Class RCP4.5/8.5 = class of change in suitable habitat
by 2100. Classes are based on ratios of future to current importance value for common species. No Change = ratio 0.8-1.2; Small increase = ratio 1.2-2.0; Large increase
= ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large Decrease = 0. New Habitat = FIA data currently does not show this species in the
analysis area, but future importance value >0. Adaptability rankings (Low, Moderate, High) for the species are according to a literature review of 12 disturbance and
nine biological characteristics and indicate whether a species has traits that might cause it to perform better or worse than the model indicates. See Appendix 4 for
more detail, including modified change class ratios for rare species. Asterisk (*) indicates the Ojibwe name of the species was unknown by the authors at the time of
publication. Hash mark (#) indicates a species has been documented in the local area, but is not currently recorded in FIA surveys.

Common Name &Lbi‘sﬂlg?nl\;:g]eemowin) Scientific Name Change Class — RCP4.5 Change Class — RCP8.5 Adaptability

blackgum * Nyssa sylvatica New Habitat New Habitat High
SycamorE* .............................................. L
balsampoplarmaanazaadl ............................... PopulusbalsamlferaUnknownUnknownl\/ledlum ...................................
L Populusde/to:desNewHabltatNeWHabltatl\/Ied|um ...................................
e WllshkoblmltlgomlzhQuercusalbaNeWHabltatNewHabltatngh ........................................
swampwhlteoak*Quercusb/colorNeWHabltatNeWHabltatl\/Iedlum ...................................
scarletoak*QuercuscoccmeaNewHabnatNewHabnatMedmm ...................................
plnoak*QuercuspalustrlsNeWHabltatNeWHabltatLow .........................................
chestnutoak*QuercusprlnusNeWHab|tatNeWHabltatngh ........................................
blackoakmltlgomlzhQuercusvelut/naNeWHabltatNewHabltatl\/Iedlum ...................................
e Robmlapsuedoacac:aNeWHabltatNeWHabltatl\/Iedlum ...................................
L L




species such as tamarack, paper birch, red
maple, and jack pine.

Species with New Suitable Habitat

The Tree Atlas model projects that 23 tree
species will have newly available suitable
habitat in the 1° x 1° area encompassing

the Apostle Islands by the end of the 21st
century. This projection does not necessarily
mean that a given species will be able to
migrate to available habitat and colonize
successfully, but rather that conditions may
be suitable for a species to occupy the site

if it does arrive. Many species that are not
currently present in the analysis area would
require long-distance movement in order to
establish and occupy suitable habitat. Species
most likely for natural migration, or perhaps
most eligible for assisted migration, based on
distance from current locations and historic
distances of colonization, include boxelder,
bitternut hickory, shagbark hickory,
American beech, white oak, swamp white
oak, and black oak. Several of these potential
new migrants have large seeds (hickories,
oaks, and black walnut) that are relatively
unlikely to reach the Apostle Islands

without human assistance. Some species in
this list have seeds that are transported by
wind or birds, such as eastern cottonwood
(Populus deltoides), and may be more likely
to reach the Apostle Islands without human
intervention. Additionally, some species
listed as new migrants according to Tree
Atlas have already been documented within
and/or near the Apostle Islands (black locust,
slippery elm), even though they have not
been recorded in FIA surveys. Most of these
potential new migrant species have moderate
to high adaptability scores.

Key Uncertainties

It is perhaps best to think of Tree Atlas
projections as indicators of possibility and
potential change. The Tree Atlas provides
broad projections that can be informed
with experience and information about
local site conditions. Although the Tree
Atlas Adaptability scores attempt to account
for some factors that can be modified by
climate change, such as droughts, wildfire
activity, invasive species, future phenological
mismatches, extreme weather events, deer

herbivory, or new insect pests and diseases,
these are not specifically modeled at the
local scale (Janowiak et al. 2014). In addition,
if a species is rare or confined to a small

area (e.g., mountain maple), Tree Atlas
results may have lower reliability. Human
choices will also continue to influence forest
distribution, especially for tree species that
are projected to gain new suitable habitat.
Planting programs may assist migration

of future-adapted species, particularly in
areas of actively managed forest and after
stand disturbances, but this will depend on
management decisions.

Although these Tree Atlas results are
provided for a relatively small area that
includes the Bayfield Peninsula, the Apostle
Islands, and the adjacent mainland, there is
still a large amount of spatial heterogeneity
within the analysis area. Within the 1° x 1°
boundary, there are areas as diverse as the
clay plain of the Bad River watershed, the
sandy interior of the Bayfield Peninsula,
shorelines along Lake Superior, and

the diverse habitats among the Apostle
Islands. These different environments will
undoubtedly lead to localized changes in
suitable habitat for an individual tree species.
For example, if the Tree Atlas projects that
suitable habitat for a tree species will decline
by 40% by the end of the century, it is more
likely that the suitable habitat will “retreat”
to areas that remain favorable on the
landscape. So core areas of suitable habitat
may remain suitable into the future, while
areas of marginal habitat may be first to
experience declines.

It is also uncertain how the local effects of
Lake Superior might influence future tree
habitat suitability in the Apostle Islands. The
Apostle Islands have more of a maritime
climate and a shorter, cooler growing
season than inland areas in Wisconsin

(see Chapters 1 and 2). Although this

effect may be lessening as Lake Superior
continues to warm, it is reasonable to expect
that northern and boreal species that are
projected to decline will continue to be
buffered from change by the moderating
effects of the lake for the near term.
Additionally, Lake Superior will provide a

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



natural barrier to migration for some of the

outline broad trends and expectations.

tree species expected to increase or migrate

to northern Wisconsin. Conversely, it is
possible that the moderating effects of Lake
Superior could also help support some more
temperate tree species, particularly as the
lake continues to warm in the decades ahead.
Temperate species that might be limited

by the more continental climate in inland
Wisconsin may be sheltered somewhat by

the maritime climate of the Apostle
Islands, if they are somehow able
to colonize the area. The Tree Atlas
model does not directly account
for these lake effects, particularly
the changing dynamics of Lake
Superior under the range of future
climate scenarios.

Climate Change
Information for Herbaceous
Species

Species distribution models that
account for projected climate
change do not exist for many
herbaceous species. This is an
area of active research, though,
and recent attempts to project
range shifts for herbaceous
species in Wisconsin have yielded
some interesting results. One
recent study relies on herbarium
records to construct current
species distribution for over 1,800
vascular plants in Wisconsin
(Spalink et al. 2018). This study
identified the Apostle Islands as

a distinct bioregion in the state
due to several species that occur
in the park and nowhere else

in the state. By the year 2070,
however, the Apostle Islands are
projected to be floristically similar
to the neighboring Lake Superior
Shoreline bioregion (Figure 10).
The park may gain suitable climate
habitats for as many as 400 new
species, but may only retain 50 %-—
75% of the current phylogenetic
diversity (Spalink et al. 2018).
This analysis does not account for
microhabitats and potential refugia
in the Apostle Islands, but it does

In many cases, it is possible to assume
whether a species has temperature or
precipitation thresholds based on species
range maps that align with known climatic
gradients. For example, arctic disjunct
species that occur in the Apostle Islands
such as butterwort, reach the southern edge
of their range in Wisconsin, and sometimes
the Apostle Islands are the only known
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Figure 10. Present and projected bioregions as constructed based on congruent
distributions of species, from Spalink et al. (2018). Panel A: Current bioregions.
White areas with hash marks represent areas that are floristically distinct, but here
treated as noise due to their occurrence along the margins of larger bioregions
and small spatial extents. Panel B: Box plot depicting the distribution of species
richness among the assemblages that comprise each of the bioregions, with box
plot colors corresponding to the map. Panel C: Box plot depicting the distribution
of mean phylogenetic distance (millions of years) among species within each of
the cell-level assemblages comprising the bioregions. Letters above box plots
represent the significant differences among the bioregion based on ANOVA and
Tukey-Kramer tests.
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location in the state (Figure 11). In situations
like these, it is reasonable to expect that a
climatic threshold is limiting and that future
warmer conditions may be beyond the
physiological tolerance of the species.

In many other cases, however, range maps
for a particular species do not give an
indication of a clear climatic threshold.

In these cases, we attempt to use our best
understanding to assess whether climate
change may influence an ecological driver
such as wildfire, moisture availability, or
water chemistry that might influence habitat
suitability for a species or a class of species.
Soil and moisture requirements may also be
a surrogate to estimate the potential impacts
of climate change on a species. Species with
a wide geographic range and broad tolerance
of soil and moisture conditions are generally
anticipated to be less vulnerable to changing
environmental conditions than species with
more precise requirements (Thuiller et al.
2005).

Climate Change Effects on
Ecosystem Drivers and Stressors

In the sections that follow, we discuss several
of the climate change vulnerabilities that
may affect the terrestrial ecosystems in the
Apostle Islands. Many of these potential
impacts involve interactions among two or
more climate changes discussed in Chapter
2, and are therefore more uncertain.

Soil Moisture and Drought Stress

Soil moisture is governed by the balance
between evapotranspiration (the combined
amount of water lost through evaporation
from soils and transpiration from plants) and
precipitation. This relationship is dependent
on local site characteristics such as the
water-holding capacity of soils (Crausbay et
al. 2017). The Apostle Islands are projected
to experience warmer annual and seasonal
temperatures, which generally increases
evapotranspiration because warmer air

can hold more water. Additionally, as the
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Figure 11. Range map of common butterwort (Pinguicula vulgaris) from the USDA Plants
Database (USDA NRCS 2019). The species’ occurrence in the Apostle Islands is indicated only by
green shading in Ashland County.
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growing season continues to lengthen,
vegetation will be drawing water from the
soil for longer periods of time each year,
further adding to evapotranspiration. Annual
precipitation is also projected to increase

in the region, but seasonal projections are
mixed for the summer.

The Forest Ecosystem Vulnerability Assessment
for Northern Wisconsin and Western Upper
Michigan includes a thorough discussion

of the potential effects of climate change

on soil moisture (Janowiak et al. 2014).
Model projections of the evapotranspiration
to precipitation ratio across northern
Wisconsin indicated that summer conditions
may get slightly drier or dramatically drier by
the end of the century, even though annual
values are not expected to change. The
assessment found evidence for an increased
risk of drought stress across the region due
to climate change, although site-specific
factors such as soils, topographic position,
and forest density will influence local risk.

The Midwest Chapter of the 2018 National
Climate Assessment also describes the
effects of increasing vapor pressure deficit
(VPD) (Angel et al. 2018). VPD is the
difference between how much moisture

is in the air and the amount of moisture

in the air at saturation (100% relative
humidity), essentially providing an index
of atmospheric demand on plants. As air
temperature increases, VPD is projected to
increase (Figure 12). Increasing VPD will
likely increase stress on forests across the
region, although the effects may be most
observable in dense stands of trees and in
transition areas between forests and non-
forested ecosystems (Angel et al. 2018,
Gleason et al. 2017).

Given this overall expectation of increasing
drought stress, the variety of soils and
landforms in the Apostle Islands present
different levels of risk. Areas of coarse-
textured soils, such as sandscapes, pine
forests, and upland areas of larger islands
may be most likely to experience drier
conditions. Poorly drained, flat, clay soils
with intact litter and duff layers may be
more buffered from drying conditions, as
might north-facing ravines or ravines with
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Figure 12. Interactions between air temperature and vapor
pressure deficit (VPD), from the 2018 National Climate
Assessment (Angel et al. 2018). VPD is the difference
between how much moisture is in the air and the amount
of moisture that can be held in the air at saturation (at
100% relative humidity). Increased VPD has a drying effect
on plants and soils, as moisture transpires (from plants)
and evaporates (from soil) into the air. (a) Cooler air can
maintain less water as vapor, putting less demand for
moisture on plants, while warmer air can maintain more
water as vapor, putting more demand for moisture on
plants. The maps (b, c) show the percent change in the
moisture deficit of the air based on the projected maximum
5-day VPD by the late 21st century (2070-2099) for (b)
lower (RCP4.5) and (c) higher (RCP8.5) GHG concentration
pathways.

persistent groundwater seepage.

Key Uncertainties

Plant communities that occur along the
rocky cliffs or clay bluffs of the Apostle
Islands may depend on wave spray and fog
for a substantial portion of their moisture
requirements. Foggy conditions can also
help to maintain the cool microclimate
near Lake Superior shorelines. It is unclear
how changing conditions of Lake Superior
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and development. These basins are at a
greater risk of flood damage than the islands
within the park, which generally contain
smaller watersheds and are mostly intact,
undisturbed landscapes.

Key Uncertainties

Recent extreme rainfall events in 2016
and 2018 have highlighted the effects of
these events for many people in northern
Wisconsin. Unfortunately, extreme
precipitation events remain difficult to
model. Although dynamically downscaled
climate models are better able to
approximate the effects of Lake Superior
on local weather conditions (Chapter 2),
uncertainty remains in the projections for

Z L& S
Flood scouring in a mainland ravine after a heavy rain.
© J. MARR/MICHIGAN TECHNOLOGICAL UNIVERSITY

may interact with potential changes in
temperature, VPD, and wind conditions to
affect the frequency and duration of fog.

Flooding

The Midwest is projected to continue
experiencing more extreme precipitation
events under climate change (Chapter

2). Additionally, winter rain events and
rain-on-snow events are likely to occur
more frequently in the Great Lakes region,
particularly in areas that traditionally
experience lake-effect snow (Chapter 2).
Other research has projected that total
winter runoff values may more than double
across much of northern Wisconsin by the
end of the 21st century (Cherkauer and
Sinha 2010). Earlier peak flows caused

by more rapid snowmelt may increase

flood frequency earlier in the year, and
high-intensity rain events may cause more
frequent flooding in the warmer months.
Soil moisture conditions, upstream landuse,
and local topography strongly influence the
magnitude of flooding after a heavy rain
event, and certain locations in the Apostle
Islands may be more vulnerable to flooding
than others. Steep ravines in the park may be
most susceptible to erosion and deposition
from flooding. The mainland unit of the
park includes several large ravines that are
connected to larger upstream watersheds,
which contain a mix of forestland (including
recently harvested areas), agricultural land,

frequency and intensity of heavy rainfall
events. Additionally, the timing of these
events and the soil conditions at the time of
the event have a major influence over how
much water can be absorbed through soil
infiltration and how much overland flow will
be generated. Extreme rain events can also
be highly variable in the amount of water
that is delivered across the landscape. For
example, the immense June 2018 rainstorm
that passed through Bayfield County
dropped as much as 15 inches of rain near
Drummond, Wisconsin. During this same
event, Bayfield (less than 50 miles away),
only received 3 inches of rain (National
Weather Service 2018).

Wildfire

Wildfire and human-origin fire is an
important driver for some ecosystems in
the Apostle Islands, particularly in pine
forests and barrens. Boreal forests and
some coastal wetlands are also adapted to
regenerate after more episodic fire, and the
absence of fire disturbance is a contributor
to the development of the mixed conifer
hardwoods and upland hardwood forests
that blanket most of the park. Climate
change has the potential to alter the fire
regime in the Apostle Islands in a variety of
ways.

The Forest Ecosystem Vulnerability
Assessment for Northern Wisconsin and
Western Upper Michigan includes a synthesis
of the potential effects of climate change

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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on wildfire in the region (Janowiak et al.
2014). Fire can be a catalyst for ecosystem
change, perhaps resulting in more rapid
change than would be expected based only
on the projected changes in temperature
and moisture availability. As with wind
disturbances, the potential exists for novel
successional pathways following wildfire

if climatic conditions, seed sources, or
management decisions change.

Large-scale model simulations tend to agree
that there will be increases in conditions
favorable to wildfire ignition and spread

by the end of the century, particularly in
boreal forests, temperate conifer forests,

and temperate broadleaf and mixed forests
(Moritz et al. 2012). Models in Canadian
boreal forest systems also support the idea
of increasing wildfire extent and wildfire
season that peaks later in the year (Flannigan
et al. 2009, Le Goff et al. 2009). Drier
conditions due to warmer temperatures and
increasing VPD may increase flammability of
available fuels, and wind events, drought, or
forest pests and diseases could increase the
amount of available fuel for future wildfires
in the park. As described in Chapter 2, it

A prescribed fire on the Stockton Island tombolo in October 2017. NPS proto/P. Burkman

is generally expected that climate change
will result in increased frequency of severe
thunderstorms, tornadoes, and damaging
wind. Analysis of wildfire occurrence and
daily weather records from 1980 to 2016
in the Apostle Islands indicates that most
wildfires occur in warmer and drier months
(months with average temperatures above
57.2°F and with Palmer Drought Severity
Index below 0) (Martin and Johnson, in
preparation). Natural-ignition fires also
occur more often during a multi-week
duration of below-normal precipitation.

Key Uncertainties

Despite the general expectation that climate
change will result in more frequent wildfires
in the region, there is still significant
uncertainty about whether the Apostle
Islands may experience more fire in the
future. The park’s island setting is a primary
constraint on the ability of wildfires to have
alarge influence. Any wildfires that occur
are likely to be constrained to a single island,
and topographic features such as wetlands,
ravines, or shorelines may limit fire spread.
The mainland unit may be susceptible

to wildfires crossing into the park from
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neighboring ownerships, but the islands will
be sheltered from mainland fires.

There are also lingering uncertainties about
the effects of climate change on the future
frequency of lightning strikes that could
ignite wildfires. National-scale projections
indicate that lightning strikes will increase
about 50% over the 21st century, as warmer
temperatures increase the convective
available potential energy (Romps et al.
2014). This national-level research does not
account for local effects of the Great Lakes
on storm and lightning conditions, however.
A more local analysis of lightning strikes

for Bayfield County indicates increasing
lightning strike frequency over the past 25
years, although there is significant year-
to-year variability (Martin and Johnson,

in preparation). Larger islands with higher
peaks may attract lightning strikes more
frequently due to the elevation difference
between the flat lake surface and the island
(Drobyshev et al. 2010). There is uncertainty
about the future of “dry lightning” in
particular, where lightning strikes occur
without accompanying rainfall. Human
ignitions are another potential source of fire
in the Apostle Islands, as increased visitation
and a longer visitor season (Fisichelli and
Ziesler 2015) may increase the likelihood of
human-caused fires in high-use areas.

As mentioned above, the complex
interactions between drying climatic
conditions and disturbances may result in
more available fuel for fires. Additionally,
the continued warming of Lake Superior
may complicate the overall trend toward
drying, as decreased lake ice and greater
evaporation over the lake leads to increases
in atmospheric moisture (Martin and
Johnson, in preparation). These interactions
are uncertain, however, and have not been
included in explicit fire risk studies for

the park. Additionally, it is unknown if
National Park Service policies on wildfire
suppression, cultural use of fire, or other
forms of prescribed fire will shift due to
climate change or other factors.

Shoreline Disturbance Processes
As discussed in Chapter 1, the ecosystems in

the Apostle Islands are directly and indirectly
shaped by Lake Superior. The park contains
160 miles of shoreline, and the beaches,
dunes, wetlands, cliffs, and bluffs that

occur on these shorelines are a result of the
interplay between the lake and the land.

The Apostle Islands contain a wide variety
of coastal landforms, which are exposed to
differing amounts of wave action, ice scour,
lake currents, wind, and other forces. A
recent assessment evaluated the potential
for the shorelines to change throughout

the Apostle Islands, based on features

such as geomorphology, historical rate of
change, regional slope, and exposure to
significant wave heights (Pendleton et al.
2007). According to this analysis, 51% of the
shoreline in the Apostle Islands is classified
as having very high or high change potential
(Figure 13). In particular, this assessment
calls attention to the high potential for
change where sand and gravel beaches are
not backed by dunes, which occur on Long
Island, Outer Island, Michigan Island, the
Stockton Island Tombolo, and other isolated
locations in the park. Several of the more
distant islands (e.g., Devils, Rocky, North
and South Twin) are also highlighted for
having lower coastal slopes, which increases
the potential for shoreline change.

Chapter 2 describes a variety of projected
changes that have the potential to increase
the effects of shoreline erosion in the park.
Taken together, the interaction between
these changes may result in a more dynamic
coastal environment in the Apostle Islands,
with stronger and more frequent wave
action. For example, summer wind speed
has been increasing across the surface of
Lake Superior over the past few decades.
Wind speeds over the lake are expected to
continue to increase as the temperature
gradient between air and water above

the lake is reduced. Faster winds lead to
larger, more forceful waves and faster lake
currents. Longshore currents develop and
transport sediment when winds or waves
strike the shore at an angle. Monitoring has
also revealed that the annual mean wind
direction across Lake Superior has shifted
clockwise over the past several decades

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



Relative Coastal
Change Potential

Change-Potential

Ranking

N VERY HIGH

B HIGH
MODERATE

. Low

Figure 13. Relative coastal change potential for the Apostle Islands National Lakeshore
(Pendleton et al. 2007). The colored shoreline represents the relative coastal change-potential
index determined from six variables. The very high change-potential shoreline is located along
sandy stretches where significant wave heights are highest. The low change potential shoreline is

located along bluffs where wave heights are low.

(Anderson et al. 2015). This means that
winds are generally shifting from northwest
to north, which could lead to greater wave
heights because northerly winds travel over
a longer stretch of Lake Superior before
reaching the Apostle Islands. It appears that
these factors are already resulting in larger
wave heights, particularly for larger classes of
waves (see Chapter 2, Anderson et al. 2015).
Wave heights are increasing more rapidly
for the interior of the archipelago than the
exterior, meaning that coastlines that were
historically sheltered from intense waves are
increasingly exposed to larger waves.

Although the prevailing winds are typically
from the northwest or north in the Apostle
Islands, the strongest winds generally

blow from the northeast. These winds

also generate the largest waves because

they travel the longest distance over Lake
Superior (Anderson et al. 2015). These winds

most often occur during the winter, when ice
cover on the lake can protect the shorelines
from direct wave impacts. However, this
protective feature is diminishing because
lake ice has declined markedly over the past
several decades (Howk 2009, Mason et al.
2016). This interaction means that shorelines
in the Apostle Islands are more often
exposed to the strongest winds and most
powerful waves during the winter months.

Key Uncertainties

A key uncertainty when considering

these potential changes is whether the
fundamental equilibrium of shoreline
erosion and deposition will be disrupted
by more frequent and intense wave action.
Natural, undeveloped shorelines, such

as those in the Apostle Islands, tend to
respond flexibly to changing lake levels
and wave action (Dean 1991, Komar and
Holman 1986), as the processes of erosion,
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Figure 14. Aerial imagery of the Stockton Island tombolo formation in the Apostle Islands. These

photos from 1938 (left) and 2010 (right) show the beach expanding into the neighboring lagoon.
The aerial extent of the beach in this area increased from 12 acres to 32.5 acres during this

timeframe.

sediment transport, and deposition are
uninterrupted. In shorelines that have been
altered by development, more dramatic
changes are possible. It is also possible that
changes to wave action in the Apostle Islands
are dramatic enough that some shorelines
experience an identity shift. For example,
alow-energy sandscape could conceivably
convert to a high-energy cobble beach,

with beach sediments being transported to
offshore bars. Beaches might also retreat
inland and store sediment onshore (Figure
14). These changes are not necessarily
permanent, because coastal systems can
recover from disturbance over several years.
But it is also possible for a system to cross

a threshold when change is too dramatic
(Sweet and Park 2014). It is difficult to
forecast these transformations ahead of time,
due to the complicated interactions that are
involved.

Additionally, projections of future lake levels
under climate change are mixed for Lake
Superior, and slight increases and decreases
are both possible over the 21st century
(Chapter 2). There will certainly be periods

of time when the lake is higher or lower than
average, as multi-year cycles continue. When
lake levels are high, the effect of larger and
stronger waves may be even more impactful
on shorelines in the Apostle Islands. When
lake levels are low, these effects may be
dampened and shoreline habitats will
increase in area.

The generations of beach ridges and
interdunal wetlands across the Apostle
Islands are clear evidence that the area has
adapted to periods of changing lake levels
over the past several thousand years. Future
change may present novel conditions,
however, and time will reveal how the park
responds.

Deer Herbivory

Chapter 1 gives a brief overview of the
effects of white-tailed deer herbivory on
forest understory communities among some
islands in the park. Regional assessments
have highlighted the fact that winter survival
rates for deer may be increased by climate
change, and also that wintertime foraging
behavior may change as snow conditions

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



change (WICCI Wildlife Working Group
2011, Janowiak et al. 2014). Research from
Alberta, Canada, indicates that decreasing
winter severity over the past several decades
has been the primary factor allowing deer
to expand their range northward (Dawe and
Boutin 2016). Persistent deer herbivory in
the Great Lakes region may effectively be
counteracting the presumed competitive
advantage of temperate tree species over
boreal tree species (Fisichelli et al. 2012).
Due to the preference of deer to browse

on certain temperate species such as red
maple, sugar maple, and northern red oak
at greater levels than boreal species such as
white spruce and balsam fir, the expansion
of temperate species is being slowed
substantially (Fisichelli et al. 2012). Other
important species in the Apostle Islands
may be harmed by increased deer herbivory,
such as Canada yew, eastern white pine,
eastern hemlock, and several projected “new
migrant” species mentioned earlier in this
chapter (e.g., oak species). Deer herbivory
may also favor temperate species that are not
preferred browse species, such as ironwood
and black cherry, or invasive species like
Eurasian buckthorn (Rhamnus cathartica).

Canada yew repeatedly browsed by deer.
NPS pHOTO/P. BURKMAN

Key Uncertainties

There are some notable uncertainties
regarding how climate change may influence
deer population levels and browse pressure
in the Apostle Islands. As discussed in
Chapter 1, several of the islands in the park
historically had very low deer populations
or may have never contained any deer. This
suggests that inaccessible shorelines or the
distance from the mainland has prevented
deer from colonizing these islands, and
therefore climate change may not have a
meaningful influence on herbivory in these
places. The mainland unit may be more likely
to experience higher deer populations as
winters become milder, although the steep
shoreline and browse accessibility may
continue to limit deer numbers. Hunting

is currently employed as the primary
population control for deer within the park,
but management options such as extended
seasons and contracted herd reduction

are available. The park successfully culled
substantial portions of the deer herd on Sand
and York Islands in 2009, but it is uncertain
if funding and public input will allow future
interventions. Wolves (ma’iingan, Canis
lupus) and coyotes (wiisagi-ma’ iingan,
Canis latrans) also help control the deer
populations in the Apostle Islands. While
wolves are currently protected under the
Endangered Species Act, it is uncertain how
climate change and future delisting decisions
will affect the population of this apex
predator. Finally, chronic wasting disease has
been documented in a handful of counties
in northern Wisconsin as of February

2019 (Wisconsin Department of Natural
Resources 2019a). If this lethal prion disease
continues to spread, it could substantially
reduce the deer herd but could also reduce
hunting pressure if the public is deterred
from hunting in infected areas.

Invasive Species

The Forest Ecosystem Vulnerability
Assessment for Northern Wisconsin and
Western Upper Michigan discusses general
information regarding the potential for
climate change to magnify the effects of
invasive species in the region (Janowiak

et al. 2014). Although species distribution
models do not exist for most invasive species
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in the region, there are many reasons to
expect that climate change will indirectly
benefit invasive species. Interactions among
projected climate trends (Chapter 2) and
other factors may increase the potential

for invasive species in the Apostle Islands.
Climate change could increase the ability of
a species to invade as warmer temperatures,
earlier springs, longer growing seasons, and
reduced snowpack make conditions more
favorable (Vose et al. 2012). The risk may
be higher from easily-dispersed invasive
species, such as buckthorn.

National parks, in particular, may be
susceptible to invasion from non-native
species due to high visitation rates and
visitors who come from a wide geography.
Campsites, sandscapes, and coastal areas that
experience high visitor use may be the most
likely introduction sites for invasive species
in the Apostle Islands. Old home sites,
settlements, and logging areas in the Apostle
Islands already host a higher proportion of
non-native species (Judziewicz and Koch
1993). Weedy species that aggressively
occupy disturbed areas may also find more
open areas if climate change results in more
frequent wind events, fire, or forest pests that

Invasive plant species such as ox-eye daisy (Leucanthemum vulgare), hawkweed (Hieracium

disturb the forest canopy (Dukes et al. 2009)
or the Canada yew understory (Mudrak et
al. 2009). Flood events can transport invasive
species, and soil erosion and deposition

can create locations for invasive species to
colonize. Ravines on the mainland may be
particularly vulnerable to invasive species
being transported from upstream. Popular
trails and campsites on the islands with high
visitation rates are also more vulnerable.

Insect Pests and Diseases

Janowiak et al. (2014) concluded that
forest pests and diseases are also generally
expected to become more damaging to
northern Wisconsin forests in a changing
climate. Changing conditions may facilitate
the spread of pests and diseases, and native
ecosystems may also be more susceptible
to damage when stressed by climate
change. We still lack basic information
about climate tolerances for many forest
pests, so considerable uncertainty exists
when assessing the risk of a particular

pest or disease. The relatively recent

gypsy moth introduction to the Apostle
Islands, described in Chapter 1, provides
an interesting example. Gypsy moths were

aurantiacum), and common sheep sorrel (Rumex acetosella) line a boardwalk on South Twin Island.

© S. JoHNSON/NORTHLAND COLLEGE
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certainly transported to the islands via a
park visitor, but a warming climate may have
also facilitated the success of the inadvertent
introduction. Recent modeling suggests that
climate constraints have historically limited
gypsy moth’s historical range in Europe, and
warming may allow this insect to expand

to new areas in the future (Vanhanen et al.
2007). Similarly, hemlock wooly adelgid
(Adelges tsugae) is limited by winter low
temperatures of —10°F to —15°F (Paradis et
al. 2008). As winter minimum temperatures
continue to rise rapidly, northern Wisconsin
and the Apostle Islands may become
susceptible to this pest.

Pests and pathogens are generally expected
to become more damaging in forest
ecosystems as the climate changes because
they will be able to adapt more quickly

to new climatic conditions, migrate more
quickly to suitable habitat, and reproduce at
faster rates than host tree species (Janowiak
etal. 2014). Uncertainty remains high,
however, because there are often complex
modes of transmission and infection for
forest diseases. A case study on white pine
blister rust (Cronartium ribicola) suggests
some of the complex interactions that may
lead to increasing tree disease damage under
a changing climate (Sturrock et al. 2011).
White pine blister rust requires cool, moist
conditions for germination and infection, so
wetter conditions may promote the fungus
while warmer, drier summers may ultimately
limit the damage from this disease. Oak wilt
(Bretziella fagacearum) is a fungal disease
that kills oak trees by blocking the water
transport tissue inside the bark. This disease
has been confirmed in Bayfield County as of
February 2019, but not yet in the immediate
vicinity of the park (Wisconsin Department
of Natural Resources 2019b). Fungal spores
can be spread by sap-feeding beetles that are
attracted to the fungal masses. Current risk
periods for oak wilt (April to October) are
typically determined by when the fungus and
the oak sap beetles are both active, but these
species may respond differently to future

Visitor Use Impacts

There are many possible interactions
between climate change and visitation
patterns to the Apostle Islands National
Lakeshore. These vulnerabilities may be
speculative at this point, but they are worth
considering. As discussed above, visitors

to the Apostle Islands National Lakeshore
can cause direct and indirect impacts to the
park’s ecosystems through necessary
infrastructure, trampling, and transport

of non-native species. It is also likely that
the effects of climate change on the park’s
resources may affect visitor behaviors. For
example, ice caves typically draw large
numbers of visitors to the park, but the long-
term trend of warmer winters and declining
lake ice may make it increasingly rare for ice
caves to develop. Conversely, warmer spring
and fall conditions could extend the visitor
season over time.

Saunders et al. (2011) examined several
potential implications of climate change
on the visitation patterns of national parks
in the Great Lakes region. Increased wave
action at the Apostle Islands, particularly
during the winter time, could damage
docks, campgrounds, and trails. Erosion
or transformation of sandscapes, forest
health declines, and damage to historical
sites such as lighthouses could diminish
visitor enjoyment of these destinations.
Climate change could also intensify
several safety risks for park visitors,

climate change and the risk periods for this
disease may shift.

Signs are used in some
areas to direct visitors away
.| from fragile vegetation
communities.

© S. JoHNSON/NORTHLAND COLLEGE
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including increased risk of heat stress
during warm summers, more dangerous
boating conditions with stronger wind and
waves, unstable ice in the wintertime, and
expanding spread of tick-borne diseases.

Visitation is generally expected to increase
under climate change for the Apostle Islands
National Lakeshore in particular and for
regional outdoor recreation sites in general.
A recent national-level study found a strong
historical relationship between mean
monthly air temperature and national park
visitation, and extended this relationship

to assess expected national park visitation
by the middle of the 21st century (Fisichelli
etal. 2015). According to these methods,
Apostle Islands National Lakeshore may see
22%—65% more visitors across the entire
year, and the peak visitation season may
extend by 18-46 days (Fisichelli and Ziesler

Conclusion

2015). In a regional analysis, Bowker and
Askew (2013) found that the number of
visitors to developed recreation sites (i.e.,
campgrounds, picnic areas) will increase by
roughly 30% by the middle of the century,
while visitation to primitive natural areas
(backpacking or camping in designated
wilderness or backcountry areas) is expected
to hold relatively steady. Analysis of visitor
surveys along Minnesota’s North Shore have
suggested that climate change is not likely

to affect overall levels of winter tourism, but
individuals who preferred more outdoor-
based forms of tourism generally had a more
negative impression of expected climate
scenarios (Smith et al. 2016). Projections for
provincial parks in Ontario have suggested
that visitation may increase by 15% to 56%
by the middle of the century due to warmer
conditions (Jones and Scott 2006).

This chapter has presented the major climate change vulnerabilities that could influence
the terrestrial ecosystems of the Apostle Islands. This synthesis of existing information
is a necessary foundation for considering the more precise vulnerabilities of the park’s
ecosystems in the chapter that follows. After reading this chapter, it should be evident
that some of the most profound potential impacts of climate change will depend on

the interactions between biotic and abiotic factors. Many of these interactions are still
areas of considerable uncertainty, and we have attempted to transparently disclose those
uncertainties. These uncertainties also factor into the vulnerability determinations and

conclusions in the following chapter.

Ak Tk

Shoreline erosion on Stockton Island after a strong storm. NPS pHoTo/P. BurkmAN
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Chapter 4: Apostle Islands Ecosystem Vulnerability Assessment

This chapter explores the potential effects of
climate change on eleven terrestrial Apostle
Islands ecosystems. The drivers, stressors,
and key plant species of the ecosystems are
discussed in detail, along with the adaptive
capacity of these ecosystems. Chapter

1 presents a summary of major drivers,
stressors, and representative plant species for
each ecosystem covered in this assessment.

Climate change will continue to affect

the drivers and stressors that shape the
ecosystems of the Apostle Islands. Individual
plant species may respond distinctly and
separately to these changes, which means
that ecosystems and natural communities
will vary in their capacity to adapt to
expected changes. Some ecosystems may
withstand change and others may be highly
susceptible. Some may even experience an
ecological transformation or “identity shift”
as dominant or keystone species decline or
key drivers are altered.

This assessment provides a summary

of the vulnerability determination

for each ecosystem in question. The
Intergovernmental Panel on Climate
Change (IPCC) defines vulnerability as “the
susceptibility of a system to the adverse
effects of climate change” (IPCC 2007). Itisa
function of the potential impacts to a system
and the adaptive capacity of that system to
tolerate these impacts. Authors qualitatively
evaluated the potential impacts of climate
change on each system on a scale that
ranged from “supportive to the ecosystem”
to “disruptive to the ecosystem” (Figure

15). Adaptive capacity was evaluated on a
scale from high to low. Authors considered
potential impacts and adaptive capacity
rankings as two axes on a common chart, in
order to encourage thinking about the terms
as related elements rather than separate and
distinct factors. See Appendix 5 for more
details on the vulnerability determination
process.
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Figure 15. Chart used to consider and rank
climate change vulnerability of terrestrial
Apostle Islands ecosystems, illustrating the
relationship among potential impacts and
adaptive capacity. Modified from Swanston et
al. (2011).

We consider an ecosystem to be vulnerable
if it:

+ isatrisk of changes leading to a new
ecological state;

« may have reduced ability to fulfill key
ecosystem functions; or

+ isanticipated to suffer substantial
declines in health, productivity, or
geographic extent.

This broad definition of vulnerability is
warranted because natural ecosystems are
valued both for their particular character
and mix of species, and for the services they
provide. For this assessment, we limited the
scope of our consideration to the Apostle
Islands National Lakeshore boundary, so if
a particular ecosystem is expected to decline
within the park but persist elsewhere in the
region, that ecosystem would still be judged
to be highly vulnerable. Additionally, the
timeframe of this assessment is the year
2100, so vulnerability conclusions reflect the
range of expected conditions at that time.
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The climate change vulnerability
determinations are based on the conclusions
of a panel of experts assembled from a
variety of organizations and disciplines.
These experts were selected based on

their familiarity with the Apostle Islands,
knowledge of similar ecosystems, and ability
to contribute information from a variety

of perspectives. A full list of panelists can

be found in Appendix 5. The 17 panelists
considered the information presented in
previous chapters, and contributed their
own expertise and judgement.

For many of the potential climate change
impacts considered in this assessment, there
is a degree of uncertainty about the range
of plausible future outcomes, as well as
uncertainty in the degree to which impacts
may interact with each other. Additionally,
some ecosystems are less understood

than others, and some fundamental
questions remain about potential climate
change impacts to ecosystem drivers. To
appropriately recognize these uncertainties,
the expert panelists also determined

their confidence in the vulnerability
determination for each ecosystem.
Confidence is represented according to a
confidence determination diagram from the
IPCC’s guidance for authors (Mastrandrea
etal. 2010) (Figure 16). Confidence was
determined by gauging both the level of
evidence and level of agreement among
information sources. Evidence is robust
when there are multiple lines of evidence,
as well as an established theoretical
understanding to support the vulnerability
determination. Agreement refers to the
agreement among the available sources of
evidence, not the level of agreement among
authors of this assessment. Agreement was
rated as high if theories, observations, and
models tended to suggest similar outcomes.

For each ecosystem, panelists considered
the potential impacts and adaptive capacity
to assign a vulnerability determination and
alevel of confidence in that determination.
For a complete description of the methods
used to determine vulnerability and
confidence, see Appendix 5. Overall
vulnerability determinations ranged from
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Figure 16. Confidence determination diagram
used in the assessment workshop. Adapted
from Mastrandrea et al. (2010).

low (Erodible Maritime Cliffs, Great Lakes
Pine Forests and Barrens, and Interior Alder
Thickets) to moderate-high (Boreal Forests,
Coastal Wetlands, and Rock Cliffs and
Ledges) (Table 5).

Panelists tended to rate the amount of
evidence as medium (between limited and
robust) for most ecosystems. Incomplete
knowledge of future Lake Superior
dynamics, interactions among stressors,
and rare plant species were common
factors limiting this component of overall
confidence. The ratings of agreement
among information also tended to be in

the medium range, but there appeared to

be greater agreement among information
for some ecosystems, particularly Erodible
Maritime Cliffs, Interior Alder Thickets,
and Upland Hardwood Forests. These three
ecosystems were judged to have relatively
low vulnerability, and panelists felt that
they would either be resilient to climate
change impacts or that they may even be
supported by future conditions. Contrasting
information related to precipitation regimes
and the water level of Lake Superior under
the two climate change pathways were
important factors that limited the level of
agreement for several other ecosystems.

In the pages that follow, we summarize

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore




the climate-related impacts on drivers,
stressors, and dominant species that were
major contributors to the vulnerability
determination for each ecosystem, with
ecosystems presented alphabetically. In
addition, we summarize the main factors
contributing to the adaptive capacity of each
community type.

Table 5. Determinations of climate change vulnerability and confidence for the 11 terrestrial Apostle Islands
ecosystems. Potential impacts are rated on a scale from Disruptive to Supportive, and adaptive capacity is rated on
a scale from Low to High. Evidence is rated on a scale from Limited to Robust, and agreement is rated on a scale
from Low to High. See Appendix 5 for more detail.

Potential Adaptive o ; ; 2
Ecosystem Impacts Capacity Vulnerability" Evidence Agreement Confidence
Beaches and Dunes  Moderate Moderate-High  Low-Moderate Moderate Moderate Moderate
Boreal Forests Disruptive Moderate Moderate-High Limited-Moderate Low-Moderate = Low-Moderate
Coastal Wetlands Disruptive Moderate Moderate-High Limited-Moderate Low-Moderate  Low
Deep Ravine Forests Moderate High Low-Moderate Moderate Moderate Moderate
Erodible Maritime Moderate-Supportive  High Low Moderate Moderate-High  High
Bluffs
Great Lakes Pine Moderate-Supportive  Moderate-High  Low Limited-Moderate Moderate Moderate
Forests and Barrens
Interior Alder Moderate-Supportive  High Low Moderate-Robust  High High
Thickets
Interior Peat Disruptive-Moderate ~ High Moderate Moderate Moderate Moderate
Swamps and Bogs
Mixed Conifer Moderate Moderate Moderate Moderate Moderate Moderate
Hardwoods
Rock Cliffs and Disruptive-Moderate ~ Moderate Moderate-High Moderate Moderate Moderate
Ledges
Upland Hardwood =~ Moderate Moderate-High  Low-Moderate Moderate Moderate-High  High
Forests

! Potential impacts and adaptive capacity are combined to reach a vulnerability determination (Low to High), following Figure 15.

2 Evidence and agreement are combined to reach a confidence determination, following Figure 16.
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Beaches and Dunes
Vulnerability: Low-Moderate
Confidence: Moderate

This ecosystem is adapted to continual

disturbance from wind, waves, and ice, and it
is expected to tolerate more intense and frequent disturbance in the future.

Apostle Islands Beaches and Dunes depend on frequent wind and wave disturbance,
and they occur on a wide variety of formations depending on local topography,
exposure, and sediment transport. See Chapter 1 for a more complete description.

Vulnerability Confidence
Low-Moderate Moderate

Potential Impacts: Moderate

Drivers: Changing lake levels could lead
to limited expansion or contraction of

this ecosystem, although topography and
offshore water depth tend to constrain
Beaches and Dunes to particular locations.
Reduced winter ice cover, increased wave
action, and stronger winds could lead to
more intense and frequent disturbance
(both erosion and deposition), particularly
in locations that have northern or eastern
exposure such as Long Island and Stockton
Island. There is a low probability that

wave action could increase to such a
degree that low-energy sandy beaches may
convert to high-energy cobble and stone
beaches, which could cause an ecological
transformation. Similarly, there is a small
chance that lake currents and storm cycles
could change dramatically enough to

cause a physical loss of sandscapes and
habitat for associated species. Additionally,
increasing wind and warmer growing season
temperatures could cause more desiccation
in these communities.

Key Species: Beach grass is the keystone
species in this ecosystem, particularly

for foredune development. This species

is adapted to thrive with frequent sand
deposition, as well as low-nutrient and
droughty conditions. This species and
several other beach and dune plants have
native ranges that extend well to the south of
the Apostle Islands, such as common juniper,
beach pea, and evening primrose. Lichens
thrive in this ecosystem on low-nutrient

sandy substrates in backdune and older dune
areas where disturbance is less prevalent.

Stressors: Beaches and dunes may be at
greater risk of invasion from non-native
and invasive species under future climate
conditions due to combined effects of
shifting climate suitability and potentially
increased transport and disturbance

from more frequent park visitation.
Particularly concerning invasive plants
include non-native species such as spotted
knapweed, ox-eye daisy, tansy, baby’s breath
(Gypsophila spp.), and aggressive native
species such as poison ivy (maji-aniibiish,
Toxicodendron rydbergii). Backdunes may
be more vulnerable to invasion than beaches
because they are more sheltered. As climate
change results in longer tourist seasons

and more visitation, disturbance from foot
traffic and boats may increase, which is
concerning for lichen communities and
other dune vegetation. Non-native insect
pests might become a bigger concern with
longer growing seasons and milder winters.
For example, pale juniper webworm can
defoliate common juniper.

Adaptive Capacity:
Moderate-High

Beaches and Dunes are “primary”
ecosystems, adapted to frequent disturbance
from wind, waves, and ice. They should

be able to thrive in more dynamic and
disturbed conditions, even if the balance
shifts between foredune and backdune

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



communities. Beaches and Dunes tend

to be located on southern ends of the
Apostle Islands, and these locations should
remain relatively stable for beach and
dune formation over time, because sand
migration, erosion, and accretion are part
of aregular cycle. Also, these locations
are not as exposed to wind and waves as
northern ends of the islands. Plants that
occur in this ecosystem are able to survive
in droughty, low-nutrient conditions with
large temperature fluxes. So even though

Rhizomes of beach grass, exposed by coastal erosion in 2014. © S. Jornson/NorTHLAND COLLEGE

low species richness in these communities
could increase their vulnerability, the species
that exist are specialized. Increasingly

harsh conditions may also limit the invasion
potential for some non-native species,
particularly in foredune areas.
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Vulnerability and confidence determinations for the Beaches and Dunes ecosystem.
Circles indicate individual determinations by each vulnerability assessment workshop
panelist and squares indicate the group determination after consensus was reached.
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Boreal Forests

Confidence: Low-Moderate

advantage as conditions change.

(including krummbholz)
Vulnerability: Moderate-High .

Warmer conditions are expected to reduce the future suitable habitat of several
dominant species in this ecosystem, and other forest types may gain a competitive

Apostle Islands Boreal Forests are limited to cold areas with nutrient-poor soils on
northern Devils Island, while krummbholz is a stunted, wind-shaped forest formation
that occurs on exposed coastlines. See Chapter 1 for a more complete description.

Vulnerability Confidence

/\ alll

Moderate-High Low-Moderate

Potential Impacts: Disruptive

Drivers: Boreal Forests and krummholz in
the Apostle Islands are limited to the areas
with the coolest summers, shortest growing
seasons, and exposed windy shorelines
and bluff tops. They are confined to very
limited territory in outermost northern
reaches of the Apostle Islands. Warmer
future conditions could further reduce

the areas where Boreal Forests are able

to maintain a competitive advantage and
regenerate successfully. Warmer conditions
leading to water loss from evaporation

and transpiration could also disrupt these
forests, which require consistent moisture
throughout the year from rain, fog, snow,
and lake spray. A warmer Lake Superior
may remain stratified for longer periods in
the summer, which would result in warmer
onshore winds during the growing season.
Higher winds could increase the potential
for blowdowns and increase the prevalence
of krummbholz along the coastlines of some
exposed islands. More wildfire might also
support Boreal Forests as long as favorable
conditions exist for regeneration, because
they are adapted to regenerate after fire.

Key Species: Several of the dominant tree
species in Apostle Islands Boreal Forests
are projected to lose suitable habitat under
arange of future climate conditions: white
spruce, balsam fir, northern white-cedar,
and quaking aspen. Tamarack and paper
birch are projected to maintain suitable

habitat over the next century. It would be

a substantial identity change/ecological
transformation if this ecosystem experienced
areduced conifer component and shifted

to an aspen/birch ecosystem or a shrub-
dominated “heath” ecosystem. Showy
mountain ash is present in Apostle Islands
Boreal Forests, but is not common enough to
have reliable climate model projections.

Stressors: Insect outbreaks of native pests
like spruce budworm could become more
damaging if forests are already stressed due
to warmer, drier conditions. Milder, shorter
winters may benefit these native pests, and
future conditions may allow new insect pests
to thrive in the Apostle Islands.

Adaptive Capacity: Moderate

Boreal Forests may already be limited to the
few locations where they are able to persist.
It seems unlikely that this ecosystem would
expand to new locations under projected
future climates. Natural disturbances

such as wildfires that typically support
Boreal Forests could become disruptive if
conditions after the disturbance do not allow
for successful regeneration of boreal species.
Conversely, Boreal Forests currently exist

in harsh environments with short growing
seasons and shallow, acidic, and nutrient-
poor soils, which reduces competition from
other species. Also, because these forests
currently exist on exposed, northern tips

of outer islands, they may be somewhat
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Boreal forest on the exposed shoreline of Devils Island. NPS eroto

buffered from temperature increases.

The species that occur in Boreal Forests
regenerate well after fire, high wind

events, and other episodic disturbances.
Additionally, these tree species are generally
long-lived and abundant regeneration is
present in many locations, so there may

be an extended lag time of several decades
before climate impacts are apparent.
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Vulnerability and confidence determinations for the Boreal Forest ecosystem. Circles indicate
individual determinations by each vulnerability assessment workshop panelist and squares

indicate the group determination after consensus was reached.
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Coastal Wetlands
Vulnerability: Moderate-High
Confidence: Low

Physical damage from strong storms and

to this ecosystem.

waves, as well as changes to water temperature
and chemistry from Lake Superior breaches, could be severe and long-lasting impacts

Apostle Islands Coastal Wetlands span a gradient of water temperature and nutrient
availability and host a range of wetland plants. Sand spits or dunes provide complete or
partial protection from Lake Superior. See Chapter 1 for a more complete description.

Vulnerability Confidence

[ /\ 'DQH

Moderate-High

Potential Impacts: Disruptive

Drivers: Several related potential impacts
could increase the likelihood of protected
Coastal Wetlands and lagoons being
breached more frequently and connecting
with Lake Superior. Higher lake levels,
increased wave heights, more frequent
strong storms, and less protective ice cover in
the winter may erode or diminish protective
barrier spits that separate Coastal Wetlands
from Lake Superior. More frequent lake
connection has the potential to change the
water temperature, chemistry, and level in
these Coastal Wetlands, which would be
particularly disruptive for coastal poor fens.
More frequent breaching of the sandspits
could also damage the floating sedge

mats that characterize these ecosystems,
particularly during strong storms. Larger
precipitation events could also lead to more
sedimentation and nutrient inputs from
uplands, particularly on the mainland, which
can lead to eutrophication.

Key Species: Warmer water temperatures
could lead to a loss of sphagnum moss and
increased decomposition. Warming waters
and changes in water chemistry (increases
in nutrient availability and pH) may also
reduce suitable habitat for coastal fen and
poor fen species, such as woolyfruit sedge;
coast sedge; smooth sawgrass (Cladium
mariscoides); white beak-rush; sundews;
sweet gale; ericaceous shrubs (Ericaceae
spp.); and orchids such as the tuberous

grass pink orchid (Calopogon tuberosus) and
dragon’s-mouth orchid (Arethusa bulbosa).

Stressors: Warmer water conditions, habitat
changes, more frequent disturbance, and
altered water chemistry could encourage
more invasive species in Coastal Wetlands.
Non-native cattails, Phragmites, purple
loosestrife, and Eurasian buckthorn are all
invasive species of high concern. Long-term
isostatic rebound is also changing water
levels in these habitats, and wetlands that are
slowly being “drowned” by natural lake level
changes may see increased disruption with
stronger storms and higher waves. Similarly,
on-going atmospheric nitrogen deposition

is altering water chemistry in Apostle

Islands wetlands, and these changes may be
further accelerated due to the interactions
mentioned above. Coastal Wetlands on the
mainland experience greater sedimentation
and nutrient runoff, because their drainage
basins generally contain more developed or
agricultural land.

Adaptive Capacity: Moderate

These ecosystems are typically very dynamic,
thriving with year-to-year fluctuations in
water levels and varying connections with
Lake Superior. Floating sedge mats can
move, and this general ecosystem category
contains a gradation of specific community
types that can shift with changing water
levels. Lower water levels typically lead

to an increase in woody shrubs, while

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



An interdunal wetland with a shore fen community. © S. Jornson/NortHianp CoLLece

increasing water levels lead to more marsh from change, while wetlands on the
species. There are limits to the plasticity of mainland or exposed islands may be most
Coastal Wetlands, however, and large shifts susceptible—particularly nutrient-limited
in lake level (higher or lower) would be systems.

disruptive. Coastal fen communities (Poor
Fen and Shore Fen) may be particularly at
risk due to changing decomposition and
water chemistry, and may tend to convert
to emergent and floating-leaved marsh
communities. These kinds of fen-to-
marsh conversions may be permanent or
irreversible. Coastal Wetlands on sheltered
island locations may be the most buffered
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Vulnerability and confidence determinations for the Coastal Wetland ecosystem. Circles indicate
individual determinations by each vulnerability assessment workshop panelist and squares
indicate the group determination after consensus was reached.
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Deep Ravine Forests
Vulnerability: Low-Moderate
Confidence: Moderate

strong storms and invasive species.

Sheltered, shaded landscape positions and
consistent moisture availability should help
this ecosystem persist in current locations, although risks exist from more frequent

Apostle Islands ravine forests are limited to steep, sheltered ravines such as those on
Oak Island and the mainland unit. These protected locations feature dense conifer
canopies and consistent soil moisture. See Chapter 1 for a more complete description.

Vulnerability Confidence

A\

Low-moderate Moderate

Potential Impacts: Moderate

Drivers: Heavy rain events are anticipated
to cause more erosion, washouts, slumps,
sedimentation, and flooding in Deep
Ravine Forests. These are natural processes,
but they have been intensified by more
frequent heavy rains. Ravines on the
mainland may experience greater erosion
and sedimentation due to upland land-use
change and forest harvesting, and because
they have larger upland drainage basins
than island ravines. Climate change is not
expected to substantially affect groundwater
seepage in these ravines, so soils should
continue to be moist.

Key Species: Climate impact models
project that suitable habitat may remain
stable for eastern hemlock and red maple,
while suitable habitat is projected to decline
slightly for sugar maple, yellow birch, and
northern white-cedar. Deep ravines are
likely to provide important refugia for the
more sensitive mesic species, however, so
they are expected to continue to do well

in this ecosystem into the future. Hemlock
could be at risk if hemlock wooly adelgid is
transported to the Apostle Islands, or if deer
herbivory increases with less snow cover
and larger deer herds. Rare species such

as the broad-lipped twayblade, rattlesnake
plantain, Chilean sweet cicely, or white
mandarin may be affected by more frequent
disturbances in ravines, and changing forest
composition may also reduce habitat for

these species. Scientific and traditional
ecological knowledge both support the idea
that orchids do not tend to co-exist with
sugar maple, so a conversion to a maple-
dominated forest in these ravines (prompted
by hemlock wooly adelgid or deer browse)
could be a concern for orchids.

Stressors: As heavy rains cause more
erosion, slumping, and sedimentation in
Apostle Islands ravines, invasive species
may have more opportunities to colonize
exposed soil. Heavy rain events could also
transport invasive species from upland areas
on the mainland to ravines on the mainland
unit of the Apostle Islands National
Lakeshore. Reduced snowpack could also
lead to increased deer browse, particularly
in ravines on the mainland and some island
areas that are not protected by steep terrain.

Adaptive Capacity: High

Deep ravines may continue to provide cooler
conditions than the surrounding landscape,
because they are shaded by a dense forest
canopy and will continue to experience
cold-air drainage. These locations will also
be slower to dry out than adjacent uplands,
and groundwater seepage will likely persist
unless exceptional drought conditions occur
in the future. High species richness increases
the adaptive capacity of these forests.
Similarly, the complex terrain with many
microsites offers a variety of conditions for
species to find suitable locations. Ravines
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A small stream in a forested ravine.
© S. Jornson/NorTHLAND COLLEGE

with different aspects offer even more
variety, although north-facing ravines may be
more buffered from change. Some Apostle
Islands ravines have acted as refugia for

rare species over time. Conversely, these
ecosystems are confined to deep ravine
locations and they are unlikely to expand to
new habitats within the Apostle Islands.

Vulnerability

High
)
£ b © e
g Low & ©
% Vulnerability ©
& o ©e
‘6 [~
£
S Moderate
2 Vulnerability
(4]
)
2
=]
-
1]
2
High

Vulnerability

Low

Supportive to
ecosystem

Disruptive to

Potential Impacts ecosystem

High

Agreement Among Information

Confidence
High High High
agreement, agreement, agreement,
Limited Medium Robust
evidence evidence evidence
Medium Medium
agreement, & e agreement,
Limited © Medium Robust
evidence © “vidence evidence
Low Low Low
agreement, agreement, agreement,
Limited Medium Robust
evidence evidence evidence
Limited Robust
Evidence

Vulnerability and confidence determinations for the Deep Ravine Forests ecosystem. Circles
indicate individual determinations by each vulnerability assessment workshop panelist and
squares indicate the group determination after consensus was reached.
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Vulnerability: Low
Confidence: High

This widespread, generalist ecosystem is

concerning,.

Erodible Maritime Bluffs vuinerability

adapted to tolerate frequent disturbance, so
intensified impacts from waves, storms, and freeze-thaw events are not particularly

Apostle Islands Erodible Maritime Bluffs occur on about half of the coastline of all
islands, and they feature a mostly generalist vegetation community on constantly
eroding clay or loamy sand. See Chapter 1 for a more complete description.

Confidence

L\ .|I|I

High

Potential Impacts:
Moderate-Supportive

Drivers: Several factors could cause
increased erosion of Apostle Islands bluffs.
Larger waves, higher lake levels, stronger
storms, heavier precipitation events, and
more freeze-thaw events during winter
could all lead to more steady erosion as well
as large-scale erosion events. Ice scour may
become less frequent as lake ice continues to
decline, but that may also expose maritime
bluffs to more wave action and storms in the
winter months.

Key Species: The vegetation community
within this ecosystem is not particularly
specialized, and these bluff ecosystems

are defined more by the landform and
disturbance processes than a particular
species composition. Species that occur on
Apostle Islands bluffs tend to be generalists
that can colonize bare soil and tolerate
maritime microclimates — alder species,
willow species, raspberry, juneberries,
Canada wild rye, Canada blue grass, clover,
fireweed, and aster species. These species are
not expected to be greatly stressed by future
climate conditions in bluff ecosystems.

Rare species such as grass-of-Parnassus

on Outer Island or elegant groundsel on
Rocky Island could be negatively affected by
droughty conditions if fog, seepage, or wave
spray are reduced. Trees are not a defining
characteristic in this ecosystem, so suitable
habitat projections for tree species were not

a deciding factor in the determination.

Stressors: Increased soil disturbance from
erosion, longer growing seasons, and milder
winters could lead to more opportunities for
invasive species to colonize coastal bluffs in
the Apostle Islands. Bluffs on the mainland
have a higher likelihood of being invaded
than island bluffs. Species such as crown
vetch (Coronilla varia), large-leaved lupine
(Lupinus polyphyllus), bird’s foot trefoil
(Lotus corniculatus), spotted knapweed, and
valerian are particularly concerning in the
Apostle Islands.

Adaptive Capacity: High

This is a highly dynamic ecosystem that
depends on near-constant erosion and
disturbance, so increased erosion from
heavy precipitation may actually support the
ephemeral nature of this ecosystem. While
bluff ecosystems are confined to particular
locations and landforms, they are common
and widespread in the Apostle Islands.
Their proximity to Lake Superior may also
buffer future temperature increases, and
moisture should usually be available from
precipitation, seepage, fog, or wave spray.
Additionally, this ecosystem features a
relatively small biotic community that tends
to be composed of opportunistic species
which are readily dispersed by wind or birds.
This means newly exposed soils are likely to
be colonized quickly.

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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Apostle Islands bluffs are continually eroding and
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and Barrens
Vulnerability: Low
Confidence: Moderate

species, and trampling.

description.

Great Lakes Pine Forests vulnerability

This rare ecosystem could benefit from warmer, drier conditions and increased fire
frequency, although limited risks exist from forest pests and diseases, non-native

Apostle Islands Great Lakes Pine Forests and Barrens encompass a gradient of
stabilized dunes to closed-canopy forest, based on landform and disturbance
frequency. They are limited to sandy, droughty soils. See Chapter 1 for a more complete

Confidence

2.9

Low Moderate

Potential Impacts:
Moderate-Supportive

Drivers: Great Lakes Pine Forests and
Barrens occur on sandy, droughty soils,
and may be able to tolerate the projected
shift toward drier conditions. Wildfires
may become more frequent under climate
change, and the fire season may extend
earlier and later into the growing season.
Blowdown events or pest and disease
outbreaks could also provide more fuel
buildup for fires. Greater wildfire activity
could benefit these forests, but it is possible
that too much change to the fire regime
would hamper regeneration. Rising lake
levels could lead to tree mortality in low-
lying areas if the lake remains high for an
extended duration.

Key Species: The characteristic tree species
in Great Lakes Pine Forests and Barrens

are generally expected to tolerate future
climate conditions. Red pine, jack pine,

and northern pin oak are projected to
maintain stable suitable habitat in the local
area, and white pine is projected to have
slightly more suitable habitat by the end of
the century. Locations with extensive lichen
or moss ground cover may be vulnerable

to desiccation from prolonged drought,
warmer temperatures, and stronger, warmer
winds.

Stressors: Invasive species such as spotted
knapweed may have more opportunity to
occupy territory in backdunes and barrens
with increased disturbance, milder winters,
and longer growing seasons. Forest pests
such as native and non-native bark beetles
may become more damaging under climate
change, particularly if outbreaks occur
while trees are stressed by drought or other
factors. If visitation rates to the Apostle
Islands increase and visitation occurs over
alonger period, human-caused trampling
may become more frequent and damaging to
lichen species.

Adaptive Capacity:
Moderate-High

Great Lakes Pine Forests and Barrens are
tolerant of drought and high winds, as well
as sandy, low-nutrient conditions. Few
species are able to thrive in these difficult
conditions, which makes it less likely that
new species will be able to encroach into
these habitats. Drier conditions may make
these locations less hospitable for mesic
species such as balsam fir. Red pine and
white pine are long-lived and regenerate
well after fire. Additionally, this general
ecosystem category includes a range of
canopy cover from closed-canopy forests to
sparsely forested barrens, so small canopy
cover changes would not constitute a
meaningful identity change. Pine Forests and

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



Barrens occur on multiple islands within

the park, which makes it less likely that a
single disturbance would affect the entire
ecosystem. Conversely, this ecosystem is
rare across the larger region, and the Apostle
Islands is one of very few known locations.

Great Lakes Pine Forest and Barrens on Stockton Island. NPS pHoTo/P. BurkmAN
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Interior Alder Thickets Vulnerability Confidence

Vulnerability: Low I
£\ .l

Confidence: High
High

This highly adaptable ecosystem is tolerant of
water table changes and the dominant species
are expected to persist under warmer conditions.

Apostle Islands Interior Alder Thickets occur on sites with moving water and seasonal
water table fluctuation. They can be persistent communities or a transitional state

between forest and wetland. See Chapter 1 for a more complete description.

Potential Impacts:
Moderate-Supportive

Drivers: Interior Alder Thickets require
seasonal water table fluctuation to reduce
competition from both tree species and
marsh species. Climate change has the
potential to disrupt this balance. Heavy
precipitation events could cause extended
inundation that would lead to conversion
to open marsh and wetland habitats, while
drier conditions could allow tree species
(ash and others) to gradually encroach into
these areas. Large rain events may also lead
to increased sedimentation and nutrient
inputs from upland areas.

Key Species: Speckled alder (or “tag”

alder) is dominant in this ecosystem, and it is
generally tolerant of warmer temperatures.
This is not a climate-constrained ecosystem
because the species that characterize alder
thickets—including alder, ninebark, and
multiple willow species—occur much
further south into Wisconsin and Illinois.

Stressors: Invasive species are not currently
amajor risk in this ecosystem, but they

are the primary risk for future disruption.
Eurasian buckthorn, purple loosestrife,

and reed canary grass could all benefit

from more frequent disturbances, milder
winters, nutrient deposition, sedimentation,
and longer growing seasons. Changing
inundation levels could also benefit some
invasive species while also stressing or killing
alder stands.

Adaptive Capacity: High

Interior Alder Thickets can be a transitional
or early-successional ecosystem that is
tolerant of short-term water level changes.
High species richness increases the adaptive
capacity of this ecosystem. More wind or
fire disturbance in moist forested areas
could allow this ecosystem to expand to

new locations within the Apostle Islands.
Similarly, warmer, drier conditions could
allow alder thickets to expand into peatlands
or fens. Beaver activity tends to create habitat
for alder thickets in the Apostle Islands,

even though beaver dams may also lead to
inundation and drowning of some alder
stands. This ecosystem is already widespread
across the Apostle Islands, and there are
numerous seasonally wet locations and
landforms that could support alder thickets
under changing conditions.

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



Alder thickets on Long Island.
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Interior Peat Swamps
and Bogs

Vulnerability: Moderate
Confidence: Moderate

temperature increases.

Higher or lower water table fluctuations could disrupt this ecosystem, and it is unclear
if the cool, wet conditions in these locations will be a sufficient buffer against continued

Apostle Islands Interior Peat Swamps and Bogs are mostly confined to poorly-drained
summit plateaus, featuring vegetation that tolerates peat substrates and water that is
acidic, cool, and low in oxygen. See Chapter 1 for a more complete description.

Vulnerability Confidence

4

Moderate Moderate

Potential Impacts:
Disruptive-Moderate

Drivers: Interior Peat Swamps and Bogs

in the Apostle Islands tend to have limited
or no groundwater connection, and are
therefore dependent on precipitation for
water and nutrient inputs. This ecosystem
depends on a relatively narrow range of
water table conditions and can respond in

a matter of years to water table changes.
Higher water levels could resultin a
transition to open peatland systems, which
could occur with increased precipitation
and heavy rainfall events. Lower water levels
and warmer conditions would cause peat
layers to dry and decompose, which would
change the water and soil chemistry and
allow a conversion to other ecosystem types.
On-going atmospheric nitrogen deposition
or increased nutrient inputs from heavy rain
events may also increase decomposition
rates in this ecosystem.

Key Species: Sphagnum mosses are
keystone species in this ecosystem, as they
retain moisture and reduce soil and water
pH. Prolonged dry conditions pose a bigger
risk for Sphagnum than warming alone,
although there is high uncertainty about
what conditions would lead to a state change
prompted by sphagnum decline. Black
spruce is projected to have slightly reduced
suitable habitat under a range of future
climate conditions, while tamarack, eastern

white pine, and paper birch are all projected
to have stable or slightly increased suitable
habitat. Eastern white pine and paper birch
in particular might benefit from slightly drier
conditions and become more common in
peat swamps and bogs, as would ericaceous
shrubs like leatherleaf and bog rosemary.

Stressors: Increased wildfire frequency and
severity could be disruptive in peatlands,
particularly if they occur during extended
droughts. Forest pests such as eastern

larch beetle, tamarack sawfly, and spruce
budworm could become more damaging
under climate change, as milder winters
may increase larval survival and allow
outbreaks to grow more rapidly. Non-native
invasive species such as reed canary grass,
Eurasian buckthorn, and honeysuckle

could have more opportunity to colonize
peat ecosystems in the Apostle Islands

if sphagnum declines and these systems
become less acidic, and if decomposing peat
releases more available nutrients.

Adaptive Capacity: High

This ecosystem currently occurs in small,
isolated locations across the Apostle

Islands, and it is unlikely to expand to new
areas under future climate conditions. Peat
swamps exist in perched depressions that are
likely to retain water in the future, however.
The species that occur in this ecosystem

are also very good at conserving moisture,

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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making them less vulnerable to seasonal
declines in water availability. Sphagnum
mosses hold water well so these systems may
be able to persist through dry spells and even
multi-year droughts. Deep sphagnum layers
can also insulate tree roots from warming
temperatures. As long as acidic, nutrient-
poor conditions persist, many species will

be prevented from encroaching into this

ecosystem.
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Mixed Conifer
Hardwoods

Vulnerability: Moderate
Confidence: Moderate

description.

Diverse species composition, dense canopy cover, and moist conditions may help this
ecosystem cope with impacts from forest pests, invasive species, and drier conditions.

Mixed Conifer Hardwoods is the dominant forest type that covers approximately

85% of the Apostle Islands. Clay till soils on gentle slopes provide consistent moisture
and nutrients, and a dense, multi-aged forest with abundant Canada yew understory
develops in the absence of widespread disturbances. See Chapter 1 for a more complete

Vulnerability Confidence

4

Moderate Moderate

Potential Impacts: Moderate

Drivers: The widespread “matrix” forest in
the Apostle Islands depends on consistent
soil moisture conditions. Climate change
could disrupt this ecosystem as warmer
temperatures, longer growing seasons,
increased winds, and precipitation declines
interact to create drier conditions. Stronger
winds and storms may result in more
canopy gaps, but this is already the typical
disturbance event in mixed conifer forests.
With extended drought, less snowpack,
and warmer conditions this ecosystem
could become susceptible to wildfire, but it
seems unlikely that wildfires would affect a
substantial portion of the landscape.

Key Species: Sugar maple, yellow birch,
balsam fir, northern white-cedar, and
mountain maple are projected to have slight
declines in suitable habitat by the end of the
century. Conversely, red maple, paper birch,
American basswood, northern red oak,
eastern white pine, and eastern hemlock are
expected to have stable or slightly increasing
suitable habitat. The maritime conditions

in the Apostle Islands are expected to
moderate some of the projected suitable
habitat declines, and more disturbance could
actually benefit early-successional species
like paper birch, balsam fir, and mountain
maple. Canada yew occurs as far south as
Kentucky in sheltered microclimates, so

this species may be able to tolerate warmer

conditions as long as deer browse pressure
remains low.

Stressors: Apostle Islands forests may
experience more damage from insect pests
such as gypsy moth, spruce budworm, and
emerald ash borer under future climate
conditions, as milder winters may increase
larval survival and allow outbreaks to

grow more rapidly. Stressed trees may also
be more susceptible to pest and disease
outbreaks. Invasive understory species such
as garlic mustard are currently limited by
dense Canada yew cover, but canopy gaps
from blowdown events, areas without yew,
and recreational sites could be introduction
sites for invasive species. Deer herbivory
may have a larger effect on regeneration

of canopy trees and Canada yew if deer
populations increase with milder winters.
Deer are more disruptive within Zone 2

of Apostle Islands National Lakeshore
(mainland unit and some islands with higher
deer densities). Nonnative earthworms are
prevalent on the mainland and occur on
some islands; they consume litter layers and
may increase drought risk while exposing
soil for non-native plants.

Adaptive Capacity: Moderate

High species and structural diversity improve
the adaptive capacity of this ecosystem.
Mixed Conifer Hardwoods typically have
large amounts of coarse woody debris, dense

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



Mixed conifer hardwoods with a dense
understory of Canada yew on Raspberry Island.
NPS pHOTO/P. BURKMAN

canopy cover, and intact litter layers. Each
of these characteristics helps this ecosystem
retain soil moisture during intermittent dry
periods. The clay soils and flat or undulating
terrain throughout much of the Apostle
Islands helps these ecosystems retain

water. Although similar forests have been
altered substantially throughout much of
the region, the protected status of Apostle

Islands and the isolation from deer and other
stressors has maintained the resiliency of this
ecosystem. This ecosystem is common and
widespread throughout the park.
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Rock Cliffs and Ledges
Vulnerability: Moderate-High
Confidence: Moderate

Potential declines in rare arctic disjunct

erosion.

species would be a significant change for this
ecosystem, which could be triggered by warmer, drier conditions and more intense

Rock Cliffs and Ledges occur on exposed sandstone shorelines throughout the Apostle
Islands. Vegetation communities in these locations are exposed to fog, waves, ice
scouring, and freeze-thaw expansion. See Chapter 1 for a more complete description.

Vulnerability Confidence

'

Moderate-High Moderate

Potential Impacts:
Disruptive-Moderate

Drivers: Rock Cliff ecosystems receive
consistent moisture from groundwater
seepage, fog, splash pools, and wave

spray. Desiccation could be a risk to cliff
vegetation if extended droughts reduce
groundwater seepage, if warmer conditions
increase evaporation, or if lake levels drop
substantially. However, it seems likely that
there will always be moisture to support
some plant life in these locations. Although
ice scour may occur less frequently as lake
ice declines, Rock Cliffs and Ledges may
experience more erosion from increased
winds, more powerful storms and waves, and
more frequent freeze-thaw events.

Key Species: North-facing cliffs in the
Apostle Islands often contain rare arctic
disjunct species such as butterwort, spike
trisetum, and bird’s-eye primrose. Warmer
conditions and lower lake levels may cause
declines for these species, while high lake
levels have historically benefited these
species. Losing these arctic disjunct species
would result in a substantial change in
character for this ecosystem. Other common
species on Rock Cliffs and Ledges tend to
be common in the region—several mosses
and lichens, fireweed, strawberry, and
pearly everlasting. Trees are not a defining
feature of this ecosystem, so suitable habitat
projections for tree species did not factor
into the vulnerability conclusion.

Stressors: Dandelion, yarrow, non-native
grass species, and other weedy species have
the potential to colonize on ledges, fractures,
or other locations that collect mineral soil.
This is a limited risk because there is not
much growing space in this ecosystem, but
the risk may increase as winters become
milder and growing seasons extend.

Adaptive Capacity: Moderate

Although it has generally been observed that
cooler places on the landscape have tended
to warm faster than warm places on the
landscape, it is still expected that the close
proximity of Lake Superior and the maritime
conditions will slow the rate of change for
this ecosystem. North-facing cliffs in the
Apostle Islands may be the most sheltered
and buffered from temperature change,

as they have acted as refugia during past
periods of climate change. This ecosystem
occurs in very limited locations, however,
and is unable to expand to new locations.
This ecosystem includes several species
near the southern edge of their ranges, but
they are adapted to exist in a harsh, exposed
habitat that may limit potential competitors.

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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Upland Hardwood
Forests

Vulnerability: Low-Moderate
Confidence: High

expected to be dramatic.

These forests may be exposed to drier conditions, canopy disturbance, invasive species,
and elevated wildfire risk under climate change, but any composition changes are not

Apostle Islands Upland Hardwood Forests occur in higher-elevation portions of the
park, which have more well-drained soils than the majority of the landscape. Canada
yew is less prevalent in this forest type than in the Mixed Conifer Hardwoods, which
leads to a more diverse understory. See Chapter 1 for a more complete description.

Vulnerability Confidence

A\ il

Low-Moderate High

Potential Impacts: Moderate

Drivers: Climate change could result in
more drought stress for this ecosystem

as warmer temperatures, longer growing
seasons, increased winds, and precipitation
declines interact to create drier conditions.
Upland Hardwood Forests exist on more
loamy or sandy soils and in higher, better-
drained locations than the widespread
mixed conifer-hardwood “matrix” forests,
and therefore these locations could
experience more rapid soil drying under
future conditions. High wind events may
create more canopy gaps, particularly in
upland areas exposed to prevailing winds.
Lightning strikes may be more frequent at
higher elevations, and combined with higher
winds and drier conditions it is possible
that wildfire may become a more regular
disturbance in Upland Hardwood Forests.

Key Species: Northern red oak, red

maple, paper birch, American basswood,
eastern white pine, and eastern hemlock are
projected to have small increases in suitable
habitat or to change only slightly. Sugar
maple, yellow birch, balsam fir, and northern
white-cedar are projected to decline in
suitable habitat by the end of the century.
These shifts raise the possibility for this
forest type to gradually convert from a mesic
to dry-mesic mix of species, dominated by
northern red oak and red maple. Northern

red oak is generally sensitive to spring frosts,
but this concern may be moderated by the
influence of Lake Superior. Canada yew

is less dominant in this drier upland forest
ecosystem, and therefore this ecosystem has
amore diverse herbaceous understory.

Stressors: Invasive understory species such
as garlic mustard and Eurasian buckthorn
are more of a concern in Upland Hardwood
Forests because of lower Canada yew cover,
particularly as human “vectors” increase
visitation. Upland Hardwood Forests may
experience more damage from insect pests
such as two-lined chestnut borer, gypsy
moth, and forest tent caterpillar under future
climate conditions, as milder winters may
increase larval survival and allow outbreaks
to grow more rapidly. Pest outbreaks may be
more damaging if forests are already stressed
by drought. Oak wilt is not currently present
in the Apostle Islands, but this disease may
affect red oaks under future conditions.
Deer herbivory is not a current stressor in
this ecosystem, but deer may have a larger
effect on forest regeneration if mainland
populations increase with milder winters.

Adaptive Capacity:
Moderate-High

This ecosystem is adapted to tolerate
drier conditions than the widespread
“matrix” forest, so it is possible that Upland

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore
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Upland hardwood forest with dense regeneration.
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Hardwood Forests will be able to gradually less coarse woody debris and less litter than
expand into new areas that become too mixed conifer forests, however, so they are
dry for Mixed Conifer Hardwoods. These less able to retain moisture during droughts.
diverse forests have many species that could

thrive under future conditions. There is

currently good regeneration of several tree

species within this ecosystem because of

lower deer populations, and therefore any

composition changes are unlikely to be

dramatic. Upland Hardwood Forests have
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Conclusion

Opverall, it appears that most of the terrestrial ecosystems in the Apostle Islands have low
or moderate vulnerability to climate change over the next century. This does not directly
translate to the overall degree of impact that the park will experience, because many of
these ecosystems occupy a relatively small land area but may feature iconic vegetation or
be culturally important (e.g. Great Lakes Pine Forests and Barrens, or Coastal Wetlands).
Additionally, an ecosystem with moderate vulnerability to climate change may still end up
experiencing substantial effects. It is generally expected that ecosystems that are adapted
to a narrow range of conditions or that exist near their range limits will be more vulnerable
to changing conditions. Ecosystems occurring in isolated locations may also be less able to
migrate to suitable locations. Boreal Forests, Coastal Wetlands, and Rock Cliffs and Ledges
are the most vulnerable ecosystems in the park, largely for these reasons. Communities
with higher plant diversity or that are adapted to tolerate disturbances are expected to be
better able to persist under a range of plausible climates. For example, Beaches and Dunes,
Deep Ravine Forests, Erodible Maritime Bluffs, Great Lakes Pine Forests and Barrens,
Interior Alder Thickets, and Upland Hardwood Forests were all rated low or low-moderate
vulnerability.

These vulnerability determinations only represent general expectations, because even across
the limited geography of the Apostle Islands there is considerable variability. It is essential to
consider local characteristics such as past management history, soils, topographic features,
species composition, deer levels, visitation patterns, and recent disturbances when applying
these general vulnerabilities to local scales. Some site-level factors may amplify these
expected vulnerabilities, yet others may buffer the effects of climate change. Therefore, local
knowledge and management experience will be critical for identifying particular sites in the
Apostle Islands that may have higher or lower vulnerability to climate change.

Fall colors crown a section of sandstone cliff shoreline. NPS proto/M. Burkman
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Chapter 5: Conclusion

The Apostle Islands National Lakeshore
has experienced dramatic changes through
time. Chapter 1 briefly describes how the
Apostle Islands ecosystems have been
shaped by this dynamism. Previous warm
and cold eras have come and gone, and Lake
Superior has risen and fallen. Indigenous
people lived in and managed these lands for
millennia, followed by roughly a century of
intense disruption and extraction following
European settlement. Human influence in
the Apostle Islands has been more limited
for the 50 years following designation as a
national park.

Now climate change is adding a new context
of change and unpredictability, as the park
experiences unprecedented conditions
throughout this century and beyond.
Chapter 2 of this assessment describes
observed and anticipated climate trends

in the local area and the larger region, and
Chapter 3 provides a summary of the major
potential impacts to the park’s terrestrial
ecosystems.

Vulnerability Conclusions
Ecosystems of the Apostle Islands will

be affected by climate change, although

the specific effects may be complex and
variable across the park. The vulnerability
determinations in Chapter 4 represent

the best understanding of local experts
regarding ecosystem vulnerability and
potential ecological changes over the next
century. Overall, we expect ecosystems that
are adapted to a narrow range of conditions
or that exist near their geographical range
limits to be more vulnerable to changing
conditions (Boreal Forests, Coastal
Wetlands, and Rock Cliffs and Ledges, in
particular). Communities with higher plant
diversity or that are adapted to tolerate
disturbances are expected to be better able
to persist under a range of plausible climates
(Beaches and Dunes, Deep Ravine Forests,
Erodible Maritime Bluffs, Great Lakes Pine
Forests and Barrens, Interior Alder Thickets,
and Upland Hardwood Forests). Site-specific

conditions and land-use history may increase
or decrease climate change vulnerability
from location to location within the park.

Uncertainty

This assessment relies upon current
information from the scientific literature,
locally-specific ecosystem modeling results,
and the input of a large team of local experts.
Even so, there are limitations and unknowns
involved in drawing conclusions about the
effects of climate change on the ecosystems
of the Apostle Islands during the coming
century. This assessment has endeavored to
be transparent about knowledge gaps and
uncertainties that limit our understanding.
Chapter 3 contains summaries of key
uncertainties related to the major potential
climate change impacts in the park. The
vulnerability determinations in Chapter 4
also include statements about the confidence
of the authors in each conclusion. As authors
considered this information during the
expert panel workshop and in subsequent
conversations, we attempted to describe the
range of potential outcomes associated with
these uncertainties and characterize how

the various ecosystems might be affected
across that range. As a brief recap, some of
the major uncertainties discussed in this
assessment include:

Lake Superior levels: Will climate change
lead to more extended periods or record
events of low or high lake levels?

Lake Superior temperature: How long
will Lake Superior continue to provide a
cooling “buffer” to moderate against warmer
conditions?

Shoreline disturbance processes: Will
intensifying wave and wind disturbance to
beaches and dunes cross a threshold that
upsets the natural equilibrium of erosion
and deposition? Similarly, will increasing
disturbance disrupt coastal wetlands beyond
what they are able to tolerate? How will
these factors interact with on-going isostatic
rebound?
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Wildfire: Will drier conditions lead to more
widespread or frequent fires across the
Apostle Islands, and will more fire change
ecosystem regeneration patterns?

Forest regeneration and disturbances:
Will new climate conditions affect the
ability of the various forest ecosystems

to regenerate after disturbances such as
pest outbreaks, wind events, or fires? Will
increasing wind speeds over the lake result
in more blowdown, drying of dead woody
debris, and shift the dominant disturbance
regime from wind to more fire?

Deer populations: Will milder winters
promote larger deer populations within the
Apostle Islands?

Herbaceous species, particularly rare
plants: Will future climate conditions
surpass the tolerable thresholds for keystone
herbaceous species such as dune grass or
sphagnum moss, or iconic species such

as rare orchids or arctic disjunct species?
How will relatively isolated island locations
influence species dispersal?

Invasive species, pests, or diseases: How
will climate change influence invasive species
colonization and establishment? Will climate
change facilitate the establishment of new
insect pests or diseases that could affect
native ecosystems in the Apostle Islands?

Visitation patterns: How will visitor use
patterns change in response to shifting
climate conditions locally and regionally?

As new information becomes available, staff
at the Apostle Islands National Lakeshore
may wish to revisit or supplement this
assessment.

Supplemental Questions

Through the process of completing this
assessment, it was possible to consider the
supplemental questions posed by National
Park Service managers. Below, we provide
summary answers based on the information
presented in different sections of the
assessment.

Question 1: How vulnerable to climate change
are rare and character-defining terrestrial

features and natural communities of the

park, specifically sandscapes and boreal,
krummholz, and old-growth forests? How
vulnerable are iconic species, including eastern
hemlock, yellow birch, northern white-cedar,
and Canada yew? And how does the park’s
island setting influence these vulnerabilities?

The island context of the park is a critical
factor to consider when assessing the
vulnerability of these features to climate
change. During the expert panel workshop,
our conclusions about climate change
vulnerability often hinged on the group’s
understanding of how ecosystems in the
Apostle Islands might differ from those
found on the mainland, and how climate
change effects might be modified in some
way by the park’s local context. This report
examined the climate change vulnerability
of Beaches and Dunes (low-moderate)

and Boreal Forests (moderate-high) in
particular, and readers can refer to Chapter
4 for a more complete discussion of

those systems. Similarly, Chapter 3 of this
assessment includes results of forest impact
models for individual tree species within

a relatively small geographic area around

the Apostle Islands (1 degree latitude x 1
degree longitude). Of the species mentioned
specifically in this question, yellow birch
and northern white-cedar are expected to
experience a small decline in suitable habitat
over the next century, and suitable habitat
for eastern hemlock is not expected to
change significantly. Canada yew is expected
to decline across Wisconsin, as the projected
future suitable climate range of the species
overlaps with the current range by only

7% (Spalink et al. 2018). These species

may be expected to perform better within
the Apostle Islands than on the mainland,
because they are currently regenerating well
and deer herbivory will likely be less of an
issue than on the mainland.

This assessment did not attempt to
determine the climate change vulnerability
of krummbholz or old-growth forests. This
is because park managers decided early in
the process that these features are special
growth forms or successional stages, but
they are not necessarily distinct ecosystems
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in and of themselves. It is reasonable to
expect that old-growth forests in the Apostle
Islands may look different in the future if
pest outbreaks and other disturbances occur
more frequently or with greater intensity
under climate change. Barring a large-scale,
stand-replacing disturbance, old-growth
forests in the Apostle Islands will retain a
more complex, multi-aged growth form.

Question 2: Could the park serve as an
important refugium for some terrestrial plant
species or community types?

The Apostle Islands hosts more plant species
with narrow distributions than anywhere
else in Wisconsin (Spalink et al. 2018),
including several arctic disjunct species. This
suggests that it has been and is currently
functioning as a climate refugium (Morelli

et al. 2016). Similarly, the Apostle Islands
contain plant species that are much less
common on the mainland, such as Canada
yew. So the Apostle Islands are clearly also
acting as a refugium from certain kinds

of ecosystem disturbances, such as deer
herbivory.

It is interesting to compare the vulnerability
determinations in this assessment to

the conclusions from a larger, regional
assessment of climate change vulnerability
(Janowiak et al. 2014). Judging between
relatively similar mainland ecosystems that
were considered under a similar assessment
process, ecosystems in the Apostle Islands
were rated as less vulnerable to climate

change by the end of the century (Table 6).
The relatively lower climate vulnerability
rating was in most cases based on the
anticipated continuation of the milder,
maritime climate in the Apostle Islands,
along with less anthropogenic disturbance as
compared to the mainland.

As noted in Chapter 3, there are several key
uncertainties that will determine whether
the Apostle Islands will continue to serve as a
climate refugium. It remains to be seen how
quickly Lake Superior will warm and how
the maritime climate patterns may shift over
the coming decades.

Question 3: Will Lake Superior function as a
barrier to northward migration of species, and
what are the implications?

It is reasonable to conclude that Lake
Superior will continue to function as a
barrier to northward range expansion of
some species. Looking at the list of tree
species that are anticipated to have newly
available suitable habitat in the Apostle
Islands by the end of the century, several
have large seeds that would be less likely to
disperse across open water, such as hickory
and oak species (Chapter 3). Wind-carried
and bird-dispersed plants, however, may
be able to colonize the islands as plant
communities change on the mainland.
Plants with larger seeds that are expected to
increase in suitable habitat on the mainland
will likely not reach the islands without
intentional management intervention.

Table 6. A comparison of climate change vulnerability determinations for Apostle Islands forest
ecosystems and for forest ecosystems across the larger landscape of mainland northern Wisconsin and
western Upper Michigan (Janowiak et al. 2014). Vulnerability determinations were based on a similar
expert elicitation process and similar available information, albeit with different panel members.

Comparable Mainland

Vulnerability
Boreal Forests Moderate-High
Great Lakes Pine Forests and

Low
Barrens
Interior Peat Swamps and Bogs Moderate
Mixed Conifer Hardwoods Moderate
Upland Hardwood Forests Low-Moderate

Forest Ecosystem Vulnerability

Upland spruce-fir High

JaCkpme .......................... MOderate .......................
Redpine o Moderate High @ vvoee.
Lowland conifer High

Northem hardWOOdS ............. MOderate .......................
Northern hardwoods Moderate
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Question 4: How will increasing lake
temperatures and wind speeds alter the
natural disturbance regimes in the park? What
are the implications for both wind and fire
processes?

Chapter 3 summarizes many ways that
anticipated changes in temperature,
precipitation, wind speed, and other factors
may influence disturbance regimes in the
Apostle Islands. During the expert panel
workshop there was a lot of attention
devoted to fire regimes in particular. The
experts were not confident that there will

be a large increase in wildfire activity across
most of the park’s acreage. The mixed-
conifer hardwoods matrix forest is not
expected to have substantially more wildfire,
because the relatively flat topography and
clayey soils are expected to remain relatively
moist in most conditions. Also, the island
setting will prevent fires from spreading very
far. More fuel buildup due to blowdown
events or pest outbreaks could create
conditions for stand-replacing fires on
individual islands.

The expert panel also discussed how
interactions among several factors could
change shoreline processes and disturbance
from storms and wave action (see Chapter
3). We generally expect that shorelines in

the Apostle Islands, including sandscapes,
coastal wetlands, erodible bluffs, and rock
cliffs, will experience more disturbance from
wave action. This may be particularly evident
in winter months as the islands are more
exposed to strong storms without protective
ice cover along the shoreline.

Importance of Monitoring and
Assessment

Climate change may prompt rapid or
unexpected changes in the park’s ecosystems
over the next several decades, and therefore
monitoring and assessment efforts will be
increasingly important. Past and current
monitoring campaigns can help establish the
baseline conditions for many ecosystems in
the park and provide a reference point to
gauge future change. Field-based vegetation
sampling such as the National Park Service
Great Lakes Inventory and Monitoring

Program (Sanders and Grochowski

2012), as well as remotely sensed data
(Thayn 2013, Kirschbaum et al. 2012) will
help track changes through time. Park
managers may opt to establish additional
monitoring programs specifically designed
to assess some of the key uncertainties
raised in Chapter 3 of this assessment,
such as the cumulative effect of increased
disturbance on the extent and character of
coastal habitats in the Apostle Islands, and
recruitment rates for key species.

Implications Beyond Ecosystem
Change

As climate change affects the conditions
and ecosystems in the Apostle Islands, it

is reasonable to expect that many other
valuable resources may also be vulnerable.
It is beyond the scope of this assessment to
fully consider these implications of climate
change, but park managers may wish to
examine these further effects.

Wildlife habitat: Changing climate
conditions, phenology, and disturbance
regimes may reduce suitable wildlife
habitat for important wildlife species in
the Apostle Islands, such as nesting habitat
for the federally endangered piping plover.
Recent research suggests how bird species
distributions may shift through time, for
example (Schuurman and Wu 2018).

Iconic or rare plants: The Apostle Islands
are home to several iconic species that are
rare on the mainland (e.g. Canada yew) or
rare in the entire region (e.g. arctic disjunct
species such as butterwort). The Apostle
Islands also contain old-growth forests and
krummbholz forests, which are rare elsewhere
in the state and the larger region. If these
distinguishing plants and growth stages are
affected by climate change, it could change
the character of the park.

Aquatic ecosystems: This assessment is
focused primarily on terrestrial ecosystems
and particularly the vegetation within

those ecosystems. The Apostle Islands host
an equally impressive diversity of aquatic
ecosystems, which are likely to be affected by
changing conditions in Lake Superior as well
as changes to the uplands in the park.
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Cultural resources: The
Apostle Islands are valued for
their cultural heritage. Ojibwe
people continue to reside in

the area and maintain long-
established relationships with
the landscape. Numerous
historical sites also reflect the
history of European settlement
of the area. Stronger storms

and changing conditions can
disrupt and damage physical
sites and buildings, but also
expose new archaeological
artifacts. Changing phenology or
abundance of plants and animals
can also affect the relationships
that local people have with those
beings.

Visitor experience: Climate
change will likely have numerous
consequences for how and
when visitors choose to come to
the Apostle Islands, with likely
increases during the traditional visitation
season and a longer overall season. Climate
change may also influence visitor experience
through changing risks to health and safety.

NPS pHoTO

Park infrastructure: The Apostle Islands
National Lakeshore has already begun the
process of adjusting physical infrastructure
to changing conditions, but climate

change may warrant a further and more
comprehensive review of the risks to park
trails, campgrounds, boat launches, and
other facilities.

Adapting to Climate Change
Managers at the Apostle Islands National
Lakeshore may decide, based on this
assessment and other information, to take
action to preemptively reduce climate change
vulnerabilities. Further adaptation may also
be required as effects of climate change on
the park’s ecosystems become increasingly
apparent in the future. Vulnerability
assessments provide information about
what resources are vulnerable and why they
are vulnerable, but it is a manager’s job to
use this information, alongside additional
considerations, to decide how to proceed.

The variety of habitats makes the Apostle Islands a popular destination for birders.

Therefore it is not the role of this assessment
to identify adaptation actions.

The National Park Service is developing
resources to help park managers incorporate
climate change into management decisions,
including a library of adaptation resources
(National Park Service 2019). Adaptation
decision-making processes such as Forest
Adaptation Resources: Climate Change

Tools and Approaches for Land Managers
can also help park managers systematically
assess climate change vulnerabilities relative
to their management goals, and develop
appropriate adaptation actions (Swanston
etal. 2016). These planning tools can help
managers at Apostle Islands address climate
change in a variety of ways, ranging from
passive management and monitoring to
more intensive actions. Managers may opt
to manage to support critical ecosystem
functions and on-going natural processes,
as opposed to attempting to maintain a
particular successional state or vegetation
composition. Additionally, adaptation
might consist of managing park visitors or
upgrading park infrastructure to reduce
harmful impacts and maintain safety under
future conditions.
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Land managers, scholars, and members of
the public are asking important questions
about the suitability of management
interventions to respond to climate change
in National Parks, particularly in parks

that have a high proportion of designated
Wilderness Areas such as Apostle Islands
National Lakeshore. A recent review of

the federal Wilderness Act found that

many active management options are
available to manage wilderness areas for
climate adaptation, despite the common
misconception that active management is
prohibited in these areas (Long and Biber
2014). This review highlights situations
where wilderness managers may choose

to intervene to protect valuable resources
and resist climate change effects, as well as
situations were managers may choose to
intentionally direct change in a system to
better accommodate changing conditions.
Procedural requirements to demonstrate the
necessity of such interventions can function
as safeguards to make sure that climate
adaptation is designed to help achieve the
goals of the Wilderness Act. Wilderness areas
such as most of the Apostle Islands National
Lakeshore may also serve as important areas
to employ passive or restrained management
under climate change, in contrast with more

aggressive adaptation actions that may be
employed on neighboring lands outside the
wilderness boundary. Similarly, a recent
review of the NPS Organic Act concludes
that the National Park Service has sufficient
discretion to pursue management options
for climate change adaptation (Biber and
Esposito 2016).

As managers continue to grapple with these
questions, locally relevant information will
be essential to help guide their decisions and
weigh potential options. We hope that this
assessment will provide a useful foundation
for park managers, conservation partners,
and members of the public who value the
Apostle Islands.

A piping plover chick on Long Island. NPS proto/T. Gostomski
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Appendix 1: Glossary

Adaptive Capacity

The general ability of systems, institutions,
and individuals to moderate the risks

of climate change, or to realize benefits,
through changes in their characteristics

or behavior. Adaptive capacity can be an
inherent property, or it could have been
developed as a result of previous policy,
planning, or design decisions.

Agreement

The extent to which evidence is consistent
in support of a vulnerability statement or
rating. (See also confidence, evidence.)

Boreal

A species or ecosystem characteristic of the
climatic zone south of the Arctic, especially
the cold temperate region dominated

by taiga and forests of birch, poplar, and
conifers.

Climate Change

A change in the state of the climate that
can be identified (e.g., by using statistical
tests) by changes in the mean and/or

the variability of its properties, and that
persists for an extended period, typically
decades or longer. Climate change may

be due to natural factors, or to persistent
anthropogenic changes in the composition
of the atmosphere.

Confidence

A qualitative assessment of uncertainty

as determined through evaluation of
evidence and agreement. (See also evidence,
agreement.)

Disturbance

Stresses and destructive agents such as
invasive species, diseases, and fire; changes
in climate and serious weather events such
as hurricanes and ice storms; pollution of the
air, water, and soil; real estate development
of forest lands; and timber harvest. Some

of these are caused by humans, in part or
entirely; others are not.

Downscaling

Methods for obtaining high-resolution
climate or climate change information
from coarse-resolution general circulation
models.

Driver

Any natural or human-induced factor that
directly or indirectly determines the identity
of an ecosystem.

Dynamical Downscaling

A method for obtaining high-resolution
climate or climate change information

from relatively coarse-resolution general
circulation models (GCMs) by using a
limited-area, high-resolution model (a
regional climate model, or RCM) driven by
boundary conditions from a GCM to derive
smaller-scale information.

Emissions Scenario

A plausible representation of the future
development of emissions of greenhouse
gases, based on demographic, technological,
or environmental developments. Sometimes
referred to as an emissions pathway. (See
representative concentration pathway (RCP).)

Evapotranspiration
The sum of evaporation from the soil and
transpiration from plants.

Evidence

Mechanistic understanding, theory,

data, models, or expert judgment used

to determine the level of confidence in a
vulnerability statement or rating. (See also
agreement, confidence.)

Exposure
The nature and degree to which a system is
exposed to significant climate variations.
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General Circulation Model
(GCM)

Numerical representation of the climate
system based on the physical, chemical, and
biological properties of its components, their
interactions, and their feedback processes,
and accounting for all or some of its known
properties (also called global climate model).

Greenhouse Gas (GHG)

Certain gases in the atmosphere (e.g., water
vapor, carbon dioxide, nitrous oxide, and
methane) that absorb and emit energy from
the sun.

Impact

Direct and indirect consequences of climate
change on systems, particularly those that
would occur without adaptation.

Importance Value

In the Climate Change Tree Atlas model, an
index of the relative abundance of a species
in a given location or pixel cell (0 = least
abundant, 100 = most abundant).

Invasive Species

Any species that is nonnative to the
ecosystem under consideration and whose
introduction causes or is likely to cause
damage, injury, or disruption to ecosystem
processes or other species within that
ecosystem.

Krummbholz

A type of stunted, deformed vegetation
encountered in subarctic and subalpine tree
line landscapes, shaped by continual wind
exposure.

Modifying Factor

In the Climate Change Tree Atlas model,
environmental variables (e.g., site conditions,
interspecies competition, disturbance,
dispersal ability) that influence the way a tree
may respond to climate change.

Old-growth

A forest that has attained great age without
significant disturbance from fire, harvest, or

other means, and thereby exhibits unique
ecological features.

Phenology

The timing of natural events such as the date
that migrating birds return, the first flower
dates for plants, and the date on which a lake
freezes in the autumn or opens in the spring.

Projection

A potential future evolution of a quantity or
set of quantities, often computed with the
aid of a model. Projections are distinguished
from predictions in order to emphasize that
projections involve assumptions concerning,
for example, future socioeconomic and
technological developments that may or may
not be realized, and are therefore subject to
substantial uncertainty.

Radiative Forcing

The difference between incoming energy
(sunlight) absorbed by the Earth and the
energy radiated back to space, measured

in watts per square meter. Higher numbers
mean that there is more energy being
absorbed than being released, which
increases the amount of energy in the Earth’s
radiation budget and the climate system.
For example, RCP 4.5 indicates a long-
term stabilization of 4.5 watts per square
meter. (See also representative concentration
pathway (RCP).)

Refugia, Refugium

Locations and habitats that support
populations of organisms that are limited to
small fragments of their previous geographic
range.

Representative Concentration
Pathway (RCP)

Scenarios of future radiative forcing that
provide time-dependent projections

of atmospheric greenhouse gas (GHG)
concentrations. RCPs are distinguished
according to a specific long-term GHG
concentration or radiative forcing outcome
as well as the trajectory that is taken over
time to reach that outcome. (See also
radiative forcing.)
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Resilience
Capacity of a system to absorb a disturbance
and continue to develop with similar

fundamental function, structure, identity,
and feedbacks.

Sandscape

A landscape that consists mostly of sand. For
example, beaches, dunes, tombolos, sand
spits, and other similar formations are all
considered sandscapes.

Scenario

A plausible and often simplified description
of how the future may develop, based on

a coherent and internally consistent set of
assumptions about driving forces and key
relationships. Scenarios may be derived
from projections, but are often based on
additional information from other sources,
sometimes combined with a narrative
storyline. (See also emissions scenario.)

Sensitivity

The degree to which a system is affected,
either adversely or beneficially, by climate-
related stimuli.

Statistical Downscaling

A method for obtaining high-resolution
climate or climate change information

from relatively coarse-resolution general
circulation models (GCMs) by deriving
statistical relationships between observed
small-scale (often station-level) variables and
larger-scale (GCM-scale) variables. Future
values of the large-scale variables obtained
from GCM projections of future climate are
then used to drive the statistical relationships
and so estimate the smaller-scale details of
future climate.

Stressor

An agent, condition, change in condition,
or other stimulus that causes stress to an
organism.

Suitable Habitat

In the Climate Change Tree Atlas model,
the area-weighted importance value, or the
product of tree species abundance and the
number of cells with projected occupancy.

Terrestrial Ecosystem

An ecosystem that exists wholly or partially
on land, as opposed to in the water. For

the purposes of this assessment, we are
using the term “ecosystem” to describe a
particular natural community, or assemblage
of vegetation, including many factors such as
disturbance processes, soils and landform,
characteristic plant species, and interactions
between living organisms and the physical
environment.

Uncertainty

An expression of the degree to which

a value (such as the future state of the
climate system) is unknown. Uncertainty
can result from lack of information or
from disagreement about what is known
or even knowable. It may have many types
of sources, from quantifiable errors in

the data to ambiguously defined concepts
or terminology, or uncertain projections
of human behavior. Uncertainty can be
described by using quantitative measures or
by qualitative statements.

Vulnerability

The degree to which a system is susceptible
to, and unable to cope with, adverse effects
of climate change, including climate
variability and extremes. Vulnerability is

a function of the impacts and adaptive
capacity of a system. For this assessment, a
system may be considered to be vulnerable if
it is at risk of a decline in health, a decline in
extent, a substantial change in identity, or a
decline in crucial ecosystem functions.

Weather

The state of the atmosphere at a given time
and place, with respect to variables such as
temperature, moisture, wind velocity, and
barometric pressure.
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Appendix 2: Species Names

Appendix 2-1. Common names, Latin names, and Ojibwe names (Anishinaabemowin) for plant
species mentioned in this assessment. Ojibwe names are provided from the Great Lakes Indian Fish
and Wildlife Commission and local speakers as primary resources to reflect the local dialect. Names
from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary (https:/ojibwe.
lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe name of the
species was unknown by the authors at the time of publication. Species are listed in alphabetical
order according to common names as referenced in the text.

Common Name

Latin Name

Ojibwe Name

American basswood

Tilia americana

(Anishinaabemowin)

wiigobaatig
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Appendix 2-1 (continued). Common names, Latin names, and Ojibwe names (Anishinaabemowin) for
plant species mentioned in this assessment. Ojibwe names are provided from the Great Lakes Indian
Fish and Wildlife Commission and local speakers as primary resources to reflect the local dialect.
Names from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary (https:/
ojibwe.lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe name of
the species was unknown by the authors at the time of publication. Species are listed in alphabetical
order according to common names as referenced in the text.

Ojibwe Name

Common Name Latin Name (Anishinaabemowin)
boxelder Acer negundo ajigobi’'mak
braCken fem .................................... ,Dter,d,u m aq u ,/,nu m ......................................... Waagaan .........................................
broad|eavedtwayb|ade ................... Llsteraconva//ano,des* ....................................................
bu|b|etfemCystopter,sbu/b,fe,a* ....................................................
buroakQuercusmacrocarpammgomuh ......................................
bunerwort ...................................... ngum/avu/gam* ....................................................
Canadabmegrass ............................ Poacompressa* ....................................................
. Ca nada mayﬂ Ower ........................... Ma,an themum Can adense ................................. agongo Sm| naan ...............................
Canadaw”drye ............................... E/ymuscanademS* ....................................................
Canadayewraxuscanademlsn”baayaandag .................................
Catta”sryphaspp ....................................................... ApakWEShk .....................................
Catta”(hybr,d)Typhaxg/auca* ....................................................
Chestnuwakouerwsprmus* ....................................................
Ch”eansweetcmewogmorh,zabertem,* ....................................................
ChOkECherry .................................... prunuswrgm,ana ............................................. asasawemmagaawamh ....................
dovermehumspp* ....................................................
coastsedgeCarexeX,//s* ....................................................
. comm On rEEd .................................. Phragm ,tesaus tra/,s ......................................... aabo O J ,ga n ......................................
CranberryVammummacmcarponandVOXyCOCCOSmaShk”glmm ...................................
Crownvetmcorom//avana* ....................................................
dande“mTaraxacumofflcma/e ......................................... doodooshaaboojumk ........................
dragonsmomhorcmd ..................... Arethusabu/bosa* ....................................................
droopmgsedgeCarexprasma* ....................................................
dwarfgmseng ................................. PanaxmehUS* ....................................................
. dwar f J u n |per .................................. ju mperus Commun ,5 ......................................... gaag a ag|Waan dag ............................
. dwar f SCO u r | ng rUSh ......................... Eqwsewm Swpo/ d es ........................................ anaa kanaShk Or g,J |b|n u Sk ................
dwarftrouﬂny ................................. Erythromumpropu”am* ....................................................
eastemcottonwood ......................... popu/usde/to,des* ....................................................
eastemhembckTsugacanadens,g ............................................. gagaaglwamh ................................
eastemredcedar .............................. jumperuswrgm/anamISkwaawaak ..................................
eastern white pine Pinus strobus Erijissscvtia&]gko-zhingwaak or
e|egantgroundse| ............................ PaCkeramdecora* ....................................................
EuraSIanbUthhom .......................... Rhamnuscathamca* ....................................................
evenmgp“mroseanotherab,em,s* ....................................................
fewseedsedgeCa,exo/,gosperma* ....................................................
ﬂreCherry ....................................... Prunuspensy/vamcum* ....................................................
f,reweedChamer,onangust,fo/,um* ....................................................
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Appendix 2-1 (continued). Common names, Latin names, and Ojibwe names (Anishinaabemowin) for
plant species mentioned in this assessment. Ojibwe names are provided from the Great Lakes Indian
Fish and Wildlife Commission and local speakers as primary resources to reflect the local dialect.
Names from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary (https:/
ojibwe.lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe name of
the species was unknown by the authors at the time of publication. Species are listed in alphabetical
order according to common names as referenced in the text.

Ojibwe Name

Common Name Latin Name

(Anishinaabemowin)

flat-leaved willow Salix planifolia oziisigobiminzh
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Appendix 2-1 (continued). Common names, Latin names, and Ojibwe names (Anishinaabemowin) for
plant species mentioned in this assessment. Ojibwe names are provided from the Great Lakes Indian
Fish and Wildlife Commission and local speakers as primary resources to reflect the local dialect.
Names from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary (https:/
ojibwe.lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe name of the
species was unknown by the authors at the time of publication. Species are listed in alphabetical order
according to common names as referenced in the text.

Ojibwe Name

Common Name Latin Name (Anishinaabemowin)

pignut hickory Carya glabra

pin cherry Prunus pensylvanica
pmoakouercuspa/usns* ....................................................
pmk|ady55||pperCypr,ped,umacau/e* ....................................................
p|tcherp|ant .................................... garracen,apurpurea* ....................................................
pOdgrass ........................................ gcheuchzer,apa/usms* ....................................................
po|son|vyTOX,COdendronrydberg”ma“an“bush ...................................
purp|e|oosetr,fe .............................. Lythrumsa/,ca,,a* ....................................................
quakmgaspen ................................. Popu/us tremu/O/d es ......................................... aza ad| .............................................
quaCkgraSS ..................................... E/ymusrepens* ....................................................
raspberry ........................................ RUbus,dan5m|Skom,n ........................................
ratt|e5nakep|amamGoodyeraob/ong,fo/,a* ....................................................
redcurram ...................................... Rlbestnste* ....................................................
. rEd map |e ........................................ AC er ,ubrum .................................................... Zh“ Sh | ,g,m ”Wa nZh ............................
redos|erdogwoodComussenceam|5kwaab“m|zh ...............................

red pine Pinus resinosa szazkgfﬁigsvrzzg or
redspruce ....................................... p,cearubens* ....................................................
ree(jcanarygrass .............................. Pha/ansarundmacea* ....................................................
remdeermossc/adma wbtenu/s ............................................. aasaakamlg .....................................
rocke|mu/musthomas,,* ....................................................
rough|eafncegrassOryzops,sasper,fo/,a* ....................................................
SandCherry ..................................... Prunuspum,/a* ....................................................
Sassafras ......................................... gassafrasa/b,dum* ....................................................
Scar|etoakQuercuscoccmea* ....................................................
SCOtChpme ..................................... p,nussy/vesms* ....................................................
SedgeS@,eXSpp* ....................................................
Semceberry ..................................... Ame/ancmersppGOZIgwaakomm ...............................
SChrebeerlgredStemmoss ............ P/eumz/umscmeben* ....................................................
Shagbarkh|ckoryCaryaovatam|t|gwaabaak ..................................
Shavedsedgecarexmnsa* ....................................................
ShowymoumamaSh ........................ SorbUSdecoramakommagaawamh ........................
S||Vermap|e ..................................... AcersaCChamum* ....................................................
Skunkcurram .................................. R,besg/andu/osum* ....................................................
S||pperye|mu/musrubra .................................................... OZhaaShlgOb ....................................
SmOOthsanraSSC/adlummamco’des* ....................................................
50Wth|5t|e ...................................... gonchusarvens,s* ....................................................
Spe Ck|ed a|der ................................. A/ nus mcana .................................................... Wado Op ..........................................
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Appendix 2-1 (continued). Common names, Latin names, and Ojibwe names (Anishinaabemowin) for
plant species mentioned in this assessment. Ojibwe names are provided from the Great Lakes Indian
Fish and Wildlife Commission and local speakers as primary resources to reflect the local dialect.
Names from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary (https:/
ojibwe.lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe name of
the species was unknown by the authors at the time of publication. Species are listed in alphabetical
order according to common names as referenced in the text.

Ojibwe Name

Common Name Latin Name

(Anishinaabemowin)

spike trisetum Trisetum spicatum *

variegated horsetail Equisetum variegatum *
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Appendix 2-2. Common names, Latin names, and Ojibwe names (Anishinaabemowin) for animals
and other species mentioned in this assessment. Ojibwe names are provided from the Great Lakes
Indian Fish and Wildlife Commission and local speakers as primary resources to reflect the local
dialect. Names from the Inter-Tribal Council of Michigan and the online Ojibwe People’s Dictionary
(https://ojibwe.lib.umn.edu/) are also supplemental sources. Asterisks (*) indicate that the Ojibwe
name of the species was unknown by the authors at the time of publication. Species are listed in
alphabetical order according to common names as referenced in the text.

Ojibwe Name

Common Name Scientific Name (Anishinaabemowin)
American marten Martes americana waabizheshi

beaver Castor canadensis amik

coyote Canis latrans wiisagi-ma’ iingan

Dendrobaena octaedra, Lumbricus

e rbelus, and L terrestrs D e
eastern larch beetle Dendroctonus simplex *
. emer ;| d as h borer .......................... Ag n/ US p/ ampenms ......................... R R
. fo rest tent cater p| ”ar ....................... Ma/acosoma d,ssma ....................... S
. fo urtoed Sa |ama nd er 5 ..................... Hem/dact y//um scuwt um .................. S
gypsy mOth ................................. Lymanma d,gpar d,spa,— .................... R
. hem |ock Woo|yade|g|d .................... Ade/ges . tsugae ............................. S
oak W| |t ..................................... Bret Z/e//a f agacearum ...................... S
. pa|eJu m per Webwor m ..................... Aerhes rur ,/ana ............................. R
. p|pm g p|over ............................... Charad{,us . me/Odus ........................ S
spruce budworm Choristoneura fumiferana *
. tamar ac k 5 awﬂy ............................ pr,sr,phora enChson” ....................... S
. two“ ned C hestn Ut borer .................. Ag ”/ us b, /mea ws ........................... S
. Wh i.t.e. p |neb| i.s t .e.r. rus t ...................... Cronar t,umr,b,co/a ........................ R
. Wh |teta||ed deer ........................... Odoco,/eus nglanus ..................... Waawa ashkesh. ...........................
. WOH ......................................... Cams / upus ................................. ma i.i ngan ..................................
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Appendix 3: Supplemental Information on Climate Data

This appendix provides a brief background
on models that simulate future climate
change, as well as downscaling methods
used to achieve greater spatial resolution.
See Chapter 2 for more information.

Climate Models

Global climate models (also called general
circulation models, GCMs) simulate
important physical processes involving
the land, atmosphere, ocean, ice, and

additional components over the entire Earth.

Global climate models use widely accepted
mathematical equations that represent
physical processes to simulate how energy,
mass, and momentum move through a
system with time. Climate models separate
global space into a 3-dimensional grid. The
exchange of energy, mass, and momentum
occurs among the neighboring grid cells,

so that these values are transferred through
space and time. The grid cell size is related to
the resolution of the data—if the grid cell is
smaller, the resolution is higher. Therefore,
there is more detail within the model. As
resolution increases, however, so does the
requirement for additional computational
capacity and processing time.

Dozens of GCMs exist, as different research
groups around the world work to improve
model simulations. The worldwide set of
the current best GCMs whose outputs

were available at the time of preparation

of this report have been assembled into

the Fifth Phase of the Climate Model
Intercomparison Study (CMIP5) (Taylor
etal. 2012). These models are used in the
Intergovernmental Panel on Climate Change
Fifth Assessment Report (www.ipcc.ch/
report/ar5/, IPCC AR5), and they allow for a
wide range of model parameters to be used
and compared in order to better examine
plausible future conditions.

Computing limitations restrict GCMs to
relatively coarse spatial resolution—meaning
the models divide the Earth’s surface

into relatively large areas for performing
simulations and averaging. Pixels in the

grid are usually between 2° and 3° latitude
and longitude. This makes GCMs an
insufficient source of information for
dynamics that occur at relatively small spatial
scales (between two and three times the
model’s grid sizing or smaller), like extreme
precipitation or wind, because these events
are not physically simulated in the models.
In addition, most GCMs do not include a
representation of the Great Lakes or they are
too simplistic to accurately represent lake-
land-atmosphere interactions (e.g., lake-
effect precipitation), which are important

in the Great Lakes region. This, along with
the exclusion of other smaller scale climate
processes, makes GCMs best suited for
large-scale climate studies of national or
global projections.

Downscaling Methods

Since GCMs like the CMIP5 models
represent the entire globe, their spatial
resolution is often too coarse to be useful for
local planning. Two primary “downscaling”
methods are used to increase the spatial
resolution of climate projections: statistical
and dynamical downscaling. Each

method has advantages and disadvantages
(Winkler et al. 2011, Janowiak et al. 2014).
It is important to understand underlying
assumptions, benefits, and drawbacks of
each downscaling procedure before using
them in practice.

Statistical downscaling is a technique that
relies on observations from the past to
create statistical relationships between
large- and small-scale climate features. These
statistical relationships based on observed
data are used to refine large-scale GCM
simulations of the future for much smaller
spatial scales. In statistical downscaling,
one of the major underlying assumptions

is stationarity. Stationarity refers to the
assumption that current physical climate
relationships will remain the same in the
future. The local observed (historical)
spatial pattern of a variable is used to define
statistical relationships between the large-

National Park Service

11



112

scale model output and the downscaled
data. In regions where lakes have a large
impact on local climate, as is the case

for the Apostle Islands, assumptions of
stationarity do not hold (Briley et al. 2017).
For example, the historic patterns of lake-
effect snow downwind of the Great Lakes
are dependent on lake temperature and ice
cover conditions. Because lake temperatures
and ice cover have already been changing
and are expected to continue changing
through the next century, projections of
lake-effect precipitation downscaled using
historical statistics may not be accurate.
Furthermore, some statistical downscaling
techniques are based on the observed means
of climate parameters, so projections of
extremes (e.g., high temperatures or heavy
precipitation) may not be reliable. Therefore,
for areas such as the Apostle Islands, where
local conditions are highly dependent on
interactions with Lake Superior and extreme
conditions can lead to important ecosystem
impacts, climate projections using statistical
downscaling should be used with caution.

Statistical downscaling also has some
benefits. It is significantly cheaper to perform
than dynamical downscaling because it
requires less computational effort. This
means that research teams can afford to
downscale larger datasets, covering a full
array of multiple GCMs, time periods, and
future pathways of greenhouse gas (GHG)
concentrations. Additionally, data can be
downscaled in both time and space. In other
words, a small region can be examined on a
seasonal or monthly timescale, as opposed to
annually.

The other downscaling method that is
commonly used by climate modelers

is dynamical downscaling. Dynamical
downscaling relies on a nested Regional
Climate Model (RCM) to translate coarse
GCM output to smaller scales by physically
(as opposed to statistically) representing
local climate processes over specific regions.
When addressing smaller areas of interest,
like the Great Lakes Region, the details of
the landscape become crucially important.
Landscape features such as topography and
large water bodies can be better represented

in RCMs. Because an RCM relies on

the coarse-scale input from a GCM to
provide the initial conditions and recurring
boundary conditions for the simulation, it
ensures that overarching physical equations
are balanced and that the climate system as
awhole is accurately represented. RCMs
work at finer spatial resolution, ranging
from 5-20 kilometers all the way down to
hundreds of meters. This means that RCMs
provide a much more detailed picture of the
future climate prediction. They also aim to
represent important climate processes for
that region, such as lake-effect processes,
thereby improving the quality of the
prediction.

These enhancements make RCMs much
more computationally and technically
expensive compared to GCMs, so they

are primarily designed for and limited

to specific regions. Because of the effort
involved in creating RCMs and dynamically
downscaling GCM projections, researchers
have not completed the full array of
projections covering multiple GCMs, time
periods, and GHG concentration pathways.
Additionally, not all of the dynamically
downscaled datasets are publicly available,
further limiting the use of this method.

Bias correction, which is used in both
statistical and dynamical downscaling,

is another statistical technique used to
adjust for differences between a model’s
historical simulation and observations.
This method helps reduce model bias and
make the model represent observations
more accurately, in hopes that this will
result in better future projections. There
are several techniques, but in general, the
model’s historical simulation is compared
to observations from an overlapping time
period in order to determine the magnitude
of difference between the two, or the bias.
This difference is considered the correction
and is applied to the model so that the model
better represents the observations. It is
important to remember that this correction
does not improve the representation of
physical processes in the models; it is solely
a statistical correction. Additionally, this
correction may not be constant over time, so
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bias correction can be problematic. When it
is used, it is important to retain information
about the underlying model’s bias in order to
evaluate the model’s projections accurately.

Uncertainty

Global climate models allow us to explore
future climate conditions, but they require
assumptions about how Earth’s climate
will be influenced by GHGs in the future.
In the IPCC AR5, four GHG concentration
pathways were developed in order to
examine a range of possible futures
(Cubasch et al. 2013, Moss et al. 2008).
These scenarios, called Representative
Concentration Pathways (RCPs), are based
on estimates of radiative forcing in 2100.
Radiative forcing is the difference between
incoming energy (sunlight) absorbed by
the Earth and the energy radiated back

to space, measured in watts/m?. Higher
numbers mean that there is more energy
being absorbed than being released, which
increases the amount of energy in the Earth’s
radiation budget and the climate system. The
RCPs are 2.6, 4.5, 6.0, and 8.5 W/m?in 2100
(Figure A3-1), and are hereafter referred

to as RCP 2.6, RCP 4.5, RCP 6.0, and RCP
8.5. Using different RCPs allows modelers
to explore a major source of uncertainty in

future climate projections by illustrating the
effects of different levels of greenhouse gas
concentrations that result from a range of
plausible future global decisions regarding
development, energy use, population
growth, and more. We do not know how the
future will play out, but these RCPs provide
a platform for exploring possible future
climates.

Model projections should not be considered
exact predictions of the future. There are
three distinct sources of uncertainty—
variability among different models, a range
of plausible GHG concentrations, and
internal variability of the climate (Hawkins
and Sutton 2009). Different GCMs produce
different results because some climate or
meteorological processes are omitted or
greatly simplified in some models. This
occurs because scientists either do not
completely understand them or they occur
on spatial scales that are smaller than the
GCMs operate. As scientists aim to include
or better resolve important processes in
models, dozens of GCMs have emerged as
possible resources. A common approach in
adaptation planning is to consider outputs
from multiple GCMs to better explore the
range of model uncertainty.

History RCPs ECPs
T

14— .

Radiative forcing (Wm2)

RCP8.5

2L 1 1 1
1800 1900 2000 2100

2200 2300 2400 2500

Year

Figure A3-1. Total radiative forcing (anthropogenic plus natural) for RCPs and extended
concentration pathways (ECPs) for RCP 2.6, RCP 4.5, and RCP 6, RCP 8.5, as well as a
supplementary extension RCP 6 to 4.5 with an adjustment after 2100 to reach RCP 4.5
concentration levels in 2250 and thereafter (Cubasch et al. 2013).
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Additionally, projected climate changes in
GCMs are driven by prescribed changes

in the future global energy balance, which
cannot be predicted with 100% accuracy.
Uncertainty in future conditions such as
the magnitude of greenhouse gas forcing,
the implementation of climate policy, and
the development of new technology is
explored using RCPs. In reality, the future is
unlikely to unfold exactly as any RCP-GCM
combination might suggest. This is why
comparing a range of potential futures is
helpful.

Uncertainty in future projections also

arises from the internal variability of the
climate system—how our climate naturally
fluctuates. Examples of sources of variability
include recurring pressure and circulation
patterns like El Nifio Southern Oscillation
(ENSO), the Arctic Oscillation (AO), and the
Pacific Decadal Oscillation (PDO). These
patterns have the ability to exacerbate or
partially negate the magnitude of climate
change that occurs in the future (Kretschmer
etal. 2018, Fei et al. 2018, Screen and Francis
2016).

While each of these sources contribute to
uncertainty, the magnitude of contribution
varies through time (Hawkins and Sutton
2009). When looking only one to two
decades into the future, model uncertainty
and internal variability are larger concerns.
By contrast, when looking multiple decades
into the future, model and concentration
pathway uncertainty have a larger influence
in the range of potential outcomes. This
assessment is designed to address climate
change impacts and vulnerability at the end
of the century, and therefore the uncertainty
between different concentration pathways
(RCP 4.5 and RCP 8.5, for example) becomes
quite important.

Supplemental Climate Information
Chapter 2 contains information on observed
and projected climate trends in the Apostle
Islands and the surrounding region. One
data source used by the panel of authors is a
nationwide statistically downscaled dataset,
called Multivariate Adaptive Constructed
Analogs (MACA, www.climatologylab.org/

maca.html). This dataset from the University
of Idaho Climatology Lab includes 20
General Circulation Models (GCMs) that
have been downscaled and run under two
representative concentration pathways
(RCPs), RCP 4.5 and RCP 8.5 (Abatzoglou
and Brown 2012). At the expert panel
workshop, participants considered the
ensemble average of 20 GCMs, using both
RCP 4.5 and RCP 8.5 to represent a range of
futures. This dataset was used to describe the
broad trends in temperature, precipitation,
growing season length, and other variables.

In Chapter 2, we also provide additional
information about the range of values
among the 20 GCMs for temperature and
precipitation values. Figure A3-2 (annual
mean temperature) and Figure A3-3 (annual
precipitation) further illustrate the outcomes
of the 20 different GCM projections in the
MACA dataset, highlighting the overlap
between end-of-century projections
between RCP 4.5 and RCP 8.5. Comparing
the multi-model mean from each RCP is
useful to get a broad sense of the divergence
between the GHG concentration pathways.
This more detailed view allows a comparison
of the multi-model mean as well as the
model spread, which can indicate the
uncertainty in these projections. In this
appendix we show example figures for
annual temperature and precipitation, but

it is possible to generate similar figures for
each season, multiple time periods, and

for different variables at: https://climate.
northwestknowledge.net/MACA/index.php.
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2070 - 2099 Climate Projections
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Figure A3-2. Boxplot illustrating projected annual mean temperature for 2070-2099
for a location in the Apostle Islands. White dots represent the 20 individual GCM
model averages. Boxplots are constructed to show the 5th and 95th percentile
values, as well as the low and high values among the 20 GCMs. Historical values are
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Figure A3-3. Boxplot illustrating projected annual mean precipitation for 2070-2099
for a location in the Apostle Islands. White dots represent the 20 individual GCM
model averages. Boxplots are constructed to show the 5th and 95th percentile
values, as well as the low and high values among the 20 GCM:s. Historical values are
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Appendix 4: Supplemental Information on the Climate Change Tree

Atlas

The Climate Change Tree Atlas (Prasad et al.
2014) provides projections of how climate
change will influence the available suitable
habitat for individual tree species. Chapter 3
contains localized Tree Atlas projections for
the area bounded by 46° to 47° north latitude
and 90° to 91° west longitude. This appendix
contains supplemental information to help
provide context to the results displayed in
Table 4 in Chapter 3.

Changes in Suitable Habitat

For this assessment, current area-weighted
importance values (IVs) were derived

from Forest Inventory and Analysis (FIA)
data. These were used to develop modeled
current (1961-1990) IVs, as well as future
IVs for the end of the century (2070 through
2099). Future habitat suitability is projected
for two future greenhouse gas concentration
pathways that bracket a wide range of
possible futures for the year 2100. The “low”
scenario is based on RCP 4.5 and the “high”
scenario is based on RCP 8.5 (see Chapter 2
and Appendix 3 for a discussion of RCPs).
Results presented in this assessment are
averages from three general circulation
models (CCSM4, HadGEM2, and GFDL
CM3) (Moss et al. 2008, Jones et al. 2011,
Donner et al. 2011).

Across the eastern United States, 134 tree
species were initially modeled. If a species
never had an area-weighted IV greater than
3 (FIA, current modeled, or future) across
the assessment area, it was deleted from

the list because the species has either no
current or no future suitable habitat in the
region, or there were not enough data. This
step resulted in the list of 62 tree species for
which complete data are shown in Table A4-
2. For most species, Table A4-1 displays the
rules applied to categorize each species into
a Change Class, based on the ratio of future
IVs to current modeled IVs.

A few exceptions applied to these general
rules. When there was a zero in the
numerator or denominator, a ratio could
not be calculated. Instead, a species was
classified as gaining new habitat if its FIA
value was 0 and the future IV was greater
than 3. A species’ habitat was considered
to be extirpated if the future IV was 0 and
FIA values were greater than 3. When the
modelled future IV was >0 for <10% of
the cells within the 1x1 degree zone, the
species was categorized as ‘rare’ and the
change classes were expanded, so that
NoChange=ratio 0.6-4.0; Sm. inc.=ratio
4.0-8.0; Lg. inc.=ratio >8.0; Sm. dec.=ratio
0.2-0.6; Lg. dec.=ratio <0.2.

Table A4-1. Explanation of criteria used to assign change classes to each tree species according to
model outputs from the Climate Change Tree Atlas. Ratios refer to the ratio of projected importance
value at the end of the century to modeled current importance value.

Description
No Change to very little change in habitat suitability

Not enough information to assign a class due to very low model

reliability or species is extremely rare either now or potentially in

Class Criteria

NoChange Ratio of 0.8-1.2
SmmcRanoon_zo ...................................
LngRatlo>20 ...........................................
SmdecRat|oofo5_08 ...................................
LngCRatlo<05 ...........................................
Verylg.dec.  FAi>0.5and GCM45i=0  Very larg
UnknownModRel:unacceptabIe ........................

future.

NewHab|tatMOD|=OandGCM45| >0 ....................

Species is not currently reported by FIA and has not been modeled

under current conditions to have suitable habitat, but could gain
suitable habitat under future climate conditions.
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Table A4-2. Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented in order of
highest to lowest abundance within the analysis area. Mod Rel: the model reliability of the species’ model predicting current and future suitable habitat (High, Medium,
Low), based on several statistical parameters. Pct Area: the percentage of cells within the 1x1 degree of Lat/Lon (or other area) zone that currently have the species
present according to the FIA data. It does not mean the species actually covers that amount of ground within the sample area. Also, if the 1x1 is only a partial rectangle
because of coast or water, or because of the region of interest, there may be pieces without FIA plots or missing environmental predictors, therefore some fraction of the
1x1 without certain common species. Also, the region could be selecting only a small fraction of a cell with the species present. FIAi: the average importance value (IV)
according to FIA records for the species, where it occurs, within the 10x10-km and/or 20x20-km cells of the area of interest. The 0-100 score is based on number of stems
and basal area of tree species recorded during the FIA inventory cycle (FIA data used across the eastern U.S. range from 2001-2016). Vs are averaged at the cell level to
indicate the average abundance of a species. Note that this IV is for the species only within the cells where it now occurs, not averaged over the entire region of interest.
MODi: the area-weighted average importance value (IV) according to a Random Forest model for the species within cells. Includes cells that have modeled suitable
habitat for the species, so that FIA plots need not be present for the model to predict species presence in the smaller cells. GCM45i or GCM85i: the area-weighted
average importance value (IV) according to a Random Forest model for the species within cells, under the Representative Concentration Pathway (RCP) 4.5 (relatively

low concentration future) or 8.5 (high concentration pathway) average of three general circulation models (GCMs) by 2100. GCM45r or GCM85r: the ratio of future
(2070-2099) suitable habitat (=G45i/G85i) to current (1981-2010) habitat (=MODi), so that a ratio of 1 indicates no change in suitable habitat, <1 indicates a potential
loss in habitat, and >1 indicates a potential gain in habitat by 2100 according to the lower (or higher) concentration scenario, average of three GCMs. ChngCl4.5/8.5:
class of change in suitable habitat by 2100. Classes are based on ratios of future suitable habitat for common species. No Change = ratio 0.8-1.2; Small increase = ratio
1.2-2.0; Large increase = ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large decrease = future importance value of 0. New Habitat = FIA
data currently does not show this species in the analysis area, but future importance value >0. Adapt: Adaptability score for the species, according to a literature review
of 12 disturbance and nine biological characteristics, or modification factors (Ilverson et al. 2011, Matthews et al. 2011). Scores range from 1.7 (very low adaptability to a
changing climate) to 8.5 (very high adaptability), with color class breaks at 3.4 and 5.2. Thus Low adaptability is 1.7-3.4, Moderate is 3.5-5.2, and High is >5.2.

Common Name Scientific Name PctArea FIAi MODi GCM45i GCMS85i GCM45r GCM85r ChngCl45 ChngCI85 Adapt

sugar maple Acer saccharum High 87.3 15.18  1259.39 785.77 782.7 0.58 0.58 Sm. dec. 5.8
quakmg a Spen .............. Popu/us tremu/mdes ....... ngh ............. 94 ........ 1 1 22 ..... 1 04937 e goo 98 ......... 7 06 82 ........... 0 8 ............. 0 71 ........................... Sm dec ............. 47 .....

redmap|e ................... Acer rUbrum ............... ngh ............ 972 ........ 96 ....... 8 41 08 ........ 10428 ......... 9 03 31 .......... 118 ............ 102 .......................... NO Change ........... 85 .....

ba|sam ﬁr .................... Ab,es ba/samea ............ ngh ............ 927 ....... 8 46 ...... 7 60 73 e 361 13 ......... 3 78 08 .......... 047 ............. O 5 ........................... Sm dec ............. 27 .....

nort hemwh,te Cedar ....... Thuja OCC/dema//S .......... ngh ............ 70 8 ....... 7 32 ...... 4 25 4 5 e 380 28 ......... 43 5 1 ........... 0 87 ............ 0 99 .......................... NO Change ........... 42 .....

b|ack aSh .................... Fraxmus mgra .............. Med|um ........ 842 ....... 4 63 ...... 3 49 45 e 3 1 3 93 ......... 2 85 43 .......... 085 ............ O 78 .......................... Sm dec .............. 1 7 .....

paperberh .................. Betu/a papynfera ........... ngh ............ 539 ....... 4 08 ...... 2 86 52 e 337 9 1 ......... 3 oo 79 .......... 111 ............. o 98 .......................... No Change ........... 34 .....

ye”OW bIrCh ................. getu/a a//eghan/en5/5 ....... ngh ............ 82 .1 ........ 3 53 ...... 2 66 87 ........ 174 4 1 ......... 1. 68 37 .......... 0 63 ............ 0 61 ........................... gm dec ............. 34 .....

Ame”c anba stood ........ T,/,aamer,cana ............. Med|um ........ 642 ....... 3 86 ...... 2 19 06 e 298 72 ......... 2 70 11 .......... 121 ............. 109 .......................... NO Change ........... 46 .....

tamar aCk (natwe) ........... Lar ,X /ar ,C,na ................ ngh ............ 426 ........ 49 ....... 2 45 46 e 282 86 ......... 2 83 93 .......... 1 15 ............ 1 16 .......................... No Change ........... 31 .....

b|ack Spruce ................. ,chea mar ,ana .............. ngh ............ 504 ....... 3 64 ...... 2 22 14 ........ 145 9 1 ......... 1. 46 39 .......... 0 68 ............ 0 68 .......................... Sm dec ............. 43 .....

eas tem hem |OC k ............ Tsuga canadens,s .......... ngh ............ 66 3 ....... 3 38 ...... 1. 97 75 e 225 25 ......... 1. 88 69 .......... 1 19 .............. 1 ............................ No Change ........... 27 .....

redpme ..................... Pmus ,esmosa .............. Med|um ........ 317 ....... 5 ;5.1 ....... 1. 53 55 e 254 59 ......... 2 65 14 .......... 137 ............ 142 .......................... Sm mc ............... 3 ......

eas tem W h |t e pme .......... Pmus ST mbus ............... ngh ............ 418 ....... 3 73 ...... 1. 50 95 ........ 4079 .......... 3 52 44 .......... 2 33 ............ 201 ........................... |_g mc ............... 33 .....

Whlte Spruce ................ p,ceag/auca ................ Med|um ........ 738 e 195 ...... 170 84 ........ 159 16 ......... 174 17 .......... 102 ............ 1 12 .......................... No Change ........... 39 .....

northem red oak ............ Quercus ,Ubra .............. Medlum ........ 452 ....... 3 03 ...... 104 52 e 491 27 ......... 4 53 21 .......... 387 ............ 3 57 .......................... |_g mc ............... 54 .....

b|gt00thaspen .............. popu/usgrand,dentata ..... Med|um ........ 41 2 ....... 2 05 ...... 97 46 e 2 1 278 .......... 1 842 ........... 192 ............ 166 .......................... Sm mc .............. 51 .....
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Table A4-2 (continued). Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented

in order of highest to lowest abundance within the analysis area. Mod Rel: the model reliability of the species’ model predicting current and future suitable habitat
(High, Medium, Low), based on several statistical parameters. Pct Area: the percentage of cells within the 1x1 degree of Lat/Lon (or other area) zone that currently

have the species present according to the FIA data. It does not mean the species actually covers that amount of ground within the sample area. Also, if the 1x1 is only

a partial rectangle because of coast or water, or because of the region of interest, there may be pieces without FIA plots or missing environmental predictors; therefore
some fraction of the 1x1 without certain common species. Also, the region could be selecting only a small fraction of a cell with the species present. FIAi: the average
importance value (IV) according to FIA records for the species, where it occurs, within the 10x10-km and/or 20x20-km cells of the area of interest. The 0-100 score is
based on number of stems and basal area of tree species recorded during the FIA inventory cycle (FIA data used across the eastern U.S. range from 2001-2016). IVs are
averaged at the cell level to indicate the average abundance of a species. Note that this IV is for the species only within the cells where it now occurs, not averaged over
the entire region of interest. MODi: the area-weighted average importance value (IV) according to a Random Forest model for the species within cells. Includes cells that
have modeled suitable habitat for the species, so that FIA plots need not be present for the model to predict species presence in the smaller cells. GCM45i or GCM85i:
the area-weighted average importance value (IV) according to a Random Forest model for the species within cells, under the Representative Concentration Pathway
(RCP) 4.5 (relatively low concentration future) or 8.5 (high concentration pathway) average of three general circulation models (GCMs) by 2100. GCM45r or GCM85r: the
ratio of future (2070-2099) suitable habitat (=G45i/G85i) to current (1981-2010) habitat (=MODi), so that a ratio of 1 indicates no change in suitable habitat, <1 indicates
a potential loss in habitat, and >1 indicates a potential gain in habitat by 2100 according to the lower (or higher) concentration scenario, average of three GCMs.
ChngCl4.5/8.5: class of change in suitable habitat by 2100. Classes are based on ratios of future suitable habitat for common species. No Change = ratio 0.8-1.2; Small
increase = ratio 1.2-2.0; Large increase = ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large decrease = future importance value of 0. New
Habitat = FIA data currently does not show this species in the analysis area, but future importance value >0. Adapt: Adaptability score for the species, according to a
literature review of 12 disturbance and nine biological characteristics, or modification factors (Iverson et al. 2011, Matthews et al. 2011). Scores range from 1.7 (very low
adaptability to a changing climate) to 8.5 (very high adaptability), with color class breaks at 3.4 and 5.2. Thus Low adaptability is 1.7-3.4, Moderate is 3.5-5.2, and High is
>5.2.

Mod

Common Name Scientific Name Rel PctArea FIAi MODi GCM45i GCMS85i GCM45r GCM85r ChngCl45 ChngCl85 Adapt
black cherry Prunus serotina Medium 70.3 1.75 82.06 373.03 422.31 3.85 4.36 Lg. inc. Lg. inc. 3
eastern hophombeam; o\ irciniana Low 65.9 144  67.97 139 147.87 1.53 1.63 Sm. inc Sm. inc 6.4
ironwood

Amer|cane|m ............... U/mu5 ame”cana ........... Med|um ........ 41 3 e 183 ...... 4051 e 256 93 ......... 2 85 79 .......... 4 29 ............ 477 ........ |_g mc ........... |_g mc ................ 4 ......

Wh|te aSh .................... Fraxmus amencana ......... Med|um ........ 41 .1. e 148 e 52 38 e 21 1 32 ......... 2 69 15 ........... 36 ............. 459 ........ |_g mc ........... |_g mc ............... 27 .....

green aSh .................... Fraxmus pennsy/van,ca ..... LOW ............. 28 5 ........ 09 e 13 09 ......... : 98 35 ......... 2 82 31 .......... 8 19 e 11 66 ........ |_g mc ........... |_g mc ................ 4 ......

Semceberry ................. Ame/ancmer Spp .......... |_OW .............. 15 e 1 ', 03 ....... o 92 .......... o 15 ............. 0 ............. o &)'1 .............. NA ......... |_g dec ........... \/ery Lgdec ......... 48 .....
American hornbeam; Carpinus caroliniana Low 8.5 1.65 4.94 12.32 16.51 1.03 1.38 No change No change 5.1
musclewood

JaCk pme ..................... p,nus banks,ana ............ MEdlum .......... 6 ......... 2 27 ....... 943 e 1856 .......... 20 65 ........... 199 ............ 221 ......... No Change ....... NO Change ........... 52 .....

ChOkeC herry ................. Prunus V,rg,n,ana ........... HA .............. 187 ....... o 32 ........ NA ............ NA ............. NA ............. NA .............. NA ......... Unknown ........ Unknown ............ 38 .....

nort hem p| n Oak ............ Quer Cus e//,pso,da/,s ....... MEd ,um ......... 6 6 ........ o 69 ....... 105 ......... 1 89 38 ......... 134 44 e 3959 ............ 28 .1 ......... |_g .i nc ........... |_g m C ................ 6 ......

. Norwayspr uce .............. p,cea ab,es ................. HA ............... 1 7 ........ 4 37 ........ NA ............ NA ............. NA ............. NA .............. NA ......... Unknown ........ Unknown ............ NA .....

pm Cherry ................... Prunuspensy/vamca ........ |_OW .............. 3 4 e 1 46 ........ 1 3 ........... o 26 ............. o ............. o 09 .............. o .......... |_ g dec ........... \/ery Lgdec ......... 42 .....

. moumam map|e ............ Acer sp,ca wm .............. LOW .............. 5 5 ........ o 29 ....... o 95 .......... 0 02 ........... 0 01 ............ o 01 ............... o .......... |_ g dec ........... |_g d ec ............... 59 .....

b|ac|<w|||ow ................. 53/,X mgra .................. LOW .............. 3 4 e 107 ....... 057 .......... 613 ........... 13 .1 ............ 287 ............ 613 ........ NO Change ....... Sm mc .............. 28 .....

bur oak ...................... Quer Cus m acrocarpa ....... Med|um ......... 1 7 e 1 . zg ....... o 55 ......... 178 95 ......... 187 38 ......... 139 31 .......... 146 39 ....... |_g mc ........... |_g m c ............... 64 .....
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Table A4-2 (continued). Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented

in order of highest to lowest abundance within the analysis area. Mod Rel: the model reliability of the species’ model predicting current and future suitable habitat
(High, Medium, Low), based on several statistical parameters. Pct Area: the percentage of cells within the 1x1 degree of Lat/Lon (or other area) zone that currently

have the species present according to the FIA data. It does not mean the species actually covers that amount of ground within the sample area. Also, if the 1x1 is only

a partial rectangle because of coast or water, or because of the region of interest, there may be pieces without FIA plots or missing environmental predictors; therefore
some fraction of the 1x1 without certain common species. Also, the region could be selecting only a small fraction of a cell with the species present. FIAi: the average
importance value (IV) according to FIA records for the species, where it occurs, within the 10x10-km and/or 20x20-km cells of the area of interest. The 0-100 score is
based on number of stems and basal area of tree species recorded during the FIA inventory cycle (FIA data used across the eastern U.S. range from 2001-2016). IVs are
averaged at the cell level to indicate the average abundance of a species. Note that this IV is for the species only within the cells where it now occurs, not averaged over
the entire region of interest. MODi: the area-weighted average importance value (IV) according to a Random Forest model for the species within cells. Includes cells that
have modeled suitable habitat for the species, so that FIA plots need not be present for the model to predict species presence in the smaller cells. GCM45i or GCM85i:
the area-weighted average importance value (IV) according to a Random Forest model for the species within cells, under the Representative Concentration Pathway
(RCP) 4.5 (relatively low concentration future) or 8.5 (high concentration pathway) average of three general circulation models (GCMs) by 2100. GCM45r or GCM85r: the
ratio of future (2070-2099) suitable habitat (=G45i/G85i) to current (1981-2010) habitat (=MODi), so that a ratio of 1 indicates no change in suitable habitat, <1 indicates
a potential loss in habitat, and >1 indicates a potential gain in habitat by 2100 according to the lower (or higher) concentration scenario, average of three GCMs.
ChngCl4.5/8.5: class of change in suitable habitat by 2100. Classes are based on ratios of future suitable habitat for common species. No Change = ratio 0.8-1.2; Small
increase = ratio 1.2-2.0; Large increase = ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large decrease = future importance value of 0. New
Habitat = FIA data currently does not show this species in the analysis area, but future importance value >0. Adapt: Adaptability score for the species, according to a
literature review of 12 disturbance and nine biological characteristics, or modification factors (Iverson et al. 2011, Matthews et al. 2011). Scores range from 1.7 (very low
adaptability to a changing climate) to 8.5 (very high adaptability), with color class breaks at 3.4 and 5.2. Thus Low adaptability is 1.7-3.4, Moderate is 3.5-5.2, and High is
>5.2.

Common Name Scientific Name PctArea FIAi MODi GCM45i GCMS85i GCM45r GCM85r ChngCl45 ChngCl85 Adapt
peachleaf willow Salix amygdaloides FIA 3.4 0.31 NA NA NA NA NA Unknown Unknown 3.4
. 5cotc h pme .................. Pm u5 sy/ vest HS ............. |:|A ............... o 1 ........ o 03 ........ NA ............ NA ............. NA ............. NA .............. NA ......... Unknown ........ Unknown ............ NA .....

5||vermap|e .................. AcersaCChannum .......... LOW .............. 1 7 ......... 03 .......... 0 ........... 6045 .......... 9653 .......... 2 0149 . 32178 ....... |_g mc ........... |_g mc ............... 56 .....

eastem redcedar ............ jun,perusv,rgm,ana ........ MEd |um .......... O ........... 0 ........... 0 ........... 1 80 42 e 4 34 88 ........... NA .............. NA ......... NeW H abltat ..... New H abltat ......... 39 .....

. redspr u Ce ................... p,cea rUbenS ................ H| gh .............. o ........... o ........... 0 ............ 1 39 ........... 7 47 ............ NA .............. NA ......... New H abltat ..... NeW H abltat ......... 2 9 .....

boxe|der ..................... Acernegundo .............. LOW ............... o ........... 0 ........... 0 ........... 46 44 s 5 854 ............ NA .............. NA ......... New Habltat ..... New Habltat ......... 74 .....

. paW paw ..................... As,m,na m/Oba ............. LOW ............... o ........... 0 ......... O 01 ............. o ............... 0 .............. N A .............. NA ......... Unknown ........ Unknown ............ 37 .....

. Sweetberh .................. Bewla / enta ................ H| gh .............. o ........... 0 ........... 0 ............ 0 95 ........... 7 97 ............ NA .............. NA ......... New H ab|tat ..... New H ab|tat ......... 32 .....

. bmem Ut . h| Cko ry ............ Carya Cord,fo,m,s .......... LOW ............... O ........... 0 ........... 0 ........... 25 1 2 .......... 31 69 ............ NA .............. NA ......... NeW H abltat ..... NeW H abltat ......... 56 .....

plgnmhmkory ............... Carya g/abr .a ................ Medlum .......... o ........... o ........... 0 e, 1 .1. 28 .......... 66 32 ............ NA .............. NA ......... New Hab|tat ..... New Hab|tat ......... 47 .....

. Shag ba rk h|c kor y ............ Carya o Vata ................ Med ,um .......... o ........... 0 ........... 0 ........... 74 69 .......... 94 46 ............ NA .............. NA ......... New H abltat ..... New H ab|tat ......... 44 .....

. Sugarberr y ................... Ce/t ,5 /aewga ta ............. MEd |um .......... O ........... 0 ........... 0 ............ 0 01 ............ 3 62 ............ NA .............. NA ......... Unknown ........ New H abltat ......... 46 .....

. h ac k be rry .................... Ce/t ,5 occ,denta/,s .......... Med |um .......... o ........... o ......... o 01 ............ 2 6 ............ 1 5 26 ............ NA .............. NA ......... New H abltat ..... NeW H abltat ......... 57 .....

. Amenc an bQECh ............. Fagusgrand,fo/,a ........... H| gh .............. o ........... 0 ........... 0 ........... 1 21 . 37 ......... 1. 87 34 ........... NA .............. NA ......... New H abltat ..... New H ab|tat ......... 36 .....

. b|ack Wa| nm ................ jug[ans mgra ............... LOW ............... o ........... 0 ........... 0 ........... 89 67 .......... 1. 7405 ........... NA .............. NA ......... New H abltat ..... New H abltat .......... 4 ......

ye||owpop|ar ............... L,nodendron t u/,p,fera ..... H| gh .............. o ........... 0 ........... 0 ............ 593 .......... 81 88 ............ NA .............. NA ......... New H ab|tat ..... New H ab|tat ......... 53 .....
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Table A4-2 (continued). Tree Atlas results for 62 tree species in the area bounded by 46° to 47° north latitude and 90° to 91° west longitude. Tree species are presented

in order of highest to lowest abundance within the analysis area. Mod Rel: the model reliability of the species’ model predicting current and future suitable habitat
(High, Medium, Low), based on several statistical parameters. Pct Area: the percentage of cells within the 1x1 degree of Lat/Lon (or other area) zone that currently

have the species present according to the FIA data. It does not mean the species actually covers that amount of ground within the sample area. Also, if the 1x1 is only

a partial rectangle because of coast or water, or because of the region of interest, there may be pieces without FIA plots or missing environmental predictors; therefore
some fraction of the 1x1 without certain common species. Also, the region could be selecting only a small fraction of a cell with the species present. FIAi: the average
importance value (IV) according to FIA records for the species, where it occurs, within the 10x10-km and/or 20x20-km cells of the area of interest. The 0-100 score is
based on number of stems and basal area of tree species recorded during the FIA inventory cycle (FIA data used across the eastern U.S. range from 2001-2016). IVs are
averaged at the cell level to indicate the average abundance of a species. Note that this IV is for the species only within the cells where it now occurs, not averaged over
the entire region of interest. MODi: the area-weighted average importance value (IV) according to a Random Forest model for the species within cells. Includes cells that
have modeled suitable habitat for the species, so that FIA plots need not be present for the model to predict species presence in the smaller cells. GCM45i or GCM85i:
the area-weighted average importance value (IV) according to a Random Forest model for the species within cells, under the Representative Concentration Pathway
(RCP) 4.5 (relatively low concentration future) or 8.5 (high concentration pathway) average of three general circulation models (GCMs) by 2100. GCM45r or GCM85r: the
ratio of future (2070-2099) suitable habitat (=G45i/G85i) to current (1981-2010) habitat (=MODi), so that a ratio of 1 indicates no change in suitable habitat, <1 indicates
a potential loss in habitat, and >1 indicates a potential gain in habitat by 2100 according to the lower (or higher) concentration scenario, average of three GCMs.
ChngCl4.5/8.5: class of change in suitable habitat by 2100. Classes are based on ratios of future suitable habitat for common species. No Change = ratio 0.8-1.2; Small
increase = ratio 1.2-2.0; Large increase = ratio >2.0; Small decrease = ratio 0.5-0.8; Large decrease = ratio <0.5; Very Large decrease = future importance value of 0. New
Habitat = FIA data currently does not show this species in the analysis area, but future importance value >0. Adapt: Adaptability score for the species, according to a
literature review of 12 disturbance and nine biological characteristics, or modification factors (Iverson et al. 2011, Matthews et al. 2011). Scores range from 1.7 (very low
adaptability to a changing climate) to 8.5 (very high adaptability), with color class breaks at 3.4 and 5.2. Thus Low adaptability is 1.7-3.4, Moderate is 3.5-5.2, and High is
>5.2.

Mod

Common Name Scientific Name Rel PctArea FIAi MODi GCM45i GCMS85i GCM45r GCM85r ChngCl45 ChngCl85

blackgum Nyssa sylvatica Medium 0 0 0 2.78 41.98 NA NA New Habitat ~ New Habitat 5.9
. Sycam 0 re .................... P/atanus Omden ta/,s ....... LOW ............... o ........... 0 ........... 0 ............ 4 72 .......... 84 26 ............ NA .............. NA ......... New H abltat ..... New H abltat ...... 48 ........

. ba|5am . po p| ar ............... Popu/ US bajsam/f e, a ........ Med ,um .......... o ........... 0 ......... 2 71 ............. o ............... 0 .............. N A .............. NA ......... Unknown ........ Unknown ......... 4 ..........

. eastem COttO nWOOd ........ Popu/ US de/t O,des .......... LOW ............... O ........... 0 ........... 0 ........... 44 23 ........... 87 .1 ............. NA .............. NA ......... NeW H abltat ..... New H abltat ...... 3 9 ........

Wh|teoak .................... Ouercusa/ba ............... Med|um .......... o ........... 0 ........... 03227442095 ........... NA .............. NA ......... New Habltat ..... New Habltat ...... 61 ........

. Swamp Whlte oak ........... Quer Cus b,co/or ............ LOW ............... o ........... 0 ........... 0 ........... 201 8 e 5 096 ............ NA .............. NA ......... New H abltat ..... New H ab|tat ...... 49 ........

. Scarla Oak ................... Quer CUS Coccmea .......... Med |Um .......... o ........... 0 ........... 0 ............. 2 2 ............ 1 2 39 ............ NA .............. NA ......... NEW H abltat ..... New H ab|tat ...... 46 ........

. pm Oak ...................... Quer cus pa/usms ........... |_OW ............... o ........... 0 ........... 0 ............ 0 52 ........... 1 .1. 7 ............ NA .............. NA ......... New H ab|tat ..... New H ab|tat ...... 2 8 ........

ChestnUtoak ................ Quercus pnnus ............. ngh .............. O ........... 0 ........... 0 ............. 4 1 RETPROR 11 83 ............ NA .............. NA ......... NeW Habltat ..... NeW Habltat ...... 61 ........

b|ack oak .................... Quercus Ve/unna ........... ngh .............. o ........... 0 ........... 0 U 25885 ......... 3 8206 ........... NA .............. NA ......... New Habltat ..... New Habltat ...... 49 ........

b|ack |ocust ................. RObm/a psewoacaoa ...... LOW ............... o ........... 0 ........... 0 s 1 03 2 ........... 1 94 3 ............ NA .............. NA ......... New Habltat ..... New Hab|tat ...... 38 ........

. Sa Ssafras ..................... 535 Safras a/b,dum .......... LOW ............... O ........... 0 ........... 0 ............ 0 71 ........... 68 86 ............ NA .............. NA ......... NeW H abltat ..... New H abltat ...... 42 ........

. Amerlc an mounta| n .a.s.r; . gorbusamer,cana .......... |_OW ............... o ........... 0 ......... 0 .0.1 ........... 0 (.).1 .............. 0 .............. NA .............. NA ......... Unknown ........ Unknown ......... 3 1 ........

5||pperye|m ................. U/mus rUbra ................ LOW ............... o ........... 0 ........... 0 ............ 6821748 ............ NA .............. NA ......... New Hab|tat ..... New Hab|tat ...... 48 ........




Modifying Factors and Adaptability
Scores

Table A4-2 also shows information on

the adaptability scores used in the Tree

Atlas. These scores were developed based

on a review of modifying factors, using a
literature based scoring system to capture
the potential adaptability of species to
changes in climate that cannot be adequately
captured by the DISTRIB model (Matthews
et al. 2011). This approach was used to assess
the capacity for each species to adapt and
considered nine biological traits reflecting
innate characteristics like competition ability
for light and edaphic specificity. Twelve
disturbance characteristics addressed the
general response of a species to events such
as drought, insect pests, and fire.

This information distinguishes among
species likely to be more tolerant (or
sensitive) to environmental changes than
the habitat models alone suggest. For each
biological and disturbance factor, a species
was scored on a scale from -3 to +3. A score
of -3 indicated a very negative response

of that species to that factor. A score of +3
indicated a very positive response to that
factor. To account for confidence in the
literature about these factors, each of these

scores was then multiplied by 0.5, 0.75,

or 1, with 0.5 indicating low confidence
and 1 indicating high confidence. Finally,
the score was further weighted by its
relevance to future projected climate
change by multiplying it by a relevance
factor. A 4 indicated highly relevant and a

1 indicated not highly relevant to climate
change. Means for individual biological
scores and disturbance scores were then
calculated to arrive at an overall biological
and disturbance score for the species. To
arrive at an overall adaptability score for the
species that could be compared across all
modeled tree species, the mean, rescaled
(0-6) values for biological and disturbance
characteristics were plotted to form two
sides of a right triangle; the hypotenuse

was then a combination (disturbance and
biological characteristics) metric, ranging
from 0 to 8.5 (Figure A4-1). For this
assessment, adaptability scores 3.2 and less
are considered low, and scores of 5.3 and
greater are considered high. In Chapter 3,
adaptability is presented categorically (Low,
Moderate, and High) to avoid overstating
the certainty and precision of the numerical
values.

Note that modifying factors and adaptability
scores are calculated for
a species across its entire

- 3 . Highast range. Many species may
possible have higher or lower
2 adaptability ity i i
High iotegical, low ey adaptability in certain
disturbance scores areas. For example, a
i species with a low flooding
[ .
g tolerance may have higher
- adaptability in areas
'Ecb _g} 0 . Mid-range P . ty .
e aduptabiiity not subject to flooding.
2 i score: 4.25 Likewise, local impacts of
insects and disease may
i reduce the adaptability of a
owe . .
-2 posSble High disturbance, species in that area.
adaptability low biological
. scores
& 5 . score: 0
-3 -2 -1 0 1 2 3
disturbance score
0 Length 6

Figure A4-1. Schematic showing how adaptability was
determined for information for the 62 tree species in the
assessment area modeled using the Climate Change Tree Atlas.
Adaptability scores are described in the appendix text.
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Appendix 5: Vulnerability and Confidence Determination Process

To assess the climate change vulnerability

of each terrestrial ecosystem in the Apostle
Islands, we elicited input from a panel of 17
experts from a variety of land management
and research organizations across the Great
Lakes region (Table A5-1). We sought a team
of panelists who would be able to contribute
a diversity of subject area expertise,
management history, and organizational
perspectives. Most panelists had extensive
knowledge about the ecology of the Apostle
Islands. This panel was assembled at an
in-person workshop in Ashland, Wisconsin,
in March 2018. Here we describe the
structured discussion process that the panel
used.

Ecosystems Assessed

The authors of this assessment used the
ecosystem classification described in
Chapter 1. Prior to the workshop, a sub-
group of authors collected information
related to the major system drivers,
dominant species, and stressors that

USDA FoResT SERVICE/S. HANDLER

characterize that community from the
relevant ecological literature. The panel
members had the opportunity to review
and amend the community descriptions on
a webinar prior to the workshop, and those
suggestions were incorporated into the
descriptions.

Table A5-1. Names and affiliations of the participants in the March 2018 expert panel workshop. Asterisks (*)

indicate workshop facilitators.

Name Affiliation

Peggy Burkman National Park Service, Apostle Islands National Lakeshore
_]u||eVanStappenNat|ona|ParkServ|ceApost|e|sland5Nat|ona|Lakeshore .................................................................
‘BobKrumenaker  National Park Service, Apostle Islands National Lakeshore (now Big Bend National Park)
DavecooperNat|ona|ParkSerV|ceApost|e|sland5Nat|ona|Lakeshore .................................................................
‘UlfGafvert  National Park Service, Great Lakes Inventory and Monitoring Network (retied)
DamenPanekNat|ona|ParkSerV|ceApost|e|sland5Nat|ona|Lakeshore .................................................................
SarahJohnsonNorth|anch||ege ........................................................................................................................
MattcooperNorthlandcollege ........................................................................................................................
. Ryan o Con nor .................................. W|5c0ns|n Depa rtm ent Of Natura| . Resources ...................................................................................
. Enc Epste| n ........................................ vv|5con5m Depa rtm ent Of Natura| . Resources (reUred ) .......................................................................
|_|ndaParkerUSForestSerwce .......................................................................................................................
Christopher Swanston ~~ U_S. Forest Service Northern Research Station and Northern Institute of Applied Climate Science
‘AlexiaProsperi  Great Lakes Integrated Sciences and Assessments (now U S. Forest Service Eastern Region)
Brentlofgren  National Oceanic and Atmospheric Administration Great Lakes Environmental Research Laboratory

Hannah Panci Great Lakes Indian Fish and Wildlife Commission
Naommu,sonBadRNerBandofLakeSuper,Orcmppewa .....................................................................................
‘Stephen Handler U5, Forest Service Northern Research Station and Northern Institute of Applied Climate Science
‘Kristen Schmitt* ~~~~ Michigan Technological University and Northern Institute of Applied Climate Science

National Park Service

123



Potential Impacts

To examine potential impacts, the panel

was given several sources of background
information on past and future climate
change in the region (summarized in
Chapter 2) and projected impacts on
dominant tree species, Lake Superior
dynamics, and other relevant topics
(summarized in Chapter 3). The panel

was directed to focus on impacts to each
ecosystem from the present through the end
of the century, but more weight was given

to the end-of-century period. The panel
assessed impacts by considering a range of
climate futures bracketed by two scenarios:
RCP 4.5 and RCP 8.5. Panelists were then
led through a structured discussion process
to consider this information for each
ecosystem considered in the assessment.
Potential impacts on ecosystem drivers and
stressors were summarized based on climate
model projections, published literature,

and insights from the panelists. Impacts on
drivers were rated based on whether they
would be supportive or disruptive to the
ecosystem in question. Impacts on stressors
were considered negative if they increased
the influence of that stressor or positive if
they decreased the influence of that stressor.
Panelists were also asked to consider the
potential for climate change to facilitate
new stressors in the Apostle Islands over the
next century. To assess potential impacts

on dominant tree species, the panelists
examined results from Tree Atlas and were
asked to consider those results in addition
to their knowledge of life history traits and
ecology of those species. Panel members
also contributed their own knowledge on the
particular characteristics and key species for
each ecosystem. Finally, panelists were asked
to consider the potential for interactions
among anticipated climate trends, species
impacts, and stressors. Input on these future
ecosystem interactions relied primarily

on the panelists’ expertise and judgment
because there are not many examples of
published literature on complex interactions,
nor are future interactions accurately
represented by ecosystem models.

Adaptive Capacity

Panelists discussed the adaptive capacity of
each ecosystem based on their ecological
knowledge and experience with the
Apostle Islands and the surrounding
region. Panelists were told to focus on
community characteristics that would
increase or decrease the adaptive capacity
of that ecosystem. Factors that the panel
considered included characteristics of
dominant species within each ecosystem
(e.g., dispersal ability, genetic diversity, range
limits) and comprehensive characteristics
(e.g., functional and species diversity or
species richness, tolerance to a variety

of disturbances, distribution across the
landscape). The panelists were directed to
base their considerations on the current
condition of the system given past and
current management regimes, with no
consideration of potential adaptation actions
that could take place in the future.

Vulnerability

As explained in Chapter 4, we consider an
ecosystem to be vulnerable if it is at risk of
changes leading to a new ecological state;
if it may have reduced ability to fulfill key
ecosystem functions; or if the system is
anticipated to suffer substantial declines in
health, productivity, or geographic extent.
Expert panel members discussed this broad
definition of vulnerability on a webinar
prior to the workshop and again at the
workshop, so that everyone had a common
understanding.

Following extensive group discussion, each
panelist evaluated the potential impacts and
adaptive capacity of each ecosystem to arrive
at a vulnerability rating. Participants were
provided with individual worksheets and
asked to list which impacts they felt were
most important to that system in addition to
the major factors that would contribute to
the adaptive capacity of that system (Figure
A5-1). Panelists were directed to mark their
rating in two-dimensional space on the
individual worksheet and on a large group
poster (Figure A5-2). This vulnerability
figure required the participants to evaluate
the degree of potential impacts related

to climate change as well as the adaptive

Climate Change Vulnerability Assessment for Apostle Islands National Lakeshore



capacity of the system to tolerate those
impacts. Individual ratings were compared
and discussed and used to arrive at a group
determination. In many cases, the group
determination was at or near the centroid
of all individual determinations. Sometimes
the group determination deviated from

the centroid because further discussion
convinced some group members to alter
their original response.

Confidence

Panelists were also directed to give a
confidence rating to each of their individual
vulnerability determinations (Figure A5-

3). Panelists were asked to evaluate the
amount of evidence they felt was available
to support their vulnerability determination
and the level of agreement among the

available evidence (Mastrandrea et al. 2010).

Panelists evaluated confidence individually
and as a group, in a similar fashion to the
vulnerability determination. Vulnerability
and Confidence figures appear in Chapter
4 for each ecosystem. We do not intend for
direct comparison between these figures
because the axes represent subjective,
qualitative scales.

Vulnerability Determination Worksheet

How familiar are you with this ecosystem? (circle one)

operates

What factors do you think contribute most to the adaptive capacity of the

Name: Ecosystem:

Low Medium High
I have some basic I do some management or Iregularly do
knowledge about this  rescarch in this system, or  management or rescarch
system and how it have read a lot about it in this system

What do you think are the greatest potential impacts to the ecosystem? (positive or negative)

Vulnerability Determination
Use your notes you have taken and your judgement to plot your
assessment of vulnerability on the figure below.

Confidence Rating

High
Wigh
High High
. agreement, | agreement,
g Uimited Medium
; Vulnerability § evidence evidence
g H
3 H
z < Medium Medium
g Moderate ® | agreement, | agreement,
| 3 Vulnerability E Limited
3
S | evidence evidence
H £
H §
E §
< ¢
5 Low tow
Vulnerability agreement, | agreement,
limited Medium
evidence evidence
tow

Supportive to Disruptive to

Use the handout for the confidence rating process and the notes
that you have taken to rate confidence using the figure below.

High
agreement,
Robust
evidence

Medium
agreement,
Robust
evidence

agreement,
Robust
evidence

tem i it
ecosyster Potential Impacts ecosystem Evidence

Robust

For this ecosystem, do you think there are places in the Apostle Islands where potential impacts or
adaptive capacity may be different? please note potential geographic differences here (e.g., are there certain
islands that might experience impacts differently, or particular site conditions that are more/less vulnerable?).

Figure A5-1. The individual worksheet used by each expert
panel member to take notes and assess vulnerability and

confidence for each Apostle Islands ecosystem.

Vulnerability Confidence
High High
High High High
agreement, agreement, agreement,
£ Limited Medium Robust
g Low 5 evidence evidence evidence
3 Vulnerability S
@ @
S £
w 5
- w“—
: £ Medium Medium Medium
= op
S Moderate g agLr-eeTr-_;nt, ag’,’\;ezf??ent, ag‘;ezmetnt,
2 Vulnerability £ imite eaim oous
o < evidence evidence evidence
e <
2 ]
g £
3
< High X Low tow tow
Vulnerability agreement, agreement, agreement,
Limited Medium Robust
evidence evidence evidence
Low Low
Supportive to Disruptive to Limited Robust
ecosystem Potential Impacts ecosystem Evidence
Figure A5-2. Chart used to rank climate change Figure A5-3. Confidence determination

vulnerability of Apostle Islands terrestrial ecosystems,
illustrating the relationship among potential impacts and

Adapted from Mastrandrea et al.

adaptive capacity. Modified from Swanston et al. (2011).

diagram used in the assessment workshop.

(2010).
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