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5.0 EXECUTIVE SUMMARY

Vermont ecosystems and wildlife will face considerable impacts due to climate change
including changes to species’ behaviors, habitat suitability and quality, and ecosystem
functioning. Fish and wildlife are an integral part of Vermont's culture and landscape
affecting agriculture and food systems, recreation and tourism, and human health.
Conserving habitat helps protect fish and wildlife and preserves important ecosystems
services from pollination to subsistence harvesting to nutrient cycling. The findings
presented in this chapter are relevant to diverse audiences, including resource managers,
landowners, land stewards, recreators, and everyday Vermonters.

Current and expected impacts on fish and wildlife from climate change include:

e Species’ distribution across the landscape will change due to threats to habitat and
resource quality. To follow appropriate habitat and temperature conditions, species
may move northward out of Vermont or to higher elevations. Shifting ranges could
cause local or regional extinctions of some native Vermont species, such as
Bicknell’s thrush, spruce grouse, and Canada lynx.

e Some species, like those with very specific habitat requirements or limited dispersal
abilities, cannot move and so are more likely to face disproportionate burdens of
climate change. These include cold-water fish that are important for Vermonters’
livelihoods, amphibians that are indicators of environmental quality, and
invertebrates that form the cornerstone of food webs.

e Pollinator biodiversity is predicted to decrease, which will likely damage agricultural
and food system production.

e AsVermont grows warmer, introduced species are predicted to proliferate. This may
increase competition for limited resources as well as potentially harm forest and
ecosystem health. However, it could also bolster Vermont’s biodiversity, as cold-
adapted species leave Vermont with northward range shifts.

e Disease dynamics will change as climate change increases the amount of time
vectors—Ilike ticks and mosquitoes—can be active. New or more frequent contact
among different species may also alter disease dynamics. These changes will likely
result in more infected human and wildlife individuals.

Loss of suitable habitat is a major driver of biodiversity loss, which is compounded by
climate change impacts. Conserving land that provides habitat for at-risk species is one of
the best strategies to secure Vermont’s biodiversity for generations to come. Conserving
land has co-benefits, such as improving water quality and storing carbon, that can act as
climate change mitigation and adaptation methods. This chapter will primarily discuss
preservation and conservation of forests and wetlands because of their importance as
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crucial ecosystems in the state and because of Vermont’s ongoing commitment to their
conservation. In addition to conserving land, researchers and managers should prioritize
identifying species that are at the edge of their suitable habitat range, where these habitat
edges exist, how those edges are expected to change, and what the timeline of change will
be.

Vermont’s fish and wildlife will change — in where they are, how they survive, and how they
interact — with warming temperatures and changing precipitation. Management strategies
that prioritize species protections and land conservation will be essential to protecting not
just fish and wildlife communities but Vermonters’ livelihoods.

5.1 KEY MESSAGES

1. As temperatures warm, the geographic ranges of species may shift northward or
toward higher elevations. Shifting ranges could cause local or regional extinctions of
some native Vermont species, such as Bicknell’s thrush, spruce grouse, and Canada
lynx. Non-native species ranges may expand into Vermont.

2. Increased frequency of flooding, drought, and extreme temperature events may
impact the viability of some species. Ectotherms and species with limited dispersal
are particularly at risk.

3. The combined influence of warming temperatures and altered precipitation regimes
may harm aquatic ecosystems and threaten suitable habitats for fish and game
populations, in part through more frequent cyanobacteria blooms, new species, and
altered water temperature and dissolved oxygen dynamics.

4. Extended warmer fall temperatures, winter temperature fluctuations, earlier snow
melt, and warmer spring temperatures may cause phenological mismatches for
wildlife, including pollinators and important prey species such as snowshoe hares.
Loss of biodiversity and ecosystem functioning are anticipated if wildlife cannot
adapt.

5. Decreasesinwinter snowpack and warmer annualtemperatures may exacerbate the
effects of diseases such as white-nose syndrome and avian influenza, introduce
novel pathogens, and increase transmission across species.

5.2 BACKGROUND

Vermont is home to more than 250 bird species, 92 fish species, 58 mammal species, 40
reptile and amphibian species, and thousands of invertebrate species (Vermont Fish and
Wildlife Department, 2025b). In addition to their intrinsic value as part of Vermont’s natural
heritage, fish and wildlife species provide ecosystem services, recreation, agriculture, and
contribute to the state’s economy. A 2011 report estimated that Vermont residents spent
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$704 million on fish and wildlife-related activities, such as fishing, hunting, and outdoor
recreation (Vermont Fish and Wildlife Department, 2015).

However, climate change in Vermont has caused rising average air and water temperatures,
shorter periods of snow fall, and more frequent and intense precipitation and drought
events—all which impact species habitat, biodiversity, and abundance. The biodiversity of
an ecosystem is an indicator of ecosystem health. High biodiversity protects ecological
function including the ability of plants and animals to thrive, reproduce, migrate, and move
as well as the maintenance of abiotic natural processes. As biodiversity is threatened, sois
the survival of species and their populations (Oliver et al., 2015; Peterson et al., 1998).
Decreasing biodiversity is occurring across multiple scales—in Vermont, in North America,
and across the globe (Galford et al., 2021; Hoegh-Guldberg et al., 2018; McElwee et al.,
2023). While climate change contributes to direct and indirect threats to biodiversity among
Vermont fish and wildlife, many species are also vulnerable to non-climate stressors, like
land development and pollution, that are difficult to isolate. Effective conservation will
therefore require collaboration across multiple sectors, strategic land preservation, and
whole-ecosystem management.

5.3 TERRESTRIAL ANIMAL MOVEMENT AND CONNECTIVITY

The distribution of species across a landscape is partially determined by the environmental
and climate conditions in which they can survive and thrive. Since 1900, Vermont’s annual
average temperature has warmed 3.6°F (2°C) and is projected to increase another 2°F
(1.1°C) by 2050, or 4-9°F (2.2-5°C) by 2100 under a high emissions scenario (see Climate
Change in Vermont 2.4.2 and 2.9). A warmer environment will affect where wildlife can live.
To follow their climatic niche, or the environmental conditions under which they best
function, animals may move to new locations (Thomas, 2010). With increasing
temperatures, this migration can result in movement to higher latitudes or higher elevation,
or both. InVermont, this means cold-adapted species could migrate out of the state or move
higher up mountainsides. It also means warm-adapted species could move into the state
through expanding ranges. Warming temperatures could also alter the climatic niche of
resources that the species rely on, prompting migration. For example, as tree range shifts
higher in elevation due to warmer temperatures at lower elevations, species dependent on
those trees will be forced to live at higher elevations.

Migration to follow a climactic niche under rapid climate warming is only possible for highly
mobile animals with greater dispersal capabilities such as some birds, mammals, and
insects. Wildlife that are constrained by narrow habitat availability and limited generational
movement will lag behind the rate of environmental change and be unable to migrate to new
habitats, increasing the risk of extinction (Samuels, 2022). For instance, if stream
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temperatures exceed preferred thresholds, cold-water fish species may not be able to travel
throughout their historic range, highlighting the necessity for species-specific management
(Tandon, 2021; see 5.6). Interventions like assisted migration can counteract limitations of
wildlife dispersal (see Box 5-1). Further research is required to identify species that are at
the edge of their suitable habitat range, where these habitat edges exist, how they will
change, and the timeline of change.

Range expansions are also introducing new species to Vermont. New species may
outcompete native species or become forest or agricultural pests. Although many forestand
agricultural pests are introduced through human movement, populations may become
established or increase in size under favorable conditions associated with climate change.

Increased temperatures and other environmental stressors can create ideal circumstances
and new opportunities for some species to thrive. For many pest populations, cold, harsh
winters reduced population numbers. Milder winters due to climate change may increase
these species’ distribution ranges and likelihood of overwinter survival. The creation of
favorable conditions for agricultural pests to survive will have negative effects on plants and
crop yields (Skendzi¢ et al., 2021; see Agriculture and Food Systems 6.3.4). Longer growing
seasons allow more time for pests to proliferate, and warmer air temperatures may bring
pests northward, introducing new pests into Vermont (see 5.4.2).
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Box 5-1: Assisted migration—a management consideration

Assisted migration is a potential management strategy to be used when habitat suitability
decreases and wildlife need to migrate but cannot, usually due to limited dispersal
capabilities. Whole populations can be relocated to new locations with familiar climate
conditions. Assisted migration can also include genetic rescue, relocating individuals
with advantageous genetic diversity to regions with struggling populations to improve
resilience. For example, warm-adapted individuals may be moved to areas with non-
warm-adapted populations, orindividuals may be moved from large populations to more
isolated populations.

Examples of assisted migration, a management strategy to help protect species losing
habitat to climate change and other stressors

Source: This chapter

Example: Assisted migration is not currently a management strategy for the long-tailed
(or rock) shrew (Sorex dispar), but it is a Vermont species with which the method could
be considered. The long-tailed shrew has limited dispersal capabilities and populations
are isolated, increasing the risk of inbreeding and loss of genetic diversity (Vermont Fish
and Wildlife Department, 2015). Assisted migration could provide genetic rescue for
these populations. However, the data on long-tailed shrew populations are limited, and
as of 2015, there were only 32 occurrences recorded in the state. For assisted migration
to be a feasible management strategy for this shrew species, more research is needed.
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5.3.1 Changes in latitudinal distribution

Warmer temperatures and changing climates will impact food availability and reproductive
viability for Vermont’s native species, potentially forcing them to relocate to more suitable
areas (Audubon, 2026b). For northern cold-adapted species with a southern range boundary
in Vermont, warming temperatures and decreasing habitat suitability could cause local or
even statewide extirpation, as species ranges follow their climatic niches and shift or
contract northwards. These wildlife speciesinclude moose (Alces alces), Canada lynx (Lynx
canadensis), spruce grouse (Canachites canadensis), American marten (Martes americana),
and black-backed woodpecker (Picoides arcticus; Buck, 2021; Vermont Fish and Wildlife
Department, 2015).

Loss of habitat is also a major driver of species extirpations, which climate change can
accelerate orcompound upon (Mantyka-Pringle et al., 2015). The Canada Lynxis considered
extirpated in New York and was last reported in Vermont in 2024 (New York State
Department of Environmental Conservation, 2026; Vermont Fish and Wildlife Department,
2024b). Lynx require large, connected swaths of forests, deep snow, and robust snowshoe
hare populations (their preferred prey; U.S. Fish and Wildlife Service, 2026a). These
conditions are shrinking in Vermont (see 5.7.2; Forests 3.3, Climate Change in Vermont
2.5.3) with climate change and habitat alteration, increasing the likelihood of Canada lynx
extirpation in Vermont. Both the spruce grouse and black-backed woodpecker are predicted
to be extirpated in Vermont with just 2.7°F (1.5°C) of summer warming (Figure 5-1), with
more range gained in Alaska and Canada’s northern territories (Audubon, 2026a, 2026c).
Like other animals at the southern extent of their range, American martens in Vermont are
facing loss of suitable habitat. Loss of suitable habitat can also lead to population
fragmentation and reduced population connectivity, which further harms populations
(Aylward et al., 2020; Carroll, 2007; Wasserman et al., 2013).

Species movement out of the state’s ecosystems can have cascading effects, especially if
the species is a top predator or keystone species (Mills et al., 1993). Moose are considered
a keystone species because of the outsized effects they have on ecosystems. Additionally,
in Vermont, moose are an important game mammal and hold cultural significance
(Timmermann & Rodgers, 2005). Moose populations are predicted to decrease in the state
as the climate warms (Rodenhouse et al., 2009).

Highly mobile species like birds are expanding into Vermont or staying the full year when
they have historically been seasonal visitors. For example, eastern bluebirds (Sialia sialis)
are normally only in Vermont for their breeding season, but in recent years they have been
recorded year round in northern New England (Cornell Lab of Ornithology, 2026; McGuire,
2025). Red-bellied woodpeckers (Melanerpes carolinus) have also become more commonly
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observed in Vermont, evidence that their range is moving northward (Emmons, 2020;
Renfrew, 2013).

Figure 5-1 Spruce grouse summer range contraction under 1.5°C warming. Southern extent of
range is expected to be lost, including populations in Vermont

Source: Audubon (2026c)

5.3.2 Changes in elevational distribution

Warmingtemperatures associated with climate change could push wildlife upslope to areas
that increasingly better suit their climatic niche. However, upslope movement for
adaptation is not possible for all taxa or organizational groups. Other environmental
variables, in addition to temperature, will also change at high elevations. Forinstance, wind
frequency and force, as well as oxygen saturation, are more variable at higher elevations.
These characteristics may render this new habitat unsuitable for some bird and insect
species that depend on flight as their main method of movement (Moore et al., 2023).

Although the climate conditions upslope can match a species’ niche requirements, habitat
also needs to be available. The rate at which a habitat type changes may be different than
the climate conditions. This could lead to no observed movement, or even downslope
movement, as the species follows available habitat. One study found that due to
reforestation efforts, American red squirrels (Tamiasciurus hudsonicus) in the Northeast
U.S. moved downslope with the return of their native spruce-fir habitat (Morelli et al., 2025).
Even so, as the climate warms, these forests are expected to once again be pushed upslope,
and the species dependent on them for survival are likely to follow (Wason & Dovciak, 2017).
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This exemplifies the need for multi-pronged adaptation and mitigation efforts, as
ecosystems are highly complex, and the species within a given ecosystem are highly
interdependent.

How a species moves or does not move upslope is further dependent on life history and
niche availability. Species that have historically occupied lower elevation areas are more
likely to shift upslope in response to climate change than their mid- or high-elevation
counterparts (DeLuca & King, 2017; Mamantov et al., 2021). In a recent study on montane
bird populations in New Hampshire, nine of 16 low-elevation (<750m) species had evidence
of upslope movement between 1993 and 2009 surveys, and five species had significant
upslope movement (Table 5-1). In comparison, nine of 11 high-elevation species showed
some downslope movement (mean of -19m; DeLuca & King, 2017). Upslope movement can
also differ across taxonomic groups. A study conducted across the European Alps, which
encompass temperate forests analogous to Vermont, examined the rate of upslope
movement in terrestrial insects, ungulates, frogs, and reptiles, all of which demonstrated
some upslope movement, though at different rates (Vitasse et al., 2021). Terrestrial insects
moved their optimal elevation +36.2 m/decade, and ungulates moved their optimal
elevation +37.5 m/decade. In comparison, frogs and reptiles moved their optimal range only
+13.9 m/decade and +22.6 m/decade, respectively (Vitasse et al., 2021). While the optimal
thermalrange for a species may be higher in elevation, its actual range response will also be
dependent on available habitat and dispersal ability.

Table 5-1 Bird species with increased mean elevation change between 1993 and 2009 in
montane New Hampshire

Species Mean elevation change (m)
Hermit thrush (Catharus guttatus) +62.60

Black-and-white warbler (Mnioilta varia) +184.48

Black-throated blue warbler (Setophaga caerulescens) +77.65

Blackburnian warbler (Setophaga fusca) +170.58

American redstart (Setophaga ruticilla) +130.59

Source: DelLuca & King (2017)

5.3.3 Changes in connectivity

The movement of animals The movement of animals within and between populations is
determined by environmental conditions and landscape connectivity. Climate change
combined with anthropogenic activities such as infrastructure development, agriculture, or
recreation can lead to lower landscape connectivity and increased habitat fragmentation,
reducing species’ movement across space. Reduced population movement can cause
resource depletion from increased concentrations of individuals or declines in genetic
diversity due to inbreeding. Such stressors diminish a population’s ability to respond to
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changing climate conditions, leading to potential population declines (Frankham, 2005).
The Vermont Conservation Design Plan identifies areas of the state prioritizing conservation
activities, including landscape connectivity and wildlife migration pathways, for optimal
ecological function (Vermont Fish and Wildlife Department, 2026k).

Changes in temperature and precipitation can also affect habitat suitability for migrating
species. Climate change is predicted to more strongly impact temperatures at higher
latitudes and will result in more of Vermont becoming uninhabitable for migratory species
(see Climate Change in Vermont 2.4.2). As an example, Bicknell’s thrush (Catharus
bicknelli) migrate from the tropics to the northeastern United States and Canada for
breeding and are typically found at above 2,600 ft (792.5 m; Hill & Williams, 2024). Their
breeding habitat consists of high-elevation spruce and balsam fir (National Park Service,
2018), tree species with ranges heavily influenced by climate, namely temperature
(Rodenhouse et al., 2008). As temperatures rise, spruce and fir move higher in elevation
toward cooler temperatures; hardwood species do the same and end up competing with
spruce and balsams (see Forests 3.5.2). Spruce-fir forests in the northeast U.S. provide over
90% of Bicknell’s thrush breeding habitat. Currently, increased habitat fragmentation and
diminishing viable range has resulted in a decline in the Bicknell’s thrush population in
Vermont of 17.69% from 2010-2024 (Hill & Williams, 2024).

Habitat fragmentation can lead to concentrations of species in an area too small to
adequately support them, straining resources and increasing the risk of disease (McCallum
& Dobson, 2002). Without movement between populations, genetic diversity decreases,
and inbreeding can diminish a population’s ability to respond to changing conditions,
leading to population decline (Frankham, 2005).

5.4 CHANGES IN TERRESTRIAL SPECIES BIODIVERSITY

The varied landscape of Vermont is home to many unique ecosystems and animal habitats.
Throughout the state, almost every square kilometer has over 500 different species present
(Figure 5-2; Table 5-2). The Champlain Valley and Northern and Southern Piedmont regions
have particularly high species richness, with over 3,000 species/km? estimated in some
areas. The Champlain Valley has the highest estimated number of bird, insect, and plant
species, while the Northeastern Highlands (i.e., the Northeast Kingdom) has the highest
estimated number of amphibian, spider, and fungi species (Table 5-2). While annual average
temperature and precipitation are increasing across the state, the magnitude of change
differs across climate divisions (see Climate Change in Vermont 2.4.2 and 2.5.2 for
statewide trends; 2.10.2 and 2.10.6 for division trends), highlighting the unique
vulnerabilities fish and wildlife experience due to climate change.
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Figure 5-2 Estimated Vermont species richness. Species richness is above 500 species for
each square kilometer in most of Vermont with notable high richness in the Champlain Valley
and Vermont Piedmonts

Source: Hallworth et al. (2023)

Table 5-2 Vermont biophysical region taxonomic biodiversity. Number of expected species
given 1,000 observations from community science data. Cell with greatest species number for
each taxonomic group in green. Decimals rounded down

Taxonomic Northeastern Taconic Northern Champlain vT Champlain Northern Southern Southern
Group Highlands Mountains Green Valley Valley Hills VT vT Green
Mountains Piedmont Piedmont Mountains
Amphibians 29 21 18 19 22 21 17 16 19
Reptiles 5 31 16 19 23 25 9 12 22
Birds 138 161 145 223 151 151 161 188 140
Mammals 46 53 47 36 59 50 34 43 61
Insects 332 281 481 581 358 390 514 531 306
Spiders & 272 198 124 124 196 122 96 112 127
allies
Mollusks 242 261 224 216 349 148 112 177 276
Plants 428 487 448 661 459 414 449 505 450
Fungi 462 379 393 381 412 373 310 454 430

Source: Hallworth et al. (2023)
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Environmental stressors can be direct or indirect results of climate change and can cause
cascading effects related to shifting ecosystem dynamics, species population nhumbers,
and spatial distribution. Abiotic (physical) stressors include drought, flooding, high
temperatures, habitat degradation, and habitat loss. Biotic stressors include invasive
species, changes in available food sources, and disease. Both abiotic and biotic stressors
contribute to potential decline in Vermont fish and wildlife populations. Such stressors
coupled with loss of habitat and introduced species alter ecosystem dynamics within
communities and increase competition (Rodenhouse et al., 2009).

5.4.1 Direct and indirect effects

OfVermont’s more than 23,000 species, 96 are of global conservation concern according to
the International Union for Conservation of Nature (IUCN) and seven are federally
endangered (Hallworth et al., 2023). The seven federally endangered species are shortnose
sturgeon (Acipenser brevirostrum), northern long-eared bat (Myotis septentrionalis), Indiana
bat (Myotis sodalis), tricolored bat (Perimyotis subflavus), gray wolf (Canis lupus), rusty-
patched bumble bee (Bombus affinis), and dwarf wedgemussel (Alasmidonta heterodon)
(Vermont Fish and Wildlife Department, 2023, 2025¢). Both temperature and precipitation
increases play a role in species vulnerability to climate change (Table 5-3).

Table 5-3 Climate-associated threats for Vermont federally endangered fish and wildlife

Species Climate-associated threats

Shortnose sturgeon Increasing temperatures, habitat degradation, streamflow
alteration (NOAA Fisheries, 2025)

Northern long-eared bat White-nose syndrome, habitat loss and fragmentation,
increasing temperatures (U.S. Fish and Wildlife Service,
2026c¢)

Indiana bat White-nose syndrome, habitat loss (U.S. Fish and Wildlife
Service, 2026b)

Tricolored bat White-nose syndrome, habitat loss (U.S. Fish and Wildlife
Service Core Team, 2021)

Gray wolf Habitat degradation (Van Den Bosch et al., 2023)

Rusty-patched bumble bee Habitat loss, disease, increasing temperatures (Hatfield et al.,
2015)

Dwarf wedgemussel Increasing temperatures, nutrient enrichment, sedimentation,
road salt, streamflow alteration (U.S. Fish and Wildlife
Service, 2019)

Source: Adapted from Vermont Fish and Wildlife Department (2026a)

Since 2005, the number of Vermont Species of Greatest Conservation Need (SGCN) has
increased from 33 to 39 for fish and 192 to 261 for invertebrates (2005 Vermont Wildlife
Action Plan, 2005; Table 5-4). Although greater awareness and data collection correlate with
this shift, the overall increase to more than 25% of species within some taxonomic groups
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being classified as SGCN exemplifies there are broaderissues at play (Table 5-4). Since 1900,
Vermont’s annual temperature has warmed a total of 3.6°F (2°C), while annual precipitation
has increased 7.3 inches/year (18.5mm) (Climate Change in Vermont 2.4.2, 2.5.2).
Simultaneously, the number of species considered “at-risk” has increased by 32.7% (853 to
1,132) just within the last 20 years (2005-2025). To better guide management, the state of
Vermont assigns animal species different levels of conservation concern. High-priority
species are those experiencing negative population trends, are no longer established in
Vermont, or face immediate threat to their survival (Vermont Fish and Wildlife Department,
2015, 2026a). Low-priority populations face challenges like habitat loss or increased
mortality, but they remain well-distributed across Vermont.

Table 5-4 Summary of Changes to SGCN lists 2005 to 2015 to 2025

Taxon 2005 2015 2025 2025 Change Notes 2015-2025
SGCN SGCN SGCN Watchlist

Amphibians & 19 19 17 0 Added to SGCN: Mink Frog

Reptiles SGCN to Low Priority: Common

Watersnake, Dekay’s Brownsnake, Blue-
spotted Salamander
Birds 58 50 51 0 Added to SGCN: Cliff Swallow, Barn
Swallow, Bank Swallow, Boreal Chickadee,
Yellow-bellied Flycatcher, White-throated
Sparrow, Northern Saw-whet Owl
High to Medium: Bald Eagle, Sedge Wren,
Brown Thrasher, and Eastern Towhee
Medium to High: Sora
SGCN to Low Priority: Short-eared Owl,
Red-shouldered Hawk, Great Blue Heron,
Chestnut-sided & Bay-breasted Warblers
Fishes 33 29 39 0 Added to SCGN: Allegheny Pearl Dace,
Finescale Dace, Rainbow Smelt (native
populations), Trout Perch, Slimy Sculpin,
Rosyface Shiner, Longnose Sucker, Burbot,
Muskellunge, Shortnose Sturgeon
Invertebrates 191 198 257 53 Added to Watchlist: 53 species

Mammals 33 33 24 3 Medium to High: Snowshoe Hare
SGCN to Watchlist: New England
Cottontail, Mountain Lion, Wolf
SGCN to Low Priority: Big Brown Bat,
Bobcat, North American River Otter

Source: Vermont Fish and Wildlife Department (2026a)

Between the 2015 Vermont Wildlife Action Plan and the 2025 draft SGCN list, nine more
species moved from high to medium priority than moved from medium to high priority, which
indicates that management and conservation efforts may be working. However, five species
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have been moved from low to medium or high priority, and 376 species have been added as
an SGCN (Vermont Fish and Wildlife Department, 2015, 2026a). New SGCN additions can
reflect emerging threats wildlife species face, including climate change and loss of suitable
habitat.

Figure 5-3 Percent of species ranked as Species of Greatest Conservation Need (SGCN) varies
across Wildlife Action Plan years and taxonomic groups. In Vermont, mammals have the
greatest percentage of species ranked as an SGCN, though this number has decreased from
2015 to the 2025 draft SGCN list. Fish and invertebrates both increase from 2015 to 2025

Source: Vermont Fish and Wildlife Department (2005, 2015, 2026a)

The role of climate change as a threat to population persistence and a factorin SGCN status
varies across taxa. Of the 34 mammal SGCN from the 2015 Wildlife Action Plan, climate
change was identified as a direct concern for the conservation status of 11 species. Climate
change was also a direct concern for nine reptile and amphibian species, 10 bird species,
seven fish species, and 10 invertebrate taxonomic groups (Vermont Fish and Wildlife
Department, 2015).

The number of at-risk species is predicted to increase under continuing climate change.
Since 1900, average summer temperatures in Vermont have increased a total of 2.7°F
(1.5°C; See Climate Change in Vermont 2.4.4). Audubon data predict that this increase in
summer temperatures will result in more than 40 Vermont bird species will be vulnerable to
population declines (Figure 5-4). Estimates from the Vermont Center for Ecostudies
(Hallworth et al., 2023) predict that by 2100, Vermont will have lost 386 species—or about
6% of all species—under the carbon emission scenario known as representative
concentration pathway (RCP) 8.5 (high emission scenario, or “business as usual”). Even
under lower emission scenarios like RCP 4.5, the average global temperature is estimated
to increase by 4.32°F (2.4°C) by 2100 (Environmental Protection Agency, 2025). Of three
representative species—moose, Carlin’s mining bee, and yellow-banded bumble bee—
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both the moose and bumble bee are predicted to lose most of their suitable habitat in

Vermont under the middle future climate scenario RCP 7.0 (Figure 5-5).
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Figure 5-4 More Vermont bird species are predicted to be highly vulnerable under increased
climate warming. Under three different warming scenarios for Vermont, the number of
moderately to highly vulnerable bird species is predicted to increase. A 5.4°F (3°C) increase
causes the most amount of highly vulnerable species in summer and winter. Summer has

more vulnerable bird species than winter because a decrease in migratory birds is expected
due to warming temperatures

Source: Audubon (2026b)
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Figure 5-5 Predicted species distributions for moose, Carlin’s mining bee, and the yellow-
banded bumble bee

Source: Vermont Center for Ecostudies (2023)

Note: Visualization by Hannah C. Turner
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Vertebrates

Many vertebrates are at risk with current and future climate change impacts and projections.
With 2.7°F (1.5°C) of summer warming, there are two highly vulnerable bird species, spruce
grouse (Canachites canadensis) and black-throated green warbler (Setophaga virens), but
with 5.4°F (3°C) of warming, there will be 32 highly vulnerable bird species, especially among
boreal forest birds (Figure 5-4). For example, like many of the 32 species, the black-throated
blue warbler’s (Setophaga caerulescens) breeding habitat is threatened by warming
temperatures, and the loss of suitable breeding habitat will result in population decline
(Audubon, 2026b).

Common loons (Gavia immer)—an iconic Vermont species—are considered ecosystem
sentinels, and are particularly significant for mercury monitoring (Loon Preservation
Committee, 2026). Loons are a medium-priority SGCN in Vermont (Vermont Fish and
Wildlife Department, 2025c). Vermont’s loon population is currently stable and at an all-
time high, but increased air temperatures, diminishing water quality, high-frequency
flooding, and more favorable conditions for mercury bioaccumulation pose threats to their
welfare (Wagner, 2025). Loons are sensitive to changes in water quality, which can occur
due to excess nutrients, eutrophication, increased precipitation, and acidification. Loons
prefer lakes with good water quality for breeding, so decreasing water quality of lakes may
restrict loon breeding sites. Mercury is a factor in reduced loon reproductive success (Evers
et al., 2008). Mercury has a low-level risk for loons in Vermont (Vermont Center for
Ecostudies, 2025), but conditions in certain environments are increasingly favoring the
conversion of methylmercury (MeHg), bioaccumulation of which is highly toxic to wildlife,
including loons (see 5.5.1). Floods also pose risks, as they threaten loon nests by washing
them out from shore thereby resulting in fewer young loon hatchlings. Increased presence
of mosquitoes and other vector-carrying organisms, which thrive in warmer and wetter
conditions, increase the likelihood of loons contracting avian diseases. Milder springs are
further lengthening the window in which these disease vector-carrying insects are active.
Finally, environmental conditions may result in increased black fly swarms, which may
cause loons to abandon their nests, negatively impacting loons’ reproductive success.

Like other hibernating mammals, bats are very sensitive to changes in temperature during
their winter hibernation period. Vermont has three migratory bat species which leave the
state during the winter, and six resident species that stay year-round and hibernate in caves
(Vermont Center for Ecostudies, 2022). Studies show that bats who experience larger
changes in temperature during winter have reduced survivability of white-nose syndrome
(WNS) and increased mortality (see 5.7.3). While bats overwinter in deep underground caves
that are less sensitive to temperature changes, substantial increases in winter
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temperatures may impact hibernation, food availability, and reproductive timing (Krivek et
al., 2025). Phenological changes vary across bat species, and some species hibernate for
different lengths of time across different time periods (Krivek et al., 2025). Milder springs
may trigger an early exit from hibernation (Krivek et al., 2025). The more that bats are
disturbed during hibernation, the more energy they expend, depleting their fat storage and
reducing survivability.

Different species experience warming temperatures differently due to their physiology.
While endotherms, like mammals and birds, can self-regulate their body heat, ectotherms,
like amphibians and reptiles, are very sensitive to changes in external temperature and
depend on external temperatures to regulate physiological processes (Olson & Saenz, 2013).
Vermontis home to 40 amphibian and reptile species, 17 of which are SGCN (Vermont Fish
and Wildlife Department, 2026a). Many amphibians lay eggs in vernal pools, which are at
risk of drying out earlier in the spring because of warming temperatures (Montrone et al.,
2019; Tolan, 2026). The common mudpuppy (Necturus maculosus), identified as a SGCN,
spends its whole life underwater and is most active in winter when water temperatures are
coldest (Phillips, 2023). Mudpuppies are sensitive to temperature changes and pollutantsin
the environment (Vinick, 2023), meaning warmer temperatures and loss or contamination
of aquatic habitat willimpact population sizes (Briggs, 2023).

Warmer temperatures pose a unique problem for the state’s turtles. For turtles, sex is
determined by the temperature during egg incubation; warm temperatures skew towards
female cohorts, and cool temperature skew towards male cohorts (Olson & Saenz, 2013).
Higher annual average temperatures could contribute to uneven sex ratios in Vermont
populations, potentially contributing to population declines (Janzen, 1994). Spotted turtles
(Clemmys guttata) are endangered in Vermont due to loss of suitable habitat from climate
change and human development (Vermont Fish and Wildlife Department, 2025f). Spotted
turtles reside in a combination of wetlands, uplands, and aquatic habitats (Burgess, 2026).
Thirty-five percent of Vermont’s historic wetlands have disappeared or are impaired, and
less than 4% of Vermont land is currently classified as wetlands (Parren et al., 2019).
Complex and synergistic impacts of climate change are likely to put turtle populations
further at risk.

Pollinators

Pollinators play an important role in ecosystems and food production. However, increasing
temperatures and changing precipitation due to climate change threaten many pollinator
species (Figure 5-6). Of the 28 different bee genera found in Vermont, all are expected to
experience some form of negative effect from climate change. Some pollinator species will
benefit from longer growing seasons, but others may have increased overwintering mortality
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due to the metabolic costs of warmer winters. Extreme precipitation, milder winters,
increasing summer temperatures and humidity are all affecting bee populations
(Rajagopalan et al., 2024). Warmer hives more often experience excessive moisture, and
pollen can be washed away by extreme precipitation. Milder temperatures at the beginning
of spring lead bees to emerge early from the hive and freeze to death when cold
temperatures return (Pirani, 2024). A study in Washington state found that bees that fly later
in autumn and early winter have reduced colony sizes come spring. Bees that lived at higher
elevations experienced minimal impacts on colony sizes and mortality rates (Rajagopalan
et al.,, 2024). More research is needed to understand how warmer fall and winter
temperatures affect bee colonies.

Figure 5-6 Climate change impacts temperature, precipitation, and phenology which can have
varying effects across bee taxa. Precipitation and phenology are overall predicted to have a
negative effect, whereas temperature is predicted to have mixed effects or a positive effectin
the case of Peponapis, Xylocopa, and Halictus

Source: Hardy et al. (2022)
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Insect function is directly tied to temperature (Roitberg & Mangel, 2016), and many insect
species have complex life cycles that are sensitive to temperature changes. Insects in
developing stages may not be able to thermoregulate in the same capacity as adults and
can thus experience higher rates of mortality when temperatures spike (Kingsolver et al.,
2011). With overall temperatures and rates of extreme weather events increasing, insect
populations may decrease during vulnerable life stages. Many insects already live close to
their thermal limit, where even a few degrees increase in temperature could impact their
survival (Roitberg & Mangel, 2016). However, species with short generation times may be
able to adapt to quickly warming temperatures (Kellermann & van Heerwaarden, 2019).

Many insects overwinter in a form called diapause. During diapause, insects reduce

metabolic activity to save energy (Harsimran et al., 2017). Higher temperatures during winter

increase metabolism, making diapause more costly in terms of energy (Hahn & Denlinger,

2011). Snow cover can buffer insects diapausing underground from temperature extremes,

but snowpack s also predicted to continue declining (see Climate Change in Vermont 2.5.3),
making these species more vulnerable (Templer et al., 2012; Whitehorn et al., 2025).

Alternatively, overwintering survival could increase with less extreme cold temperatures.

Longer growing seasons can also result in phenological mismatch between pollinators and
other species (see 5.7.2). Phenological mismatch refers to when the historic timing of
interactions between two species is altered, and the resource need of one species no longer
aligns with the production and abundance of that resource.

Introduced pollinator species can also increase disease transmission across native bee
species (Goulson et al., 2015). When a bee has a long evolutionary history with a pathogen,
disease effects are often low, but when that pathogen jumps over to a native species,
mortality can be a lot higher.

The Vermont Center for Ecostudies has identified 55 bee species that should be of
conservation priority (Hallworth et al., 2023). Bee species richness in Vermont is predicted
to decrease in the coming years, with the most biodiversity loss at higher elevations (Figure
5-7). Three bumble bee species are extirpated in Vermont (Bombus affinis, B. ashtoni, B.
fernaldae), and four more species have experienced population declines greater than 50%
compared to pre-2000 population numbers (Richardson et al., 2019). Comparisons of
modern monitoring data (2000-2014) to historic data (pre-2000) reveal that overall bumble
bee diversity, distribution, and abundance have decreased. Bumble bee biodiversity is most
associated with land use, elevation, and precipitation. Although several Bombus species
are considered extirpated or have had significant declines, five other species in the
Pyrobombus subgenus have significantly increased in abundance (Richardson et al., 2019).
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Figure 5-7 Bee species richness in Vermont is predicted to decrease. Bee species richness is
highest in the valleys surrounding the green mountains. Under RCP 7.0, bee species richness
is predicted to decrease by 2041-2070, with the greatest effects at high elevations

Source: Hardy et al. (2022); Vermont Center for Ecostudies (2022)

Note: Visualization by Hannah C. Turner

The first Vermont butterfly survey report was published in 2007. Climate vulnerability was
assessed for 14 Vermont species: nine species were moderately to highly vulnerable, three
were stable, and two were expected to increase (McFarland & Zahendra, 2013; Vermont Fish
and Wildlife Department, 2015). Reports are on a 20-year basis, so the next is expected in
2027. See Box 5-2 for further discussion on climate change impacts on butterflies.

5.4.2 Introduced species, invasives, and pests

Warmer temperatures are likely to contribute to range expansions of historically southern
species into Vermont. Additionally, climate change can increase survival rates for species
introduced through human movement. Under RCP 8.5 (high emissions, “business as usual”),
the ranges of at least 272 insect species are projected to expand into Vermont within the
next 75 years (Hallworth et al., 2023). See Box 5-2 regarding the range expansion of the
eastern giant swallowtail, the largest known butterfly in North America. With the
advancement of climate change, the impacts of new species need to be iteratively
researched to determine how Vermont ecosystems and wildlife communities will be
affected. A 2025 study found nine new bee species have been introduced in the state (Hardy
et al., 2025). Other pollinators, like the red-banded hairstreak (Calycopis cecrops)—a
butterfly native to the southeastern United States, have also expanded into Vermont
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(McFarland, 2025). New pollinators can buffer the effect of lost native pollinator species,
but they also may impose competitive pressure on remaining native species.

Two known invasive insects have already established themselves in Vermont, and their
detrimental effects on ecosystems could increase with warmer annual temperatures: the
emerald ash borer (EAB, Agrilus planipennis) and the spongy moth (Lymantria dispar). EAB,
an invasive insect from Asia, causes extensive destruction and mortality of ash tree
populations (Commonwealth of Pennsylvania, 2026). In the U.S., over 250 insects, moths,
and butterfly species rely on ash trees for food and habitat, and many may face extinction
as a result of the disappearance of ash trees (Malinak, 2024; Rice & Klooster, 2014). As of
2024, EAB has been recorded in 13 of 14 Vermont counties (Dockser, 2024). At
temperatures below -10 F° (-23.3°C) the beetle has a 34% mortality rate, however warmer
winters may result in lower mortality rates of EAB (DeSantis et al., 2013; Gaiss, 2021; see
Forests 3.7.1). The number of very cold days (minimum temperatures <0°F or -17.8°C) in
Vermont has decreased to 11.5 days/year in the last decade compared to 27.3 days/year
in 1900-1909, representing a significant decline of 0.7 days/decade (see Climate Change
in Vermont 2.4.3). Fewer very cold days means higher chances of winter survival for EAB,
and therefore possible population size increases.

The invasive spongy moth has been established in Vermont for 100 years and causes large
swaths of tree defoliation during outbreak years (Vermont Agency of Agriculture Food and
Markets, 2026; Vermont Invasives, 2026). Spongy moth populations can be suppressed by
a biocontrol fungus Entomophaga maimaiga, which has been in the state since 1991.
However, E. maimaiga control efficiency is predicted to decrease with warmer and drier
weather—which is happening in Vermont due to climate change—leading to more spongy
moth outbreaks and defoliation (Liu et al., 2025; Vermont Department of Forests, Parks and
Recreation, 2026). The last major outbreak was in 2021-2022, coinciding with 2021’s warm,
dry year (Hallenbeck, 2022). More than 50,000 acres were defoliated in 2021 and 42,797
acres in 2022 (U.S. Department of Agriculture, 2023). Annually, defoliation causes an
estimated $868 million in damages in the U.S. (Missouri Department of Conservation, 2026).
Warmer, drier years could contribute to repeated outbreaks, ultimately causing greater
defoliation and greater costs to Vermont.
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Box 5-2 Climate impacts on Vermont butterflies

Kent McFarland, Vermont Center for Ecostudies

It is hard to miss a giant. In 2010, when the largest butterfly in North America fluttered
among a Vermonter’s flowers at the end of July, they knew it was something neat. Photos
were shared online, and it later became the first record of an eastern giant swallowtail
(Heraclides cresphontes) for the state. That first sighting was a bellwether for things to
come. Now, over a decade later, the eastern giant swallowtailis a regular resident butterfly
in parts of Vermont.

Thanks to the efforts of thousands of naturalists reporting their sightings to Vermont Atlas
of Life projects such as iNaturalist, Vermont and eButterfly.org, scientists were able to
track in detail the rapid flight northward by eastern giant swallowtail (Wilson et al., 2021).
Over the course of 18 years, the range of the eastern giant swallowtail moved over 200
miles (322 km) north—a rate of expansion more than 27 times faster than an average
organism. While climatic conditions may allow them to continue their northward
expansion, they’re now restricted by the range of their most northern host plant, northern
prickly ash (Zanthoxylum americanum), which are not shifting at a similar pace.

Range expansion of eastern giant swallowtails from 1960-1999 and 2000-2019

Source: Kent McFarland, Vermont Center for Ecostudies
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Though sightings of adult eastern giant swallowtails will likely continue to be seen further
north than the naturally occurring host plant range, without a suitable host plant further
northward expansion is unlikely outside of horticultural settings. Eastern Giant
Swallowtail adults lay eggs, and caterpillars feed on non-native plantings of Garden Rue
(Ruta graveolens) and Gas Plant (Dictamnus albus). Common Hoptree (Ptelea trifoliata)
is increasingly planted as an ornamental in the Northeast yet is a native of central and
southeastern North America. Although these exotic plants are not distributed uniformly
across the region, dispersing giant swallowtails have an uncanny ability to find even the
smallest plantings, perhaps further enabling them to expand their range in urban and
suburban areas as climatic conditions allow.

A known agricultural pest making its way to Vermont is the spotted lanternfly (Lycorma
delicatula). First detected in Pennsylvania in 2014, the spotted lanternfly is an invasive
species native to China and Vietnam, likely involuntarily introduced through human
movement as egg masses attached to objects can be easily transported (U.S. Department
of Agriculture, Animal and Plant Health Inspection Service, 2025). Spotted lanternflies feed
on at least 65 different plant species, including the economically important common grape
vine (Vitis vinifera; Lee et al., 2019). Spotted lanternflies leave behind a sticky substance
called honeydew that can harm plants by attracting mold and defoliating insects (U.S.
Department of Agriculture, Animal and Plant Health Inspection Service, 2025). Vermont
currently contains suitable habitat based on climate data for spotted lanternflies,
particularly in the southern Champlain Valley (Figure 5-8). Establishment of this species in
the southern Champlain Valley would be particularly detrimental due to the high
concentration of agricultural land. While this species is not yet established in Vermont,
longer growing seasons due to climate change may speed up the spotted lanternfly’s spread
northward (Keena et al., 2023; O’Connel-Domenech, 2022, 2022; Wakie et al., 2020).
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Figure 5-8 Projected spotted lanternfly habitat suitability in the northeastern United States
based on elevation and aggregated 1970-2000 climate data

Source: Wakie et al. (2020)

Zebra mussel (Dreissena polymorpha) is an invasive species already present in Lake
Champlain. Quagga mussel (D. bugensis) is a more aggressive invasive species that has
greater negative impact on aquatic ecosystems and is expected to arrive in Vermont within
the next decade. Quagga mussels are filter feeders that feed on phytoplankton and detritus
(Hauser & Lynch, 2007). They can reproduce at temperatures as low as 48°F (9°C), while
zebra mussels require at least 54°F (12°C) to reproduce (Colorado Parks and Wildlife, 2026).
Zebra mussels can survive at depths more than 180 feet (54.9 meters), while quagga
mussels can survive at more than 400 feet (122 meters) deep and have greater substrate
tolerances, demonstrating quagga mussels’ potential to widely impact ecosystems
(California Department of Fish and Wildlife, 2026; Lake Champlain Committee, 2025). These
greater ranges of survivability for the quagga mussel make it more aggressive and more likely
to have a greater negative impact on aquatic ecosystems than zebra mussels (Lake
Champlain Committee, 2025). Quagga and zebra mussels both compete with native mussel
populations, reduce food sources for aquatic species by consuming significant volumes of
plankton, and limit suitable aquatic habitat by contributing to hypoxic and anoxic (low- and
no-oxygen) zones at lake bottoms (Lake Champlain Committee, 2025). Boats, boat trailers,
and seaplanes are a few examples of how mussels are transported to new locations (Hauser
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& Lynch, 2007). Although quagga mussels have not yet reached Vermont water bodies, they
have expanded across the Northeast U.S. and into neighboring New York.

5.5 INTERCONNECTED EFFECTS OF CLIMATE CHANGE ON AQUATIC
ECOSYSTEMS

Aquatic ecosystems support and harbor a wide breadth of biodiversity. Climate change may
contribute to population declines in aquatic fish and wildlife due to a myriad of factors.
Increases in precipitation, drought, and erosion negatively impact stream water quality and
their aquatic ecosystems (see Water Resources 4.4 and 4.5). Further, warmer winters cause
more precipitation to fall as rain instead of snow and increase snowmelt throughout the
winter, all of which will likely result in less snowmelt come spring (see Climate Change in
Vermont 2.4.3 and 2.5.3). This alters lake temperatures and the hydrological regimes of
streams and further affects nutrient and sediment delivery to both streams and lakes (see
Water Resources 4.5).

5.5.1 Temperature effects

Warming temperatures associated with climate change are altering how aquatic
ecosystems function. Water properties are often temperature-dependent, and many
aquatic species are ectothermic, making them more sensitive to temperature ranges they
are not adapted to. Changes in air temperature affect water temperature and the fish and
wildlife in water.

In lakes, semi-annual water turnovers help aquatic species by cycling oxygen and nutrients
from sediment and within the water column. In Vermont, lakes are stratified during summers
and winters (Figure 5-9) due to differences in water temperature and densities. In the
summer, warmer, less dense water is on top of cooler, more dense water. The warmer water
is oxygen-rich due to photosynthesis, and dissolved oxygen levels decrease with depth.
During fall and spring, differences in densities of water layers decrease due to the cooling or
heating of water, and wind is able to mix the water and replenish dissolved oxygen and
nutrients throughout the water column (Clean Lakes Alliance, 2026; Jansen & Gabrielsen,
2025). In the winter, ice (which is less dense) floats, and warmer and denser water sinks to
the bottom of the lake. Surface water is heated by sunlight in the spring, and the lake turns
over again.
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Figure 5-9 Lake stratification, water temperature, and oxygen concentrations at different
depths for each season

Source: Webb & Zazzara-Yu (2014)

Climate change contributes to warmer surface temperatures, earlier spring warming, and
stronger stratification (Jansen & Gabrielsen, 2025). The stronger the stratification, the harder
it is for the layers to mix and the longer stratification can last, resulting in lower levels of
dissolved oxygen at the bottom of lakes (Fafard, 2018; Jane et al., 2022). Oxygen levels are
depleted during the summer and winter at lower depths and are replenished during the fall
and spring turnover (Jansen & Gabrielsen, 2025). As water temperatures increase, solubility
decreases, and less oxygen is held in the water (Bukaveckas et al., 2023). If surface water
temperatures continue to warm with increasing annual temperatures, oxygen levels will hot
be adequately replenished, resulting in less oxygen available for organisms. Earlier warm
temperatures in spring are warming surface water faster, causing a shorter mixing period
and resulting in stratification occurring earlier, lasting longer, and more completely
depleting oxygen levels (Bukaveckas et al., 2023). A study looking at 423 lakes over the
course of 20 years saw that the percentage of the water column that fell below the critical
oxygen threshold increased between 0.9% to 1.7% per decade (Jane et al., 2022). The
replenishing of dissolved oxygen into lower water levels is a critical source of oxygen for
aquatic organisms. Thus, the amount of dissolved oxygen introduced into lakes has a direct
impact on the survival of aquatic life. Fish living deep underwater may face critically low
levels of oxygen, which can be fatal. Warm water in summer drives fish into cooler, deeper
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parts of lakes, however lower oxygen levels may limit the depths fish can live in, leaving fish
to live in a narrow suitable habitat with nowhere else to go (Tandon, 2021).

Mercury in water systems is increasingly converted into MeHg, the bioavailable and more
toxic form of mercury, due to changes in water temperature (Jordan et al., 2019). Mercury is
a toxic, heavy metal that can travel hundreds of miles in the air from anthropogenic sources
such as gold mining, coal burning, and production of nonferrous metals and cement.
Mercury from the air is deposited and collects in runoff and waterways, where
microorganisms can then convert mercury into MeHg (Environmental Protection Agency,
2025, 2026; Jordan et al., 2019), a neurotoxin that causes damage to wildlife genes,
physiological changes, bioaccumulation, and eventually death (Jeong et al., 2024). Through
consumption and bioaccumulation, MeHg concentrations are magnified greatly in
organisms at the upper end of food chains (Kotalik et al., 2025). Many different variables,
such as the ecosystem's chemical properties, sediment organic carbon, and water
temperature, impact the rate at which microbes convert inorganic mercury into MeHg
(Buckman et al., 2019). Increased heavy precipitation events create waterlogged conditions
in wetlands, which favor this conversion of mercury (Jordan et al., 2019). Increases in water
temperature release pollutants from sediments, including MeHg, exposing aquatic
organisms (Jeongetal., 2024). Additionally, increased fluctuations in water levels, lower pH,
and low dissolved oxygen levels create more favorable conditions for bacteria to convert
inorganic mercury into MeHg (Faccio et al., 2019). The substantial variability of such
properties and processes makes studying the impact of climate change on MeHg in
ecosystems difficult. However, MeHg can persist in aquatic ecosystem sediment for
decades, enhancing its effect over time, especially with the advancement of climate change
(Jeongetal., 2024; New Hampshire Department of Environmental Services, 2019).

Wetlands, and occasionally vernal pools, often have anoxic conditions and support
microbial communities that convertinorganic mercury into MeHg (Faccio et al., 2019; Kifner
& Eakin, 2026). Studies measuring MeHg levels in amphibians and plants in wetlands found
that the higher the organismisin the food web, the higher the concentration of MeHg present
in that organism, indicating the chemical’s bioaccumulative nature. This puts aquatic
wildlife at higher trophic levels in greater danger of toxicity from MeHg. Effects of MeHg
toxicity in aquatic organisms include neurotoxicity and immunotoxicity, damage to DNA,
changes in phenotype, and damage to metabolism. Neurotoxicity caused by MeHg can
change organism behaviors, such as the way species swim, and lead to immunotoxicity
(Jeong et al., 2024). A study on fathead minnows (Pimephales promelas) examined whether
maternal fathead minnow diets containing low and high concentrations of MeHg impact
embryo viability and development. It was found that low and high levels of MeHg consumed
by adults delayed hatching and increased mortality, as well as affected larval fish behaviors
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and development. However, no differences were observed in spawning frequency, clutch
size, or egg output (Nielsen et al., 2015). It remains unclear how climate change is impacting
levels of MeHg in Vermont aquatic systems, however increased levels of mercury have been
recorded across most taxa in the Northeast U.S. (Vermont Center for Ecostudies, 2026a). A
study on the Chinese weather loach (Misgurnus mizolepis) found that as temperatures
increased, the absorption of MeHg increased, and loach survival rates decreased as
temperature and MeHg concentration increased (Pack et al.,, 2014). How exactly
temperature affects MeHg adsorption rates is uncertain. However, a clear correlation exists
between the two variables. Currently, the Vermont Watershed Management Division is
researching which Vermont lakes contain high mercury levels and thus will require
monitoring and management (Vermont Department of Environmental Conservation, 2026a).

Early life stages tend to be the most vulnerable to warmer temperatures. Eggs are a
thermally sensitive life stage for fish, with higher mortality rates at warmer temperatures
(Gagliano et al., 2007). Previous studies on cold-water fish species show that eggs spawned
in higher water temperatures had diminished quality and quantity and lower viability (Brown
et al., 2006; Wild et al., 2023). Thus, if intense heat occurs during fish spawning, then
population sizes may be affected (Pankhurst & Munday, 2011).

5.5.2 Precipitation effects

Increased precipitation and frequency of flooding events from climate change will increase
sediment transport and loads into Vermont water bodies (see Water Resources 4.4.4).
Agricultural fields, roads, and forests are sources of sediment surface runoff, which carries
organic matter, nutrients, animal waste, pesticides, and chemicals. Sedimentation causes
damage to fish spawning beds and suspended sediment particles can both diffract light—
reducing available sunlight for photosynthesis—and can absorb heat thereby increasing
water temperatures (California State Water Resources Board, 2026; Lake James
Environmental Association, 2018). Pesticides carried from agricultural fields into water
bodies can be toxic to aquatic plants and animals.

Algal blooms occur due to increased nutrient loads in water bodies (see Water Resources
4.5.5). Runoff from agricultural fields containing phosphorus and nitrogen is a primary
source of these nutrients. Nutrients increase phytoplankton algae activity, resulting in
depleted oxygen levels in the water and subsequent massive die-offs of fish and aquatic
organisms that depend on dissolved oxygen. With the added presence of algal blooms, the
opportunity for mass die-offs of aquatic species is exacerbated as warmer waters hold even
less oxygen. In Vermont, a common type of algal bloom is cyanobacteria, also called blue-
green algae. This type of bloom produces cyanotoxins, which are harmful to fish and wildlife
as well as humans and their pets (see Human Health 10.7.2) through exposure or
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consumption. Although there is no evidence that cyanotoxins accumulate and remainin fish
over many years (Swinton & Nierzwicki-Baur, 2018), additional research needs to be
conducted on the impacts of such algal blooms on the Vermont fishing industry.

Another major pollutant to Vermont’s surface waters is sodium chloride (NaCl), which
comes from surface runoff of road salt to rivers, groundwater, and lakes. At high
concentrations, sodium chloride is toxic to aquatic organisms. Sodium chloride does not
break down over time and contributes to deoxygenation of lakes through creation of an
oxygen-deficient layer (Mansberger, 2023; Missouri Department of Natural Resources,
2026). Sodium chloride can also burn fish’s gill tissue, cause neurological issues, and
damage sensory organs in fish and amphibians. Larger fish will die faster than smaller fish
due to their smaller gill surface area (Brungs, 1973). Increased precipitation with climate
change will result in more runoff, carrying with it more sodium chloride and other pollutants
from roads into water bodies. Increasing winter daily high temperatures increase frequency
of freeze-thaw cycles and ice, which will result in greater usage of road salt and increased
chloride runoff throughout the year (Miron et al., 2022).

Lake Champlain lost shallow water habitat during the 2025 drought, negatively impacting
habitat suitability for young fish to find food and hide from predators (Finno & Oliver, 2025).
As lake water levels decline, water temperatures increase, resulting in surface waters
becoming too warm for aquatic species and expanding hypoxic zones at the lake bottom.
These conditions force aquatic life to coexist in a narrower range of habitat, increasing
competition. Cold-water fish, such as the rainbow smelt (Osmerus mordax), which typically
live in bottom of lakes in cold waters, are forced to move upwards into more suitable habitat
due to deoxygenation of water at the bottom of the lake. Rainbow smelt and other aquatic
species then face increased competition, resulting in rainbow smelt becoming more
vulnerable to predators and spawning sites more exposed to anglers, windstorms, and
waves (Finno & Oliver, 2025).

5.5.3 Synergistic temperature and precipitation effects and extreme
weather events

Increases in air temperature and changing precipitation patterns have altered the
streamflow of Vermont’s rivers and tributaries (see Water Resources 4.3.1). Streamflow
plays a key role in providing a stable source of oxygen and nutrients to aquatic species.
Significant changes in streamflow could dramatically shift many species’ survival. Warming
winters and more frequent rain-on-snow events have reduced Vermont’s overall snowpack,
resulting in less spring snowmelt and less gradual nutrient runoff into surface waters.
Instead, an increasing proportion of nutrient runoff will come from more intense and
variable rain events, resulting in more intense and less consistent streamflow (see Water
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Resources 4.5.2). Increased winter streamflow transports phosphorus during the winter that
is typically reserved for spring melt (Lake Champlain Basin Program, 2025). Faster snowmelt
also results in more drastic changes in streamflow, meaning water will enter streams in
more intense, short outbursts compared to slower and steadier streamflow historically
noted. Streams will experience a surplus of flow for a short period, followed by a long stretch
of minimal water flow. These changes in streamflow are observed more in rivers at northern
latitudes that experience heavy snowfall, most likely due to changing precipitation patterns
caused by climate change (Gupta et al., 2023). River flow seasonality is decreasing across
the contiguous United States, which indicates the disruption of seasonal flow (Wang et al.,
2024).

Vermont’s rainbow trout are dependent on streamflow patterns for habitat and as a
spawning cue. Fast spring streamflow and warming water temperatures cue rainbow trout
in March to May to begin spawning (Vermont Fish and Wildlife Department, 2026h).
Significant changes in streamflow patterns could disrupt rainbow trout survival and
spawning behaviors.

Occasional, and moderate flood events can be beneficial to fish populations (Lake
Champlain Committee, 2024); however, the occurrence of multiple 100-year or larger floods
occurring within short (e.g., five-year) periods may have a negative overall effect on aquatic
species. After flood events, adult fish population sizes remain around the same as pre-flood
levels due to an abundance of nutrients from the accumulation of dead insects. However,
young fish are more sensitive to changes in their environment and have higher mortality
rates following flooding, as compared to adult fish who can withstand stronger stream flows
(Lake Champlain Committee, 2024). With increased frequency and strength of flooding
events, aquatic populations may not have adequate time to rebound between events,
increasing population stress.

Droughts reduce the amount of available and suitable habitat for aquatic organisms,
especially at higher elevations. As such, connectivity between habitats is reduced,
increasing population vulnerability through isolation (Lin et al., 2018; Stoffels et al., 2022).
Less suitable habitat can also increase competition between species and individuals,
disrupting ecosystem balances and potentially decreasing fish population humbers (see
5.3.83 and 5.5.4). Droughts also interfere with fish reproduction by limiting the habitat
available for fish to spawn. Shallower pools heat up faster in the spring and summer, and
water temperatures may exceed the temperature ranges for egg survival and decrease
oxygen levels in the water (Wild et al., 2023). Warmer stream temperatures, extreme
precipitation events, and nutrient loading all enhance stress on aquatic life and ecosystems
(Climate Central, 2019).
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5.5.4 Aquatic connectivity

For aquatic species, connectivity is maintained by interconnected waterways. Vermont
contains 23,000 miles of waterways, which are home to rich vertebrate and invertebrate
biodiversity (Vermont Department of Environmental Conservation, 2026b). Climate change
impacts water levels that may restrict or promote connectivity in river systems. Climate
change in Vermont is predicted to result in increased extreme precipitation events, as well
as increased precipitation variability resulting in more frequent and extreme weather events
like flooding and droughts (see Climate Change in Vermont 2.5.2 and 2.6). In 2025, drought
caused an historic low in water levels (see Water Resources 4.3.2). These conditions lead to
dry patches inrivers and streams that restricted fish passage and disrupted aquatic habitat
connectivity. In the summer of 2025, 100% of Vermont experienced drought conditions
(Sanders, 2025; Figure 5-10), leading to streamflow that was 15-30% lower than normal for
several Vermont streams (Consol, 2025) and the lowest seven-day average streamflow in
nearly a century at Otter Creek (New England Water Science Center & United States
Geological Survey, 2025). While populations may be able to recover in the short-term when
water levels are high, extreme events like the 2025 drought can have lasting effects on
population viability. For instance, if drought occurs during a breeding period for a fish
species, dried portions of rivers or streams can prevent competitive breeding through
habitat fragmentation, thus reducing overall genetic diversity. Several Vermont fish species
spawn in early summer when drought is likely, including bowfin (Amia calva), longnose gar
(Lepisosteus osseus), rock bass (Ambloplites rupestris), smallmouth bass (Micropterus
dolemieui), white perch (Morone americana), and white sucker (Catostomus commersoni)
(Vermont Fish and Wildlife Department, 2026b, 2026f, 2026i, 2026j, 2026m, 2026n).

Prolonged droughts may impact streamflow and reduce habitat availability, impacting fish’s
ability to reproduce, resulting in negative population trends over time (Espinola et al., 2025).
Droughts which change landscapes so much that they cannot return to their original
baseline conditions are known as ecological droughts. Ecological droughts can occur when
streams have dried out completely, or when species leave and do not come back the
following year, impacting aquatic and terrestrial ecosystems (Finno & Oliver, 2025).
Alternatively, flooding may promote connectivity by pushing individuals to new areas
downstream, wetlands, or oxbow lakes, but could disrupt connectivity when narrow culverts
and waterways are blocked by impassable debris (Fischer et al., 2018). Flooding can create
new habitat for aquatic species, however heavy flow can also transport contaminants that
make areas unsuitable for wildlife (Lake Champlain Committee, 2024).
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Figure 5-10 Drought conditions existed throughout Vermont during the summer of 2025. This
led to historic low water levels and streamflow throughout the state. As a result, habitat
connectivity for aquatic species was disrupted

Source: Bob Kinzel for Vermont Public (2025)

5.6 SPECIFIC AQUATIC ECOSYSTEM EFFECTS

5.6.1 Lakes, ponds, and streams

Fishingis animportant livelihood and recreation activity for many Vermonters. A 2020 survey
found there were almost 72,000 Vermonters fishing in Vermont’s waters the previous year
(Responsive Management, 2020). The most popular fish species for anglers are smallmouth
bass (Micropterus dolomieu), largemouth bass (Micropterus nigricans), brook trout
(Salvelinus fontinalis), rainbow trout (Oncorhynchus mykiss), and yellow perch (Perca
flavescens). Warming temperatures associated with climate change pose a threat to cold-
water fish species (Table 5-5). Data from Vermont fisheries biologists suggest that river
populations are currently stable. However, increased stream temperatures, flood frequency,
and subsequent decreased oxygen levels in water are likely affecting species survival
(Nicholson etal., 2018). Many Vermont rivers and streams are shaded, protecting them from
some evaporation during droughts and keeping water temperatures cooler (Eldridge, 2021).
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Although droughts can disconnect populations and habitat, they may be able to recover
once water levels return to normal. During a drought, if there is sufficient groundwater, rivers
can remain cool. However, prolonged and more frequent drought seasons could minimize
this effect, especially where shallow groundwater sources are feeding streams.

Table 5-5 Popular Vermont fish water temperature requirements

Popular fish Temperature Temperature requirements

species for anglers classification

Smallmouth bass warm 68°F to 82°F (20°C to 27.8°C)

Yellow perch cool Optimalrange 70°F to 75°F (21°C to 24°C).

Spawn at 44°F to 55°F (6.7°C to 12.8°C) in April-May
(Brown et al., 2009).
Maximum water temperature 78.8°F (26°C).

Rainbow trout cold 54°F to 66°F (12.2°C to 18.9°C) in streams and 45°F to
64°F (7.2°C t0 17.8°C) in lakes.
Maximum water temperature of 77°F (25°C)

Brook trout cold ~32°F to 65°F (0°C to 18.3°C).
Spawning late September to November when stream
temperatures are 40°F to 50°F (4.4°C to 10°C).
Can survive briefly up to 72°F (22.2°C) but will die at
water temperatures above 75°F (23.9°C).

Rainbow smelt cold 28.7°F to 60°F (-1.8°C to 20°C)

Source: Vermont Fish and Wildlife Department (2026¢), Vermont Fish and Wildlife Department (2026j),
Vermont Fish and Wildlife Department (2026h), Fuller et al. (2020)

Increased flooding frequency and precipitation-related sediment runoff from climate
change are expected to negatively impact brook trout populations, as this will limit the range
of suitable stream habitat (Truong et al., 2017). This species also requires cold stream
temperatures for successful reproduction and young survival. Ideal temperature ranges for
brook trout are between 55°F to 60°F (12.8°C to 15.5°C), and temperatures exceeding 75°F
(23.9°C) will result in death (Vermont Fish and W.ildlife Department, 2026c). The
combination of expected changes is anticipated to increase stress on the population,
potentially reducing fish numbers. Additionally, it is expected that predicted increasing
stream temperatures will negatively impact brook trout population numbers (Nicholson et
al., 2018). A study conducted in Shenandoah National Park in Virginia reported that the
abundance in brook trout decreased by 50% or more in 70% of the streams located within
the park, and streams with higher water temperatures generally had greater population
declines (Childress et al., 2024). However, forested watersheds and riparian areas can help
to buffer temperature changes in streams (Nicholson et al., 2018; Truong et al., 2017).
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5.6.2 Vernal pools

Climate change can threaten local vernal pools and their populations. Hotter, drier
summers can reduce the length of time vernal pools hold surface water, called the
hydroperiod, and thus the duration they can provide habitat to animals. For species that rely
on these pools for breeding, complete loss of the pools could isolate populations and
reduce connectivity.

Vernal pools are ephemeral freshwater wetlands that emerge seasonally following wet and
dry cycles. Surface water accumulates from winter and spring precipitation in shallow bowls
that are at most 5,000 square feet. They dry out during summer and fall, with the hydroperiod
dependent on precipitation, groundwater conditions, and temperature (Brooks, 2004).
Vernal pool ecosystems are dotted across the Vermont landscape, with over 5,000 probable,
potential, or confirmed pools (Vermont Center for Ecostudies, 2026b). Many Vermontvernal
pools are protected in conservation areas (Vermont Fish and Wildlife Department, 2026k).
The transient nature of vernal pools is necessary to exclude fish as predators, but drying out
too early is detrimental for the species that inhabit them.

Vernal pools are critical habitat for many species, from tiny, microscopic aquatic
invertebrates that support the food web, to larger vertebrates like amphibians that use them
to breed. Vernal pools also provide resources for other wildlife, including birds such as
heron and owls and mammals like black bears, bats, and raccoons (Vermont Fish and
Wildlife Department, 20261).

Vernal pools support populations of several amphibian species of conservation concernin
Vermont. Of amphibian and reptile species in the state, 27.5% are listed as SGCN (Vermont
Fish and Wildlife Department, 2026a), including the spotted salamander (Ambystoma
maculatum), lJefferson salamander (Ambystoma jeffersonianum), and four-toed
salamander (Hemidactylium scutatum), which all rely on vernal pools. Vernal pools also
provide breeding habitat for wood frogs (Lithobates sylvaticus), spring peepers (Pseudacris
crucifer), and blue-spotted salamander (Ambystoma laterale). These amphibians are
important members of forest food webs and are considered ecosystem sentinels, meaning
a declinein their populations may be indicative of deteriorating ecosystem quality (Hopkins,
2007).

Fairy shrimp (Anostraca) live in cold and deep vernal pools and cannot survive at water
temperatures exceeding 68°F (20°C) (Aldrich, 2024). As such, increasing temperatures
threaten their habitat. Species like fairy shrimp that are unable to migrate to new habitats
for better living conditions are faced with increased risk of extinction as temperatures rise.
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Climate change is increasing summer temperatures (see Climate Change in Vermont 2.4.4),
contributing to shorter vernal pool hydroperiods. Increased winter precipitation (Bauder,
2005; Brooks, 2004, see Climate Change in Vermont 2.5.3) could increase hydroperiod, but

it may not be sufficient to compensate for warmer weather, though one study found that
precipitation plays a greater role than evapotranspiration in vernal pool hydroperiod and
water depth (Brooks, 2004). Spring and summer precipitation is becoming more
unpredictable under climate change (see Climate Change in Vermont 2.5), as some years
may have extreme rain events and others have prolonged droughts. While a single year of
disturbance may not have lasting effects on vernal pool ecosystems, continuing cycles of
extreme weather can make it harder for wildlife dependent on vernal pools to recover,
especially species that are already at risk.

5.6.3 Wetlands

Wetlands provide habitat, buffers, and natural water filtration for over 290,000 acres in
Vermont (Vermont Fish and Wildlife Department, 2015). Wetlands are saturated with
surface water for most of the year, but they may be under peril with increased frequency and
strength of dry spells and droughts in Vermont (see Climate Change in Vermont 2.6.3).
Wetlands compose 4-6% of Vermont’s land area (U.S. Fish and Wildlife Service, 2026d).
However, almost 50% of historic wetland areas have been damaged or destroyed through
land development for agricultural, industrial, and residential purposes, and an estimated 20
acres of regulated wetlands continue to be lost every year (Vermont Natural Resource
Council, 2026). The Vermont Department of Environmental Conservation Watershed
Management Division is working on restoring and managing wetlands with the Vermont
Wetland Program Plan (2023-2028; Lake Champlain Basin Program, 2026b; Vermont
Department of Environmental Conservation Water Management Division, 2023) and has
restored almost 4,000 acres of wetlands since 2001. Considering that 35% of endangered
and threatened species in Vermont live on or depend on wetlands (Fisher et al., 2021), the
large impact of anthropogenic stressors on these ecosystems could prove detrimental to
the state’s overall biological diversity.

Wetland areas provide unique habitat for wildlife and are a vital source of surface water. As
variable precipitation patterns threaten the size and longevity of wetlands, reliant
populations may experience less connectivity (see 5.3.3). Amphibians and aquatic life are
most likely to be impacted, as their smaller size and water reliance limit their migratory
capacity compared to other populations (Neves et al., 2025). Lake Champlain is part of a
large migratory pathway for waterfowl as species travel south for the winter and north again
inthe spring. Along the way, over 300 bird species migrate through the Lake Champlain basin,
using its wetlands, fields, forests, and open waters as sources of food and for shelter (Lake
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Champlain Basin Program, 2026a, 2026b). The loss of wetlands, which serve as important
nesting habitat for migratory birds, could have devastating effects for migrating species
(Vermont Department of Environmental Conservation, 2026¢).

5.7 CHANGES IN INTER-SPECIES DYNAMICS

Climate change influences the habitat available to fish and wildlife (see 5.3) as well as what
resources they consume, ultimately impacting how species interact with one another. This
section will discuss three examples of such interactions relevant to Vermont: 1) two
browsing herbivores, white-tailed deer and moose, competing for similar resources, 2) the
phenological mismatch between wildlife and their non-animal environment, and 3) changes
to wildlife and the pathogens they can be infected with and carry.

5.7.1 Browsing herbivores

Warmer winters may increase white-tailed deer (Odocoileus virginianus) survival and result
in the growth of deer populations. Deer are examples of “keystone herbivores,” as their diet
impacts vegetation composition and indirectly affects other animals and plants (Weiskopf
et al., 2019). Changes in available vegetation impact habitat suitability for other wildlife.
Alteration of vegetation in forests can make way for more invasive plant species to take hold
and indirectly affect bird populations. As deer populations grow, woody plants are more
rapidly consumed in the understory, potentially decreasing woody plant diversity. As aresult,
forests contain largely older trees which aren’t replenished by younger trees due to
overfeeding on saplings by deer (Perea et al., 2014; see Forests 3.7.2). Bird species diversity
is tied to tree species diversity—as tree diversity decreases, so does bird diversity (Xu et al.,
2022). Milder winters also lead to less snowpack cover, which exposes more brush for deer
to eat, and with more access to food, deer populations surge. Winter severity is a primary
driver of deer mortality, and less harsh winter conditions canresultinreduced deer mortality
and greater deer populations.

Alternately, moose thrive in cold winters and high latitudes and have higher respiration rates
in warmer temperatures. Moose populations are expected to shrink in southern Vermont
due to increased heat stress from warmer temperatures, as they expend more energy to
regulate their body temperature and as a result are more at risk for heat stress (Rodenhouse
et al., 2009). With less snow cover, moose will also have more browsing opportunities
thereby reducing winter feeding stress. Combined, moose and deer can greatly impact
forest species composition (Brandner et al 1990; Mclnnes et al 1992).

As deer and moose habitat overlap, moose are more likely to be infected with new diseases.
Deer are carriers of the parasitic nematode Parelaphostrongylus tenuis, and while they
themselves are unaffected by it, the parasite targets the nervous system of moose, causing
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paralysis and death. Deer avoid snow-covered areas, and with decreases in snow cover, this
allows for more interactions between deer and moose, resulting in increased moose
mortality due to the parasite (Rodenhouse et al., 2009). Moose populations are further at
risk from ticks, which deer often carry and spread. A study conducted between 2017 and
2019 showed that 74% of all moose mortalities were caused by winter ticks. If no ticks were
present, the study also showed that 90% of moose calves would have survived (DeCesare
et al., 2024; Vermont Fish and Wildlife Department, 2026g).

With warmer summers and increased mortality risk during winter, moose face severe stress
due to climate change. Conversely, deer populations are expected to benefit and increase
with climate change (Rodenhouse et al., 2009). The quality of forest habitat is decreasing,
and so deer are increasingly found in suburban environments, increasing deer-human
conflicts and complicating hunting. Increasing hunters’ access to suburbanized areas can
aid in maintaining deer populations, and incentives could help (Vermont Fish and Wildlife
Department, 2020). Extending archery season may allow for increased harvest of antlerless
deer, helping to keep populations under control (Vermont Fish and Wildlife Department,
2026d).

Changes in Vermont demographics have resulted in fewer young adult hunters, and fewer
younger people interested in hunting, a problem for the management of deer populations.
In 1987, more than 90,000 hunting licenses were sold; in 2017, fewer than 50,000 licenses
were sold (Trombly, 2019). Target annual buck harvests vary year to year to help maintain a
healthy population size (Vermont Fish and Wildlife Department, 2025d), but larger harvest
numbers and license sales may be necessary in the face of predicted larger deer population
sizes. A total of 174 of 180 available moose licenses were awarded in 2025 to hunters.
Managers aim to reduce moose population density and thus winter tick abundance to
benefit moose health in the long-term (Vermont Fish and Wildlife Department, 2025a).

5.7.2 Phenology

Species across all taxa follow certain patterns and cycles depending on the season; this is
known as phenology and is characterized by environmental factors like temperature and
length of daylight. Many ecosystem processes depend on the phenology of different species
aligning. However, when different species have different environmental cues for their
phenology, phenological mismatch can occur. In such cases, species emerge or arrive in an
ecosystem at different times, throwing off the intricate processes that support healthy
ecosystems and their functions.

Phenological mismatch is a particular problem for Vermont agriculture and ecosystem
function. Flowers in the northeastern U.S. are blooming earlier due to longer growing
seasons and warmer temperatures associated with climate change (Miller-Rushing &
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Primack, 2008). Bee phenology, including time of emergence, is less affected by climate
change than flower phenology, so the window for pollinators to interact with flowering plants
is shortening (Pyke et al., 2016; Stemkovski et al., 2020). This has negative implications for
food production (see Agriculture and Food Systems 6.3.3). Some pollinators may also
emerge earlier due to changing temperatures, but other pollinators still emerge later than
flowers (Kudo & lda, 2013). Such phenological mismatch most often occurs when snowmelt
comes earlier but ground temperature warms slower (Kudo & Cooper, 2019). Due to climate
change, winter precipitation in Vermont is expected to increasingly come in the form of rain
or sleet rather than snowfall, with a rising number of rain-on-snow events (see Climate
Change in Vermont 2.5.3). Since earlier flower blooming times and earlier snowmelt already

exist, phenological mismatch between pollinators and plant recipients is increasingly likely.
Studies showthatbee emergenceisrelianton airtemperature, so bees may be able to adapt
and emerge earlier as spring temperatures become milder, retaining some synchronicity
with flower blooming (Kudo & Cooper, 2019).

Phenological mismatch can also cause problems for vertebrate species. Bird breeding,
migration, and nesting are synchronized with the peak occurrence of resources to maximize
survival rates (Climate Adaptation Science Centers, 2017). However, the effects of climate
change on resource availability vary with its impacts on migration, breeding, and nesting,
making it difficult to study. Birds are arriving to their migratory areas earlier than they used
to; some nearly two weeks earlier than they did in the 1950s (Clark, 2013). Earlier migration
could resultin a mismatch with the emergence of food resources like insects and fruits that
have different phenological cues.

Phenological mismatch can affect survival rates for other reasons. In the fall, the fur of the
snowshoe hare (Lepus americanus) turns from brown to a snowy white, blending in with
snow and helping avoid predators during winter. As winters in Vermont become milder with
less consistent snow cover and snow depth (see Climate Change in Vermont 2.5.3),
snowshoe hares will be more easily seen and exposed to predators (Oli et al., 2023). Hares
use temperature and snow depth as cues to change color, and it takes around a month from
first registering the colder temperatures and snow to hares becoming fully white. A study on
snowshoe hares in the Canadian Yukon found that hares turn white later in the fall due to
warm fall temperatures lasting longer. They also found that hares that turned white later in
the fall were less likely to survive the winter, as they may not have been white in time for
snowfall and became easy targets for predators (Oli et al., 2023). The 2015 Vermont Wildlife
Action Plan asserts the snowshoe hare population is stable, but they are listed as a high-
priority SGCN due to their role as primary prey for at-risk carnivore species such as the
Canada lynx (Lynx canadensis) and American marten (Martes americana; Vermont Fish and
Wildlife Department, 2015). Their population numbers will likely decrease with climate
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change in part due to phenological mismatch, but to what extent their population faces
declineis unknown (Jones et al., 2018). Snowshoe hares are prey for many speciesin forests,
so if their population numbers dwindle, so will their predators’ numbers making them
keystone species and vital for the stability of their habitat (Oli et al., 2023).

5.7.3 Disease dynamics

Climate change’s influence on temperature and precipitation impacts the distribution and
persistence of pathogen hosts and pathogen vectors. Warmer annual temperatures open
Vermont to species expansions from historically lower latitudes, resulting in new vector and
pathogen introductions. These expansions are particularly important for arthropod-borne
viruses (i.e., arboviruses) and bird pathogens, as arthropods and birds have some of the
greatest changes in population sizes, species ranges, and migratory behaviors. Pathogens
that cause zoonotic diseases (i.e., diseases that can be transmitted from animals to people)
are a concern for both humans and wildlife (see Human Health 10.6).

Warm temperatures can increase developmental speed and annual generation number for
invertebrate pathogen vectors, potentially increasing population size (Buttke et al., 2021).
Warmer temperatures and longer growing seasons can also increase the length of time
pathogen vectors are active (Gilbert et al., 2014; Giles, 2024). Over the past three decades,
the season in New England for Babesia, the tickborne pathogen that causes Babesiosis, has
lengthened, and there has been a 1,602% increase in cases from 2011 to 2019 in Vermont
(Pickrel et al., 2023; Ross et al., 2025). While white-tailed deer cannot be infected with
tickborne pathogens like Borrelia burgdorferi (the causative agent of Lyme disease) and
Babesia, deer are an important host for adult ticks. An increase in deer population (see
5.7.1) can thus also increase tick populations and number of tickborne pathogen infections
(Centers for Disease Control and Prevention, 2025; Vermont Department of Health, 2025).
Lone star ticks (Amblyomma americanum), the tick species that can transmit tularemia,
ehrlichiosis, and Heartland virus, are not currently believed to have a stable population in
Vermont (Molaei Goudarz et al., 2019; Vermont Department of Health, 2025). However, as
white-tailed deer populations increase and Vermont winters become milder, the Center for
Disease Control predicts that lone star ticks could be distributed in the southern half of the
state in coming years (Centers for Disease Control and Prevention, 2025). In addition,
another arbovirus-carrying tick could make its way to Vermont: the Asian longhorned tick
(Haemaphysalis longicornis). In 2017-2018, the Asian longhorned tick was found in several
eastern states, including New York (Beard et al., 2018). Warming conditions could make
Vermont favorable for this introduced tick species in coming years (Okely et al., 2025).

In addition to hosting ticks and tickborne pathogens, white-tailed deer can also host
arthropod pathogens, such as those transmitted through mosquitoes (Centers for Disease
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Controland Prevention, 2024). Vermont reported its first human case of the mosquito-borne
pathogen Jamestown Canyon virus in September 2025 (Soucheray, 2025). Mosquitoes can
also carry West Nile virus and Eastern Equine Encephalitis virus, which infect both humans
and wildlife (Vermont Department of Health, 2023). The Asian tiger mosquito (Aedes
albopictus) has a population in Windham County and can transmit Zika, dengue, and other
viruses, though not all these pathogens are currently well-established in the contiguous
United States. While the Asian tiger mosquito was likely introduced to Vermont through
human transport rather than range expansion, a warming climate could mean an increasing
or stable population (Rochlin et al., 2013). Vermont mosquito season typically lasts from
Aprilto October, but warmer transitional periods could extend this period (Futterman, 2023).
As previously mentioned, increasing summer precipitation also leads to more standing
water, which are breeding grounds for mosquitoes.

Climate change and extreme weather events impact the ecology and migration of birds and
avian influenza (Prosser et al., 2023; Figure 5-11). Migratory bird behavior can change due to
temperature (Romano et al., 2022). One study found that migratory birds in the northeastern
hemisphere shifted towards higher latitudes during winter and their breeding season (Tian
et al., 2015). This changes what bird populations are found together and can increase H5N1
transmission, the most prominent strain of highly pathogenic avian influenza (HPAI). There
are currently no cases of H5N1 in Vermont, but it has been detected in the state five times
since 2022, with the most recent being in January 2025.

Warmer temperatures, shifting ranges, and environmental degradation can increase
infectious disease risk for fish and wildlife. Wildlife diseases that threaten populations
include ranavirus and chytridiomycosis in amphibians, WNS in bats, chronic wasting
disease in deer, and meningeal parasites in moose. These infectious diseases can cause
population decline, and declines may be exacerbated by the effects of a changing
landscape and a changing climate.

As ranges shift, populations are exposed to novel pathogens and novel community
compositions that can increase the spread of disease (Gallana et al., 2013). Thus, climate
change can decrease biodiversity (Bellard et al., 2012) and simultaneously increase contact
rates betweenviable and nonviable host animals (Daszak et al., 2001; Plowright et al., 2012).
Increased contact expands the prevalence and transmission of infectious disease in less
biodiverse communities with altered species composition. Even within the same species,
climate change affects the geographic distribution of populations, potentially introducing
diseases that are endemic in other populations to new ranges. For example, although
chronic wasting disease has not been detected in Vermont yet, it has been detected in
nearby Quebec and New York (Evans et al., 2024). Changing climate conditions will change
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how and where deer herds move, which could introduce chronic wasting disease to local
populations, including wild and captive herds in Vermont (Rodenhouse et al., 2009).

Figure 5-11 Climate change impacts on avian influenza and disease dynamics (EWE: extreme
weather events)

Source: Prosser et al. (2023)

Amphibians face potential population decline in part due to two emerging pathogens—
chytridiomycosis, caused by the chytrid fungus (Batrachochytrium dendrobatidis), and
ranavirus. Impacts of these diseases may be exacerbated by changing environmental
conditions. For example, ranavirus is more harmful to frogs under heat stress (Price et al.,
2019). With a predicted increase in rain-on-snow events (see Climate Change in Vermont
2.5.3), there may be increased salinity in wetlands and riparian habitats from road salt runoff,
and high salinity worsens the effects of ranavirus (Albecker & McCoy, 2017).

Winter can be considered a protective factor for wildlife disease. Now, with less snowfall
and warmer temperatures (see Climate Change in Vermont 2.4.3 and 2.5.3), there are new
risks for Vermont animal populations. Less snow can mean more contact between deer and
moose populations, increasing the transmission risk of meningeal parasites to moose
(Rodenhouse et al., 2009). Cold winters directly kill disease vectors, such as ticks. Warmer
winters are more energetically costly than cold winters to animals, which could reduce an
individual’s ability to have a properimmune response to pathogens (Humphries et al., 2004).
There is mixed evidence of how temperature interacts with some diseases due to the
complexity of multiple interactions. Chytrid fungus in amphibians and WNS in bats both
proliferate in cold temperatures, so warming winter temperatures may help prevent
transmission (Flory et al., 2012). In Vermont, WNS caused widespread population declines
when firstintroduced (Vermont Fish and Wildlife Department, 2026¢). As WNS spread south
from New York, even lower latitude populations in the southern part of the United States had
large-scale declines, indicating that warmer winters likely will not meaningfully lower WNS
rates (Flory et al., 2012; Leivers et al., 2025).
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5.8 CLIMATE-MINDED MANAGEMENT STRATEGIES

To provide a framework to support and preserve the state’s biodiversity, the Vermont
Legislature passed Act 59—the Community Resilience and Biodiversity Protection Act—in
June 2023 (H.126, 2023). Also known as “30 by 30,” the framework aims to conserve 30% of
Vermont lands by 2030 and 50% by 2050. By preserving a connected landscape of high-
quality habitat for a variety of native species, biodiversity and ecosystem services can be
maintained for future generations. While multiple adaptation and management strategies
across scales and communities are required to minimize the effects of climate change,
protected habitats help to ensure the resilience of Vermont wildlife populations and their
ecosystems.

5.8.1 Co-benefits of climate mitigation and adaptation

Climate change mitigation and adaptation are necessary for a resilient Vermont. Mitigation
strategies aim to reduce the progression of climate change (e.g., by reducing greenhouse
gas emissions) whereas adaptation strategies aim to minimize the current and anticipated
impacts of climate change. Examples of adaptation strategies that benefit people and
biodiversity include wider culverts to prevent road washout during flooding and improve fish
passage and movement, conservation of floodplains and wetlands as critical habitat for
many species, and crop rotation to minimize soil degradation and maintain soil microbes.
Climate change mitigation and adaptation directly and indirectly benefit communities
through biodiversity conservation and preservation of ecosystem services. While some
efforts can be expensive, they often have a multitude of valuable results when employed
properly. Typically, conservation efforts are state- or federally-funded, and now new
opportunities are opening in the nonprofit space, for example the Vermont Biodiversity
Protection Fund from The Nature Conservancy.

Conserved land can provide habitat to wildlife, act as a carbon sink, and reduce the impacts
of flooding. Conserved lands can also function as education centers, informing the public
on the species that live there and the importance of wildlife habitat conservation. Climate
change mitigation and adaptation benefits vary based on the type of ecosystem conserved.
Conserving forests provides habitat for mammals, birds, insects, and plants and sequesters
carbon. Conserving wetlands provides critical wildlife habitat, sequesters carbon in soil
organic matter, promotes biodiversity, and filters water of nutrients and pollutants before
they reach larger water bodies or groundwater pools. Riparian areas link terrestrial and
aquatic habitats, provide habitats for animals that live in wetlands and vernal pools (Tinkers
Creek Watershed Partners, 2016), slow water movement, help control floods and erosion,
and mediate fluctuations in stream temperatures and streamflow (Bigman & Williams,
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2021; Tinkers Creek Watershed Partners, 2016). Preserving multiple ecosystem types allows
for the widest variety of benefits for wildlife and people.

Successful climate change adaptation efforts are already taking place in Vermont. A
partnership through Vermont Audubon and Vermont Department of Forests, Parks, and
Recreation called the “Foresters for Birds” project has developed silvicultural practices that
maintain forest productivity, preserve critical bird habitat, and help offset climate change
impacts (Climate Change Response Framework, 2024). The two sites at Mud Pond Forest in
Greensboro and the Cold Hollow to Canada Woodlots region in Northern Vermont use a
variety of tools to increase forestresilience, including introducing species that are predicted
to fare better under future climate conditions and promoting variation in stand structure and
age (see Forests 3.10.1). Results from this project are forthcoming, but preliminary results
show an increase in gap-foraging birds in the Mud Pond Forest. Ongoing evaluation of this
project will reveal how innovative silvicultural practices that increase forest resilience and
benefit wildlife can be implemented across Vermont.

5.8.2 River restoration, fish habitat, and climate resilience

Climate change increases the risk of historic flooding events and the frequency and intensity
of droughts, putting stress on ecosystems and threatening functionality. With two 100-year
floods occurring in the past five years, substantial destruction occurred alongside streams,
shorelines, and other habitats in Vermont. Strategic management of riparian ecosystems
can mitigate this destruction. Floodplains slow water movement, reducing the likelihood of
damage to homes and habitats, and they provide new habitat and new food sources for
aquatic life after floods (Krupp & Giles, 2024; Lake Champlain Committee, 2024). In
Northfield, Vermont, a five-acre floodplain lowered expected flood levels by six inches,
highlighting how even relatively small amounts of preserved or protected floodplains can
have an outsized impact on the surrounding area (Krupp & Giles, 2024).

A common method for flood mitigation, dredging, can end up doing more harm than good.
Dredging (i.e., the removal of sediment from the bottom of water bodies) disrupts
ecosystems by destroying habitats, releasing contaminants, and increasing turbidity.
Dredging creates deeper river channels, allowing them to carry a larger volume of water and
increasing streamflow during a flooding event. Fast streamflow can cause more erosion
along streambanks (Caduto, 2024; see Water Resources 4.4.4). Dredging also removes
shelter and habitats used by fish thereby exposing them and making them more vulnerable
to predators. The channel's bottom is flattened and widened, which results in shallow areas
that allow water to warm quickly. Warmer water temperatures make those areas of rivers
uninhabitable for many aquatic species (Blair, 2024). Un-dredged waterways often feature
rocks and trees or shrubs, that provide habitat for aquatic organisms and slow down water
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flow thereby minimizing flooding impacts and benefiting stream biodiversity. A great
example of river restoration in Vermont is the “Strategic Wood Addition” initiative by
Vermont Department of Fish and Wildlife, which focuses on adding large woody debris to
steams to restore important habitat for trout since 2011. As of 2024, approximately 50 miles
of stream habitat have been improved, contributing to an increase of 60,000 book trout in
northeastern Vermont since the start of the initiative (Vermont Fish and Wildlife Department,
2024a).

Large culverts are another important adaptation measure for decreasing flood effects and
improving fish passage and mobility (see Infrastructure 7.3). Larger culverts allow more
water to pass under roads and thus allow fish and other aquatic species to have access to
wider habitat, minimizing habitat fragmentation (2025 Lake Champlain Action Plan, 2025).
Of Vermont culverts spanning perennial rivers, 58.6% of culverts significantly restrict
streamflow, and 34.6% provide very little to no passage for aquatic organisms. Increasing
culvert size and ensuring proper placement can allow for adequate water flow and better
aquatic organism passage, promoting connectivity between habitats (Mazzacavallo, 2024).
A best management practice recommends that culverts are 1.2 times the size of the stream
width, which will ensure culverts have adequate water-carrying capacity and facilitate
aquatic organism passage (see Infrastructure 7.3.1).

5.9 TRACEABLE ACCOUNTS

Traceable accounts describe the confidence level—the degree of certainty in the scientific
evidence—for each key message resulting from this chapter. This analysis is based on the
U.S. Global Change Research Program guidance in the Fifth National Climate Assessment
(USGCRP, 2023).

Confidence Level ‘ Very high Medium
Evidence Level Strong Moderate Suggestive Inconclusive
evidence: evidence: several | evidence: evidence: limited
established courses, some a few sources, sources,
theory, multiple | consistency, limited extrapolations,
resources, methods vary, consistency, inconsistent
confident and/or models findings, poor
results, well- documentation incomplete, documentation
documented limited, etc. methods and/or methods
and accepted emerging, etc. not tested, etc.
methods, etc.
Consensus Level | High consensus | Medium Competing Disagreement or
consensus schools of lack of opinions
thought among experts
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Key message #1:

As temperatures warm, the geographic ranges of species may shift northward or toward
higher elevations. Shifting ranges could cause local or regional extinctions of some native

Vermont species, such as Bicknell’s thrush, spruce grouse, and Canada lynx. Non-native

species ranges may expand into Vermont.

Confidence level

High

Evidence base

Major uncertainties

Scientific peer-reviewed articles (Rodenhouse et al., 2009; Rustad et al.,
2012) and the Vermont Wildlife Action Plan (Vermont Fish and Wildlife
Department, 2015) support the role of climate in wildlife species ranges.
Movement is constrained by species’ dispersal ability and availability of
preferred habitat type. Predictions are often species-specific so genus
or family level predictions may be inaccurate. Habitat type can also be
the primary constraint for species presence and may be less dependent
on long-term climactic changes.

Key message #2:

Increased frequency of flooding, drought, and extreme temperature events may impact the
viability of some species. Ectotherms and species with limited dispersal are particularly at

risk.

Confidence level

High

Evidence base

Major uncertainties

Habitat vulnerability assessments in Vermont and other New England
states consistently identify wetlands and other freshwater ecosystems
as vulnerable to highly vulnerable to climate change, as detailed in the
Vermont Wildlife Action Plan (Vermont Fish and Wildlife Department,
2015). Vermont Atlas of Life with the Vermont Center for Ecostudies
have repeated evidence for the vulnerability of insects to climate
change.

Flooding and drought are both expected to increase, which can cause
fluctuations within and across years and so may not contribute to
observable population changes until generations later.

Key message #3:

The combined influence of warming temperatures and altered precipitation regimes may
harm aquatic ecosystems and threaten suitable habitats for fish and game populations, in

part through more frequent cyanobacteria blooms, new species, and altered water

temperature and dissolved oxygen dynamics.
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Confidence level

Very high

Major uncertainties

Although annual average precipitation is predicted to increase,
precipitation events are more stochastic and more extreme, so
increased droughts are also likely. Long-term effects of these opposing
forces are difficult to predict.

Key message #4:

Extended warmer fall temperatures, winter temperature fluctuations, earlier snow melt, and

warmer spring temperatures may cause phenological mismatches for wildlife, including

pollinators and important prey species such as snowshoe hares. Loss of biodiversity and

ecosystem functioning are anticipated if wildlife cannot adapt.

Confidence level

Medium

Evidence base

Major uncertainties

Plant emergence is dependent on temperature (Schwartz & Karl, 1990),
while pollinator emergence is dependent on both photoperiod and
temperature (Forrest, 2016). Phenological mismatch has been
documented across multiple taxonomic groups, including plant-
pollinator systems (Kudo & Ida, 2013), mammals with seasonal color
morphs (Oli et al., 2023), and migratory birds (Rubenstein, 2017).
Phenology is species specific and may not be generalizable across
taxonomic groups. For species with short generation times, like insects,
there is a chance that populations could adapt to changes in phenology
that would prevent a mismatch.

Key message #5:

Decreases in winter snowpack and warmer annual temperatures may exacerbate the

effects of diseases such as white-nose syndrome and avian influenza, introduce novel

pathogens, and increase transmission across species.

Confidence level

High

Evidence base

Climate change effects on wildlife disease have been reviewed (Cohen
et al., 2020). There also exist specific studies for temperature impacts
on the diseases considered in 5.7.3. (e.g., ranavirus: Price et al., 2019,
avian influenza: (Prosser et al., 2023), Lyme vector activity: (Gilbert et
al., 2014; Giles, 2024)
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Disease transmission is partly a function of community composition.
Community composition is projected by climate models and may not
reflect true future states. Some pathogens are cold tolerant and may do
worse under a warmer climate. Not all pathogens discussed are in
Vermont yet or have annual fluctuations in their prevalence.

Major uncertainties

5.10 RESOURCES
2005 Vermont Wildlife Action Plan

Vermont Wildlife Action Plan 2015

Vermont Wildlife Action Plan 2025-2035

Lake Champlain: 2024 State of the Lake and Ecosystem Indicators Report

Vermont Atlas of Life

Vermont Conservation Plan

Vermont Conservation Design
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